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PE3IOME

AxTyanbHicTb. [HeKuUiHi 3axBOptOBaHHSA Byxa, ropria Ta Hoca Ha CborofHi 3anmaroTb
npoBigHe Micue B CTPYKTYpi xBopob nognHu. Po3Butok Ta nepebir XxpoHivyHoro chapuH-
riTy LWinNbHO NOB’A3aHMI 3i CTAHOM MICLIEBOTO i 3aranbHOro iMyHITETY, XapakTepom peary-
BaHHS MOro okpemux hakTopiB Ha 3ananbHU NPoLEeC y CAN30BI 0OO0NMOHLL FMOTKN.
MeTa po60TH — BU3HAUMTN XapaKTep 3MiH Y LIUTOKIHOBI MEPEXi Y XBOPMX Ha XPOHIYHWIA
papuHriT Ta BMAMB OKPEMMUX LIMTOKIHIB Ha XxapakTep nepebiry 3axBoptoBaHHS.
Marepianu i metogmn. byno obctexxeHo 40 XBOpUX Ha XPOHIYHMI rinepTpodivHUIA
dapuHriT Bikom 30—45 pokiB. KoHTponbHy rpyny cknanu 20 30opoBux OCi® TOro X BiKy.
Byno BuBYEHO piBeHb y cMpoBaTLUi KPOBi iHTepnewkiHy-1, iHTepnenkiHy-6, iHTepnen-
KiHy-8, bakTopa Hekpo3y nyxnuH anbda, iHTepnenkiHy-10, iHTepnenkiHy-17, BmicT
y kpoBi T- i B-nimdouuTis, ski ekcnpecytoTb knactep agndepeHuitoBaHHsa 25 Ta knactep
aundepeHuitoBaHHsA 621, y poTOrMOTKOBOMY CEKPETI — PiBEHb CEKPETOPHOIO iMyHOroby-
niHy A, MOHOMEPHOTO iMyHOrnobyniHy A Ta iMmyHornobyniHy G, nisoummy, 4edEH3UHIB,
a Takox apiHHICTb CMPOBATKOBKX iMyHOrNobyniHiB G 40 MiKPOBHNX aHTUrEHIB.
Pe3ynbraTn. Byno BCTaHOBMEHO, L0 Y XBOPMX HA XPOHIYHWI rinepTpodivHMin dapuHriT
BiaOyBaeTbCA 30iNblUEHHS SIK Mpo3ananbHuX iHTepnelikiHie-1, -6, -8, dpaktopa Hekposy
nyxnuH anbda, iHTepnerkiHy-17, Tak i npoTu3ananbHOro iHTepnenkiHy-10 y cuposatLi
KpoBi. ¥ nimdoigHomMy nyni cnocTepiraetbcs 36inblieHHst BMicTy T- i B-nimdoumTis,
SKi eKCMpecyoTb MOMNEeKynu knactepis gudepeHuitoBaHHa 25 ta 62L. Y potornotko-
BOMY CeKpeTi BUSIBNSAETLCSA 3HWKEHHS PiBHS CEKPETOPHOrO iMyHOrnobyrniHy A, nisoummy
Ta AedeH3nHiB. AHTUTINA Knacy iMyHornobyniHy G 4O MiKpOOpraHiamiB MatoTb HU3bKY
adiHHICTb.

BucHoBku. lNineptpodivyHa dopma xpoHiuHoro capuHrity nepebirae Ha Tni B3aemo-
NPUrHivYyBanbHOI Aii UMTOKIHIB, WO cnpusie Oinbll NOKanbHIN Ta MEHL iHTEHCUBHIN
3ananbHin peakuii.

dopmMyBaHHS rpaHyNbO3HNX YTBOPEHb MpU rinepTpodiyHin opMi XPOHIYHOTO dhapuH-
riTy BigOyBaeTbCA 3aBASKM NiABMLIEHIN akTMBHOCTI T- i B-mimcouwnTiB, WO ekcnpe-
Cyl0Tb Knactep andepeHuitoBaHHs 25, nigBuLLEHIn ekcnpecii Ha nimdounTax Monekyn
agresii — knacrtepis AgudepeHuitoBaHHa 62L — Ta BignoBigHin ekcnpecii Ha eHgoTenii
cyaovH P- ta E-cenekTuHib.

XpoHivHa hopma hapuHriTy CynpOBOMKYETLCS 3HKEHHAM MICLLEBOro aHTUMIKPOBHOro
iMyHITETY.
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PE3IOME

Background. Infectious diseases of the ear, nose, and throat organs currently occupy
a leading place in the structure of human diseases. The development and course
of chronic pharyngitis are closely related to the state of local and systemic immunity and
to the nature of the response of its individual factors to the inflammatory process in the
mucous membrane of the pharynx.

Purpose — to determine the nature of changes in the cytokine network in patients with
chronic pharyngitis and the influence of individual cytokines on the course of the disease.
Materials and methods. Atotal of 40 patients aged 30-45 years with chronic hypertrophic
pharyngitis were examined. The control group consisted of 20 healthy individuals of the
same age. The serum levels of interleukin-1, interleukin-6, interleukin-8, tumor necrosis
factor alpha, interleukin-10, and interleukin-17 were evaluated. The numbers of T and
B lymphocytes expressing cluster of differentiation 25 and cluster of differentiation
62L in peripheral blood were assessed. In the oropharyngeal secretion, the levels
of secretory immunoglobulin A, monomeric immunoglobulin A, and immunoglobulin G,
as well as lysozyme, defensins, and the affinity of serum immunoglobulin G to microbial
antigens, were studied.

Results. It was found that patients with chronic hypertrophic pharyngitis demonstrated
an increase in both pro-inflammatory interleukins-1, -6, and -8, tumor necrosis factor
alpha, and interleukin-17, as well as the anti-inflammatory interleukin-10 in blood serum.
In the lymphoid pool, an increased proportion of T and B lymphocytes expressing
clusters of differentiation 25 and 62L was observed. In the oropharyngeal secretion,
decreased levels of secretory immunoglobulin A, lysozyme, and defensins were
detected. Immunoglobulin G antibodies to microbial antigens showed low affinity.
Conclusions. The hypertrophic form of chronic pharyngitis develops against the
background of mutually suppressive cytokine activity, which contributes to a more
localized and less intense inflammatory response.

The formation of granular structures in hypertrophic chronic pharyngitis occurs due
to increased activity of T and B lymphocytes expressing cluster of differentiation 25,
increased expression of adhesion molecules (cluster of differentiation 62L) on lymphocytes,
and corresponding expression of P- and E-selectins on the vascular endothelium.
Chronic pharyngitis is accompanied by a decrease in local antimicrobial immunity.

Popov MM, Ohnivenko OV, Liadova Tl, Volobuieva OV. The state of the cytokine network in patients with chronic hypertrophic
pharyngitis. Karazin Journal of Immunology.2025;8(2(16)):180—188. DOI: https://doi.org/10.26565/3083-5615-2025-16-01

BCTYN

INTRODUCTION

IHdekuinHi 3axBoptoBaHHs JIOP-opraHiB Ha CborogHi
3aliMaloTb MpOBiAHE Micue B CTPYKTYpi XBOPOO NOAWHMN.
XPOHiYHi 3axBOPKOBAHHA HOCOMNOTKU MaloTb CKnagHi
CUCTEMHI NPUYMHN, SIKi NOB’A3aHi 3 NOPYLUEHHAM po6oTK
TpaBHOI, CepLeBO-CYAUHHOI Ta AnXanbHOI cucTeM, nopy-
LLUEHHAM 0OMiHY pe4oBWH Ta rinosiTamiHo3amu. Cepef H1X
OoKpeMy No3uLito 3anmae XpoHivYHuii dapuHrit (XP) [1, 2].
Lle 3axBoptoBaHHs!, L0 4acTo 3ycCTpivaeTbCs 0COONMBO
B OCi0, CXMINbHUX OO BMMUBY HECNpUATIMBMX haKTopiB
(naniHHsA, BXMBAHHSA anKoOronbHUX Harfois, 3ara3oBa-
HiCTb, WKianvBi ymoBu npaui) [3]. XpoHiyHe 3ananeHHs
Cnn30BOi  OBOMOHKM MOTKM 3a3BM4Yall PO3BUBAETLCS
SIK HacnigoK rocTporo 3ananeHHsl Npu HeaoCTaTHbOMY
NiKyBaHHi Ta HEYCYHEHMX NPUYMHaXx, Lo NOro BUKMMKanMW.
MatoTb 3Ha4YeHHs BOTHWULLA XPOHIYHOI THIMHOI iHeKUiT
B HOCi, NPUHOCOBUX Nasyxax, rMoTLi, POTOBI MOPOXHWHI,
nopyLleHHs1 HOCOBOTO AnXaHHs [4, 5].

3anexHo Big natomMopdonoriYyHmMx 3MiH PO3Pi3HATb
KaTtapanbHUR, rinepTpodivyHmi Ta aTpodivyHMI hapUHFiT.

Y AaHin poboTi My BUpilWmnny npuainutu 6inbLue ysaru
came rinepTpodivHi PopMi XPOHIYHOTO OAPUHTITY.

lnepTpodhiyHa popma XpOHIYHOro hapuHriTy xapak-
TepuayeTbes 30inblIEHHAM LWapiB enitenito. BiH aecksa-
MOBaHWN, YTBOPKOE BUPOCTU, KICTO3HI PO3LUMPEHHS.
CyavHn gpibHoro po3mipy po3LUMpEHi, Big3HavaeTbes
nepuBackynsipHa KniTMHHa iHinsTpauis.

Infectious diseases of the ENT organs currently
occupy a leading place in the structure of human
diseases. Chronic diseases of the nasopharynx have
complex systemic causes that are associated with
disruption of the digestive, cardiovascular, and respiratory
systems, metabolic disorders, and hypovitaminosis.
Among them, a separate position is occupied by chronic
pharyngitis (CP) [1, 2]. This is a common disease,
especially in people who are exposed to adverse
factors (smoking, drinking alcohol, air pollution, harmful
working conditions) [3]. Chronic inflammation of the
pharyngeal mucosa usually develops as a result of acute
inflammation with insufficient treatment and untreated
causes that caused it. Foci of chronic purulent infection
in the nose, paranasal sinuses, pharynx, oral cavity, and
nasal breathing disorders are important [4, 5].

Depending on the pathomorphological changes,
catarrhal, hypertrophic and atrophic pharyngitis are
distinguished.

In this work, we decided to pay more attention to the
hypertrophic form of chronic pharynagitis.

The hypertrophic form of chronic pharyngitis
is characterized by an increase in the rows of the
epithelium. It is desquamated, forms growths, cystic
dilatations. Small vessels are dilated, perivascular cellular
infiltration is noted.
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Po3BuTok Ta nepebir X wwinbHO NoB’si3aHuii 3i cTaHOM
MiCLIleBOro Ta 3aranbHOro iMyHITETY, XapakTepom peary-
BaHHA MOro oKkpemMux (akTopiB Ha 3ananbHUM npouec
y Cnu3oBii 06omnoHui rmoTku [6]. Tak, aHTuTINa BUCTY-
nawTb K OMCOHIHW, CNpUAYM eniMiHauii IHEeKUinHMX
areHTiB. Y pO3BUTKY IMYHHUX peakuin Ta 3ananeHHs
BaXNMBY POrb BidirpatoTb LMTOKIHM, WO 3abe3nevyroTb
B3AEMO/I0 IMYHOKOMMETEHTHUX KMITUH Ta KNITUH Pi3HNX
TKkaHuH. Lli perynstopHi 6inkv 3gaTHi  nocunoBaty
BaTM MeTaboni3aM, BNMMBaTW Ha EKCNPECI0 CTPYKTYPHUX
Ta perynsTopHUX reHiB Ta MOMEKYN NOBEPXHEBUX KNiTWH.
LinTokiHoBUIiA GanaHc € Baxnmeum akTopoM dopmy-
BaHHSA CUMK Ta xapakTepy iMyHHOI Bignosiai [7, 8].

MeTa po60Tu — BU3HAUUTK XapakTep 3MiH Y LIMTOKI-
HOBI Mepexi y xBopux Ha Xd Ta BNMMB OKPEMUX LUTO-
KIHIB Ha xapakTep nepebiry 3axBOptOBaHHS.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnimkeHHs BMKOHAHO Ha KhiHiYHIN 6a3i kadeapu
iHeKUinHMX XxBOpoO Ta KMiHiYHOI  iMyHoMorii  Meany-
HOro (pakyneTeTy XapKiBCbKOro HawuioHanbHOro YHiBep-
cutety imeHi B.H. KapasiHa MiHicTepcTBa OCBiTM i Hayku
YkpaiHn B pamkax HaykoBO-4OCHiAHOI poboTu: «BuB4eHHst
poni iMyHHMX, ayTOIMyHHVMX Ta MeTaboniyHux posnagis
y natoreHesi iHPEKUIMHOro npouecy, Lo BUKIUKAETLCS
GakTepiamu, Bipycamu, BipycHo-OakTepianbHUMK acouja-
LiSMX MpY TOCTPOMY, 3aTSPKHOMY Ta XPOHIYHOMY nepebiry
XBOPOOW Ta YOOCKOHANeHHs1 TaKTWKU NiKyBaHHs». [ocni-
[PKEHHs1 MPOBEAEHO 3 ypaxyBaHHAM OCHOBHUX MOMNOXEHb
i BiONOBIOHO €TWMYHMM Ta MOparnbHO-NPaBOBMM BUMOram
Crartycy YkpaiHcbkoi acoujauii 3 6ioeTuku Ta Hopmam GCP
i GLP, npuHumnam enbCiHCbKOI aeknapadii npae noguHu,
KoHBeHLUii Pagu €Bponu npo npaea noguHn i biomeamumHn.

Byno ob6ctexeHo 40 XBOpUX Ha XPOHIYHWIA TinepTpo-
dhivHmmn papuHrit (XId) Bikom 30—45 pokis, MKX 10: J31.2.
KoHTponbHy rpyny cknanu 20 300poBurx 0Cib TOro X BiKy.

Byno BMBYEHO CTaH LIMTOKIHOBOI Mepexi 3a piBHEM
y cuposartui kposi IJ1-1, IJ1-6, ®HMa, IJ1-10, 111-17, BmicT
Yy KpOBi aKkTMBOBaHuX T- i B-nimdouuTiB, ski ekcnpe-
cytotb CD25 ta monekynu agresii CD62L (L-cenektuH);
B POTOIMOTKOBOMY cekpeTi — piBeHb sIgA, migATa IgG,
nisounmy, gedeHsunHiB Ta adiHHiCTb cupoaTkoBux IgG
[0 MIKPOOHUX aHTUrEHIB.

PiBeHb UMTOKIHIB y cupoBaTLi KpoOBi BUMiptoBanu
MEeToAOM iMyHOodepMeHTHoro aHanisy (IPA) 3 Bukopuc-
TaHHAM TecT-cuctem Ridascreen (HimewuuHa) ta DRG
Instuments GmbH (CLLA).

Bmict y kpoBi CD25+- T1a CD62L+-nimdoumnTis
BM3Ha4Yann MeTOAOM MPOTOYHOI fasepHol uuTomeTpil
Ha anapati BD FACSCalibur (CLUA) 3 BukOpuCTaHHAM
MOHOKITOHanbHUX aHTUTIN: aHTi-CD3, -CD22 Tta -CD62L.
Monekynn CD3 € mapkepom T-nimcouuTis, CD22— B-nim-
doumntiB. Monekyna CD25 e anbda-niraHgom J1-2R,
eKcnpecyeTbCs B MiABULIEHIN LWinbHOCTI Ha T- i B-kni-
TMHax npu ix aktueauii. CD62L— monekyna apgresii —
BioHOCUTbCA J0 L-cenekTuHiB, 6epe yyacTb y B3aemogii
nimcpounTiB 3 eHooTENiEM CyauH, 3abe3neyye No4aTKoBUM
eTan agresii — porniHr KNiTUH, NepeBaXKHO Ha HeaKTMBOBA-
HoMy eHpoTenii. EkcnpecyeTbesl B NiABULLEHIN KiNbKOCTI
akTusoBaHumu T- i B-nimcountamu.

PiBeHb sIgA, mIgA Ta IgG y poTornoTkoBoMy CeKpeTi
BU3Hayanu metogom IPA 3rigHo 3 iHCTpykuieto. [aHi
BUpaxanu B r/n.

The development and course of CP is closely related
to the state of local and general immunity, the nature
of the response of its individual factors to the inflammatory
process in the pharyngeal mucosa [6]. Thus, antibodies act
as opsonins, helping to eliminate infectious agents. Cytokines
play an important role in the development of immune
reactions and inflammation, ensuring the interaction
of immunocompetent cells and cells of various tissues.
These regulatory proteins are capable of enhancing and
suppressing the basic functions of their acceptors, regulating
metabolism, and influencing the expression of structural
and regulatory genes and cell surface molecules. Cytokine
balance is an important factor in the formation of the strength
and nature of the immune response [7, 8].

Objective — to determine the nature of changes in the
cytokine network in patients with CP and the influence
of individual cytokines on the nature of the disease.

MATERIALS AND METHODS OF RESEARCH

The study was performed at the clinical base
of the Department of Infectious Diseases and Clinical
Immunology School of Medicine of V.N. Karazin Kharkiv
National University within the framework of the research
topic: «Study of the role of immune, autoimmune and
metabolic disorders in the pathogenesis of the infectious
process caused by bacteria, viruses, Vviral-bacterial
associations in the acute, prolonged and chronic course
of the disease and improvement of treatment tactics».
The study was conducted taking into account the main
provisions and in accordance with the ethical and moral and
legal requirements of the Status of the Ukrainian Bioethics
Association and GCP and GLP norms, the principles
of the Helsinki Declaration of Human Rights, the Council
of Europe Convention on Human Rights and Biomedicine.

40 patients aged 30-45 years were examined for
chronic hypertrophic pharyngitis (CHP), ICD 10: J31.2.
The control group consisted of 20 healthy individuals
of the same age.

The state of the cytokine network was studied
by serum levels of IL-1, IL-6, TNFa, IL-10, IL-17, the
content of activated T- and B-lymphocytes in the blood
that express CD25 and adhesion molecules CD62L
(L-selectin), the level of sigA, migA and IgG, lysozyme,
defensins and the affinity of serum IgG to microbial
antigens in oropharyngeal secretions.

Serum cytokine levels were measured by ELISA
test using Ridascreen (Germany) and DRG Instruments
GmbH (USA) test systems.

The content of CD25+ and CD62L+ lymphocytes in the
blood was determined by the method of flow laser cytometry
on the BD FACSCalibur device (USA) using monoclonal
antibodies: anti-CD3, -CD22 and -CD62L. CD3 molecules
are a marker of T lymphocytes, CD22 — B lymphocytes.

The CD25 molecule is an alpha ligand of IL-2R,
expressed in increased density on T and B cells during
their activation. CD62L — adhesion molecule — refers
to L-selectins, participates in the interaction of lymphocytes
with the vascular endothelium, it ensures the rolling
of cells on the activated endothelium of inflammatory sites.
CD62L is expressed in increased amounts by activated
T and B lymphocytes.

The level of slgA, migA and IgG in oropharyngeal
secretions was determined by ELISA according to the
instructions. The data were expressed in g/l.
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Nisouum BM3Havanu typbomeTpuyHM meTogom [9].

KatioHHi 6inku (HNP, o-pedeH3vHn) BumiptoBanu
I®A meTogom 3a gornomorow peakTuiB dipmu Berder
Medsystems (ABcTpis).

AdinHicTe 1gG  ouiHloBann 3a metogom Luxton
R.W.,Tompson E.J., akuiA 3acHOBaHO Ha BWKOPWUCTaHHI
Tiouyntaty Hatpito (NaSCN), npu BM3HaAYeHHi piBHS
AHTUTIN OO CNinNbHOT aHTUreHHOI AeTepMiHaHTK GakTepiln
(CAL) [10]. MeTog nonsarae B TOMy, WO MiCAS BUNYYEHHSA
3 NYHOK NMaHLeTa CUpoBaTKY, WO AOCHIMKYETbCS (SKa
npopearysana 3 CA[), B Hux gogatotb 3,5; 4,0; 4,5;
5,0 M NaSCN. PeareHT 3miHtoe pH i ioHHy cuny cepe-
[OBULWA, PYWHYE KOMMIEKCU aHTUreH-aHtutino. B 5-ty
KOHTPOIbHY NyHKY foAatoTb pocaTHO—conboBui Bydep
ANS BU3HAYEHHSA NOYaTKOBOrO BMICTY aHTUTIN. 3HAYEHHA
BiQHOCHOI adiHHOCTI (BA) Bu3Havyanu 3a OpMyrnoto:
BA=A x12+A, x11+A, x10+A, %9 A, A,
A, A; 5 — BIOHOCHUI piBeHb AT, siKi 3anULWMINCE Y JTyHKax

I'Ii‘gi'lﬂ BHeceHHs1 po3unmHy NaSCN BignoBigHOI KOHLEH-
Tpauii No BiAHOLUEHHIO OO MO4YaTKOBOrO iX piBHA. PiBeHb
IgG-anTutin go CA[] Bu3Havanu metogom IPA [11].
Pesynbrat gocnimkeHb onpauboBaHO METO4OM Bapi-
auinHOI Ta KOPEensuiHOI CTaTUCTUKM 3 BUKOPUCTAHHSM
nporpammn «Statistica 10.0 for Windows». [ns koxHoro
BapiaUiHOro psay paspaxoByBanu cepegHilo apudme-
TnuHy (M), cepeqHe KkBagpaTuyHe BigXuneHHs (o), cepenHio
nomMunKy cepefHboi apudmeTtnyHoi (m). OuiHka Biporig-
HOCTi pi3HMLb CepeaHix BenuuuH y rpynax (p) npoBoau-
nacs 3a gonomoroto Kputepito CtbrogeHTa (t). BigmiHHOCTI
BBaXXanucs CTaTUCTUYHO 3HavyLwmmm npm p < 0,05.

PE3YABTATU

XPOHiIYHWI rinepTpodidHMiA hapuHriT 3a3Buyan nepe-
Girae Ha Tni HopmanbHWX 3Ha4YeHb TemnepaTtypu Tina,
sika B nepiof 3arocTpeHHs Moxe nigivmatuca go 38°C
(52,5%), 6e3 BupaxxeHnx 03HaK iHTOKCUKaLii. XBopi ckap-
XaTbCa Ha 6inb Ta nepuwiHHa B ropni (85%), BigyyTTs
CTOPOHHbOrO Tina B ropni (32,5%), cyxvn kawens (40%).

[pw ornsagi poTornoTku crnoctepiraeTbes il rinepemis
(62,5%), NOTOBLUEHHA BCiX LWapiB CNM3oBoi OOOMOHKM
rnoTkn (87,5%), pO3LIMPEHHST KPOBOHOCHUX Ta nNimda-
TUYHUX cyaunH (57,5%).

JlimdoigHi  cponikynn  poscisHi no  BCiN  CrX30BIn
060mMoHLi 3a4HbOT NOBEPXHI rMOTKK, 36inbLueHi (95%).

BuBYEHHS UWTOKIHIB MoOKasano 30iNnblUeHHs piBHS
sk nposanansHux (J1-1, 1J1-6, I11-8, IN-17, ®HMa), Tak
i npotmsdananeHoro IM1-10 y cuposartui kposi (Tabn. 1).

Tak, I11-1 6yB niaBuweHun B 4,4 paay, 1J1-6 — B 4,0 paay,
IJ1-8 — B 4,9 pasy, IJ1-17 — B 3,7 pasy, ®PHINa — B 3,9 pasy,
a IN-10 — B 3,8 pa3y No BigHOLUEHHIO 40 OCI6 KOHTPOMbHOT
rpynu. MNigBYLLEHHS piBHIB Npo3ananbHuX LUTOKIHIB Byno
6inbL Baromum, Hix npotnsanansHoro 1J1-10. Mpu ubomy
GanaHc Mk nposananbHUMKU i NpoTM3ananbHUM LUTO-
KIHOM 3Ha4HO He 3MiHioBaBcs. Hanmbinbli nopylueHHSA
y B3aEMOBIOHOLIEHHAX LWUTOKIHIB CrocTepiranicb Mix
1J1-8 Ta 1/1-10 (Tabn. 2).

Lysozyme was determined by the turbometric
method [9].

Cationic proteins (HNP, a-defensins) were measured
by ELISA using reagents from Berder Medsystems (Austria).

IgG affinity was assessed using the method of Luxton
R.W., Tompson E.J., which is based on the use of sodium
thiocytate (NaSCN) in determining the level of antibodies
to the common antigenic determinant of bacteria
(CAD) [10].The method consists in that after removing
the serum under study from the wells of the plate (which
has reacted with CAD), 3.5; 4.0; 4.5; 5.0 M NaSCN are
added to them. The reagent changes the pH and ionic
strength of the medium, destroys antigen-antibody
complexes. Phosphate-saline buffer is added to the 5th
control well to determine the initial antibody content.
The relative affinity (RA) value was determined by the
formula: RA=Ax12+A, x11+A x10+A, X9, A, , A, ., A

X 5.0° " 45" " 407
A, . — the relative level of ATs remaining in the wells after

aé'?jing NaSCN solution of the appropriate concentration
in relation to their initial level. The level of IgG antibodies
to CAD was determined by ELISA [11].

The research results were processed by the method
of variation and correlation statistics using the «Statistica
10.0 for Windows» program. For each variation series,
the arithmetic mean (M), the mean square deviation
(o), and the mean error of the arithmetic mean (m) were
calculated. The estimation of the probability of differences
in mean values in groups (p) was carried out using the
Student’s test (t). Differences were considered statistically
significant at p<0.05.

RESULTS

Chronic hypertrophic pharyngitis usually occurs against
the background of normal body temperature, which during
the exacerbation period can rise to 38°C (52.5%), without
pronounced signs of intoxication. Patients complain of a
pain and a tickle in the throat (85%), a feeling of a foreign
body in the throat (32.5%), and a dry cough (40%).

When examining the oropharynx, its hyperemia
is observed (62.5%), thickening of all layers of the
pharyngeal mucosa (87.5%), dilation of blood and
lymphatic vessels (57.5%).

Lymphoid follicles are scattered throughout the
mucous membrane of the posterior surface of the pharynx,
enlarged (95%).

The study of cytokines showed an increase in the level
of both pro-inflammatory (IL-1, IL-6, IL-8, IL-17, TNFa)
and anti-inflammatory IL-10 in blood serum (Table 1).

Thus, IL-1 was increased by 4.4 times, IL-6 — by
4,0 times, IL-8 — by 4.9 times, IL-17 — by 3.7 times, TNFa —
by 3.9 times, and IL-10 — by 3.8 times compared to the
control group. The increase in pro-inflammatory cytokine
levels was more significant than the anti-inflammatory IL-10.

The balance between pro-inflammatory and anti-
inflammatory cytokines did not change significantly. The
largest shifts in cytokine ratios were observed between
IL-8 and IL-10 (Table 2).

Tabnuus 1. PiBeHb UMTOKIHIB y cupoBaTLi kKpoBi xBopux Ha XI'P
Table 1. The range of cytokines in the blood serum of patients withCHP

[MokasHuku, Nk/mn
Indexes, pc/ml

XBopi Ha XD
Patients with CHP

3p0opoBi ocobu
Healthy individuals

1n-1/1L-1 138,16+14,5" 31,443,0
1N-6 /IL-6 162,0+15,3* 40,5+£3,9
OpuwuriHanbHi AocnigpKeHHs 183 Original research



KapasiHcbkuii imyHonoriyHui xypHan. 2025. T. 8. Ne 2(16). C. 180-188

Karazin Journal of Immunology. 2025;8(2(16)):180—-188

ISSN 3083-5615 (Online)

[MpodoexeHHss mabnuuj 1

In-8/1L-8 99,96+10,1" 20,4+1,9
N-17 /1L-17 82,51+8,1" 22,3+2,1
®HIMa / TNFa 106,47+9,8" 27,3+2,5
111-10 /1L-10 68,026,6" 17,9+1,6

MpumiTtka / Note:
*p < 0,05 Mix NoKasHMKaMu XBOPUX | 300POBUMM 0coBaMu.
p < 0.05 between sick and healthy individuals.

*

Tabnuusa 2. banaHc Mk npo3ananbHUMK | NPOTU3aNanbHUM LUTOKIHOM y XBOpUX Ha XI'®
Table 2. The balance between pro-inflammatory and anti-inflammatory cytokines in patients on CHP

[NokasHuku, BigHOC. oA. XBopi Ha XD 300opoBi ocobu
Indexes, relative units Patients with CHP Healthy individuals
et /iAo 2,0342,0 174415
Ilﬂ:g ; :“ 8 2,3842,1 2,26£2,0
'ﬂﬂiﬁf :f11 8 1464147 1,13+1,0
A7 110 121811 120811
TNFa /10 156215 162514

Mpumitka / Note:
*p < 0,05 Mix NokasHMKaMn XBOPYX i 300POBUMU 0coBamu.
*p < 0.05 between sick and healthy individuals.

Y nimcoigHomy nyni cnocTepiranocb 36inblUeHHS
B 1,5 pa3y BMiCTy B KpoBi T-niMdoUUTIB, SKi eKCrpecyoTb
CD25, i B 1,7 pa3y CD62L Ta B-nimcouutis BignosigHo
B 1,3 Ta 1,6 pa3sy BigHOCHO J0 3p0poBux ocib (Tabn. 3).

In the lymphoid pool, there was a 1.5 times increase
in the content of T lymphocytes expressing CD25 and
1.7 times increase in CD62L and B lymphocytes,
respectively, 1.3 and 1.6 times compared to healthy
individuals (Table 3).

Ta6nuus 3. BmicT y nepudepunyHin kposi xBopux Ha XI'® T- i B-nimdouuTis, siki ekcnpecytots CD25 i CD62L
Table 3. The level of T- and B-lymphocytes that express CD25 and CD62L in the peripheral blood of patients with CHP

MokasHukn, % XBopi Ha XI'd 3popoBi ocobu
Indexes, % Patients with CHP Healthy individuals
CD3+ CD25+-knituHu/ cells 26,7+2,6" 17,8+1,6
CD3+ CD62L+-knituHu / cells 20,9+1,9" 12,3+1,1
CD22+ CD25+-knituHu/ cells 8,7+0,8" 6,7+0,6
CD22+CD62L+-kniTuHu/ cells 6,7+0,6" 4,2+0,4

Mpumitka / Note:
*p < 0,05 Mix NoKasHMKaMu XBOPUX | 300POBUMM 0cOBaMu.
*p < 0.05 between sick and healthy individuals.

Y pOTOrnOTKOBOMY CEKPETI CMOCTEPIranoch 3HMKEHHS
piBHs sIgA B 1,5 pasy, nisounmy — B 1,3 pasy, geden-
3MHIB — B 1,6 pa3sy y NOpiBHSAHHI 3i 300poBUMKU 0cobamu
(tabn. 4). Mpu ubomy piBHi MIgA Ta IgG 6ynu 36inbLueHi
B 1,2 Ta 1,4 paay.

In oropharyngeal secretions, the level of slgA was
reduced by 1.5 times, the lysozyme — by 1.3 times,
defensins — by 1.6 times in healthy individuals (Table 4).
At this level, IgG and mlIgA increased by 1.2 and
1.4 times.

Ta6nuusa 4. PisHi nisouumy, aedeHsunHiB, slgA, migA, IgG y potornotkoBomy cekpeTi xBopux Ha XI'®
Table 4. Levels of lysozyme, defensins, slgA, migA, IgG in the oropharyngeal secretions of patients on CHP

Moka3Huku XBopi Ha X['® 3popoBi ocobu
Indexes Patients with CHP Healthy individuals
Jlisoumm, MKr/mn 336,5+33,8" 437,5+42 1
Lysozyme, mcg/ml
Rederanu, nr/wn 46,1+4,8* 73,947,6
Defensins, pg/ml
slgA, r/n (g/l) 0,22+0,02* 0,34+0,03
mligA, r/n (g/l) 0,20+0,02 0,17+0,02
19G, r/n (g/1) 0,36+0,03" 0,26+0,03
Mpumitka / Note:
*p < 0,05 Mix NokasHMKaMu XBOPUX | 30,0POBUMU 0coBaMu.
*p < 0.05 between sick and healthy individuals.
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AHTUTINA, WO NPOAYKYTLCS 40 MIKPOOHUX aHTUMEHIB,
y xBopux Ha XI'® manu HU3bKy adiHHICTb, fka cknagana
743,6 + 76,4 ymoB.of., y TOW Yac y 300poBUX OCiO BOHa
AopisHioBana > 1000 ymoB.og.

OBrOBOPEHHS

OTpuMaHi gaHi ceigyatb, Wo y po3BuTtky XI® uuto-
KiHOBI B3aemMofji BigirpatoTb BaXXMBY pPofb Y BUHUKHEHHI
i nepebiry xsopobu. Bigomo, wo IJ1-1, IJ1-6, ®HlMNa € akTuB-
HUMW iHOYKTOpamMu nimdoumnTis. BoHn 3aaTHi akTuByBaTh
T-, B-, HK-kniTuHKM i cnpmsaTtun ix gospiBaHHO Ta nponige-
pauii, a Takox TpuBanui 4ac nigTpYMyBaTU 3ananeHHs
i iMyHHI npouecn B TkaHuHax [12, 13, 14]. B Hawwmx
[ocnigKeHHsiX Byno BUABMEHO NiABULLEHWI BMICT Y KPOBI
nimMgouunTiB, SKi EeKCnpecyrlTb akTMBaLUinHy MOorekyny
CD25. Takox nig BNAMBOM LIMTOKIHIB CrocTepiraeTbcs
NiABULLIEHHS CMHTE3y MpOoCTarnaHavHIB, Lo B CBOK Yepry
Npu3BOAMTL A0 XPOHi3auii npouecy. Ha Hawy AymKy
0Cco6MNMBOCTI LIMTOKIHOBOI B3aeMogii, siki BUSBMNeHi y Aocni-
DPKeHHI, cnpustoTb popmyBaHHo XI'®. Y cupoBaTtui KpoBi
XBOPUX TaKOX crocTepiranochb nigBuULEHHsS piBHA 1J1-8,
a B KpOBi Ha nimdouuTax ekcnpecis agreaumBHOi More-
kynu CD62L. I11-8 € akTMBHNM xemMoaTpaKkTaHTOM, 34aTeH
CrpUATM KyMynauii nervkoumTiB y micui 3ananeHHs [15].
Takox BigoMO, L0 eHaoTernianbHi KNiTUHN € aKTUBHUMW
npogyueHTamn aeskux 6GionoriYyHO akTMBHUX PEYOBUH,
SKi 30aTHi perynoBaTy i KOHTPOSMOBATN pyX MakpoMOo-
nekyn i KNiTMH y 30Hy 3ananexHs. Mpu po3BWTKy 3ana-
NeHHs BigOyBaeTbCA NIABULLEHHSI eKCrnpecii aaresuHis
Ha enpgoTeniouMTax CyOuH, WO 3MIHIOE MIKPOLIMPKY-
NAUi0 B 30HI 3ananeHHs i CNpUae NPOHUKHEHHIO KITiITUH
y TkaHuHax [16, 17, 18]. Hamu BCcTaHoBMeHo, WO npu
XId nigeuwyetbea Ha nimdoumTtax ekcnpecis CD62L,
sdKa BignoBigdae 3a MDKKNITUHHY B3aemogito. [ligsu-
LleHa npeseHTauis Ha eHZoTemnianbHUX KMiTUHax CyaouH
P- i E-cenektuHiB, a Ha nimcouutax CD62L cnpusie
PO3BUTKY rpaHynbO3HMX YTBOPEHb. AAresis i NpOHUK-
HEHHS1 NNEMKOLMTIB Y CBOIO Yepry 3HaxoasiTbCA Nifg, BNAVBOM
OaraTbOoX (pakTopiB, 30KpeMa i LUUTOKIHOBOT Mepexi. Bce
Le BKasye Ha NpOoBIAHY Porb LMUTOKIHIB y po3BUTKY XId.
Takox Hawi AaHi BkasykTb, wWo XIP nepebirae Ha Tni
3HWKEHHS MiCLIeBOro iMYHITETY, NPO LLO CBigYaTb HN3bKUIN
piBEHb Yy POTOrMOTKOBOMY CeKpeTi nisouumy, Aeden-
3uMHiB, SIgA i HM3bka adiHHicTb IgG-aHTUTIN, AKi Npoay-
KYIOTbCS. 3HWXKEHHS MICLEBOro iMyHITETY € hakTopom,
SIKUIA 30aTeH CNpuATY NiABULLEHHIO MiIKPOOHOI KOnoHisauii
i PO3BUTKY yCKNaaHEHb.

BUCHOBKHU

lneptpodiyHa dopma XpOoHiYHOro hapuHriTy nepe-
Girae Ha Tni B3aeMONpurHivyyBarnbHOI LMTOKIHOBOI Aii, fka
XapakTepu3yeTbCs NiABULLEHHAM PIBHA SK Npo3ananbHuX
umTokiHis (11-1, I11-6, 1J1-17, 1J1-8 Ta I®Ha), Tak i npoTusa-
nanbHoro umtokiHy IJ1-10, wo cnpusie Ginbll NokKanbHin
Ta MEHLU iHTEHCUBHIN 3anarnbHin peakuii.

PopMyBaHHA rpaHynbO3HMX YTBOPEHb MNpu rinepTpo-
divHin cpopmi XP BigbyBaeTbCA 3aBAAKM MiOABULLEHHIO
aktmBHocTi T- i B-nimcoumtie (CD25+), nigBuLLEHHIO
ekcnpecii Ha nimdoumnTtax monekyn agresii (CD62L) Ta Ha
eHpoTenii cyauH BianosigHo P- i E-cenekTuHiB.

XpoHiyHa dopma  apuHriTy  CynpoBOOXKYETHCA
3HWKEHHAM MiCLEBOro aHTUMIKPOBHOTO iIMYHITETY.

Antibodies, which are produced to microbial antigens,
had a low affinity in patients with CHP, amounting
to 7436 + 76.4 c.u., while in healthy individuals
it reached > 1000 c.u.

DISCUSSION

It is clear that in the development of CHP, cytokines
play an important role in the development of chronic and
recurrent iliness. It appears that IL-1, IL-6, and TNFa are
active inducers of lymphocytes.

They activate T-, B-, NK-cells and promote their
maturation and proliferation, as well as stimulate
inflammation and immune processesintissues[12, 13, 14].
Our studies revealed a shift in the presence
of lymphocytes in the blood that express the activation
molecule CD25. Also, with the influx of cytokines, the
synthesis of prostaglandins is prevented, which in turn
leads to the process becoming chronic. In our opinion, the
peculiarities of cytokine interactions, as revealed in the
study, support the formation of CHP.

In the blood serum of patients, there was also an increase
in the level of IL-8, and in the blood on lymphocytes there
was expression of the adhesion molecule CD62L. IL-8 is an
active chemoattractant, preventing the accumulation
of leukocytes at the site of inflammation [15]. It is also clear
that endothelial cells are active producers of a number
of biologically active substances that regulate and control
the flow of macromolecules and cells into the combustion
zone. When inflammation develops, there is an increase
in the expression of adhesins on the endotheliocytes
of the vessels, which changes microcirculation in the area
of inflammation and eliminates excretion of cells in the
tissues [16, 17, 18]. We have established that during CHP the
expression of CD62L occurs on lymphocytes, which indicates
intercellular interaction. The presentation of P- and E-selectins
on endothelial cells of vessels is enhanced, and on CD62L
lymphocytes the development of granulosa formations occurs.
Adhesion of leukocytes are in turn under the influence of a
variety of factors, including the cytokine level. All this indicates
the mediating role of cytokines in the development of CHP.
Our data also indicate that CHP is associated with a decrease
in local immunity, which indicates a low level of oropharyngeal
secretion of the lysozyme, defenzynes, sIgA and low affinity
IgG antibodies that are produced.

A decrease in local immunity is a factor that
is associated with increased microbial colonization and
the development of complications.

CONCLUSIONS

The hypertrophic form of chronic pharyngitis is transmitted
to aphids by mutually inhibiting cytokine activity, which
is characterized by increased levels of pro-inflammatory
cytokines (IL-1, IL-6, IL-17, IL-8 and IFNa), as well as the
anti-inflammatory cytokine IL-10, which promotes a more
local and less intense inflammatory reaction.

The formation of granular structures in the hypertrophic
form of CP results in increased activity of T- and
B-lymphocytes (CD25+), increased expression of adhesion
molecules on lymphocytes (CD62L) and on the endothelium
of vessels are consistent with P- and E-selectins.

The chronic form of pharyngitis is accompanied
by a decrease in local antimicrobial immunity.
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i BUKOHaHHsiM. OGcepBaLiiHUA Ta OQHOLEHTPOBUIA XapakTep
He [ae nigctas Anst IPUYNHHUX BUCHOBKIB | 30epirae pusvk cenek-
LIMHOMO 3MiLLleHHS Ta 3aNMLLIKOBOI 3MilLyBanbHOI Aji, Tonpu BUKO-
pucTaHHsi GaratoakTopHUX MoAenen, nigbopy 3a CXUMbHICTIO
Ta iHWKX NigxodiB 40 KOHTPOMIO 3MillyBarnbHUX YMHHWKIB. Po3mip
i cknag BuWGipkm [40 xBopux Bikom 30—45 pokiB Ha XPOHIYHWI
rinepTpoiuHuiA hapuHrit] 0BMeXyTb TOYHICTb OLHOK i nepe-
HOCUMICTb pe3ynbTaTiB 3 Ornsiay Ha 0coBGNMBOCTI MapLUpyTuU3aLii
nauieHTiB | NpakTUK HagaHHs gonoMory B YkpaiHi. Ons miHimisawii
BNMUBIB CTaHAAPTW30BaHO BUMIPIOBAHHS, NMPOBEAEHO HaBYaHHS
OL|iHIOBa4iB, 3@ MOXMMBOCTI 3aCTOCOBAHO 3aChinmeHHsl, BUKO-
HaHO aHanian YyTnMBOCTI. Y3aranbHIOBaHICTb BUCHOBKIB 0bMe-
XKeHa KOHTEKCTOM; MiATBEpPMXEHHsI MoTpebye NpOCNeKTUBHUX
MYMNBTULEHTPOBKUX AOCHIAKEHb, OOIPYHTOBaHUM PO3pPaxyHKOM
NOTY>KHOCTI, 30BHILUHBOIO Barnigalieto Ta 4OTPMMaHHAM HanexHoi
KniHivHOT npakTukn (GoodClinicalPractice — GCP).

AOTPUMOHHSA €TUMHUX HOPM

ABTOpPU PYKOMMCY CBIOOMO 3acBiA4vytoTb, WO AOCHIMKEHHSI NPOBO-
OWnocb 3 BMKOPUCTAHHSIM [aHWX MEPBUHHOI MeOWYHOI JOKYMEH-
Tauii Ta BKMOYano KriHivHi CrnoctepexxeHHst 3a naujeHtamu. Jocni-
[PKEHHS NPOoBeAEHO BIAMOBIAHO 40 ETUYHUX CTaHAapTiB [enbCiHCbKOT
neknapauii BcecBiTHbOI MeanMyYHOI acouiauii Npo eTUYHI NpUHLMNK
npoBeAeHHs HayKOBMX MeOWYHUX JOCHiMKEHb 3a Y4acTio JOAUHM,
OvpekTvBu €Bponevicbkoro ToBapucTa 86/609 npo yyactb ntogew
Yy MeauvKo-6ionoriYHNX JOCTIIKEHHSIX, @ TakoX Hakady MiHicTepcTa
oxopoHm 3a0poB’st Ykpainn No 690 Big 23.09.2009 p. IHdopmoBaHa
3rofa Ha yvacTb y AocrlifpkeHHi 6yna oTpymaHa Bif, YCiX y4acHUKIB
nicnsa HagaHHA iM 3po3yMminoi, MOBHOI Ta AOCTYNHOI iHdbopMaLii Mpo
MeTy, An3aliH | METOAOMOTIK0 AOCHIMKEHHS, NOT0 MOTEHLHI PUSKKK,
OuiKyBaHi nepesarv Ta MOXIMBI ansTepHaTUBW. YCi y4acHUKV NigTeep-
OVnn CBOK A00POBINbHY y4acTb LUMSIXOM MiANMCcaHHs OOKYMEHTa
npo iHdopMmoBaHy 3roay. [ocnimkeHHst cxsaneHe Komicieto 3 nuTaHb
eTVKM Ta BioeTUKM MeagnYHOro dakymnsTeETY XapKiBCbKOro HaljoHarb-
Horo yHiBepcuTeTy imeHi B.H. KapasiHa MinictepctBa ocBit1 i Haykn
Ykpainm (Butar 3 npotokony Ne 3 Big 13 rpyaHs 2023 p.).

MepcnekTMBU NOAAABLLUMX AOCAIAXEHD

Y po3BUTKY iIMyHHWX peakLiil Ta 3ananeHHs BaXnvBy porb Bidi-
rpaTb LUTOKIHM, SIKi 3abe3nevyoTb B3aEMOZi0 KMiTUH Pi3HMX
TKaHMH. ToMmy BBaXaemo NepCrneKTUBHUM nodanblui Aochi-
[PKEeHHS LIMTOKIHOBOTO BanaHcy, ik BaxnmMBoro gpaktopa opmy-
BaHHSA CMNW Ta XapakTepy iMyHHOI BiAMNOBIA.

KoHdAIKT iHTepecis

ABTOpPU pyKonuUcy CBIAOMO 3acBigvytoTb BIACYTHICTb haKTUYHOro
4N NOTEHLINHOrO KOHMIKTY iHTepeciB Woao pesynbraTiB AaHol
poboTu.

BUKOPUCTAHHS LUTY4HOrO iIHTEAEKTY

ABTOpPU PYyKOMUCY CBIAOMO 3acBigvytoTb, WO Y MNpoLeci npose-
[OEeHHS JOCNiMKEHHS Ta NiAroTOBKM LibOro pyKOnucy He BUKOPUCTO-
BYBasM XXOAHUX iHCTPYMEHTIB abo cepBiciB reHepaTUBHOIO LUTYY-
HOTO iHTENEKTY ANs BUKOHaHHsI OyAb-AKuX 3aBAaHb, NepeniyeHnx
y TakcoHowmii generyBaHHs 3aBAaHb reHepaTVBHOMY LUTY4YHOMY
iHTenekty «GAIDeT» (Generative Artificial Intelligence Delegation
Taxonomy, 2025 p.). Yci eTanu pobotn — BiA KoHUenTyanisadii
00 hiHanbHOro pefaryBaHHs — BUKOHaHi 6e3 3anyyeHHsi reHepa-
TUBHOTO LUTYYHOIO iHTENEKTY, BUKIOYHO aBTOpaMMu.

MepBuHHI AaHi Ta MmaTepiaAn

ABTOpPY pyKONWCY CBIAOMO 3aCBIAYYHOTb, LLIO Y poBOTi BUKOPUCTAHO
pesynbTaTtv BacHUX KMiHIYHUX AOChigKeHb, Wo Oynu cuctematu-
30BaHi Ta npoaHanisoBaHi asTopamu. [epBuHHI AaHi BKMOYaoTh
y3aranbHeHi MOKa3HWKM nauieHTiB, nabopaTtopHi pesynbraTy,

The observational and single-center nature does not allow for
causalinferences and retains the risk of selection bias and residual
confounding, despite the use of multivariable models, propensity
score matching, and other approaches to control for confounding
factors. The sample size and composition [40 patients aged
30-45 years with chronic hypertrophic pharyngitis] limit the
precision of estimates and the generalizability of results,
considering patient referral pathways and healthcare practices
in Ukraine. To minimize potential biases, measurements were
standardized, assessors were trained, blinding was applied
whenever feasible, and sensitivity analyses were performed. The
generalizability of conclusions is context-dependent; confirmation
requires prospective multicenter studies with appropriate power
calculations, external validation, and adherence to Good
Clinical Practice (GCP).

Ethics statement

The authors of the manuscript explicitly declare that the study
was conducted using primary medical records and included
clinical observations of patients. The study was performed
in accordance with the ethical standards of the World Medical
Association’s Declaration of Helsinki on ethical principles for
medical research involving human subjects, the European
Society Directive 86/609 on the participation of humans
in biomedical research, and the Order of the Ministry of Health
of Ukraine No. 690 dated 23.09.2009. Informed consent for
participation in the study was obtained from all participants
after providing clear, complete, and accessible information
about the purpose, design, and methodology of the study,
its potential risks, expected benefits, and possible alternatives.
All participants confirmed their voluntary participation by signing
an informed consent form. The study was approved by the Ethics
and Bioethics Committee of the Medical Faculty of V.N. Karazin
Kharkiv National University, Ministry of Education and Science
of Ukraine (extract from protocol No. 3 dated 13 January 2023.)

Prospects for further research

Cytokines play an important role in the development of immune
reactions and inflammation, ensuring the interaction of cells
of different tissues. Therefore, we consider further research into
cytokine balance as an important factor in shaping the strength
and nature of the immune response to be promising.
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NPOTOKONM Ta OTPUMaHI KifbKiCHI XapakTtepuctukun. Bei matepianu
36epexkeHi B apxiBi AOCNIAHULBKOT rpynu Ta MOXyTb ByTW HapaHi
3a 06rpyHTOBaHMM 3anMTOM [0 aBTOPa-KOPECNOHAEHTa, 3 ypaxy-
BaHHSM BUMOT KOH(IAEHLUIMHOCTI Ta ETUYHUX HOPM.
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BipycHo-6akTepianbHUMK acoujiaLisiMi Npy rocTpoMy, 3aTsKHOMY
Ta XPOHIYHOMY nepebiry xBopobu Ta YOOCKOHANEHHs! TaKTWKW
nikyBaHHsA», HOMep pAepxaBHoi peecTpauii Ne0123U105022,
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"HayioHanbHul yHieepcumem oxopoHu 300pos’st YkpaiHu imeHi 1.J1. LLynuka

Minicmepcmea oxopoHu 300po8’st Ykpairu, Kuis, YkpaiHa

2[lepxasHe HekoMmepuitiHe ridrpuemcmeo «JIbeiecbKuli HauioHanbHUl MeduyHUl yHisepcumem iveni Jaruna anuuybko2o»
Minicmepcmea oxopoHu 300po8’si YkpaiHu, Jlibeie, YkpaiHa

Impact of morning hypothalamic-pituitary-

adrenal axis activity on the course of atopic dermatitis
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PE3IOME

BeTtyn. AToniyHun gepmatvT y nigniTKiB acouitoeTbCa 3i 3HAYHUM 3HMXKEHHAM SKOCTI
XUTTS, MOPYLUEHHSIM CHY Ta BWCOKUM PIiBHEM TMCUXOEMOLIAHOIO HaBaHTaXeHHS,
Lo 0cobnNMBO akTyanbHO B yMOBax Haf3BUYaiHUX ryMaHiTapHux cutyadi. Ctpec-iHay-
KOBaHi 3MiHW rinoTanamo-rinogisapHo-HagHUPHUKOBOT OCi MOXYTb MOAMMIKYBaTU 3ana-
NEeHHS LWKipU Ta IHTEHCKBHICTb cBepbexy, oAHak AaHi LWoJo paHKOBOI akTUBHOCTI FiMo-
Tanamo-rinogizapHo-HagHVPHWKOBOT OCi Yy NIANITKIB 3 aTOMiYHUM AepMaTUTOM 3a TaknX
YMOB € OOMEXEHUMMU.

MeTa po60TH — BMBYMTY BMAMB PAHKOBOI @aKTUBHOCTI rinoTanamo-rinodizapHo-HagHup-
HWKOBOI OCi Ha KNiHIYHWI Nepebir aToniyHoro AepMaTuTy y NianiTkis B ymoBax Haa3Bu-
YaHUX ryMaHiTapHUX cuTyauin.

Martepianu i Metogn. O6ctexeHo 50 nigniTkie 12—18 pokiB i3 cepegHbO-TSHKKUM
atoniyHum gepmatutom (SCORAD 20-40) y 2022—-2024 pp.: micuesi (n = 31) Ta TumM4a-
coBO nepemilieHi ocobu (n = 19). TsaxkkiCTb aToniyHoro AepmaTtuTy OLiHIoBanm
3a SCORAD, iHTEHCUBHICTb cBepbOeXy — 3a BidyarlbHOK aHanoroBoto Lukanot. Tpusa-
nicTb CHY BM3Ha4yanu 3a woaeHHKamu cHy. KopTuaon y cnviHi BumiptoBanu ABidi y Asa
nocnigoBHi paHku oapady nicns npobymkeHHs (CO) i yepes 30 xB (C30) 3 po3paxyHKOM
ACAR = C30-CO0. 3aranbHui IgE Bn3Havanu metogom ELISA.

PesynbraTtu. ['pynu He Bigpi3Hanucs 3a BuxigH1MMu xapaktepuctukamm; SCORAD maB
TEHAEHL0 A0 BULLMX 3Ha4YeHb Yy TMM4YacoBo nepemilieHmx ocib (p = 0,101). Ceepbix
3a BisyanbHoto aHanoroBoto LWkKamnoi 6yB BULIMM Y TUMYacoBO NepeMilleHnx ocib:
7 (6;7,5) npotn 5,5 (4;7) cm (p = 0,021). TpuBanicTb cHy nepe 3abopom CNnHK He Biapi3-
Hsnacst Mix rpynamu (7,93 + 0,87 npotu 8,18 + 1,08 rog; p = 0,265). CO He Bigpi3-
Hs1BCA Mix rpynamu (p = 0,613), HaTomicTb C30 ByB HMXYMM Yy TMMYaCcOBO NepeMiLLeHNX
oci6 (8,98 + 1,23 npotu 10,3 + 1,30 Hr/mn; p = 0,033), sk i ACAR (0,96 * 0,18 npotun
2,08 + 0,26 Hr/mn; p = 0,029). BusBneHo nomipHuin 3BOpOTHUIA 3B's30k Mixk ACAR
Ta Bi3yanbHol aHanorosoto Lwkanot (r = —0,302; p = 0,039). PiseHb tIgE mix rpynamm
He BigpisHaBca (p = 0,143) i He acouiloBaBCs 3 TSKKICTIO aTOMNIYHOro AepMaTuTy.
BucHoBKu. Y nignitkis 3 aToniyHMmM AepMaTUTOM 3a YMOB HaA3BUYANHUX F'yMaHiTapHUX
cuTyauiin, ocobnvBo cepen TMMYacoBO NepeMilleHnX ocib, CnocTepiraeTbCsa 3HMKEHa
paHKoBa peaKTUBHICTb rinoTanamo-rinogisapHo-HagHUPHUKOBOI oci (Hwxdi C30 Ta
ACAR), wo acouijtoeTbesa 3 b6inbl BupaxeHum cBepbexeM. MNMokasHuk tiIgE He Bigo-
BpaxkaB TSXKICTb Nepebiry aToniyHoro AepmaTuTy y AOCHiOXEeHi KOropTi.
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ABSTRACT

Background. Atopic dermatitis in adolescents is associated with a substantial
impairment in quality of life, sleep disturbances, and increased psychoemotional burden,
which becomes particularly relevant in the context of humanitarian emergencies. stress-
induced alterations of the hypothalamic-pituitary-adrenal axis may modulate cutaneous
inflammation and pruritus intensity; however, data on morning hpa axis activity
in adolescents with ad under such conditions remain limited.

Purpose — to investigate the impact of morning hpa axis activity on the clinical course
of atopic dermatitis in adolescents living under humanitarian emergency conditions.
Materials and Methods. A total of 50 adolescents aged 12—18 years with moderate ad
(scorad 20-40) were examined between 2022 and 2024: local residents (n = 31) and
internally displaced persons (n = 19). Atopic dermatitis severity was assessed using
the SCORAD index, and pruritus intensity was evaluated with a visual analogue scale.
Sleep duration was recorded using sleep diaries. Salivary cortisol was measured on two
consecutive mornings immediately after awakening (C0) and 30 minutes later (C30),
with calculation of the cortisol awakening response (ACAR = C30 - CO0). Total IgE levels
were determined by ELISA.

Results. The groups did notdifferin baseline characteristics; SCORAD values tended tobe
higherin idps (p = 0.101). Pruritus intensity was significantly higher in internally displaced
persons (median 7 [6; 7.5] vs 5.5 [4; 7] cm; p = 0.021). Sleep duration prior to saliva
sampling did not differ between groups (7.93 £ 0.87 vs 8.18 + 1.08 hours; p = 0.265).
No between-group difference was observed for CO (p = 0.613); however, C30 was
significantly lower in internally displaced persons (8.98 + 1.23 vs 10.30 + 1.30 ng/ml;
p = 0.033), as was ACAR (0.96 + 0.18 vs 2.08 + 0.26 ng/ml; p = 0.029). A moderate
inverse correlation was found between ACAR and pruritus intensity (r = -0.302;
p = 0.039). Total IgE levels did not differ between groups (p = 0.143) and were not
associated with atopic dermatitis severity.

Conclusions. Adolescents with atopic dermatitis exposed to humanitarian emergency
conditions, particularly internally displaced persons, demonstrate reduced morning
hypothalamic-pituitary-adrenal axis reactivity, reflected by lower C30 and &car values,
which is associated with increased pruritus intensity. Total IgE levels did not reflect
disease severity in the studied cohort.

Lieichak BE, Sharikadze OV, Zubchenko SO. Impact of morning hypothalamic-pituitary-adrenal axis activity on the
course of atopic dermatitis in adolescents under humanitarian emergency conditions. Karazin Journal of Immunology
2025;8(2(16)):189—-202. DOI: https://doi.org/10.26565/3083-5615-2025-16-02

BCTYN

MigniTkn Ta ixHi ciM’T WOOHA CTUKAOTLCA 3 YMUCIEH-

INTRODUCTION

Adolescents and their families face numerous

HAMWU TPygHOLLAMK, MOB’A3aHUMM 3 AKICTIO XUTTA (FAXK)
i nikyBaHHsM atonivyHoro gepmatuty (A) [1]. Uen ctaH
0Cco6MNMBO BiAYYBaETLCA B Mepiof rymaHiTapHUX Haa3Bu-
YanHWX CUTyaLin, KoM Mae Micue MNOCTiiHWUA BMnAvB
CTPECOBUX YMHHWUKIB. ICHYIOTb enigemMionoriyHi gocni-
[PKEHHS WOoAOo 3B’A3Ky MK ALl i NCMXONOriYHUM CTPecoMm,
NpUYOMY MOBIOOMISETLCS, LLO CTPEC NOCUIIOBAB NPOSBU
ALl [2]. BuaHayeHo, WO y 3HAYHOI KifbKOCTi MauieHTiB
3 Al cepeHbOro Ta TSXKKOro CTyneHs nepebir xBopobu
noripLyBaBcst Yepe3 TPMBOry Ta AENnpecito, Lo 3 Henpo-
©ionoriYyHOI TOUKM 30pY TSXKKO BiAPI3HWUTU Bid XPOHIYHOrO
ctpecy [3]. Kpim Toro, y nmauientiB 3 Al HaBnaku Gyno
BUSABIIEHO BULLMI piBEHb NCUXOMOMYHOro CTpecy nopis-
HSAHO 3 gopocnumu 6e3 A [4].
lnotanamo-rinocizapHo-HagHMpHukoBa (I'MH) Bicb —
ue BaxnMBa HENWPOEHOOKPMHHA Mepexa oOpraHiamy,
dKa pearye Ha MCUXOSONYHUIN cTpec. Y LWKipi iCHye
nepudepuyHa Bicb MH, nogibHa Ao ueHTpanbHOI OCi.

daily challenges related to quality of life (QoL) and the
management of atopic dermatitis (AD) [1]. These challenges
become particularly pronounced during humanitarian
emergencies, which are characterized by sustained
exposure to stress-related factors. Epidemiological studies
have demonstrated an association between AD and
psychological stress, with evidence indicating that stress
exacerbates the clinical manifestations of AD [2]. It has been
established that in a substantial proportion of patients with
moderate-to-severe AD, disease severity worsens in the
presence of anxiety and depression- conditions that, from
a neurobiological perspective, are difficult to distinguish
from chronic stress [3]. Conversely, patients with AD have
been shown to experience higher levels of psychological
stress compared with individuals without AD [4].

The hypothalamic-pituitary-adrenal  (HPA) axis
represents a key neuroendocrine system involved in the
physiological response to psychological stress. In the
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miokokoptukoign (MK) € knovoBUMKU  eeKkTopHUMHU
mMonekynamu oci 'TH i HeoGxigHi Ans LWwkipHOro rome-
octasy [5]. ¥ nauieHTiB 3 A[] onncaHo nopyLUueHHS dyHK-
uioHyBaHHs1 TH-oci, sike NposBNSETbCA 3HWXKEHOW abo
HEJOCTaTHbOK peakuicto CcekpeLii  MIKOKOPTMKOIaiB
y BiAnoBigb Ha CTPECOBI CTUMYNM MOPIBHSIHO 3 0cobamu
6e3 ALl [6]. Taka AMCKYHKUISE MOXe CNpUATM XPOHi3aLii
3anarneHHsl, NOCUIEeHHI0 cBepbexy Ta 3HMKEHHIO edek-
TMBHOCTI afanTauiiHUX MexaHi3miB, ocobnmBo 3a ymMoOB
TPUBANOro NCUXOEMOLIINHOIO HaBaHTaXEHHS.

B ymoBax noBHomacluTabHOI BiiHM B YKpaiHi Kinb-
KiCTb 0Cib, siki nepebyBatoTb Mig BNAMBOM rocTporo abo
XPOHIYHOro CcTpecy, cyTTeBo 3pocna. Ocobnveo Bpas-
NMBOIO TPYMNOK € MiAMITKM 3 XPOHIYHUMW 3aXBOPHOBaH-
HAMUK, 30kpeMa 3 ALl, Ans AKMX NoegHaHHS COMaTUYHOT
nartonorii Ta TpMBanoro CTpecy MOXe MaTu HecnpusT-
nuBi Hacnigkm anst nepebiry xBopobu Ta AXX. BogHouac,
OaHi Wwoao dyHkuioHanbHoro crtaHy [TH-oci, 3okpema
il paHKOBOI aKTMBHOCTI, y nigniTkis 3 Al B ymoBax Haa3Bu-
YalHWUX TyMaHITapHUX CUTyaLili 3anuiuaioTbCsi obmexe-
HMMW Ta NOTPeOyIOTb NOAANBLLOMO BUBHEHHS.

MeTa po60THu — B/BYATU BMMIUB PAHKOBO| akTUBHOCTI
rinoTanamo-rinogisapHo-HagHNUPHUKOBOT OCI Ha KIiHIYHWIA
nepebir atoniyHoro gepmartuty y MiAniTKiB B ymoBax
HaA3BUYANHUX FyMaHiTapHUX cuTyawin.

MATEPIAAU TA METOAU AOCAIAXEHHSA

HocnigxeHHa nposogunock y nepiog 3 2022 no
2024 pp. y pamKax BUKOHAHHS1 HayKOBO-A0CMiAHOT poboTyn
«YOOCKOHaneHHs TepaneBTUYHUX MIAXOAIB Y nauieHTiB
3 aTonivyHMM epMaTUTOM B YMOBaX ryMaHiTapH1X Haa3Bu-
YaHMX CTaHiB», iKka BMKOHYETbCA Ha Kadheapi neaiaTpii,
ONTAYNX iHEKLINHMX XBOPOO, iMyHoMorii Ta anepronorii
HaujioHanbHOro yHiBepcuTeTy OXOpOHM 300pOB’S YKpaiHu
imeHi M.J1. LWynvka MiHicTepcTBa OXOPOHU 3[40pPOB’A
Ykpainn. OtpumaHo 3rogy Kowmicii 3 eTtukn Ta akapge-
MiyHOi lo6poyecHocTi (MpoTokon 6/16 Big 28.06.2024 p.).
3 ycima nauieHTamu rpyn gocnigkeHHs Gyna nignucaHa
iHdbopmoBaHa 3roga. KniHiyHa 6a3a gocnigxeHHs — Haui-
oHanbHa AUTsYa cneuianisoBaHa nikapHa «OxMaTanT»
MiHicTepcTBa OXOPOHU 340POB’A YKpaiHu.

KpuTepismu BKMOYEHHS y OOCRigXKEeHHs Oynu aitn
0box cTaTtel BikoM 12—18 pokiB i3 cepegHbO-TSKKUM Nepe-
6irom Al (inoekc SCORAD Big 20 go 40) i3 po3nagamu
CHY, po3nagamu, Lo MOB’si3aHi 3i COMaTUYHNMU CUMMTO-
mamu [4]. Kputepismun BuknioYeHHs Oynu gitn 3 nerkum
(iHoekc SCORAD — po 20) i tsokkum (iHoeke SCORAD —
6inbwe 40) nepebirom A[Ll, a Takox AiTu 3 genpecieto,
TSKKAMKM - BinonapHUMKM  po3nagamu,  LWKM3odpeHieto,
po3najamMu po3BUTKY, BKIOYaruM ayTmaMm. 3aranbHa
rpyna gocnigpkeHux cknana 50 aiten nigniTkoBoro BiKy
12—-18 pokis [7].

Cepeq rpynu JocnigKyBaHWX SiTel MigniTkoBoro BiKy
Oynn ocobu 3 nNiBAEHHMX i CXigHNX obnacTten YkpaiHu, siki
Ha nepiof AocnigpkeHHs npoxusanu y M. KueBi, a Takox
0iTn — MeLwkaHui Kniscbkoi, BiHHMLBKOT Ta 2KUTOMUPCLKOT
obnacren.

TsaxkicTb cumnTomiB ALl ouUiHIOBanM 3a LIKamnoto
SCORAD, npu UbOMYy BUOKPEMWIN CYO'EKTUBHY OLLIHKY
cBepbexy 3a [daHMMK Bi3yanbHOI aHanoroBoi LUKanu
(BAL; Big 0 go 10 cm) [8].

TpuBanicTb CHy BU3Ha4Yanu 3a JaHUMW LLOOEHHUKIB
CHY, SIKi 3aMOBHIOBArNM y4acHWKN OOCTIIKEHHS.

skin, a peripheral HPA-axis exists that is functionally and
structurally analogous to the central axis. Glucocorticoids
(GCs) are the principal effector molecules of the HPA
axis and play a critical role in maintaining cutaneous
homeostasis [5]. Dysregulation of the HPA-axis has
been described in patients with AD and is characterized
by a reduced or inadequate glucocorticoid secretory
response to stress stimuli compared with individuals
without AD [6]. Such dysfunction may contribute to the
chronicity of inflammation, exacerbation of pruritus, and
impaired adaptive capacity, particularly under conditions
of prolonged psychoemotional stress.

Since the onset of the full-scale war in Ukraine, the
number of individuals exposed to acute and chronic stress
has increased substantially. Adolescents with chronic
diseases, including AD, represent a particularly vulnerable
population, in whom the coexistence of somatic pathology
and prolonged stress may adversely affect disease course
and QoL outcomes. However, data on the functional
status of the HPA-axis particularly its morning activity-in
adolescents with AD during humanitarian emergencies
remain limited and warrant further investigation.

Objective — to investigate the impact of morning
hypothalamic-pituitary-adrenal (HPA) axis activity on the
clinical course of atopic dermatitis in adolescents under
humanitarian emergency conditions.

MATERIALS AND METHODS OF RESEARCH

The study was conducted between 2022 and
2024 within the framework of the research project entitled
«Improvement of therapeutic approaches in patients
with atopic dermatitis under humanitarian emergency
conditions», carried out at the Department of Pediatrics,
Pediatric Infectious Diseases, Immunology, and
Allergology of the Shupyk National Healthcare University
of Ukraine of the Ministry of Health of Ukraine. Ethical
approval was obtained from the Commission on Ethics
and Academic Integrity (Protocol No. 6/16, dated June
28, 2024). Written informed consent was obtained from all
participants included in the study. The clinical base of the
study was the National Children’s Specialized Hospital
«Okhmatdyt» of the Ministry of Health of Ukraine.

Inclusion criteria comprised children of both sexes
aged 12 to 18 years with moderate atopic dermatitis
(SCORAD index 20-40) accompanied by sleep
disturbances and disorders associated with somatic
symptoms [4]. Exclusion criteria included patients
with mild (SCORAD < 20) or severe (SCORAD > 40)
atopic dermatitis, as well as those diagnosed with
depression, severe bipolar disorder, schizophrenia,
or neurodevelopmental disorders, including autism
spectrum disorders. The total study population consisted
of 50 adolescents aged 12 to 18 years [7].

Among the study population of adolescents, participants
included individuals originating from the southern and
eastern regions of Ukraine who were residing in Kyiv at the
time of the study, as well as children permanently living
in the Kyiv, Vinnytsia, and Zhytomyr regions.

The severity of atopic dermatitis (AD) symptoms
was assessed using the SCORAD index. A subjective
assessment of pruritus intensity was analyzed separately
using a visual analogue scale (VAS; range 0—10 cm) [8].
Sleep duration was determined based on sleep diaries
completed by the study participants.

OpuwuriHanbHi AocnigpKeHHs 191

Original research



KapasiHcbknii imyHonoriyHui xypHan. 2025. T. 8. Ne 2(16). C. 189-202

Karazin Journal of Immunology. 2025;8(2(16)):189-202

ISSN 3083-5615 (Online)

PiBeHb kOpTM30ny y cnuHi BUMiptoBanu y ABa nocni-
[OOBHI paHKu. YyacHuku 36mpanu 3pasku Salivette Bigpasy
nicns npobyaxxeHHs (CO) Ta yepes 30 xB (C30). IHCTpyKUii
nepenbayany BiACYTHICTb TXi, MWUTTS, YMLLEHHS 3y6iB
4YM KypiHHS nepen neplum 3paskom. 3pasku 3bepira-
nMcs B AOMALLHBbOMY XOMOAMIbHWKY | [OCTaBnsnucst
[o nabopartopii npoTsirom 24 roauH, ge 6ynu 3aMopoXKeHi
npn —80 °C po nposefeHHs aHanidy. Koptuson i piBeHb
3aranbHoro IgE (tIgE) BusHavanu B meaunuHin nabopa-
Topii «[ina» (akpeauToBaHa HauioHanbHUM areHTCTBOM
3 akpeguTadii YkpaiHv Ha gocnigxeHHs BignosigHo go 1ISO
15189:2022, atectat npo akpeauTtadito Ne 30001 YnHHMI
no 18.10.2026) metogom ELISA 3rigHO 3 iHCTpyKUieto
BMpOOHUKa. [nsi KOXHOro YyyacHuka obuucrnioBanu
3MiHy KopTusony npu npobymxeHHi (ACAR = C30 - CO0).
3a HopMy Opanu pedepeHTHi 3Ha4YeHHs 3rigHO 3 BiKOM.
3a pedepeHTHi 3HaueHHs tIgE 6panu < 100 MO/mn.

CratncTuyHy obpobKy OTpMMaHUX AaHUX NPOBOAUNMU
3 BMKopucTaHHaMm nporpamu IBM SPSS Statistics Bepcii
25.0. 1N on1coBOi CTaTUCTMKKN KiNbKICHI 3MiHHI, WO He
BigMNOBIiAany HOpManbHOMY pPo3noginy, NogaHo y BUrmaai
megiaHn (Me) Ta wmixkBapTunbHoro gianasoHy (IQR).
KateropianbHi 3MmiHHI nogaHo y Burmsiai abconioTHUX
3HayeHb (n) i BigcoTkiB (%). Ana NOPIBHAHHA KinbKiCHUX
MOKa3HWKIB MiXK He3anexHVMn rpynamu BUKOPWUCTOBY-
Bann U-kputepii MaHHa-YiTHi. PiBeHb cTatncTnyHoi
3HaYyLLOCTi BCTaHoBNOBanu Ha piBHi p < 0,05. [insa Buse-
neHHs acouiauin mix piBHeM TskkocTi Al (3a wkanoto
SCORAD), piBHAMY KOPTM30ry Ta 3aranbHoro IgE BuKo-
puctoByBanu kopensauiiiui  aHania 3a CnipmeHom.
OuiHoBaBCA HanpsIMOK | cuna 3B’A3Ky, 3HauyLumu
BBaxanucs koediuieHTn kopensauii npu p < 0,05.

PE3YABTATU

3a nepiog pocnimpkeHHa Hamu  Gyno  BigibpaHo
50 nmigniTtkie 3 Al Bikom 12—18 pokiB, 3Ha4yeHHss SCORAD
skmx cknagano Big 20 no 40 6anis, cepen skmx 19 (38,0 %)
OiTen Hanexanu O KaTeropii TMM4YacoBO MepeMilleHnx
oci6 (TMNO). BuxigHi xapakTepncTuky nayieHTiB HaBegeHO
B Tabn. 1.

Salivary cortisol levels were measured on two
consecutive mornings. Participants collected saliva
samples using Salivette devices immediately upon
awakening (C0) and 30 minutes later (C30). Instructions
required abstaining from food intake, drinking, tooth
brushing, or smoking prior to collection of the first sample.
Samples were stored in participants’ home refrigerators
and delivered to the laboratory within 24 hours, where
they were frozen at -80 °C until analysis. Cortisol and
total immunoglobulin E (tIgE) levels were measured in the
medical laboratory «Dila» (accredited by the National
Accreditation Agency of Ukraine in accordance with
ISO 15189:2022; Accreditation Certificate No. 30001,
valid until October 18, 2026) using enzyme-linked
immunosorbent assay (ELISA) methods according
to the manufacturer’s instructions. For each participant,
the cortisol awakening response was calculated
as ACAR = C30 - C0. Age-specific reference values were
used to define normal cortisol levels. The reference value
for tIgE was defined as <100 1U/mL.

Statistical analysis was performed using IBM SPSS
Statistics, version 25.0. For descriptive statistics,
quantitative variables thatdid notfollow a normaldistribution
were presented as median (Me) and interquartile range
(IQR). Categorical variables were expressed as absolute
numbers (n) and percentages (%). Comparisons
of quantitative variables between independent groups
were conducted using the Mann-Whitney U test. Statistical
significance was set at p < 0.05. Associations between
AD severity (SCORAD score), cortisol levels, and total
IgE were analyzed using Spearman’s rank correlation.
The direction and strength of correlations were evaluated,
and correlation coefficients were considered statistically
significant at p < 0.05.

RESULTS

During the study period, a total of 50 adolescents
with atopic dermatitis aged 12 to 18 years were enrolled.
All participants had SCORAD scores ranging from 20 to
40 points. Among them, 19 children (38.0 %) were
classified as internally displaced persons (IDPs). Baseline
characteristics of the study population are presented
in Table 1.

Tabnuusa 1. BuxigHi xapakTepucTuku nawieHTiB
Table 1. Baseline characteristics of patients

MokaaHukn / Variables Baranom / General Micuesi / Local Tro / IDP
(n = 50) (n=31) (n=19) P

Bik, poku / Age, year 15(13;16,75) 14 (12;16,5) 15,5 (14;17) 0,581
Cratb, n (%) / Sex,n (%)
- Yonogiva / Men 28 (56) 15 (48,4) 13 (68,4) 0,275
- XKiHouya / Women 22 (44) 16 (51,6) 6 (31,6)
Micue npoxwusaHHs, n (%)
Place of residence, n (%) 0.793
- MicTto / Town 34 (68) 22 (71,0) 12 (63,2) ’
- Ceno / Village 16 (32) 9(29,0) 7 (36,8)
AnepronoriyHui aHamHes, n (%)
Allergic family history, n (%)
- BigcyTHiii / None 13 (26) 8 (25,8) 5(26,3) 0882
- Martu / Mother 13 (26) 9(29,0) 4(21,1) ’
- Batbko / Father 18 (36) 10 (32,3) 8 (42,1)
- Matn i 6atbko / Both parents 6 (12) 4 (12,9) 2(10,5)
SCORAD, 6anu / SCORAD, point 30 (23,25;34) 28 (22,5;32,5) 30 (26;36) 0,101
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Ak 6aymmo 3 Tabn. 1, BiaMiHHOCTEN 3a BikOM, CTaTTIO,
MicLieM MpOXMBaHHSA (Ha nepiog OOCnigXeHHs) Ta anep-
ronoriyHMM aHamHe3oM cepep Aiteit 060x rpyn He BUSIB-
neHo (yci p > 0,05). Bapto 3asHauuTu, WO NigniTKM
i3 rpynu TMO xapaktepuayBanucs BULLMMU pesynstatamum
3a wkanoww SCORAD nopiBHSHO 3 MicUEBMMU AiTbMMU,
opaHak 6e3 gocToBipHOi pisHuui (p = 0,101).

BogHouac, nMoOpiBHSABWIM OaHi Yy  [OCRIAXYBaHUX
rpynax AiTei Woao OuiHKM cBepbexy Ha wwkanow BALL,
BM3HaAYMNK, IO iHTEHCUBHICTL cBepbexy Gyna BiporigHo
BULLIOIO Y NianiTkiB 3 rpynu TIMO nopiBHAHO 3 MicLeBUMU
(7 (6;7,5)cm 35,50 (4;7) cm, p = 0,021) (puc. 1).

9 —+

As shown in Table 1, no differences were found
between the two groups of children with respect to age,
sex, place of residence (during the study period), or allergic
history (all p > 0.05). It should be noted that internally
displaced adolescents (IDPs) had higher SCORAD scores
compared with local children; however, this difference did
not reach statistical significance (p = 0.101).

At the same time, comparison of pruritus severity
assessed by the Visual Analog Scale demonstrated that
itch intensity was significantly higher in IDP adolescents
than in local children (7 [6; 7.5] cm vs 5.50 [4; 7] cm,
p =0.021) (Figure 1).

p=0,021*

BAIIL cMm/ VAS, sm
o N ~ [o2e]

~
.
t

*
Micriesi / Local

TIIO / IDP

*: significant at level alpha=0,05

Puc. 1. lNopiBHAHHA pe3ynbraTiB BidyarbHOI aHaNoroBoi LWKanu oLiHKM cBepbexy y rpynax SOCNISKEHHS, CM
Fig. 1. Comparison of visual analogue scale (VAS) itch severity scores between the study groups, cm

Okpim Lporo BusicHUnu, wo 15 oci6 (78,9 %) 3 rpynu
TMNO npunmanu aHTUricTaMiHHI NpenapaTy 4pYroro Noko-
NiHHS Ha NOCTINHIN OCHOBI, @ YeTBEPO 3 HUX — Y NOABIVHIN
[03i. Y nepLuin rpyni aHTurictTamiHHi npenapartuv npuiMmanu
3a nokasaHHsmu B 2,2 pa3y MeHwwe — 11 (35,5 %) ocib.

HacTtynHum eTanom 6yno BM3HAYEHHSI PIBHIB KOPTW-
3051y B CNUHI i NOPIBHSIHHS B 060X rpynax nianitkie 3 ALl.
3ayBaxumo, Lo TpuBanicTb CHy nepes 3abopoM CrvHM
Ons BU3HAYeHHSA pIBHA KOPTM30My He BigpisHAnaca
OOCTOBIpHO MiX AiTbMu o6ox rpyn (7,93 + 0,87 npotn
8,18 £ 1,08, p = 0,265) (puc. 2).

In addition, it was found that 15 individuals (78.9 %)
in the IDP group were taking second-generation
antihistamines on a regular basis, with four of them
receiving double doses. In the first group, antihistamines
were used on an as-needed basis by 2.2 times fewer
patients — 11 individuals (35.5 %).

The next step was the assessment of salivary
cortisol levels and their comparison between the two
groups of adolescents with atopic dermatitis. Notably,
sleep duration prior to saliva sampling for cortisol
measurement did not differ significantly between the
groups (7.93 + 0.87 vs 8.18 £ 1.08 hours, p = 0.265)
(Figure 2).

p=0,265
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Puc. 2. MNMopiBHSHHA TpMBanocTi CHy nepea 3abopoM CnvHM ANA BU3HAYEHHS PiBHSA KOPTM301y, A06K
Fig. 2. Comparison of sleep duration prior to saliva sampling for cortisol level assessment, days
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Llono nopiBHANBHOrO aHamnisy piBHA KOpPTU30nY,
TO 3aranom 6a3oBuin piBeHb kopTu3ony (CO) He Bigpis-
HABCA MiX rpynamu gocnigpkeHHs (8,02 + 1,15 npotu
8,18 + 1,04 wr/mn; p = 0,613) (Tabn. 2). HatomicTb
yepe3 30 xBunuH nicnst cHy (C30) noro 3HaveHHst Bynu
CTaTUCTUYHO HWXYMMK Yy aiTen 3i ctatycom TIMO nopis-
HAHO 3 MicueBuMM (8,98 + 1,23 npotun 10,3 £ 1,30 Hr/mm;
p = 0,033).

With regard to cortisol levels, baseline cortisol (CO)
did not differ between the study groups (8.02 + 1.15 vs
8.18 = 1.04 ng/mL; p = 0.613) (Table 2). In contrast,
30 minutes after awakening (C30), cortisol levels were
significantly lower in children with IDP status compared
with local children (8.98 + 1.23 vs 10.3 + 1.30 ng/mL;
p = 0.033).

Tabnuus 2. 3Ha4yeHHs piBHIB KOPTU30MY Y NiAMITKIB 3 aTONiYHNUM AEPMATUTOM
Table 2. Cortisol level values in adolescents with atopic dermatitis

MokaaHuk / Variables TE}ZGI;P MiCI(-l:ii :/3|1-)0C8| o
88 Eﬁgm;,cﬁ‘;ﬁ”f éDSD / 8,02+1,15 8,18 + 1,04 0,613
030 (ngimL), mean s SO 898123 10,3130 0,033
ﬁgﬁﬁ Eﬁgmcn‘?iiﬂ”f éos o/ 0,96 +0,18 2,08 + 0,26 0,029

[Ona pocnimpxeHHs peaktuBHocTi [TH-oci y Bignosiab
Ha dakT NpobymKeHHs pOo3paxoByBanu iHOEKC peak-
TMBHOCTI. BusBunu, wo iHgekc peaktuBHocTi ACAR
Takox OyB CYTTEBO HWX4MM Yy AiTen 3i ctatycom TIMO
(0,96 + 0,18 npotun 2,08 £ 0,26 Hr/mn; p = 0,029) nopis-
HsIHO 3 MicueBuUMHK (Tabn. 2).

LLlo cTocyeTbes piBHA 3aransHoro cuposartkosoro IgE,
TO BiH OOCTOBIpHO He BIiOPI3HSABCSA MiX rpynamu gocni-
okeHHs (199,4 + 62,4 npotn 171,1 £ 53,1 mn, p = 0,143),
npuyomy B rpyni giten 3i ctatycom TIMO yacTka nauieHTiB
3 piBHeM tIgE B mexax pedepeHTHUX 3Ha4YeHb cknagana
42,1 % (8 ocib), Toai Ak ceped MiCLEBMX YacTka Takux
aiten 6yna 58,1 % (18 oci6) 6e3 [OCTOBIPHOI Pi3HWL
(p = 0,291) (puc. 3).

350 T

To assess hypothalamic-pituitary-adrenal (HPA) axis
reactivity in response to awakening, a reactivity index
was calculated. The ACAR reactivity index was also
significantly lower in IDP children compared with local
children (0.96 + 0.18 vs 2.08 + 0.26 ng/mL; p = 0.029)
(Table 2).

Regarding total serum IgE levels, no statistically
significant differences were observed between the
groups (199.4 + 62.4 vs 171.1 £ 53.1 IU/mL, p = 0.143).
In the IDP group, the proportion of patients with total IgE
within the reference range was 42.1 % (8 individuals),
whereas among local children this proportion was 58.1 %
(18 individuals), without a significant difference (p = 0.291)
(Figure 3).

p=0,143
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Puc. 3. 3HaueHHs piBHsi 3aranbHoro IgE, MO/mn
Fig. 3. Total IgE level, IlU/mL

3a paHuMu  KOpensAuiiHoro aHanisy BUSIBNEHO
NoMipHWIA 3BOPOTHMI 3B’s130K Mk ACAR Ta ouiHKOI0 iHTEeH-
cuBHOCTI cBepbexy 3a gaHumu BALL, a came 3i 36inb-
weHHAM 3HaveHb ACAR oOujiHKa iHTEHCMBHOCTI CBep-
Gexy 3a gaHvmu BALL mana TeHOeHUito [0 3HWKEHHS
(r=-0,302, p = 0,039) (puc. 4).

According to the correlation analysis, a moderate
inverse relationship was identified between ACAR and
pruritus intensity assessed by the VAS. Specifically,
as ACAR values increased, VAS-assessed pruritus
intensity tended to decrease (r = -0.302, p = 0.039)
(Figures 4).
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Puc. 4. KopensuiiiHnin 38’30K Mixk 3MiHOK KOPTU30rTy npu Npobya)eHHi Ta OLiHKO iHTEeHCHMBHOCTI cBepbexy 3a aaHnumun BALL
Fig. 4. Correlation between the cortisol awakening response and itch intensity assessed using the VAS

OBrOBOPEHHSA

OTpumMaHi pesynbratui cBigyaTh, Wo y nignitkis 3 AL,
sKki nepebyBaloTb B yMOBaX HaA3BUYaWHUX r'yMaHiTapHUX
cuTyalii, MarTb Micle OCOGNMMBOCTI (OYHKLiOHYBaHHS
MH-oci, Wo MOXyTb BMAMMBaTM Ha KMiHiYHMIA nepebir
[aHOro 3axBOpPHOBaHHs. 30Kpema, y NianiTKiB 3i cTaTycoM
TMNO BWABMEHO 3HWKEHHS PaHKOBOI PEeaKTMBHOCTI
[TH-oci, Wwo nposiBnanocs 4OCTOBIPHO HUXKYNUMU 3HAYEH-
HAMU piBHA kopTusony 4vepe3 30 xBUNMH nicng npoby-
[PKEHHS Ta 3MEHLLEHMM iHOEKCOM KOPTU30M10BOI BiAMNOBIAi
Ha npobymxeHHs (ACAR).

Peakuis nmognHn Ha rocTpum abo XpOHiYHUIA CTpec
BU3HAYaETLCH YUCMNEHHUMU haKTopamu, BKIYaYn
reHEeTUKY, PaHHIA XUTTEBUA [OCBI4, YMOBM HaBKOMMULL-
HbOro cepefoBuLla, cTaThb i Bik [9].

LLlogo Biky, To 0COGMMBUM y LIbOMY KOHTEKCTI € nepiop,
nignitkoeoro (nybeprartHoro) Biky. [yGepTaTHui nepioa
XapaKkTepuayeTbCsd  BUBIMIbHEHHAM  TOPMOHIB  cTaTe-
BOrO A03piBaHHSA, WO NPU3BOAUTbL A0 6e3nivi isnyHmX
i GionoriyHnx 3MiH, @ TakoXX MOMITHMX 3MiH Y coUjianbHUX,
€MOLNHUX | KOTHITUBHMX MpoLecax, SKi 3peLuTor 403BO-
NATb 1M JOCArTM gopocnux ponen ta obos’askis [10].
B ymoBax rymaHiTapHux HaasBuYaWHWX — CUTyauin
BaXXMMBOK OCOOMMBICTIO y MiANITKIB € peakuis Ha cTpe-
coBi hakTopun. AZxe MianiTKOBUN BiK XapakTepusyeTbCs
3Ha4YHUMU 3MmiHamu peaktusBHocTi [TH oci, wo npusso-
OUTb 00 MOCUMEHHSA CTpec-iHOyKOBaHWX FOPMOHAaIbHUX
peakui [11]. Lli peakuii iHiLilOLTbCA rpyno0 HEMpOoHiB
y napaBeHTpUKynspHoMmy sapi rinotanamyca (MNBA),
SKi - BMAINAIOTb  KOPTUKOTPOMiH-pUni3uHr-ropmoH  (KPT),
Wwob curHanisyBaTy rinodidy nNpo BUBINbHEHHSI apeHo-
KopTukoTponHoro ropMmoHy (AKTI). AKTT, y cBoto 4epry,
CTMMYIOE HaIHMPKOBI 3an03n A0 CMHTe3y Ta cekpeuii MK
(kopTursony). Micns 3akiHYeHHs Aji cTpecoBoro daktopa
'K gitoTb Yepes HeraTUBHWIA 3BOPOTHWI 3B’30K Ha rinodis
NPUNUHSIOYM  peakuito, 3MEeHLUYYn nofarnblue BUpo-
6neHHs i BuBinbHeHHs KPI™ ta AKTI [12].

ICHYIOTb  MpUNyLWeHHd, Wo nigniTkoBun  rinodia
i HagHupkoBi 3ano3n wytnueiwi o KPI ta AKTI, Hix
y popocnomy Biui. Lli gaHi cBigyaTtb, WO nicns roctporo
abo NOBTOPHOrO CTPECy NiafliToK 3a3Hae BinbLIOro BNAMBY
K, HiX gopocnui. 3okpema B paHHIX OOCHIMKEHHSIX
Gunnar MR BM3Ha4eHO, WO Yy XIOMYUKIB i AiB4aTOK

DISCUSSION

The obtained results indicate that adolescents with
atopic dermatitis (AD) who are exposed to humanitarian
emergency conditions exhibit  specific features
of hypothalamic-pituitary-adrenal (HPA) axis functioning
that may influence the clinical course of the disease.
In particular, adolescents with internally displaced person
(IDP) status demonstrated reduced morning HPA axis
reactivity, manifested by significantly lower cortisol levels
30 minutes after awakening and a decreased cortisol
awakening response index (ACAR).

An individual’'s response to acute or chronic stress
is determined by numerous factors, including genetics,
early life experiences, environmental conditions,
sex, and age [9].

With regard to age, adolescence (the pubertal
period) is of particular importance in this context.
Puberty is characterized by the release of sex hormones,
leading to numerous physical and biological changes,
as well as marked alterations in social, emotional, and
cognitive processes that ultimately enable individuals
to assume adult roles and responsibilities [10]. Under
humanitarian emergency conditions, adolescents’
responses to stressors represent a critical feature, as this
developmental stage is associated with pronounced
changes in HPA axis reactivity, resulting in enhanced
stress-induced hormonal responses [11]. These
responses are initiated by a group of neurons in the
paraventricular nucleus (PVN) of the hypothalamus,
which release corticotropin-releasing hormone (CRH)
to signal the pituitary gland to secrete adrenocorticotropic
hormone (ACTH). ACTH, in turn, stimulates the adrenal
glands to synthesize and secrete glucocorticoids (cortisol).
Following cessation of the stressor, glucocorticoids exert
negative feedback on the pituitary gland, terminating
the stress response by reducing further production and
release of CRH and ACTH [12].

There is evidence suggesting that the adolescent
pituitary gland and adrenal glands are more sensitive
to CRH and ACTH than in adulthood. These findings
imply that after acute or repeated stress, adolescents
are exposed to greater glucocorticoid effects than adults.
Notably, early studies by Gunnar MR demonstrated
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Ha ni3Hix cTagiax nignitkosoro Biky (15—17 pokis) crnocTe-
piraBcs BULLUIA piBEHb KOPTU30IY, BUKITMKAHOIO CTPECOM,
NopiBHSHO 3 ocobamu Ni3HLOro AUTUHCTBA abo Ha paHHixX
cTagiax nignitkosoro Biky (9-13 pokis) [13].

Xoya 3a [OaHMMW HU3KU [OOCHigXeHb MokasaHo,
WO BMAAMB XPOHIYHOMO CTPecy Ha MO30K nianiTka
Ta Jopocnoro noaibHuMiA, oaHak cnocTepiranach Baxnvea
BiOMiHHICTb B 06OpoTHOCTI uMx edekTiB. 3okpema,
HaBiTb 4epe3 Micsub MNiCNs O4YXaHHHA Big XPOHIYHOro
nigniTKOBOro cTpecy [Aeski 3i CTPYKTYpHUX i pyHKuio-
HanbHUX 3MiH (3HVXXEHHSA HenporeHedy Ta CMHaNTUYHOrO
3B’A3Ky) 30epiratoTbest [14]. Takum YnHOM, BMNUB CTpecy
Ha MO30K MmianiTka Moxe OyTW TpuBanilwMm MOPIBHSHO
3 gopocnum [15].

HaBegeHi BuLLe AaHi 4iTKO BKa3ytoTb Ha Te, WO NianiT-
KOBUM BiK — Lie Yac pi3kmx 3MiH y dyHkuii [TH oci i peakuii
Ha cTpec. [inoTanamo-rinodizapHo-HagHMPKOBa BiCb
i BereTaTMBHa HepBOBa CUCTEMa CTUMYNIOKTbCA Mg
yac cTpecy. BoHu TicHO noB’a3aHi 3 iIMyHHOIO CUCTEMOI
Ta OepyTb yyacTb Yy naToreHesi 3axBOpHOBaHb, iHAYKO-
BaHUX cTpecoM. Bigrak Hacnigkamu ctpecy y nignitkis
MOXYTb OyTW 3aroCTPeHHsi XPOHIYHWMX 3axBOPIOBaHb
4yn MaHidpecTauis xBopoO, 0CcobMMBO, AKWO Mae Mmicue
cnagkoBa CXUMbHICTb.

Cepeq Takvmx 3axBoOploBaHb Y HayKoBin mniTepaTypi
YyacTo gocnimxyoTb nepebir ALl B acouiauii 3 enireHeTny-
HAMW  YnHHUKamn. CTpec-iHgykoBaHa iMyHomMoAynsauia
3MiHIOETBCA y NauieHTiB 3 Al, ane TO4Hi MexaHi3amu Lboro
npouecy Le He A0 KiHUS BMBYEHi. AK OEMOHCTPYTb
HefdaBHi gocnigpkeHHs, y nauieHTiB 3 Al ncuxonorivyHui
CTpec MoXxe Mnoripwmt abo NpUTYNUTU peakTUBHICTb
[TH oci Ta HagMipHO aKkTUBYBaTU CUMMATUYHY CUCTEMY,
WO MOXe MpM3BECTM OO0 MOCWUMeHHsA Bignoeigi Th2 Ta
3aroCTPEHHs1 CUMMTOMIB anepridyHmx xBopob. Kinbka
JocrnigXeHb BYBYanNu piBeHb KOPTU3O0IY «y CTaHi CMOKOO»
y NauieHTiB 3 anepriyHummn posnagamm NopiBHAHO 3 nai-
€HTamMM KOHTPOMbHOI rpynn 6e3 aronii, i pesynsratu
6ynu BapiabensHUMK.

3okpema, gocnimkeHHa Kojima Ta cniBaBT. nokasarno,
LLIO peaKLjis KopTM30My B CNWHI Ta KpoBi y aiten 3 ALl Ha cTpec
HeraTMBHO KopertoBana 3 TSKKicTio xBopobu [16]. Hato-
MICTb pe3ynsraTtv gocnimkeHb Afsar Ta cniBaBsT. He BUSBUNA
CTaTUCTMYHOI pi3HMLUi B 0GasanbHUX PiBHAX KOPTU30MYy
B cupoBaTui kposi (p = 0,383) mix xsopumun Ha Al i 3gopo-
BUMU AiTbMK, a iHaekc SCORAD He kopentoBas i3 6asarnb-
H/MKW 3Ha4YEeHHSMW KOPTM30My B CUpOBATLi KPOBi AiTen
3 ALl (p = 0,06) [17]. Mogi6Ho sik i Tehranchinia Ta cnisaBT.
He crocTepirany CTaTUCTUYHOT Pi3HWLL MK nadieHTamu 3 A
i 300pOBUMM 0COBGaMM IpyN KOHTPOIHO LLOAO PiBHS Ga3arnb-
Horo kopTu3ony Ta AKTI y cupoBartui kposi [18]. B iHWwmX
JocnigpkeHHHs1 6yno nokasaHo, Lo PiBHI KOPTM301y B naui-
eHTiB 3 ALl 3anexanu Bif TSXKKOCTI XxBopoOwW i ctati naui-
eHTa. 3okpema B paHHix poboTax Nutan i cniBaBT. nokasaHo,
LLIO NULLIE Y MOMOBWHW NaLieHTIB | NepeBaXHO 3 TSHKKUM nepe-
6irom ALl 6yB HU3bkUIA BasanbHUiA piBeHb kopTusony [19].
Csoro vacy Vinnik T. Ta cniBaBT. nokasanu, LWO piBeHb
KOpTM30sy B cuvpoBaTLi KpoBi Yonogikis 3 ALl 6yB BULLMM,
HDK Yy XiHOK, i HeratuBHO kopemntoBaB 3i SCORAD [20].
Ak 6aunMmo, MUTaHHS B3aEMO3B'A3KY PaHKOBOI akTuBaLlii
[MH-oci 3a piBHeM kopTusony Ta nposisamu ALl y nignitkis
3anuLLIaTbCs ANCKYTabenbHUMM.

Y Hawomy [JocCrigXeHHi Breplie B YKpaiHCbKin
koropTi nignitkis 3 ALl 3a ymMOB rymaHiTapHux Haa3Bu-
YalHWX CcuTyauii OUiHEHO OCOGNMBOCTI KOPTM30MOBOT
peakTUBHOCTI Npu NpoOyakeHHi Ta iXHii B3aEMO3B’s130K
i3 TspkkicTio nepebiry AL i cBepbexem. OTpumaHi

that boys and girls in late adolescence (15-17 years)
exhibited higher stress-induced cortisol levels compared
with children in late childhood or early adolescence
(9-13 years) [13].

Although a number of studies have shown that the
effects of chronic stress on the adolescent and adult brain
are broadly similar, an important difference has been
observed in the reversibility of these effects. In particular,
even one month after recovery from chronic adolescent
stress, some structural and functional changes such
as reduced neurogenesis and impaired synaptic
connectivity persist [14]. Thus, the impact of stress on the
adolescent brain may be more prolonged compared with
that in adults [15].

The data presented above clearly indicate
that adolescence is a period of profound changes
in hypothalamic-pituitary-adrenal (HPA) axis function and
stress responsiveness. During stress, both the HPA axis
and the autonomic nervous system are activated. These
systems are closely interconnected with the immune
system and play a key role in the pathogenesis of stress-
induced diseases. Consequently, stress exposure
in adolescents may lead to exacerbation of chronic
conditions or to the manifestation of disease, particularly
in the presence of genetic predisposition.

Among such conditions, the course of atopic dermatitis
(AD) in association with epigenetic factors is frequently
examined in the scientific literature. Stress-induced
immunomodulation is altered in patients with AD, although
the precise mechanisms underlying this process remain
incompletely understood. Recent studies demonstrate
that in patients with AD, psychological stress may impair
or blunt HPA axis reactivity while excessively activating the
sympathetic nervous system, which in turn may enhance
Th2 immune responses and exacerbate allergic disease
symptoms. Several studies have investigated «baseline»
cortisol levels in patients with allergic disorders compared
with non-atopic control groups, yielding variable and
inconsistent results.

In particular, a study by Kojima et al. demonstrated that
salivary and serum cortisol responses to stress in children
with atopic dermatitis (AD) were negatively correlated
with disease severity [16]. In contrast, studies by Afsar
and colleagues found no statistically significant difference
in basal serum cortisol levels (p = 0.383) between patients
with AD and healthy children, and the SCORAD index did
not correlate with basal serum cortisol levels in children
with AD (p = 0.06) [17]. Similarly, Tehranchinia et al.
observed no statistically significant differences between
patients with AD and healthy controls in basal serum
cortisol and ACTH levels [18]. Other studies have shown
that cortisol levels in patients with AD depend on disease
severity and sex. Specifically, early work by Nutan et al.
reported that only about half of patients predominantly
those with severe AD had low basal cortisol levels [19].
Vinnik et al. later demonstrated that serum cortisol levels
were higher in men with AD than in women and were
negatively correlated with SCORAD scores [20]. Taken
together, these findings indicate that the relationship
between morning activation of the hypothalamic-
pituitary-adrenal (HPA) axis, as reflected by cortisol
levels, and clinical manifestations of AD in adolescents
remains controversial.

In our study, for the first time in a Ukrainian cohort
of adolescents with AD living under humanitarian
emergency conditions, we assessed cortisol awakening
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pesynbTaTti NPOAEeMOHCTPYBanu NPUHLMNOBY BiAMIHHICTb
MDK rpynamu nignitkis 3 rpynu TMO i micueBnx meLukaHuis
3a nokasHukamu 'H oci npu 36epexeHHi noaibHoi Aemo-
rpadivHOi Ta KNiHIYHOT CTPYKTYpU BUBIpKA.

MokasHnkn CO [OCTOBIPHO He BIOPISHANUCA MiX
rpynamu, Lo CBigYMTb NPO BiAHOCHO CXOXMWI GasoBuii
piBEHb KOPTM301y y cTaHi cnokoto. HatomicTs piBHi C30 Ta
ACAR 6ynun 3Ha4yHO HWX4MMKM y fiTen 3i ctatycom TI10.
BHWXEHHS] peaKTUBHOCTI KOPTU30My Ha MpOOYymKXEeHHs
MOXe BKkadyBaTu Ha gucperynsuito MH oci Ta 3MeHLweHH:
afjanTMBHMX MeXaHi3miB Bignosigi Ha ctpec. OkpiM Lboro,
3a JaHMKY KOpensauinHoro aHanisy Hamu BUSIBIIEHO, LLO 3i
36inbLeHHsM 3HaveHb ACAR oLjiHKa iHTEHCUBHOCTI cBEp-
Gexy 3a gaHvmu BALL mana TeHOeHUito [0 3HWKEHHS
(r=-0,302, p = 0,039).

BusaBneHi Hamu faHi  y3romxylTbCa 3 MOAENo
CTpec-iHOyKOBaAHOro  MOPYLUEHHs1  HEMPOEHAOKPUHHOT
perynauii 'y nignitkiB i3 XpOHIYHMMK gepmMaTonoriy-
H/MMW 3axBOpPIOBaHHAMU. 30Kpema, B OOHOMY 3 OCTaHHIX
HayKOBMX [OCNIfXeHb aBTOpPW MOPIBHIOBANM CTYNiHb
CTpecy Ta BNNuB Ha AepmartonorivHi ingeken XK y naui-
eHTiB 3 ALl i 300pOBMX OCIO KOHTPOMBHOI rPynu, a Takox
Jocnigxysanu HevponentTuam ta HempoTpodpiHM, nos’s-
3aHi 3i ctpecom, npu ALl. Pesynsrat nokasanu, Lo BCi
napametpu, 3a BuHaTKOM Beck Depression Inventory
(ncuxomeTpuyHui onutysaneHuK Aaron T. Beck, 1961),
6ynn BiporigHO BuWMMKM y nauieHTiB 3 Al MOpiBHAHO
3i 3mopoBuMK  ocobamu rpynu  KoHTponw. A cepen
KNiHIYHMX napameTpiB nuwe cBepbiX NO3UTUBHO Kope-
noBaB 3i ctaHom Tpueoru (R = 0,573, p < 0,05) i xapak-
TepHoto TpuoxHicTio (R = 0,525, p < 0,05). Kpim Toro,
KiNbKICTb Ta aKTUBHICTb HEMponenTUaHUX Y-MO3UTUBHUX
KniTuH Oyna 3HayHo 6inbLiol0 B enigepmici nauieHTiB
3 A[l, Hixx y 300poBux oci6. ABTOpWU ZiALNN BUCHOBKY,
Lo TpMBOra Moxe OyTu NnoB’sizaHa 3 iHAYKYBaHHsIM CBep-
Gexy yepes Herponentua Y i pakTop pocTy HepsiB [21].

[oBeneHo, WO MOXe iCHyBaTW HenpsiMui 3B’S30K
MiX piBHEM KOPTU30My i cBepbexeM y nauieHTiB 3i LKip-
HMMK xBOopoBamu. 3okpema, nopyLueHHs 4OO0BOro pUTMy
KOpTU30ny (Hanpuknag, 3HWKEeHHs1 paHKOBOrO MNiKy) MoXe
nocuntoBatn cyb’ekTBHE BiguyTTS cBepbexy, ocobnmeo
Npy XPOHIYHMX 3axBoptoBaHHsX LWkipn (AL, ncopia3s).
3 opHoro Boky, cekpeuis KOpTU3ony BiabyBaeTbca napa-
NenbHO 3 UMPKagHUM PUTMOM: KOHLEHTpauisi KopTu-
KOCTepOoifiB A4OCArae HANHMKYOro PiBHS BBEYEPi Ta BHOMI,
Lo Bigobpaxae ix npoTusananbHy Lt i MoXe NpU3BecTu
00 MNOCUIEHHS HiYHOro ceepbexy [22]. 3 iHworo 6oky,
npy XPOHIYHOMY CTPECi, KONW PiBHI KOPTU30MYy MOXYTb
OyTW HUXYMMU 33 HOPMY (SIBULLE «BUCHAXEHHSI HagHW-
PKOBMX 3arno3») LWkipa cTae Binblw peakTUBHOW, CyXOHo
i YYyTNMBOIO, LLIO MOXXeE NOoCUIoBaTK CBepbiX i poOUTH Noro
CTiVikUM [0 Aii aHTUrictTamiHHMX npenaparis. HelwoanasHo
Oyna BUCyHyTa rinotesa, Lo nicnst Tpueanoro ismyHoro
Ta/abo ncuxivyHoro ctpecy Bicb [TH ypaxyeTbcs Ta cTae
MEHLL YyTNMBOK, WO MPU3BOAUTL OO 3HWXKEHHSI BUPO-
HneHHs kopTM30ny B HaAHNPKOBMX 3ano3ax [23]. [oka3om
uboro Oynu pocnigkeHHst Inga Kisieliene ta cnisasrT.,
[e nokasaHo, Lo Y aiter 3 Tskkum nepebirom ALl 6anu
3a NopyLUEHHSIMY CHY Ta OLiHKK cBepbexy Bynun BULWMMU,
HIXX y AiTen 3 nerkum i nomipHnum ctyneHem Al (p = 0,001).
CepefHA paHKoBa KOHLUEHTpauis KoOpTU3ony B CUPO-
BaTUi KpoBi Oyna Hwx4ow y nauieHTiB 3 Al MOpiBHAHO
3 KOHTpOnbHO rpynoto (p = 0,047) [24]. Oewo paHiwe
KamddpepmaH Ta cniBaBT. BCTaHOBWMW, WO Yy AiTewn
3 eK3eMoto criocTepiranacsi AOCTOBIPHO BinbLua KinbKicTb
enizofis cBepbexy sk Nig Yac HecnaHHs, Tak i nig Yac cHy,

response characteristics and their association with
disease severity and pruritus. The results demonstrated
a fundamental difference between internally displaced
adolescents and local residents in HPA axis parameters,
despite  comparable = demographic and clinical
characteristics of the study groups.

Baseline cortisol levels at awakening (C0) did not
differ significantly between groups, indicating a relatively
similar resting cortisol state. In contrast, cortisol levels
30 minutes after awakening (C30) and the cortisol
awakening response index (ACAR) were significantly
lower in adolescents with displaced status. Reduced
cortisol reactivity upon awakening may reflect HPA axis
dysregulation and impaired adaptive stress-response
mechanisms. Furthermore, correlation analysis revealed
that higher ACAR values were associated with a tendency
toward lower pruritus intensity as assessed by the visual
analogue scale (VAS) (r = -0.302, p = 0.039).

The data obtained in our study are consistent with the
model of stress-induced impairment of neuroendocrine
regulation in adolescents with chronic dermatological
diseases. In particular, one recent study compared
stress levels and their impact on dermatology-related
quality-of-life indices in patients with atopic dermatitis
(AD) and healthy controls, as well as assessed stress-
related neuropeptides and neurotrophins in AD. The
results showed that all parameters, except the Beck
Depression Inventory (a psychometric questionnaire
developed by Aaron T. Beck in 1961), were significantly
higher in patients with AD than in healthy controls. Among
clinical parameters, only pruritus positively correlated
with anxiety state (R = 0.573, p < 0.05) and trait anxiety
(R =0.525, p <0.05). In addition, the number and activity
of neuropeptide Y—positive cells were significantly higher
in the epidermis of patients with AD compared with
healthy individuals. The authors concluded that anxiety
may be associated with the induction of pruritus via
neuropeptide Y and nerve growth factor pathways [21].

It has been shown that an indirect relationship may
exist between cortisol levels and pruritus in patients with
skin diseases. In particular, disruption of the circadian
rhythm of cortisol secretion (e.g., a reduced morning
peak) may enhance the subjective perception of itching,
especially in chronic skin conditions such as AD and
psoriasis. On the one hand, cortisol secretion follows
a circadian rhythm, with corticosteroid concentrations
reaching their lowest levels in the evening and at night; this
reflects their anti-inflammatory action and may contribute
to increased nocturnal pruritus [22]. On the other hand,
under chronic stress conditions, when cortisol levels may
fall below normal (the so-called «adrenal exhaustion»
phenomenon), the skin becomes more reactive, dry,
and sensitive, which may exacerbate itching and render
it more resistant to antihistamine therapy. A hypothesis
has recently been proposed suggesting that prolonged
physical and/or psychological stress leads to impairment
and reduced sensitivity of the hypothalamic-pituitary-
adrenal (HPA) axis, resulting in decreased -cortisol
production by the adrenal glands [23]. Evidence supporting
this hypothesis comes from studies by Inga Kisieliene
et al., who demonstrated that children with severe
AD had higher sleep disturbance scores and pruritus
severity compared with those with mild or moderate AD
(p = 0.001). Mean morning serum cortisol concentrations
were lower in patients with AD than in the control group
(p = 0.047) [24]. Earlier, Kamfferman et al. reported that
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a Takox binblua TpuBanicTb enizodiB cBepbexy nig vac
CHY MOPIBHSAHO 3 KOHTPOILHOO rpynoto [25].

Y npoBegeHOMY OOCTiAXEHHI HE BCTAHOBIIEHO CTaTuUC-
TUYHO 3HaYYLLIOro B3aEMO3B'A3KY MiX piBHEM 3aranbHOro
CcMpoBaTKOBOro iMyHornobyniHy E (tiIgE) Ta crtyneHem
TsbkkocTi Al y nigniTkiB, siki nepebyBanv B ymoBax
HaA3BUYANHUX TyMaHITapHUX CUTYyaUiil, HEe3anexHo Bia
cTatycy iX nonepeaHbOro Ta MOTOYHOrO MiCUSA NPOXKU-
BaHHs. HeobxigHO 3ayBaxuTu, WO anepriyHa ceHcubi-
nisauia Ta nigBuweHnn piseHb tlIgE BMABRAIOTE nuwe
npubnu3Ho y nonoBuHM nauieHTiB 3 Al [26]. Pesynsratu
GinbLUOCTI AocniAKeHb TepaneBTUYHNX eOeKTIB 3acTOCy-
BaHHs iHribiTopa IgE — omanisymaby y nauieHTiB 3 ALl Tex
6ynn HenepeKoHNMBUMMU, O CMIOHYKae A0 AyMKY, wo IgE
Moxe ByTun enidheHoMeHHMM Giomapkepom, a He naTtore-
HeTu4HUM dpaktopom Afl [27].

Y paHHix pobotax K.B. Koh nokazaHo, WO TsXKKIiCTb
CMPUIAHATTA CTPECy Ta YacToTa CTPEeCOpiB HE KOpenBanu
3 piBHem tIgE y cupoBartui KpoBi nauieHTiB 3 aneprieto.
Y BUCHOBKY — cupoBaTkoBuii tIgE BBaxaeTbcs cTabinbHUM
MOKa3HUKOM aneprii, Ha KN He BrnuBae crpec [28].
Hatomictb, Rosalind J. Ta cniBaBT. nokasanu, o GinbLu
BMCOKWI piBeHb CTpecy y OaTtbkiB/onikyHiB acoLitoBaBcs
3 Bucokum pisHeM tiIgE (OR, 2,03; 95 % [l, 1,1-3,6) y giten
3 atoniyHum npodpinem Big 6 o 18 micauis [29]. Biarak
NMUTaHHA Hagani 3anuaeTbCs BIOKPUTMM i noTpebye
nodanbLUMX KOropTHUX AocnimpkeHs [30].

BUCHOBKHU

Hawwe gocnigkeHHs NpoaeMOHCTpyBaro, Lo 3a yMOB
ryMaHiTapHUX Haf3BUYaHMUX CUTYyaUil iCHYE 3B'SI30K MiXK
paHkoBoto akTuBaujeto 'MH oci Ta nepebirom ALl y gitew
nianiTKOBOro BiKy. 3MEHLLEHHS KOPTU300BOi peakLii, ska
Mae MOTY>XHUI NpoTU3ananbHU Ta iMyHOMOAYIoBaNbHNUIA
eqdeKT, MOXe CNpUSTU NIGTPUMLI XPOHIYHOIO anepriyHoro
3ananeHHs 1 OBTSPKEHHIO KriHiYHoro nepebiry ALl

BigocyTHicTe gocToBipHMX BigMiHHOcTen 3a SCORAD
MK rpynaMmu mMigniTkiB MOSICHIETbCS BigbopoM naui-
€HTIB i3 cepeHbO-TSHKKUM nepebirom All 3a kpuTepismm
BKITOUYEHHS B AOCHigKeHHs. [NpoTe TeHAeHUiss OO BULLIMX
3HadyeHb SCORAD vy nigniTkiB 3i ctatycom TMO y3rogxy-
€TbCSA i3 4aHMMW LLOAO HWMXKYOI KOPTU30MOBOI peakTuB-
HOCTi Ta KOPENATMBHOIO 3B’'A3KY 3 iHTEHCUBHICTIO CBep-
6exy. Lle onocepenkoBaHO MiATBEpAXYE rinoTedy npo
cTpec-acouiioBaHe noripweHHs koHTponto Afl. LWogo
piBHs tIgE, To Hawi AaHi y3rooxXyloTbCa 3 MPUMNYLLEHHSIM,
Wwo uen nokasHuk npu ALl Buctynae Ginblie enicdeHo-
MEHHMM BGioMapkepoM, a He NaToreHeTUYHUM (PaKTOPOM
xBopobu. [NpoTe faHWin BUCHOBOK NOTpebye nopanblumx
[OCnigXeHb.
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children with eczema experienced a significantly greater
number of pruritic episodes during both wakefulness and
sleep, as well as longer durations of nocturnal itching
episodes, compared with healthy controls [25].

In the present study, no statistically significant
associationwasfoundbetweentotal serumimmunoglobulin
E (tIgE) levels and AD severity in adolescents living under
humanitarian emergency conditions, regardless of their
previous or current place of residence. It should be noted
that allergic sensitization and elevated tIgE levels are
detected in only approximately half of patients with
AD [26]. Moreover, the results of most studies evaluating
the therapeutic effects of the anti-IgE agent omalizumab
in patients with AD have been inconclusive, suggesting
that IgE may represent an epiphenomenal biomarker
rather than a key pathogenetic factor in AD [27].

In earlier work, K. B. Koh demonstrated that perceived
stress severity and stressor frequency did not correlate
with serum tIgE levels in patients with allergic diseases,
concluding that serum tIgE is a relatively stable marker
of allergy that is not influenced by stress [28]. In contrast,
Rosalind J. et al. showed that higher parental/caregiver
stress levels were associated with elevated tIgE levels
(odds ratio 2.03; 95 % Cl 1.1-3.6) in children with
an atopic profile aged 6—18 months [29]. Therefore, this
issue remains open and warrants further investigation
in well-designed cohort studies [30].

CONCLUSIONS

Our study demonstrated that, under conditions
of humanitarian emergencies, there is an association
between morning activation of the hypothalamic-
pituitary-adrenal (HPA) axis and the course of atopic
dermatitis (AD) in adolescents. A reduced cortisol
response, which normally exerts potent anti-inflammatory
and immunomodulatory effects, may contribute to the
persistence of chronic allergic inflammation and to a more
severe clinical course of AD.

The absence of statistically significant differences
in SCORAD scores between the adolescent groups
can be explained by the inclusion criteria, which limited
enrollment to patients with moderate AD severity.
Nevertheless, the observed trend toward higher SCORAD
values among adolescents with internally displaced
status is consistent with the findings of reduced cortisol
reactivity and its correlational relationship with pruritus
intensity. This indirectly supports the hypothesis of stress-
associated impairment in AD control. With regard to total
serum IgE (tIgE) levels, our data are consistent with
the assumption that this parameter in AD represents
more of an epiphenomenal biomarker rather than
a key pathogenetic factor of the disease. However, this
conclusion requires confirmation in further studies.
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OBMEXEHHA AOCAIAXKEHHS

ABTOpPU pyKOMWUCY CBIAOMO 3acBiguvyloTb, LIO NpeacTaBrneHe
OOCMiMKEeHHs1 Mae OOMeXeHHsl, 3yMOBMeEHi Woro Au3anHoM
i BUKOHaHHAM. OgHOLEeHTpoBMI xapakTep (HauioHanbHa auTaya
cneujanizoBaHa nikapHs «Oxmataut» MO3 VYkpainu), opHak
3 BKITKOYEHHSIM fiTen 3 pisHMx obnacTtewn YkpaiHu, He Jae niacras
ONs NPUYNHHUX BUCHOBKIB. Po3Mip i cknag Bubipku [50 nigniTkis
3 A[] Bikom 12—18 pokiB, 3HayeHHss SCORAD sikux cknagano Big
20 po 40 6aniB] 06MexyHTb TOYHICTb OLIHOK i NEPEHOCKMICTb
pe3ynbraTiB 3 ornsAy Ha 0cobnMBOCTi MapLUpyTU3aLii nauieHTiB
i MpakTUK HadaHHs gonomMory B YKpaiHi. Y3aranbHIOBaHICTb
BVICHOBKIB OOMeXeHa KOHTEeKCTOM; NiATBEepAXKEHHS MoTpebye
NPOCMNEKTUBHUX  MYTNbTULEHTPOBUX  AOCHIAKEHb,  30BHiLL-
HbOI Banigauii Ta AoTpuMaHHSA HanexHoi KniHiYHOI mpakTuKu
(Good Clinical Practice — GCP).

MepcnekTMBM NOAAABLUMX AOCAIAXEHD

Y nepcnekTuBi MNaHyeTbCA PO3LUMPUTY PO3MIP BUBIPKK 3 BKIHO-
UYEHHSIM KiNbKOX LEHTPIB JOCMigXKeHHsi. TakoX nnaHyeTbcs
BVBYEHHS [OOBrOTpMBaNMX 3MiH aKTMBHOCTI rinotanamo-rinodi-
3apHO-HaJHUPKOBOI OCi Ta iIXHBLOTO 3B’A3KY 3 KMiHIYHUMM, iIMyHO-
NOriYHMMM Ta NCUXOEMOLINHMMM MOKa3HMKaMu nepediry atoniy-
HOro AepmatuTy Y MiANiTKiB B yMOBax TpUBanuX rymaHiTapHux
cuTyauin.

KoHdAIKT iHTepecis
ABTOpY 3as1BMAIOTL NPO BiACYTHICTb KOHMNIKTY iHTEpeciB
AOTPUMAHHSA ETUMHUX HOPM

ABTOpM pyKOMMCy CBIiOMO 3acBigvytoTb, LO OOCHIAXKEHHS
NPOBOAUNOCE i3 BUKOPUCTAHHSAM OaHUX MEPBUHHOI MeaWUYHOI
[OKYMEeHTaUji Ta BKNoYarno KiiHiYHI CnocTepexeHHs 3a nalieH-
Tamu. [ocnifxeHHa npoBefeHO BIAMOBIAHO OO €TUYHWUX CTaH-
napTiB enbciHcbKOi Aeknapauii BcecBiTHBOI MegnyHoi acoui-
auii Mpo €eTUYHi NPUVHUMMM NPOBEAEHHST HAYKOBUX MeOWUYHMX
[ocnifpkeHb 3a yyacTio JOauHW, OWPEKTUBM E€BPOMEnchKoro
ToBapucTBa 86/609 npo yyacTb nogen y Meauko-6ionorivyHmx
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Limitations of the study

The authors acknowledge that the present study has limitations
related to its design and implementation. The single-center
nature of the study (National Children’s Specialized Hospital
«Okhmatdyt» Ministry of Health of Ukraine), despite the
inclusion of children from different regions of Ukraine, does not
allow for causal inferences. The sample size and composition
(50 adolescents with atopic dermatitis aged 12—18 years, with
SCORAD scores ranging from 20 to 40) limit the precision
of the estimates and the generalizability of the findings, taking
into account the specific characteristics of patient referral
pathways and healthcare practices in Ukraine. Therefore, the
conclusions are context-dependent and require confirmation
through prospective multicenter studies, external validation, and
adherence to Good Clinical Practice (GCP) standards.

Prospects for further research

In the future, the sample size is planned to be expanded through
the inclusion of multiple study centers. Further research will
also focus on investigating long-term changes in hypothalamic-
pituitary-adrenal axis activity and their associations with clinical,
immunological, and psychoemotional parameters of atopic
dermatitis in adolescents under conditions of prolonged
humanitarian emergencies.
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OOCIMKEHHSX, a TakoX Hakady MiHicTepcTBa OXOpPOHU 340pOB’A
Ykpainn Ne 690 Big 23.09.2009 p. IHbopmoBaHa 3roga Ha y4acTb
y oocnimxeHHi 6yna oTpumana Bif yCixX y4acHUKIB Micnsi HagaHHs
iM 3p03yMinoi, NOBHOI Ta 4OCTYNHOI iHopMaLLii Npo MeTy, An3anH
i MeToZOoNOorit0 AOCAIOKEHHS, NOr0 MOTEHLINHI PU3UKKN, OYiKyBaHi
nepesarv Ta MOXINMBI ansTepHaTMBU. YCi y4acHUKU NiATBEPANIN
CBOI A0BPOBINbHY y4acTb LUMSXOM NANUCAHHA JOKYMEHTa Npo
iHdbopmoBaHy 3roay. [locnigxeHHs cxBaneHe Komicieto 3 nutaHb
eTuKun Ta akageMivHoi JobpovecHocTi HauioHanbHOro yHiBepcu-
TETY OXOPOHM 340poB’s YkpaiHu imeHi INM.J1. Lynuka MiHicTepcTBa
OXOPOHU 300pOoB’sA YkpaiHu (npoTokon 6/16 Big 28.06.2024 p.).

BUKOPUCTAHHS LUTY4HOrO iIHTEAEKTY

ABTOpPU PyKOMUCY CBIAOMO 3acBigvytoTb, WO Yy MNpoLEeci npose-
AEHHS JOCMiAKEHHS Ta NiArOTOBKYM LibOro PYKOMUCY He BUKOPUCTO-
BYBasM XOAHUX iHCTPYMEHTIB abo cepBiciB reHepaTUBHOIO LUTYY-
HOTO iHTENeKTY ANs BUKOHaHHA Oyab-AKuX 3aBAaHb, nepenivyeHmnx
y TakcoHOMii AeneryBaHHs 3aBOaHb reHepaTUBHOMY LUTYYHOMY
iHTenekty (GAIDeT, 2025 p.). Yci etann poboTu — Big KOHLENTY-
anisauii 4o diHanbHOro pegaryBaHHs! — BUKOHaHi 6e3 3anyyeHHst
reHepaTUBHOTO LUTYYHOTO iIHTENEKTY, BUKMIOYHO aBTOpaMu.

MepBuUHHI AGHI Ta MaTepiaAm

ABTOpPU pyKOMUCY CBIJOMO 3aCBiAYYHOTh, WO Yy pobOTi BMKOPU-
CTaHO pe3ynbTaTM BMACHUX KIiHIYHMX [OOChigXeHb, wo 6ynu
cMcTemaTu3oBaHi Ta npoaHanizoBaHi aBTopamu. [epBuHHI AaHi
BKIIOYAIOTb y3ararbHeHi NMokasHUKU MauieHTiB (aHaMHe3-omuTy-
BanbHWK, wkanu ouiHioBaHHa: SCORAD, BALL), naGoparophi
pesynbrati, NPOTOKONM Ta OTPMMaHi KiflbKiCHI  xapakTepu-
ctukn. Bci maTepianu 36epexeHi B apxiBi AOCNIAHULBKOT rpynu
Ta MOXyTb OyTV HafgaHi 3a OOrpyHTOBaHVWM 3anUTOM A0 aBTO-
pa-KopecnoHAeHTa, 3 ypaxyBaHHSIM BMMOT KOHMIAEHUINHOCTI
Ta €TUYHUX HOPM.

IHdbopmalis Nnpo chiHAOHCYBAHHSA

[aHe pocnigxeHHs He oTpuMmyBano diHaHcyBaHHS Big Oyab-
SIKMX OpraHi3aLini Yu yCTaHoB.

Moasika

ABTOpPU BWCMOBIIOIOTb LUMPY MOASAKY BCIM nikapsim, ki 6panu
yyacTb Y Be[EHHi NauieHTiB, BKMIOYEHNX Y AaHe OOCHIMKEHHS.
IxHa npodbeciiHa nigTpumka Ta Ge3UiHHMIA BHECOK y Npouec
360py Ta aHanidy AaHux CTanu BaXK/IMBOK YAaCTUHOIO YCNILLUHOTO
3aBepLUEHHST LIbOTO AOCHIIXEHHS.

BIAOMOCTI NPO ABTOPIB

INenvak BorgaH EayapooBuy — acnipaHT kadeapu negia-
TPIl, ANTAYMX IHEKLINHMX 3aXBOPIOBaHb, anepronorii Ta iMmyHo-
norii HauioHanbHOro yHiBepcuTeTy OXOPOHW 300pOB’st YKpaiHu
imeni I.J1. Wynuka MiHicTepcTBa OXOpOHM 300pPOB’S YKpaiHu;
Byn. fJoporoxuupbka, 6ya. 9, m. Knis, Ykpaina, 04112;

e-mail: leychakb@ukr.net

Ten.: +38 (044) 205-49-67

BHecok asmopa: nposedeHHs eKcriepuMeHmarnbHUX
docriidxeHb, aHania ompumaHux 0OaHux ma ix
cmamucmuy4Ha obpobka.

LLlapikap3e OneHa BikTopiBHa — JOKTOpP MEAMYHMX Hayk,
npodecop, AekaH MeaunyHoro dhakynsteTy HauioHanbHoro
yHiBepcuTeTy OXopoHu 34opoB’s Ykpainum imeri [.J1. LWynuka
MiHicTepcTBa oxopoHu 300poB’s YkpaiHnu; Byn. [loporoxulbka,
oya. 9, m. Knis, Ykpaina, 04112;

as well as the Order of the Ministry of Health of Ukraine No.
690 dated 23.09.2009. Informed consent to participate in the
study was obtained from all participants after providing them with
clear, complete and accessible information about the purpose,
design and methodology of the study, its potential risks, expected
benefits and possible alternatives. All participants confirmed their
voluntary participation by signing an informed consent document.
The study was approved by the Commission on Ethics and
Academic Integrity of the Shupyk National Healthcare University
of Ukraine of the Ministry of Health of Ukraine (protocol 6/16 dated
06/28/2024). Informed consent was signed with all patients in the
study groups.

Use of generative artificial intelligence

The authors of this manuscript declare that no generative
artificial intelligence tools or services were used in the research,
writing, or preparation of this manuscript to perform any of the
tasks defined in the Taxonomy of Generative Atrtificial Intelligence
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PE3IOME

AxTyanbHicTb. Y natoreHesi oCTeoapTpuTy NPOBIAHY POnb BidirpatoTb XpOHiyHe 3ana-
NEHHs1 Ta anonTo3 XOHAPOLUUTIB i KNiTUH CUHOBIanbHoi o6onoHku. Oucperynsuis FAS/
FASL-curHanbHoro wnsaxy, TNF-a-3anexHux peakui Ta kacnas-3anexHux MexaHiamis
Crpusie NporpecyBaHHI0 AereHepaTuBHUX 3MiH i (DOPMyBaHHIO ayTOIMyHHOrO KOMMO-
HeHTa 3axBOptoBaHHS. HeobOXiaHICTb MoAanbLIOro BUBYEHHS KIIOYOBUX MapKepiB
KNiTMHHOTO iIMYHITETY Ta anonTo3y Ha TAi NikyBaHHSA 3yMOBfieHa TUM, LLO BB Cy4acHol
Tepanii Ha iIMyHONaTOmNOriYHi NpoLUecy i anonTo3 OCTaToYHO He BCTaHOBIEHa.

MeTta po60TK — OUIHUTW 3MiHN MapKepiB KMITUHHOIO IMYHITETY Ta anonTo3y y XBOPUX
Ha OCTeOapTpWUT 3anexHOo BiA4 CTafil 3axBOpPIOBaHHA NPV 3acTOCyBaHHI npenaparTis
6a3ucHoi Tepanii.

Matepianu Ta metogu. O6cTexxeHo 117 xBopux Bikom 19-65 pokiB i3 ocTeoapTpuTom
(MKX-10: M17.4, M17.5), aki cknanu 4 rpynu 3anexHo Big BTPaTU XPSALWOBOI TKAHUHU:
| ctagisa (o 10%) — 23 nauieHTn, Il (10-25%) — 36 nauienTis; Il (25-50%) — 34 naujieHTw;
IV (> 50%) — 24 naujeHTu. ¥ Bcix nauieHTiB BU3Ha4anm cybnonynsuii nimcoumnTis nepude-
puuHoi kposi (CD,*; CD,*; CD,*; CD,,"; CD,,"), a Takox nokasHuku anontody: CD,,, FASL
(CD,,), Annexin V, kacnasn-1 (EC 3.4.22.34), kacnasu-8 (EC 3.4.22.61) i kacnasu-3
(EC 3.4.22.56). PiBHi anonTu4Hux MapkepiB ouiHioBanu metogom |PA BignosigHO
00 CTaHOapTHMX npoTokoniB. basucHa Tepanisi BKMYana HecTepoigHi npoTu3ananbHi
npenapatu (AMknodeHak, ETOPUKOKCUD, LIeNnekoKcnb, HaNPOKCEH), a TaKoX CUMMTOM-MO-
OndpikyBarnbHi 3acobu (rnoko3amiH, XOHAPOITUH) 3rigHO 3 pekomeHaauismu ESCEQ.
Pesynbrat. BcraHoeneHo sHwkeHHs CD,*, migeuweHHs CD,*, smeHwenHs CD.*
Ta aktmBauito NK-knitun (CD,*). PieHi CD,,*, CD,,, FASL, Annexin V Ta kacnasu-1,
kacnasu-8, kacnasu-3 HapocTanu BignoBigHO A0 cTail AereHepadii xpsLwia, Wo cBig-
4YMMO NPO MOCUIEHHS Kacmnas-3anexHoro anonTo3dy Ta ayToiMyHHOI CKragoBoi.
BucHOBKU. Y XBOpUX Ha OCTEOApPTPUT NPOrpecyBaHHs AereHepaTuBHUX 3MiH Cymnpo-
BOOKYETbCA MiABULLEHHAM LMTOTOKCMYHOCTI NiMoumnTiB | akTMBauielo anontosy,
Lo 36epiraetbes nicns 6asuncHoi Tepanii. Lie Bkadye Ha 06MexeHuUin BNnMB cTaHAaPTHUX
TEPaNEeBTUYHNX CXEM Ha iIMYHHi MeXaHi3My Ta 06rpyHTOBYE HEOOXiAHICTb BKITHOYEHHSI
iMyHOMOZYntoBarnbHNX 3aCO6iB Yy KOMMMEKCHE NiKyBaHHA OCTE0apTPUTY.

lony6 O. I., Jletaro I. B., BinnikoBa H. B., YepHycbkuii B. . 3miHM MapkepiB KMiTMHHOrO iMyHITETY Ta anonTtosy
y XBOPUX Ha OCTeoapTpuT Ha Tni 6a3uncHoi Tepanii 3 ypaxyBaHHAM cTagii xBopobu. KapasiHcbkull iMyHomnoaiyHul
xypHan. 2025. T. 8. Ne 2(16). C. 203-213. DOI: https://doi.org/10.26565/3083-5615-2025-16-03

OpuwuriHanbHi AocnigpKeHHs

203 Original research


https://doi.org/10.26565/3083-5615-2025-16-03
https://orcid.org/0009-0000-6239-7902
https://orcid.org/0009-0000-6239-7902
mailto:o.golub.med@gmail.com
https://orcid.org/0000-0002-6327-1321
https://orcid.org/0000-0002-6327-1321
mailto: letyago@karazin.ua
https://orcid.org/0000-0003-2598-4264
https://orcid.org/0000-0003-2598-4264
mailto:n.vinnikova@karazin.ua
https://orcid.org/0000-0001-5657-9486
https://orcid.org/0000-0001-5657-9486
mailto:t.lyadova@karazin.ua
https://orcid.org/0009-0000-6239-7902
https://orcid.org/0009-0000-6239-7902
mailto:o.golub.med@gmail.com
https://orcid.org/0000-0002-6327-1321
https://orcid.org/0000-0002-6327-1321
mailto: letyago@karazin.ua
https://orcid.org/0000-0003-2598-4264
https://orcid.org/0000-0003-2598-4264
mailto:n.vinnikova@karazin.ua
https://orcid.org/0000-0001-5657-9486
https://orcid.org/0000-0001-5657-9486
mailto:t.lyadova@karazin.ua
mailto:t.lyadova@karazin.ua
https://doi.org/10.26565/3083-5615-2025-16-03

KapasiHcbkuii imyHonoriyHui xypHan. 2025. T. 8. Ne 2(16). C. 203-213

Karazin Journal of Immunology. 2025;8(2(16)):203-213

ISSN 3083-5615 (Online)

Keywords:

osteoarthritis, basic therapy, caspases,
apoptosis, lymphocytes.

For correspondence:

Chernusky Viacheslav Hryhorovych

V. N. Karazin Kharkiv National University
of the Ministry of Education and Science
of Ukraine, Department of Infectious
Diseases and Clinical Immunology;

4 Svobody Sq., Kharkiv, Ukraine, 61022;
e-mail: chernusky@karazin.ua

© Golub O. I., Letiaho H. V.,
Vinnikova N. V., Chernusky V. H., 2025

For citation:

ABSTRACT

Background. Chronic inflammation and the apoptosis of chondrocytes and synovial cells
play a leading role in the pathogenesis of osteoarthritis. Dysregulation of the FAS/FASL
signaling pathway, TNF-a-dependent reactions, and caspase-dependent mechanisms
contributes to the progression of degenerative changes and the development of an
autoimmune component of the disease. The need for further study of key markers
of cellular immunity and apoptosis during treatment is driven by the fact that the impact
of modern therapy on immunopathological processes and apoptosis has not yet been
fully established.

Purpose — to assess changes in markers of cellular immunity and apoptosis in patients
with osteoarthritis depending on the stage of the disease when using basic therapy drugs.
Materials and Methods. The study involved 117 patients aged 19-65 years with
osteoarthritis (ICD-10: M17.4, M17.5). Participants were divided into four groups
based on the extent of cartilage tissue loss: stage 1 (up to 10%) — 23 patients; stage
2 (10-25%) — 36 patients; stage 3 (25-50%) — 34 patients; and stage 4 (> 50%) —
24 patients. Peripheral blood lymphocyte subpopulations (CD,*, CD,*, CD,*, CD,*, CD,,")
were determined in all patients, along with apoptosis markers: CD,,, FASL (CD,,,),
Annexin V, caspase-1 (EC 3.4.22.34), caspase-8 (EC 3.4.22.61), and caspase-3
(EC 3.4.22.56). Apoptotic marker levels were assessed via enzyme-linked
immunosorbent assay (ELISA) according to standard protocols. Basic therapy included
non-steroidal anti-inflammatory drugs (diclofenac, etoricoxib, celecoxib, naproxen) and
symptom-modifying agents (glucosamine, chondroitin) in accordance with ESCEO
recommendations.

Results. A decrease in CD," levels, an increase in CD,*, a reduction in CD,*, and the
activation of NK cells CD, ;" were established. The levels of CD,,*, CD,,, FASL, Annexin V,
as well as caspase-1, caspase-8, and caspase-3, increased in correlation with the
stage of cartilage degeneration. These findings indicated an intensification of caspase-
dependent apoptosis and the autoimmune component of the disease.

Conclusions. In patients with osteoarthritis, the progression of degenerative changes
is accompanied by increased lymphocyte cytotoxicity and the activation of apoptosis,
both of which persist following basic therapy. This indicates the limited impact
of standard therapeutic regimens on immune mechanisms and justifies the necessity
of incorporating immunomodulating agents into the complex treatment of osteoarthritis.

Golub Ol, Letiaho HV, Vinnikova N. V., Chernusky VH. Changes in cellular immunity and apoptosis markers in patients
with osteoarthritis during basic therapy considering the stage of the disease. Karazin Journal of Immunology.
2025;8(2(16)):203-213. DOI: https://doi.org/10.26565/3083-5615-2025-16-03

BCTYN

INTRODUCTION

3a cyyacHVMMM YSABMEHHAMW, Yy PO3BUTKY OCTeoap-
Tputy (OA) NpoBigHy ponb Bifirpae XpoHiyHe 3ananeHHs
KNITUHHO-TKAHWHHMX  CTPYKTyp  cyrnmoboBoro  xpswa
" cuHOBIanbHOI ODOMOHKK, y NaToreHesi SKoro BaXKnvBe
Micue 3arMatoTb iMyHHI nopyweHHsa [1, 2, 3]. OcTaHHIMK
pokamu depani GinblOro 3Ha4YeHHs HagawTb Aucpery-
nAuii - disionoriyHoro npouecy anonTo3y XOHOPOLUTIB
Ta KNITUH CUHOBIANbHOI 060MoHKN. KntoyoBuMM dhakTo-
pamMu Lboro npotecy € Tvn 3agisHux peuenTopis (FAS-ci-
MEWCTBO, peuenTopu hakTopa HeKpody nyxnuHn — ®HI),
ocobnuBOCTI  akTMBaLii/iHakTUBaUjii KackagiB anonTosy
Ta BUA KMiTWH, WO 3a3HalTb anonTUYHUX 3MiH (niMdo-
LUUTU, XOHAPOLMTK, CMHOBIanbHi hibpobnactun) [4, 5, 6, 7].

Y npoueci anonto3dy 6epyTb y4acTb YUCIEHHI Binku,
SAKi YMOBHO MOAINATb Ha ABi (OYHKUIOHAmNbLHI rpynu:
TpUrepu, WO iHIiLiIOTE NPOANONTUYHMI curHan (Binku
cimerictea ®HI1, T- i B-kniTUHHI peLenTopu, ropMOHarnbHi
peuenTopun); MOZynaTopu, WO 3abe3neyyroTb TpaHC-
QYKL curHany 3anporpamoBaHoi 3armbeni Ta akTueaLio
KacnasHoro kackaay [7, 8]. Kacnasu — ue uncreiHsanexHi
eHJonpoTeasu, AKi CUHTE3YKTbCSA Yy BUMMSAAI HEaKTUBHUX
3uMoreHiB. icns akTuBauii BOHM ANMEPU3YIOTLCS | KaTa-
ni3yoTb po3LenneHHs BinkiB y micuax, Wwo MicTAaTb acna-
pariHoBYy KUCIIOTY, LLO 1 BU3HAYMMIO NOXOMXKEHHS TepMiHa

According to modern concepts, the development
of osteoarthritis (OA) is driven by chronic inflammation
of the cellular and tissue structures of the articular
cartilage and the synovial membrane, in the pathogenesis
of which immune disorders play a crucial role [1, 2, 3].
In recent vyears, increasing importance has been
attributed to the dysregulation of physiological apoptosis
in chondrocytes and synovial cells. The key factors in this
process include the type of receptors involved (the FAS
family, tumor necrosis factor (TNF) receptors), the specific
activation or inactivation of apoptotic cascades, and the
type of cells undergoing apoptotic changes (lymphocytes,
chondrocytes, and synovial fibroblasts) [4, 5, 6, 7].

Numerous proteins are involved in the process
of apoptosis, which are conventionally divided into two
functional groups: triggers that initiate the pro-apoptotic
signal (TNF family proteins, T- and B-cell receptors,
hormonal receptors); and modulators that provide the
transduction of the programmed cell death signal and
the activation of the caspase cascade [7, 8]. Caspases
are cysteine-dependent endoproteases synthesized
as inactive zymogens. Upon activation, they dimerize
and catalyze protein cleavage at sites containing
aspartic acid, which defines the origin of the term
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(Cys + Asp + protease = CASPASE). 3a dyHKuioHanb-
HMMW BNACTUBOCTAMM X NOAINATb Ha:

1. iHaykTOpM anonTto3y (kacnasu 8 i 9);

2. ecbekTopm (kacnasm 3, 6 7);

3. nposananeHi kacnasu (1, 4, 5i 12L).

AKTMBaUi KacnasHoro Kackagy pO3nOYMHAETLCS
3 BKMOYEHHs kacnas-8 Ta/abo -9, nicns 4voro Bindysa-
€TbCs1 MOCIAOBHE «AOMIHO»-NOAIGHE aKTUBYBaHHS iHLLNX
depmeHTiB. Kacnasa-2 nocigae npomikHE MONOXEHHS,
OCKIMIbKM MOXe AidTW K iHAYKTOp, Tak i sk edpekTop,
a TakoX BUCTynaTu MilleHHIo Ans kacnas-3 i -8, wo cnpu-
Al0Tb BMBINbHEHHO uutoxpomy C [5, 6, 7, 8]. BuginsatoTs
TPW OCHOBHI WNSXM iHidiauii anontody. MNepwwuin nos's-
3aHMI i3 B3aemMogieto iHAyKTopa anontody 3i cneuundiy-
H/MMW peLenTopamMun: akTuealis kacnasun-8 npu s3aemogii
FAS-niraHgy 3 FAS-peuentopom. [pyruii — aktusauis
kacnasu-9 Ta YTBOPEHHsI reTepoauMepie i3 Oinkis
cimenctsa Bcl-2. TpeTit wnsx 4Yepes cepuHOBY npoTei-
Hasy — rpaH3um B. Llen wnax aktueauii anonTtosy 3ginc-
HIOETBCS UUTOTOKCUYHUMK T-nimcpoumtamm 1a NK-knitu-
Hamu (CD, "), aKki cekpeTytoTb Ui depmeHTn. Baxnueo,
wo FAS-onocepenkoBaHui LWNAX MOXE MepexpeLlysa-
TUCS 3 MITOXOHApPIaNbHUM Ta ByTW NOB’sI3aHUM 3 NiNigHUM
LUMISIXOM anonTo3y KMiTuH cyrnoboBoro xpsia i CUHOBI-
anbHoi obonoHkm [13, 14, 15, 16].

TakMM 4nHOM, anonto3 € GaraTtogasHVM NpPOLLECOM,
SKUA MOXeE iHOYKYBaTUCS LUMPOKMM CMEKTPOM MonieTio-
NOriYHMX YMHHKMKIB, 30KpeMa I nikapCbkuMn 3acobamu,
WO BXOAATb A0 Cy4aCHUX €BPOMNENCHKUX pekomeHaaLin
ESCEO wopo nikysaHHa OA: HecTepoifHi npoTusanarnbHi
npenaparu, rnioKOKOpTUKoian. Monpu HasiBHI pekoMeH-
pauii wopo nikyBaHHs OA, iCHye HegoCTaTHA KinbKiCTb
poOGiT, siki 6 CUCTEMHO OLLiHIOBanu BMvB 3anponoHOBaHOT
ESCEO megukameHTo3HOI Tepanii (basucHoi) Ha Mapkepu
anonTo3y, KMYOBi NaHKN KNITUHHOIO iMyHITETY, npo3a-
nanbHi kacnasu, FAS/FASL-3anexHi mexaHiamu. OTxe,
BMHUKae notpeba y normmbneHomy BMBYEHHI Moamdi-
Kauii imyHonatonoriyHux npouecis npn OA Ta Moxnu-
BOCTi BUKOPUCTAHHSA MapKepiB anonto3y siK iHCTPYMEHTIB
[iarHOCTVKM 3anexHo Big cTagii aereHepadii cyrno6osoro
Xpsila Ha Tni 6a3uncHoi Tepanii, LWo i 06yMOoBIOE akTyasnb-
HiCTb HALLUOro AOCIiIKEHHS.

MeTa po60TH — OUIHUTU 3MiHM MapKepiB KNiTUHHOIO
iMyHITETY Ta anonTo3y y XBOPUX HA OCTEOAPTPUT 3aNEXHO
Big CTafii 3axBOPIOBaHHS MPW 3acCTOCYyBaHHI NpenaparTis
6asuncHoi Teparnii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

lMpoBeneHo gocnimpxkeHHs y 117 nauieHTiB BiKOM Bif
19 po 65 pokiB (cepenHin Bik ctaHOBMB 44,36 poku), SKi
nepebyBanun Ha cTauioHapHoMy nikyBaHHi y Artz Klinic
M. XapkiB 3 npuoay 3aroctpeHHst OA koniHHoro cyrrnoba.
Cepen Hux 6ynu 70 xiHok (59,83%) Ta 47 4YonosikiB
(40,17%). [HiarHo3 BcTaHoBMoBanu 3rigHo 3  MixHa-
pogHow  knacudikauieto  xsBopo6 10-ro  nepernsagy
(MKX-10, kog M17.4, M17.5). KoHTponbHy rpyny cknanmu
25 300poBux Ocib BiANOBIAHOTO BIKY.

Yci nauieHTn Oynu posnofineHi Ha [ocnigXKyBaHi
rpynu BignosigHO o knacudikauii MixkHapogHoro ToBa-
puctBa 3 BuBYeHHs ocTeoapTpuTy (OARSI), 3anexHo
Bio obcary (%) AereHepaTMBHMX 3MiH y cyrnoboBomy
xpsawi: | cragia (o 10 %) — 23 nauieHtu; Il cTagis

(Cys + Asp + protease = CASPASE). Based on their
functional properties, they are classified into:

1. apoptosis initiators (caspases 8 and 9);

2. effectors (caspases 3, 6, and 7);

3. pro-inflammatory caspases (1, 4, 5, and 12L).

The activation of the caspase cascade begins
with the recruitment of caspase-8 and/or caspase-9,
followed by a sequential "domino-like" activation of other
enzymes. Caspase-2 occupies an intermediate position,
as it can act as both an initiator and an effector, while
also serving as a target for caspase-3 and -8, which
facilitate the release of cytochrome C [5, 6, 7, 8]. Three
main pathways of apoptosis initiation are distinguished.
The first is associated with the interaction between
an apoptosis inducer and specific receptors: the activation
of caspase-8 through the binding of the FAS ligand
to the FAS receptor. The second involves the activation
of caspase-9 and the formation of heterodimers from
the Bcl-2 family proteins. The third pathway occurs via
serine proteinase granzyme B. This activation pathway
is mediated by cytotoxic T-lymphocytes and NK cells
(CD,y"), which secrete these enzymes. Importantly, the
FAS-mediated pathway can cross-talk with mitochondrial
pathway and may be linked to the lipid-mediated apoptosis
pathway of articular cartilage cells and the synovial
membrane [13, 14, 15, 16].

In summary, apoptosis is a multiphase process that
can be induced by a wide spectrum of polyetiological
factors, including pharmacological agents such
as non-steroidal  anti-inflammatory  drugs  and
glucocorticoids, which are part of the current European
ESCEO recommendations for the treatment of OA.
Despite existing guidelines for OA management, there
remains an insufficient number of studies systematically
evaluating the impact of ESCEO-proposed drug therapy
(basic therapy) on markers of apoptosis, key components
of cellular immunity, pro-inflammatory caspases, and
FAS/FASL-dependent = mechanisms.  Consequently,
there is a need for an in-depth study of the modification
of immunopathological processes in OA and the potential
use of apoptosis markers as diagnostic tools relative
to the stage of articular cartilage degeneration during
basic therapy. This necessity determines the relevance
and timeliness of our study.

Objective — to assess changes in markers of cellular
immunity and apoptosis in patients with osteoarthritis
depending on the stage of the disease when using basic
therapy drugs.

MATERIALS AND METHODS OF RESEARCH

A study was conducted on 117 patients aged 19 to
65 years (average age was 44.36 years), who were
receiving inpatient treatment at Artz Klinic in Kharkiv for
exacerbation of knee OA.

The study group consisted of 70 women (59.83%)
and 47 men (40.17%). The diagnosis was established
according to the International Classification of Diseases,
10th Revision (ICD-10, code M17.4, M17.5). The control
group consisted of 25 corresponding age group. All patients
were divided into study groups according to Osteoarthritis
Research Society International (OARSI) classification,
based on the volume (%) of degenerative changes in the
articular cartilage: stage 1 (up to 10%) — 23 patients; stage
2 (10-25%) — 36 patients; stage 3 (25-50%) — 34 patients;
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(10-25 %) — 36 nauieHTis; lll ctagia (25-50 %) — 34 naui-
eHTn; IV ctagia (> 50 %) — 24 nauieHTn.

3rigHo 3 anroputmom ESCEOQ, yci xBopi oTpymMyBanu
6asvcHy Tepanito, wo Bkntodana npenapatm SYSADOA
(cumnTOoM-MoaMdikyBanbHi - 3acobu  ynoBinbHeHo! Al
3 XOHOPOMPOTEKTVMBHOK  AKTUBHICTIO):  KOMOIHOBaHWI
npenapat 3 [oKo3aMiHoMm (250 mr), XOHAPOITUHOM
(200 wmr) Ta ibynpocbeHom (100 mr) — no 2 kancynu 3 pasu
Ha AeHb nicns ixi npotarom 10-20 gHis; Hagani — npenapat
i3 rntokosamiHom (500 mr) Ta xoHgpoiTMHOM (400 Mr) no
1 kancyni 2 pa3n Ha peHb. lNMpenapatn 3actocoByBanuv
He3arnexHo Bif cTagii aereHepadii cyrnoboBoro xpsia.

[o cknagy Tepanii Takox BXOAUNM HECTepOiaHi NpoTu-
3ananbHi npenapatn (HM3IM), axki npusHavanu Kypcamu,
BPaxOBYIOUM PEKOMEHAOBaHy TpWUBaniCTb 3acTOCyBaHHS
(uenekokcn6 200 mr/oeHb;  eTopukokcnb 60 Mr/aeHb;
aviknodpeHak Hatpito 150 mr/geHb; Hanpokcen 500 mr/
AeHb). 3aranbHa Tpusanictb 3actocyeaHHsa HIM3MM ckna-
Aana 1-1,5 mic. Mapkepw KniTMHHOTO iMYHITETY Ta anonToay
OLLiHIOBanuM Ha noYaTky fikyBaHHs Ta Yyepes NiBpOoKy.

deHoTMNoOBUN cknag nimdouutie  nepudepudHoi
KpOBi BM3Ha4yanu Ha npoTtodHomy umtomeTpi FACS
Calibur (Becton Dickinson, CLUA) 3 BUKOPUCTaHHAM
MOHOKMoHaneHux aHTutin go CD,*, CD,*, CD,*, CD, ",
CD,," Ta nporpamHoro 3abesneveHHs MultiSET [9, 10].

Mapkepn anonTtody BkmoYanu KNiTUHHWA pelenTop
cmepti CD,, (APO-1, FAS) Tta ioro niraHg FASL (CD .,
APO-1L), Caspase-1 (ICE, IL-1B Converting Enzyme,
EC 3.4.22.62), 6inokAnnexin V, Caspase-3 (EC 3.4.22.56)
i Caspase-8 (EC 3.4.22.61) y cupoBatui kposi. BusHa-
YeHHs nposoaunu metogom ELISA (Human FAS Ligand
ELISA, Bender Med Systems GmbH, Austria) Ha aBTo-
MaTu4HOMy imyHodepMeHTHoMy aHanizaTtopi Coda (Bio-
Rad Laboratories, USA) [9, 10].

3abip kpoBi MpoBOAWMNM BPaHLUi HAaCTYMHOTO AHS
nicna rocnitanisauii nauieHTa [0 crTauioHapy, 4epes
12-18 rognH nicnsa ixi B o6’emi 10 Mmn y cTepunbHi
npobGipkun Tuny «EneHpopd».

CratnctuyHy 06pobky oTprMaHux peaynbraTis NPoBO-
Avnu i3 BukopuctaHHam IBM SPSS Statistics 22 i3 BusHa-
YeHHsIM abCoNTHOT BENUYMHM Ta ii noxunbku (M + m, abe.
oA.). [JoCcToBIipHICTb OTpUMaHKX pe3ynbTaTtiB BU3Havanum
3a kputepiem CTblogeHTa .

MauieHT Gynn noiHcopmoBaHi Woao uinen gocni-
[PKEeHHs Ta Haganu CBOK noiHdopmoBaHy 3rogy. Hocni-
[OXXEeHHS NpoBefeHOo 3 ypaxyBaHHSIM OCHOBHMX MOMNOXEHb
i BiANOBIOHO 00 €TUYHMX Ta MOparbHO-NPaBOBUX BUMOT
CratyTy YKpaiHcbKoi acouiauii 3 6ioeTmkn Ta Hopmam
GCP i GLP, npuHumnam lenbciHcbKOT Aeknapauii npas
noavHu, KoHBeHuii Pagn €sponu npo npasBa nioguvHu
i GiomegnumHn. MeToamkm OBCTEXEHHS Ta nNikyBasb-
HO-iarHOCTUYHI 3axo4W, BUMKOPUCTaHI B NpeacTaBreHin
poboTi, 6ynu yxBaneHi KoMicielo 3 nNuTaHb GiomeanyHoi
etk XapKiBCbKOro HauioHanbHOro YHiBEpCUTETY iMeEHi
B. H. KapasiHa MiHicTepctBa OCBiTM i Hayku YkpaiHu
(npotokon Ne 3/3 Big 13.12.2023 p.) Ta npoBeaeHi 3 N1Ch-
MOBO 3rofjot0 i BigNOBIAHO A0 npuHUMNiB GioeTukn
3 JOTpMMaHHAM npas noavHu (MenbciHcbka geknapauis
«ETnYHi npuHUMNM mMeanyHMX AocnifkeHb 3a yyacTio
nogen» Ta «3aranbHa geknapadisi npo 6ioeTuky Ta npasa
noavHun (FOHECKO) Ta BignoBigHO 40 YMHHOrO B YKpaiHi
3aKOHOJABCTBA.

and stage 4 (> 50%) — 24 patients. According to the
ESCEO algorithm, all patients received basic therapy,
which included SYSADOA (Symptomatic Slow-Acting
Drugs in Osteoarthritis) with chondroprotective activity:
a combination drug containing glucosamine (250 mg),
chondroitin (200 mg), and ibuprofen (100 mg) — 2 capsules
3 times daily after meals for 10-20 days; followed
by a formulation of glucosamine (500 mg) and chondroitin
(400 mg) at 1 capsule twice daily. These drugs were
used regardless of the degree of the stage of cartilage
degeneration. Therapy also included non-steroidal anti-
inflammatory drugs (NSAIDs) used in courses according
to recommended durations (celecoxib 200 mg/day;
etoricoxib 60 mg/day; diclofenac sodium 150 mg/day;
naproxen 500 mg/day). The total duration of NSAID using
was 1-1.5 months. Markers of cellular immunity and
apoptosis were assessed before treatment and after six
months. The phenotypic composition was studied by the
method of flow cytometry FACS Calibur flow cytometer
(Becton Dickinson, USA) with monoclonal antibodies
to (CD,,, CD,,, CD,, CD,, CD,’), and MultiSET
software [9, 10]. Apoptosis markers included the cell death
receptor CD,, (APO-1, FAS) and its ligand FASL (CD,,,,
APO-1L), Caspase-1 (ICE, IL-1B Converting Enzyme,
EC 3.4.22.62), Annexin V, Caspase-3 (EC 3.4.22.56),
and Caspase-8 (EC 3.4.22.61) in the blood serum.
Concentrations were determined by ELISA (Human FAS
Ligand ELISA, Bender Med Systems GmbH, Austria)
on Coda automated enzyme immunoassay analyzer (Bio-
Rad Laboratories, USA) [9, 10].

Blood samples (10 ml) were collected in the morning
on the day after admission, 12—18 hours post-meal, into
sterile Eppendorf tubes.

Statistical analysis was performed using IBM SPSS
Statistics 22, calculating the absolute values and their
standard errors (M + m). The significance of the results
was determined using Student's t-test.

Patients were informed of the study objectives and
provided informed consent. The study was conducted
in accordance with the ethical and legal requirements
of the Ukrainian Association of Bioethics, GCP and GLP
standards, the principles of the Declaration of Helsinki, and
the Council of Europe Convention on Human Rights and
Biomedicine." The examination methods and therapeutic
and diagnostic measures used in the presented work 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 13.12.2023) and were carried out with written
consent and in accordance with the principles of bioethics
with respect for human rights (Declaration of Helsinki
“Ethical Principles of Medical Research Involving
Humans” and “Universal Declaration on Bioethics and
Human Rights (UNESCO) and in accordance with the
legislation in force in Ukraine.
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PE3YABTATU

BcraHoBneHo, wo y xsBopux Ha OA Bia3HavarTbCs
MOPYLLUEHHA B CUCTEMIi KNITMHHOIO iMYHITETY, NpeacTas-
neHi B Tabn. 1.

RESULTS

It has been established that patients with OA exhibit
disturbances in the cellular immune system, presented
in Table 1.

Ta6nuus 1. MNokasHWKM MapkepiB KNITUHHOTO IMYHITETY Y XBOPUX HA OCTEOAPTPUT Y Nepioai 3arocTpeHHs
3aXBOPIOBAHHS 3arexHo Big cTagii AereHepadii cyrnoboBoro xpsilia Ao Ta nicns npoBeaeHHst 6asucHoi Tepanii (M £ m)
Table 1. Indicators of cellular immunity markers in patients with osteoarthritis during the period of exacerbation
of the disease depending on the stage of articular cartilage degeneration before and after basic therapy (M £ m)

Cranisi o6'em [Moka3HUKM KNiITUHHOTO
el"CleHe a i'|'y Kinekictb | iMyHiTeTYy A0 Ta nicns
& FJ'I%GOBOI’F()) ;‘ aua XBOPUX npoBeaeHoi Tepanii CDh,", CD,, CD,", CD,", CD,,",
Y pALl Number Cellular immunity % % % % %
Volume stage of articular . .
. ] of patients | indicators before and
cartilage degeneration
after therapy
Cragis 1 (< 10%) 23 no / before 59,5+1,86° | 49,3+2,36% | 26,8+1,63 | 14,2+1,28 | 24,6+1,42
Stage 1 (< 10%) nicns / after 63,442,17 | 54,5+2,16 | 24,9+1,34 | 12,3+1,14% | 23,4128
Cragis 2 (10-25%) 36 no / before 47,8+3,23* | 52,8+2,32% | 21,3+1,57 | 19,8+1,46 | 27,3+1,53
Stage 2 (10-25%) nicns / after 56,5+2,25% | 58,4+2,18% | 19,4+1,26% | 17,3+1,26 | 24,2+1,34
Cragis 3 (25-50%) 34 ao / before 40,4+3,12* | 59,3+3,17* | 18,7+1,47* | 22,7+1,63* | 29,6+1,47*
Stage 3 (25-50%) nicns / after 44,6+2,48 | 63,7+2,35% | 14,6+1,18% | 19,6+1,42 | 25,7+1,56
Crapia 4 (> 50%) 24 no / before 34,3+3,24* | 64,2+3,18* | 13,2+1,29* | 28,9+1,53* | 32,3+1,85*
Stage 4 (> 50%) nicns / after 36,7+2,39% | 67,243,147 | 12,4+1,42% | 24,7+1,48% | 26,9+1,62
Saoposi AoHopy 25 - 68,9+2,43 | 45641,87 | 29,5¢1,16 | 12412 | 22,3+13
Healthy donors

IMpumimku / Notes:

* — BiAMIHHOCTI y NokasHukax Ao Tepanii nopiBHSAHO 3i 3gopoBuMu ocobamu(p < 0,05)

a — BigMIHHOCTi Y MoKa3Hukax [0 Ta nicns npoBefeHHsi 6asncHoi Tepanii (p < 0,05)

# — BiOMIHHOCTI y Moka3HuKax nicns npoBefeHHst 6a3ncHoi Tepanii NopiBHSHO 3i 3gopoBrMu ocobamu (p < 0,05)
1. * — differences in parameters before therapy compared with healthy controls (p < 0.05)

2. a — differences in parameters before and after baseline therapy (p < 0.05)

3. # — differences in parameters after baseline therapy compared to healthy controls (p < 0.05)

[ocnigxeHHs nokasano, wo y xsopux Ha OA Bigby-
BalOTbCS 3MiHU Y T-KNITUHHIN NaHui iMyHiTeTY. B nepluy
yepry ue ctocyetbea CD,", ki BinoOpaxatoTb 3aransHy
KinbKiCTb T-KNiTWH, WO 30aTHi 3a6e3nevyBatyt KIMiITUHHUIA
imyHiTeT. Tak, piseHb CD." no nposefeHHs 6asucHoi
Tepanii NporpecrBHO 3HWXyBaBcA Big 1-i 0o 4-i ctaaii OA
(p < 0,05). MNMokasaHo, WO nicna Kypcy NiKyBaHHSA nuile
npn nepwin ctagii OA Bigbynoca BiAHOBNEHHHA LbOro
nokasHuka [0 3HayeHb rpynu KOHTpomt. [pu iHWmX
CTafifx 3axBOPIOBaHHA BU3HA4Yanocs MeBHE HeAoCTO-
BipHe 3pocTaHHa CD,* NOpiBHAHO i3 3HAYEHHSIMW [0 NiKy-
BaHHA. [1po HasiBHICTb aKTMBHOrO 3ananbHOro npolecy
Ta nporpecysaHHs cBia4unu nokasHukn CD,* T-nimdo-
umris. Tak, npu HapocTaHHi cTagii npouecy CD,* spoctanu
(p < 0,05) Ta gOCTOBIPHO He 3MiHIOBaNUCs Ha Tni NpoBe-
OEeHOro niKyBaHHA, WO MiATBEPAXYBano MOAOBXEHHSA
HU3bKOIHTEHCMBHOMO 3anarieHHsi, He3BaXkaroum Ha OoTpu-
mMaHy Tepanito. KonueaHb 3asHaB i BmicT CD,* T-nim-
doumnTtiB (UMTOTOKCMYHMX T-nimcoumnTiB), Aki 6esnoce-
peaHbo 6epyTb yyacTb B arpecuBHMX npouecax 3 OoKy
iIMYHHOI CMCTEMU [0 XPSALLOBOI TKAHWHW. Tak, BU3Ha4YeHO,
wo 3 nporpecyBaHHaM OA CD,* T-niMouuTiB 3HMXKY-
eTbes (p < 0,05), Lo Bkasye Ha pearnisaLito HUIMM KinepHUx
BMacTMBOCTEW, MPUYOMY MeaMKaMEHTO3Ha Tepanis Takox
[OCTOBIPHO He BMHyna Ha ix piseHb. CD, %, AKi MOXHa
BBaXaTu MapKepom npouecy Aerpagadii, NporpecusHoO
3poctanu Big 1-i oo 4-i cragii OA, oOCTOBIpHO Ha 3-11 Ta
4-n ctagiax (p < 0,05). MNpoBeneHa Tepanis 4OCTOBIPHO
BrnMHyna Ha piseHb CD. " Ha 4-i1 ctagii OA (p < 0,05),
O NpPM3BENO [0 3HWKEHHSA iX pIiBHSA, ane BOHW Bce
OOHO 3arnuULLNNCS 3HAYHO BULLIMMW, HK B KOHTPOIbHIN

The study showed that in patients with OA, changes
occur in the T-cell link of immunity. Primarily, this
concerns CD,*, which reflects total number of T-cells
capable of providing cellular immunity. Thus, the level
of CD,* before basic therapy progressively decreased
from the 1st to the 4th stage of OA (p < 0.05). It was
shown that after the course of treatment, only in the first
stage of OA, this indicator was restored to the values
of the control group. At other stages of the disease,
a certain statistically non-significant increase in CD,* was
determined compared to the values before treatment.
The presence of an active inflammatory process and
progression was evidenced by the indicators of CD,*
T-lymphocytes. Thus, with the increase in the stage
of the process, CD," increased (p < 0.05) and against the
background of the treatment, CD,* did not significantly
change, which confirmed the prolongation of low-grade
inflammation, despite the therapy received. The content
of CD,* T-lymphocytes (cytotoxic T-lymphocytes), which
directly participate inimmune aggression against cartilage
tissue, also fluctuated. Thus, it was determined that with
the progression of OA, CD," T-lymphocytes decrease
(p < 0.05), which indicates the implementation of their killer
properties, and drug therapy also did not significantly affect
its level. CD,*, which can be considered a marker of the
degradation process, progressively increased from the 1st
to the 4th stage of OA, significantly at 3rd and 4th stages
(p < 0.05). The therapy performed significantly affected the
level of CD,* at the 4th stage of OA (p < 0.05), which led
to a decrease in its level, but it still remained significantly
higher than in the control group (p < 0.05). The involvement
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rpyni (p < 0,05). Ha 3any4yeHHsi rymopansHOro iMyHiTeTy
i3 BUPOONEHHSIM aHTMTIN 4O KOMMOHEHTIB XpsiLLa BKa3dyBaB
CD,,", piBeHb sikoro 6yB AOCTOBIPHO BULLMM Ha OCTaHHIX
ctagigx OA (p < 0,05) nopiBHSAHO 3 KOHTponem i came
Ha UMX cTagisx Tepanisa mana supasHun edekT (p < 0,05),
Lo npu3Bero Ao 3HwkeHHs CD,,"y nepudepiiHin Kposi.

Ak BUAHO 3 gaHux Tabn. 2 4o npoBedeHHst 6asncHol
Tepanii mae micue poctosipHe (p < 0,05) nigBuLLEHHS
CD,, (FAS/APO-1) y rpynax xsopuix 3 3-10 Ta 4-t0 ctagiamu
nereHepauii cyrnoboBoro xpsila MOPIBHAHO 3 KOHTP-
onem, LWO BKasye Ha iHTeHcudikauito npouecy BTpatu
xoHapouuTis. lMicns npoeeaeHHs 6asncHoil Tepanii 36epi-
raeTbcst goctosipHe (p < 0,05) niaeuweHHs CDy (FAS/
APO-1) y rpynax xBopux 3 3-t0 Ta 4-10 cTagisMmu nopie-
HSIHO 3 rpyMnoto 340POBUX OCI6.

of humoral immunity with the production of antibodies
to cartilage components was indicated by CD,,*, the level
of which was significantly higher in the last stages of OA
(p < 0.05) compared to the control, and it was at these
stages that the therapy had a pronounced effect (p < 0.05),
which led to a decrease in CD,," in peripheral blood.

As can be seen from the data in Table 2, before
basic therapy, there is a significant (p < 0.05) increase
in CD95 (FAS/APO-1) in groups of patients with stages
3 and 4 of articular cartilage degeneration compared
to the control, which indicates an intensification of the
process of chondrocyte loss. After basic therapy, there
is significant (p < 0.05) increase in CD95 (FAS/APO-1)
in groups of patients with stages 3 and 4 compared to the
group of healthy individuals.

Tabnuus 2. Noka3HWKM MapkepiB anonTo3sy y XBOPUX Ha OCTEOAPTPUT Y Nepiofi 3aroCTPeHHs 3aXBOPIOBaHHS
3anexHo Big cTagii AereHepadii cyrno6oBoro xpsilia Ao Ta nicns npoBefeHHst 6asncHoi Tepanii (M = m)
Table 2. Indicators of apoptosis markers in patients with osteoarthritis during the period of exacerbation

of the disease depending on the stage of articular cartilage degeneration before and after basic therapy (M £ m)

MokasHukn =

A . — [ = =

Crapis o6'emy KNITUHHOTO S -~ = = = =

aereHepadji Kinbekicte | iMyHiTeTy gO Ta g D'l z £ I I

Cyrno6oBoro xpsila [ XBopux nicnsa npose- 03(5 o = = ) o

Volume stage Number AeHoi Tepanii O % = % £ % %

of articular cartilage | of patients | Cellular immunity a < 2 Y 2 o

degeneration indicators before = - 8 §: 8 8

and after therapy
Cragisa 1 (< 10%) / 23 no / before 9,2+0,63 | 11,3+1,26* | 10,8+1,14 | 9,4+1,23 | 1,6+0,05 | 12,4+2,16
Stage 1 (< 10%) nicns / after 7,4+052 | 6,9¢1,12 | 96+1,23 | 7,3¢1,16 | 1,2+0,02 | 10,2+1,42
Cragis 2 (10-25%) / 36 ao / before 14,5+1,47 | 13,241,35* | 12,7+2,14 |13,9+2,14* | 3,3+0,07* | 16,4+2,37
Stage 2 (10-25%) nicns / after 11,7¢1,25 | 12,4142 | 11,3¢1,82 | 11,621,45 | 2,4+0,04 | 13,2¢1,94
Cragis 3 (25-50%) / 34 no / before 19,8+1,54* | 21,7+2,18* | 21,2+1,73* | 17,8+2,32* | 4,2+0,03* | 24,8+1,85*
Stage 3 (25-50%) nicns / after 16,3+1,73* | 18,6+2,34% | 17,8+2,15% | 15,4+2,13% | 3,4+0,06* | 22,4+2,13*
Crapis 4 (> 50%) / oa no / before 25,742,13* | 26,9+2,25* | 25,7+3,12* | 22,4+2 25* | 6,6+0,09* | 28,9+2,37*
Stage 4 (> 50%) nicns / after 21,6+2,18% | 24,8+2,13% | 22,9+2,23"* | 18,3+2,14* | 5,2+0,06" | 26,8+2,14*
3Aoposi Aoropu / 25 _ 648065 | 530,56 | 102+13 | 68416 |1,14%0,05 |11,43£2,47
Healthy donors

IMpumimku / Notes:

1. * — BiGMIHHOCTi y noka3Hukax Ao Tepanii nopiBHAHO 3i 3q0poBuMmM ocobamu (p < 0,05)

2. a — BigMIHHOCTi Y MoKa3Hukax Ao Ta nicns npoBefeHHs 6asvcHoi Tepanii (p < 0,05)

3. # — BiAMIHHOCTI y nokasHuKax nicnsi npoBeAeHHs1 6a3ncHOi Tepanii NopiBHAHO 3i 3nopoBuMK ocobamm (p < 0,05)
1. * — differences in parameters before therapy compared with healthy controls (p < 0.05)

2. a — differences in parameters before and after baseline therapy (p < 0.05)

3. # — differences in parameters after baseline therapy compared to healthy controls (p < 0.05)

Takox [0 npoBeneHHs1 GasucHoi Tepanii Mae micue
nigeuwenHs niraHgy FASL (CD,,;) y rpynax xsopux Big
1-i no 4-i cragii gereHepalii cyrnoboBoro xpsiia nopie-
HSIHO 3 rpynoto 3goposux ocib (p < 0,05). Micnsa npose-
OeHHst GasucHoi Tepanii mae micue 3HwxeHHs FASL
(CD,,,) B rpyni xBopux i3 1 ctagieto (p < 0,05) i Hopma-
nisauisi LbOro MokasHWka A0 3HayeHb rPynu KOHTPOS —
SIK pesynbTaT NPUrHiYeHHs 3ananeHHs, Togi SK B rpynax
XBOPWX i3 2-10, 3-10 Ta 4-t0 cTagisMu gereHepaldii cyrnobo-
BOro xpsila 36epiraetbca gocTtosipHe (p < 0,05) nigsu-
wenHss FASL (CD,,,) y MOPIBHAHHI 3 rpynot KOHTPOMO
i NPaKTUYHO BIACYTHA BIAMNOBIAb Ha Tepanito, WO MOoXe
CBiQYMTV MPO MACOBUIM amnonTo3 Ta XPOHiYHY akTMBaLito
T-nimdouuTis.

Ha aktuBauito anonTo3y BKasyloTb BU3HAYEHi Hamu
3MiHM Y PIBHAX TPbOX OCHOBHWX rpyn kacnas (Tabn. 2).
MokasaHo, Wo Ao npoBeaeHHst 6a3ncHoi Tepanii Big3Ha-
YaeTbcs goctosipHe (p < 0,05) niaBULLEHHSA NOKa3HWKIB:
nposanansHoi kacnasu-1 ICE (ICE-IL-18 Converting
Enzyme) Ta mapkepa paHHboro anontody Annexin V

Also, before basic therapy, there is an increase
in FASL ligand (CD,,,) in groups of patients from the
1st to the 4th stage of articular cartilage degeneration
compared to the group of healthy individuals (p < 0.05).
After basic therapy, there is a decrease in FASL (CD,,,)
in the group of patients with stage 1 (p < 0.05) and
normalization of this indicator to the values of the control
group — as result of inflammation suppression, while
in the groups of patients with stages 2, 3 and 4 of articular
cartilage degeneration, a significant (p < 0.05) increase
in FASL (CD,,,) is maintained compared to the control
group and there is practically no response to therapy,
which may indicate massive apoptosis and chronic
activation of T-lymphocytes.

The activation of apoptosis is indicated by the
changes we have determined in the levels of the three
main groups of caspases (Table 2). It was shown that
before basic therapy, there was a significant (p < 0.05)
increase in the following indicators: pro-inflammatory
caspase-1 ICE (ICE-IL-1B Converting Enzyme) and early
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y XBopwux i3 3-t0 i 4-t0 cTagiamu gereHepadii cyrnobo-
BOrO XpsiLla y NopiBHSIHHI 3 rpynoto 3qopoBux ocib. Micns
npoBegeHoi 6a3ncHoi Tepanii BiA3HAYAETBCA 3HMDKEHHS
nokasHukiB kacnasu-1 Ta 6Ginka Annexin V y rpynax
XBOpUX i3 1-t0 Ta 2-10 cTagiamMu Ta 3anuarTbCsa OCTO-
BipHO (p < 0,05) nmigBuLLEHMMM Y rpynax XBopux i3 3-t0
i 4-t0 cTagismu pereHepalii cyrno6oBoro xpsia nopis-
HSIHO 3 Trpynot KOHTpomnt. ToOGTO Ha paHHiX eTanax
OA, Konu Wwe HemMae macoBoi 3armbeni KniTuH, 6asucHa
Tepanis edeKTUBHO MPUTHIYYyE 3anansHy peakuito Yyepes
3HWXKeHHA npoaykuii IJ1-1B, akui BnnueBae Ha kacnasy-1.
Topi sik npu ni3Hix cTagisix OA, Yyepes rmMboky AeCTpyKLito
XPSILLOBOI TKaHWHMW, MpOLEecU pyWHYBaHHS [OOMIHYIOTb
Hag npouecamy BigHOBIEHHS, L0 3MEHLLYE MO3UTUBHUN
edekT Tepanii. AHanoriyHa TeHAeHUis Bu3Hadvanacs
i Npy aHani3i NOKa3HWKIB iHiLiaTOpHOI kKacna3n-8 Ta edek-
TOPHOI Kacnaau-3, 3Ha4eHHs SKkux 3poctanu Big 1-i 4o 4-i
cTafii AeCTPyKTMBHOMO NpOoLECy, i NpoBeadeHe NiKyBaHHS
Marno MiHiManbHUN BAMAMB Ha iX AMHAMIKY, WO CBig4Mmio
NpoO MAacuBHICTb OereHepaTuBHOrO Mpouecy Ta nepexia
y (biHanbHy cTagito pyvHyBaHHS XPALLOBOI TKAHUHN.

OBrOBOPEHHS

Y Xxopi npoBefeHoro AOCHiAKEeHHS BCTAHOBMEHO,
wo y xsopux Ha OA Big3Ha4alTbCA BUPaXeHi nopy-
LIEHHA B CUCTEMi KIiTUHHOro iMyHiTeTy. BBaxaeTtbcs,
WO dopMyBaHHS UMX 3MiH MOB’sid3aHe 3 Jieto nonieTio-
MNOMYHMX YMHHWKIB, LLO CYNpOBOAXYKTbCA AedeKkTamu
npoueciB 06pobku Ta enimiHaLii aHTUreHHoro matepiany.
Lle nigcunoe UMTOTOKCUMYHICTE T-NiMAOUUTIB i iX YLLKO-
DKyBanbHUA BMMMB Ha KIMITUHHO-TKAHWHHI  CTPYKTYpWU
cyrnoboBoro xpsilia Ta CMHOBIANbHOI OBOMOHKM, Chpwu-
SAYM IX OeCTpyKUii. Y pesynsraTti 3pocTae ayToiMyHHUIN
KOMMOHEHT 3axBOPIOBaHHA Ta aKTMBYETbCS arnonTo3
KNITUHHWX eNeMeHTIB CyrnoboBux TkaHuH [6, 7, 11].

BcraHoBneHo, wo 6asucHa Tepanis He 3abe3nevye
MOBHOrO BIAHOBMNEHHA piBHA CD,*-niMdoumnTiB y XBOpUX
Ha OA. LUe moxe BnnvMBaTM Ha nepepady curHany
Ta npouec po3nizHaBaHHA aHTUMEHIB, 3HMXYE X 06pOOKyY
Ta enimMiHauito, 30Kpema 3i cMHoBIanbHOI pignHu. Migsu-
weHHs pisHA CD,* y xBopux Bif 1-i 0o 4-i cTapii aereHe-
pauii XpsiLLia NopiBHSHO 3i 340poBMMK 0cobamMu CBIgYUTL
Npo NocuNeHHs iMyHHOT Ta 3ananbHoi Bignosigi [12].

3HwkeHHs piBHa CD,' y noeaHaHHi 3 napanensHUm
3poctaHHaMm CD,.;* — Mapkepa HaTypanbHWX Kifnepis,
BKkasdye Ha AucbanaHc iMyHOPErynsiTopHMX MexXaHi3miB
Ta MOXNMBY HEOOCTATHICTb IMYHOMOrYHOro Harnagy
3a npoAykTamu po3nagy xpswa. Taka 3akoHOMIipHICTb
NOCUMETLCA BIgNOBIAHO Big 1-1 4o 4-i cTagii 3axsopto-
BaHHS, LU0 3YMOBIOE XPOHi3aLilo 3ananbHOro Ta gere-
HepaTusHoro npouecis [12]. Lle nigTBepaxye, Wo iMyHHa
Bignosiab npu OA HabyBae xapakTepy CTilkoi iMyHona-
TONOrYHOI peakuil, WO NIATPUMYE SK 3ananeHHs, Tak
i anonTos.

MinBueHHa CD,,* npu 3-4-n cTapisx Binobpaxae
3anyy4eHHs1 T'yMoparbHOi NMaHKN iMyHITETY, 3aaTHOI iHiLi-
toBaTK npo3ananbHWUi LMTOKIHOBUI Kackag i nocumoBaTu
MEXaHi3mu anonToay.

BctaHoBneHo, WO Ha TNi npuriomMy npenapartis
6asncHOi Tepanii 3HWXKYETbCA aKTUBHICTb Mpo3ananbHoi
kacnasu-1 Ta piBeHb Ginka Annexin V nuwe y XBOpwuXx
i3 1-2-t0 ctagiammn OA. Y nauieHTiB i3 3—4-10 cTagiamu
Ui MOKasHWKM 3anuwakTbes goctoBipHo (p < 0,05)

apoptosis marker Annexin V in patients with stages 3 and
4 of articular cartilage degeneration compared to a group
of healthy individuals. After basic therapy, there was
a decrease in the indicators of caspase-1 and Annexin V
protein in the groups of patients with stages 1 and
2 and they remained significantly (p < 0.05) increased
in the groups of patients with stages 3 and 4 of articular
cartilage degeneration compared to the control group.
That is, in the early stages of OA, when there is no
mass cell death, basic therapy effectively suppresses
the inflammatory reaction by reducing the production
of IL-1B, which affects caspase-1. Whereas in the late
stages of OA, due to deep destruction of cartilage tissue,
the processes of destruction dominate over the processes
of recovery, which reduces the positive effect of therapy.
A similar trend was determined when analyzing indicators
of initiator caspase-8 and effector caspase-3, the values
of which increased from the 1st to the 4th stage of the
destructive process, and the treatment had a minimal
effect on their dynamics, which indicated the massiveness
of degenerative process and the transition to the final
stage of cartilage tissue destruction.

DISCUSSION

In the course of the study, it was found that patients
with OA have pronounced disorders in the cellularimmune
system. It is believed that the formation of these changes
is associated with the action of polyetiological factors,
which are accompanied by defects in the processes
of processing and elimination of antigenic material. This
enhances the cytotoxicity of T-lymphocytes and their
damaging effect on the cellular and tissue structures
of articular cartilage and synovial membrane, contributing
to their destruction. As a result, the autoimmune
component of the disease increases and apoptosis
of cellular elements of articular tissues is activated [6,
7, 11]. It has been established that basic therapy does
not provide a complete restoration of the level of CD,*
lymphocytes in patients with OA. This may affect the signal
transmission and the process of antigen recognition,
reducing their processing and elimination, in particular
from the synovial fluid. An increase in the level of CD,*
in patients with stages 1 to 4 of cartilage degeneration
compared with healthy individuals indicates an increased
immune and inflammatory response [12].

A decrease in the level of CD,* in combination with
a parallel increase in CD,,*, a marker of natural Killers,
indicates an imbalance of immunoregulatory mechanisms
and a possible insufficiency of immunological surveillance
of cartilage breakdown products. This pattern increases
from stages 1 to 4 of disease, which causes the chronicity
of inflammatory and degenerative processes [12]. This
confirms that the immune response in OA takes on the
character of a persistent immunopathological reaction
that supports both inflammation and apoptosis.

An increase in CD,,* at stages 3-4 reflects the
involvement of the humoral link of immunity, capable
of initiating a pro-inflammatory cytokine cascade and
enhancing apoptosis mechanisms.

It was found that against the background of taking
basic therapy drugs, the activity of pro-inflammatory
caspase-1and the level of Annexin V protein decrease only
in patients with OA stages 1-2. In patients with stages 3—4,
these indicators remain significantly (p < 0.05) increased
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nigBuLLEHVMN  MOPIBHAHO 3  KOHTpornem. Meauka-
MEHTO3Ha Tepanis CyTTEBO He BNAWHyNa Ha piBHI
kacnasu-8 Ta kacnasu-3, BKasyloum Ha iX CTiKy akTu-
BaLito Ha ni3Hix cTagisix nepebiry OA i3 3anyckom kackaay
MexaHi3miB MacoBoi 3arnbeni kniTMH Ta X nopanblia
aKkTMBaLis BioOyBaeTbCsi aBTOCTUMYMATOPHUM  LUMSIXOM
32 NPUHLMNOM «AOMIHO».

3HWKeHHs kacnasu-1 Ta Annexin V nig Bnnveom
Tepanii y xBopux Ha 1-2-n ctagisx OA CTBOpPIOE YyMOBU
anst opMyBaHHsi cTabinisauii paHHbOI iMyHOMoOrivyHol
dasm OA. Hatomictb npu 3—4-ii cTagisx 36epiraeTbcsi
iHanbHa, AeCTPyKTUBHA dpa3a anonToa3y i3 YTBOPEHHAM
anonTU4HUX Tifleup i po3nag KniTuH, WO NOCUIME ayToi-
MYHHUI KOMMNOHEHT natornoriyHoro npouecy [12]. BanaHc
MDK NpO- Ta aHTManonTUYHUMKU hakTopaMmmn BU3HAYaE
nepebir i WBMAKICTL MpOrpecyBaHHs OereHepaTuBHUX
3MiH y xpswi [17].

MigTBEpAXEeHO uiTKy CTafdiiHy 3anexHiCTb IMYHHUX
Ta anonTUYHUX MOpYyLUeHb. 3 MPOrpecyBaHHAM AereHe-
pauii Big 1-i go 4-i ctagii cnocTtepiraeTbCca NocnigoBHe
3poctaHHsa ekcnpecii FAS/FASL-cuctemu, wo cynposo-
DXKy€eTbCA akTuBaLieto kacnasu-8 i kacnasn-3. Lle Bkasye
Ha dopmyBaHHS MOBHOUIHHOTO FAS-3anexHoro Lwnsxy
anonTo3y, sikuii HabyBae pe3nCTEHTHOCTI Ao 6GasucHol
Tepanii Bxe 3 paHHix cTtagin xsopobu. TobTo, HaBiTb Npu
YaCTKOBIN iHaKTMBAaLji Npo3ananbHuX kacnaa (kacnasu-1),
Kackag anonTosy (kacnasun-8 — 3) NpoaoBXye (PyHKLio-
HyBaTW i NigTPMMyBaTV AECTPYKLi0 XOHOPOLMTIB.

OTpuMaHi pe3ynsTaTi nokasanu, LWo 6asvcHa Teparnis,
pekomengosaHa ESCEOQ, i npenapatn SYSADOA nosHoto
MIpOI0 He 3yMUHSAKTb NPOrpecyBaHHs AereHepaTUBHUX
3MiH Y cyrno6oBOMY XpsiLLi, OCKINbKU MatTb HeQOCTaTHIN
BMMMB Ha iMyHONATONOriYHi Npouecy Ta anonTo3 KiTuH-
HO-TKaHWHHUX CTPYKTYp cyrnoba Ha nisHix ctagisx OA,
WO 3yMOBME HEOOXigHICTb noganbluoi Kopekwuii niky-
BaHHSA i BKITHOYEHHS1 4O KOMMIEKCHOro NpoTOoKony Tepanil
npenaparis 3 iMyHOKOPUIryBarnbHOO Ai€t0.

BUCHOBKHU

Micna npoBeaeHHs 6a3ncHoi Tepanii cnocTepiraeTbcst
3HKeHHs mapkepis: CD," i CD,*, wo BKasye Ha 3MeH-
LLEHHS intoMiHaLiNHOT CNPOMOXXHOCTI @aHTUIeHHOTO MOTEH-
uiany B KNiTUHHO-TKAHWHHUX CTPYKTypax cyrnobosoro
XpsLla Ta CMHOBIanNbHIM PigWHI.

Y xBopux Ha OA nicns npoBedeHHs 6a3ncHoi Tepanii
cnocTepiraeTbea nigsuileHHs mapkepis: CD,*, CD, *(NK),
CD,,", ake Hapoctae Big 1-i no 4-i crapii 3axsopto-
BaHHS, L0 BKa3ye Ha akTUBaLLito npo3anarnbHuX NpoLecis
y CTpyKTypax cyrnoboBoro xpsilia Ta MnporpecyBaHHsi
XPOHIYHOro 3ananbHOro npouecy B cyrnoboBoMy XpsLui
Ta cMHOBIianbHiI 060MOHL.

BasucHa Tepanis 3HUXKYE nposananbHy
kacnasy-1 Ta 6inok Annexin V y xBopux i3 1-2-to0 ctagiamu,
npote iX piBeHb 3anuWaeTbCd  NigBULLEHMM  Ha
3—4-n crapisx. Lle ctBoptoe ymoBM AN nporpecyBaHHSA
XPOHIYHOr0 HM3bKOIHTEHCMBHOIO 3arnarneHHs B cyrnobo-
BOMY XpSILLi Ta CUHOBianbHii 060MOHL.

MpenapaTtn 6a3ncHoi Tepanii He BNNMBalOTb Ha iHili-
aTopHy kacnasy-8 Ta edeKTopHy kacnasy-3, Lo crnpusie
nofanbLlUOMYy PyWHYBaHHIO KNITUHHO-TKAHUHHUX CTPYKTYP
cyrno6oBoro xpsia.

Y xBopux Ha OA npenapatu 6a3ncHoi Tepanii NoBHO
MipOI0 HE KOHTPOMIOKTbL NaTtoreHeTudHi mexaHiammn OA,

compared to the control. Drug therapy did not significantly
affect the levels of caspase-8 and caspase-3, indicating
their persistent activation in the late stages of OA with the
launch of a cascade of mechanisms of mass cell death
and their further activation occurs in an autostimulatory
way according to the "domino" principle.

The decrease in caspase-1 and Annexin V under
the influence of therapy in patients with OA stages
1-2 creates conditions for the formation of stabilization of
early immunological phase of OA. Instead, at stages 3—4,
the final, destructive phase of apoptosis with the formation
of apoptotic bodies and cell disintegration is preserved,
which enhances the autoimmune component of the
pathological process [12]. The balance between pro- and
anti-apoptotic factors determines the course and rate
of progression of degenerative changes in cartilage [17].

A clear stage dependence of immune and
apoptotic disorders has been confirmed. With the
progression of degeneration from stage 1 to stage 4,
a consistent increase in the expression of the FAS/FASL
system is observed, accompanied by the activation
of caspase-8 and caspase-3. This indicates the formation
of a full-fledged FAS-dependent apoptosis pathway, which
acquires resistance to basic therapy from the early stages
of the disease. That is, even with partial inactivation
of pro-inflammatory caspases (caspase-1), the apoptosis
cascade (caspase-8 — 3) continues to function and
support the destruction of chondrocytes.

The results obtained showed that the basic therapy
recommended by ESCEO and SYSADOA drugs do not
fully stop the progression of degenerative changes
in articular cartilage, as they have insufficient effect
on immunopathological processes and apoptosis of cell
and tissue structures of the joint in the late stages of OA,
which necessitates further treatment correction and
inclusion of drugs with immunocorrective action in the
comprehensive therapy protocol.

CONCLUSIONS

After basic therapy, there is a decrease in markers:
CD,"and CD,*, reflecting decrease in the elimination of the
antigenic potential in the cellular and tissue structures.

In patients with OA, after basic therapy, there is increase
in markers: CD,*, CD,,*(NK), CD,,*, showing a progressive
increase from the 1st to the 4th stage of the disease,
indicating the activation of pro-inflammatory processes in the
structures of articular cartilage and the progression of chronic
inflammatory process in the joint tissues.

Basic therapy reduces pro-inflammatory
caspase-1 and Annexin V in patients with stages 1-2,
but their level remains elevated at stages 3-4. This
creates conditions for progression of chronic low-grade
inflammation in OA.

Basic therapy drugs do not affect initiator
caspase-8 and effector caspase-3, facilitating further
destruction of cellular and tissue structures of articular
cartilage.

In patients with OA, basic therapy drugs do not fully
control the pathogenetic mechanisms of OA, dictating the
need to additionally include drugs with immunomodulatory
effects.
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pesyneratiB 3 ornsay Ha 0cobnMBOCTI MapLUpyTM3aUii nauieHTis
i MpakTUK HagaHHs gonomoru B YkpaiHi. [Ans miHimizauii Bnnuveis
CTaHAapTU30BaHO BMMIPIOBAHHS, MPOBEAEHO HaBYaHHS OLiHIO-
BauiB, BUKOHAHO aHarnian YyTrnvBOCTi.

MepcnekTMBU NOAAABLUMX AOCAIAXEHD

BpaxoBytoun, wWwo npenapatv H6asucHoi Tepanii MOBHOK Mipoto
He KOHTPOSIOKTh NaToreHeTnYHi MexaHiamm OA, Le ANKTye Heob-
XiQHICTb MOAanbLIOro BMBYEHHSI BMNAMBY npenapariB iMyHOMO-
ayntoBarnbHOI 4il Ha Mapkepwy KNITUHHOIO IMYHITETY Ta anonTos.

KOHMAIKT iHTEpeciB

ABTOpM pykonmUCy BKa3yloTb Ha BIACYTHICTb bakTuyHOro abo
MOTEHLNHOrO KOHANIKTY iHTepeciB LLOAO pe3ynbTaTiB Liei poboTu
3 (hapMaLEeBTUYHUMWN KOMMaHISMU, BUPOOHMKaMU BioMennyHmX
NPUCTPOIB, IHLUMMM OpraHisauisiMun, Yni NpoayKTK, NOCyr, piHaH-
coBa MiATPUMKa MOXYTb OyTu MOB'A3aHi 3 NpegMeToM HadaHux
maTtepianis abo ki CoHCOopyBanu NpoBeaeHi AOCHIMKEHHS.

AOTpMMGHHﬂ €TUYHUX HOPpM

[ocnigxeHHs NPOBOAMNOCH 3 BUKOPUCTAHHSM AaHUX NEPBUHHOT
MeaMYHOI OOKYMEeHTauii Ta BKNoYano KniHivHi - cnoctepe-
XKEeHHs 3a nauieHtamu. [ocnigjkeHHs npoBegeHO BiANOBiAHO
00 eTuyHuxX ctangapTiB lenbciHCbKOI Aeknapauii BcecBiTHbOI
MeaMYHOT acoujiauii Npo eTUYHI MPUHLMMNM NPOBEAEHHST HAyKOBUX
MeOWNYHMX OOCHiMKeHb 3a y4acTio NoAWHW, AUPEKTUBKU E€Bpo-
nercekoro ToBapucTea 86/609 npo yyacTtb ntogei y meauko-6io-
NOriYHMX JOCHIAXKEHHSAX, a TakoX Hakady MiHicTepcTBa OXOPOHU
3pg0poB’sa Ykpainn Ne 690 Big 23.09.2009 p. IHpopmoBaHa 3roga
Ha yyacTb Yy JocnigkeHHi Gyna oTpuMaHa Big ycCiX y4acHUKiB
nicna HagaHHSA IM 3po3yMinoi, NOBHOI Ta AOCTYNHOI iHopmMaLii
npo MeTy, An3anH i MeToaonorito AOCAIOXEHHS, NOr0 NOTEHLiNHI
pU3MKK, O4iKyBaHi mepeBaru Ta MOXIvBI anbTepHaTBW. YCi yyac-
HVKW MiATBEPAUNN CBOK A0OPOBINbHY y4acTb LUASAXOM Mignu-
CaHHA AOKyMeHTa npo iHpopmoBaHy 3rofy.

DocnimpxkeHHs cxBaneHe Kowmicielo 3 nuTaHb eTUKK Ta BioeTukn
MeanYHOro hakynbTeTy XapKiBCbKOro HauioHanbHOro yHisepcu-
TeTy imeHi B.H. KapasiHa MiHicTepctBa oCBiTM i Hayku YkpaiHu
(BuTar 3 npotokony Ne 3/3 Big 13 rpyaHs 2023 p.).

BUKOPUCTAHHS LUTY4HOrO iIHTEAEKTY

Y npoueci NpoBeAeHHA JOCAIAKEHHS Ta MiArOTOBKM LbOro pyKo-
nucy iHCTPyMeHTU abo cepBicy reHepaTUBHOTO LUTYYHOTO iHTe-
NEeKTy He BMKOPWCTOBYBanucst Ans BUMKOHaHHSA 3aBAaHb, nepe-
niveHnx y TakcoHOMii AeneryBaHHsi 3aBfaHb reHepaTUBHOMY
wTyyHomy iHTenekty « GAIDeT» (Generative Artificial Intelligence
Delegation Taxonomy, 2025 p.).

MepBuHHI AaHi Ta MaTepiaAn

Y pob6oTi BMKOPUCTAHO pe3ynbTaTyt BMACHUX KMiHIYHUX Aochi-
OKeHb, Wo Oyny cuctematu3oBaHi Ta npoaHarnisoBaHi aBTo-
pamu. T[lepBWHHI [aHi BKMOYalOTb y3aranbHeHi MNOKa3HUKW
nauieHTiB, nabopaTtopHi pe3ynbrat, NPOTOKONM Ta OTPUMAaHI
KinbKiCHI XapakTepucTukn. Bci matepianu 36epexeHi B apXisi
OOCMiAHWLBKOI FPynn Ta MOXYTb ByTu HafdaHi 3a 06rpyHTOBaHNM
3aMuMToM [0 aBTOPa-KOPECMOHAEHTa, 3 ypaxyBaHHSAM BUMOT
KOHMIAEHLINHOCTI Ta ETUYHNX HOPM.

IHdbopmaLis Npo cbiHAHCYBAHHSA

CratTa € bparMeHTOM MnaHoBOI HayKoBO-AOCHIAHOI poboTu
Kadegpn iHekuinHux xBopob Ta  KMiHiYHOI  iMyHonorii
XapKiBCbKOro HaujioHanbHoro yHisepcuteTy iMeHi B.H. Kapa-
3iHa MiHicTepcTBa OCBITM | Haykum YkpaiHu «BuB4eHHs pori

the peculiarities of patient routing and care practices in Ukraine.
To minimize the effects, standardized measurements were
performed, raters were trained, and sensitivity analyses were
performed.

Prospects for further research

Considering that basic therapy medicines do not fully control
the pathogenetic mechanisms of sOA, this dictates the need
for further study of the effect of immunomodulatory medicines
on markers of cellular immunity and apoptosis.
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PE3IOME

AxkTyanbHicTb. OgHMM i3 HalWBaXNMBILUMX MEXaHi3MiB aHTUMIKPOOHOro 3axucTy
€ KMITMHHa NaHKa iMYHITETY, @ came aKTUBHICTb baroumnTyoumnx KnituH. B peanisauii
dyHKUii HenTpodiniB GepyTb y4vacTb ni3ocomManbHO-KaTiOHHI Ginku, sKi 3HWXKYOTb
BipYNEHTHICTb OaKkTepii Ta BU3Ha4aloTb pesynbraTt paroymTosy Ta i akTMBaLLilo HEeUTpo-
iNbHUX MNO3aKMITMHHUX MaCTOK.

MeTta po60TM — BMBYMTY BMIUB €KCMEPUMEHTamNbHO iHAYKOBAHOTO y MarepiB XPOHiY-
HOro 3anarnbHOro 3axXBOPKBAHHS CeyocTaTeBOI cMCTeMM BakTepianbHOI eTionorii Ha cTaH
(paroumTapHoi NaHKM iIMyHITETY Ta NPOAYKLH0 Ni3ocomarnbHO-KaTioOHHMX BinkiB y npoLecax
hopMyBaHHS 11 akTuBaLii HEMTPOMINbHMX NO3aKMITMHHUX NAcTOK y NMOTOMCTBA.
Matepianu Ta metopgu. Matepianom gocnimxkeHHst 6yna kpos LWypaT nonynsAuii WAG,
HapomKeHVX Bif MaTepiB i3 XPOHIYHUM 3anarnibHUM 3aXBOPKOBAHHSM Ce4YOoCTaTeBol
cucTEMU, CIpUYMHEHUM ypoisonstamu Proteus mirabilis Ta Streptococcus pyogenes.
IMyHonorivHi gocnigkeHHs npoeedeHo B nabopatopii «ME[-EKO», (M. Xapkis, niueHsis
Ne 2224 Big 01.10.2020p.). HenTpodinbHi No3akniTMHHI MacTKv BidyanidyBanv MeToAoM
nasepHoi ckaHyBabHOI KOH(OKanbHOI MiKpockonii. AHani3 pesyneraTiB 3AiicHIoBanm1
3 BUKOpPUCTaHHSAAM nporpamu Statistica 7.

PesynbraTtu. NopiBHAMBHUIA aHani3 (arouutapHOi akTUBHOCTI HE3MIHEHWX HEeWTpo-
diniB Ta edeKTUBHOCTI ynoBnoBaHHA 6GakTepii B HeNTPOdIinbHUX MO3aKMiTUHHUX
nactkax MokasaB, LU0 OCTaHHi 3[4aTHi 3aTpUMyBaTW KiNbKiCTb @HTUIEHIB Y HENTPO-
iNbHMX MO3aKNITMHHWMX MacTkax y 2,5 pasy bGinbwe ypoisonsTiB Proteus mirabilis
Ta y 3 pasu binblwe ypoisonaTiB Streptococcus pyogenes y rpyni 7-0o60BuX LLypiB.
AHarnoriyHa TeHaeHuUia 36epiranacs y rpynax 1- 1a 2-micayHux LwypiB. [ocnimkeHHs
piBHSI MisocoMarnbHO-KaTiOHHMX BinkiB y cupoBaTLi KpoBi Mokasano, o y 7-0060Bux
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AAS LUTYBAHHS:

wypsT la rpynu piBeHb nizocomarnbHO-KaTioHHWUX GinkiB GyB nigsuwieHuid y 1,2 pasy,
ay 1- Ta 2-micaA4HuMX WypiB — 3HwkeHnn y 1,3 Ta 1,6 pasdy NOpPIiBHAHO 3 KOHTPONbHUMM
nokasHukamu. Y wypis 16 rpyny cnocTtepiranocsi BUPaXKEHE 3HWKEHHSI BMICTY mi30-
comarnbHO-KaTioOHHUX GinkiB: y 7-go6osux wypis — y 1,3 pasy, y 1-micsuHux wypis —
y 1,4 pa3y, y 2-mica4Hux wypiB —y 1,8 pady NOpPiBHAHO 3 KOHTPOMNEM.

BucHoBku. Y 7-po6oBux LIypsAT 3a BNnuBy Streptococcus pyogenes charoumTapHa
aKTVBHICTb HEWTPOQINiB € BULLOK, HiX 3a BNNuBY Proteus mirabilis, a eekTUBHICTb
ynoBnoBaHHs Streptococcus pyogenes Ta Proteus mirabilis y HenTpodinbHMX nosakni-
TUHHMX NacTkax nepeBuLLYye MOMMHAHHA HeWTpodinamy 3a3HavyeHuX ypoisonsATiB nig
yac caroumnToasy.

Miwwvn KO.M., Mananuyk C.I, MiwumHa M.M., Mosrosa 0.A., MapueHrko |.A., Kot tO.I. OcobnusocTi cTtaHy daro-
LUMTapHOT NaHKN iMyHITETY Ta porb Mi3ocoMarbHO-KaTiOHHUX BinkiB y dpopMyBaHHI HEATPOMINbHUX NO3AKMITUHHUX
nacToK y MOTOMCTBa 3a MpeHaTanbHOro BMAMBY MaTEPUHCLKOTO XPOHIYHOMO 3ananbHOro 3axXBOPIOBAHHSA cevocTa-
TeBOI cuctemun bakTepianbHoro reHesy. KapasiHcbkul imyHomoeidHull xypHan. 2025. T. 8. Ne 2(16). C. 214-227. DOI:
https://doi.org/10.26565/3083-5615-2025-16-04
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ABSTRACT

Background. One of the most important mechanisms of antimicrobial defense is the
cellular link of immunity, namely phagocytic cells activity. Lysosomal cationic proteins are
involved in functioning of neutrophils, reducing the virulence of bacteria and determining
the outcome of phagocytosis and neutrophil extracellular traps activation.

Purpose — study of the impact of experimental maternal chronic genitourinary system
inflammatory disease of bacterial etiology on the state of phagocytic link of immunity and
production of lysosomal cationic proteins in the formation and activation of neutrophil
extracellular traps in offspring.

Materials and Methods. The study material was blood from WAG rats born to mothers
with chronic inflammatory diseases of the genitourinary system caused by Proteus
mirabilis and Streptococcus pyogenes urinary isolates. Immunological studies were
conducted at the MED-ECO laboratory in Kharkiv (license No. 2224 dated October 1,
2020). Neutrophilic extracellular traps were visualized using laser scanning confocal
microscopy. The results were analyzed using Statistica 7 software.

Results. The experiment showed that the number of antigens in neutrophil extracellular
traps was 2.5 times higher in Proteus mirabilis urine isolates and 3 times higher
in Streptococcus pyogenes urine isolates in the group of 7-day-old rats. Asimilar tendence
was observed in groups of 1- and 2-month-old rats. The investigation demonstrated that
the level of lysosomal cationic proteins was increased by 1.2 times in 7-day-old rats
of group la, and decreased by 1.3 and 1.6 times in 1- and 2-month-old rats compared
to the control values. In rats of group Ib, a marked decrease in the content of lysosomal
cationic proteins was observed: in 7-day-old rats — by 1.3 times, in 1-month-old rats — by
1.4 times, in 2-month-old rats — by 1.8 times compared to the control values.
Conclusions. In 7-day-old rats infected with Streptococcus pyogenes, the phagocytic
activity of neutrophils is higher than in those infected with Proteus mirabilis, and the
efficiency of trapping Streptococcus pyogenes and Proteus mirabilis in neutrophil
extracellular traps exceeds the absorption of these urinary isolates by neutrophils during
phagocytosis.

Mishyn YuM, Malanchuk SH, Mishyna MM, Mozgova YuA, Marchenko IA, Kot YuH. Features of phagocytic link
of immunity and the role of lysosomal cationic proteins in neutrophil extracellular traps formation in offspring exposed
prenatally to maternal chronic genitourinary system inflammatory disease of bacterial etiology. Karazin Journal
of Immunology. 2025;8(2(16)):214—227. DOI: https://doi.org/10.26565/3083-5615-2025-16-04

BCTYN

INTRODUCTION

OfHUM i3 HaMBaXNUBILLMX MEXaHi3MiB aHTUMIKpPOO-
HOrO 3aXMCTY € KMiTUHHA NaHKa iMyHITETY, a came aKTuB-
HICTb hbarouuTyoumx KniTWH, 30KpemMa HeruTpoginis, SAKi
OepyTb yyacTb y 3ananbHuUX Ta aHTUMIKPOOHUX peak-
uisgx [1]. AMcKyCilHMM € NpOBIAHUA HaMNPAMOK LLOAO
PO3BMTKY IMYHHMX peakuii npu 3ananeHHi GakTepianb-
HOro reHesdy y Oik yTBOpPEHHS HenTpodinbHMX Mo3a-
kniTnHHMx nactok (NETs) abo aktuBauii caroumTosy,
NPUYOMY B SAKOCTI KMHOYOBOrO BM3HAYarnbHOro dpakropa
€ BMO NaToreHis, WO MOB'A3aHO 3 iX posmipom [2].

One of the most important mechanisms of antimicrobial
defense is the cellular link of immunity, namely phagocytic
cells activity, in particular neutrophils, which participate
in inflammatory and antimicrobial reactions [1]. The
leading direction in the development of immune
responses in bacterial inflammation towards the neutrophil
extracellular traps (NETs) formation or phagocytosis
activation is controversial, with the type of pathogens
being the key determining factor, which is related to their
size [2]. The vast majority of studies emphasize the role
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MepeBaxHa GinbLIiCTb AOCNIMKEHb MIAKPECMIOTL POrb
NETs npu po3BuTKYy 3ananbHuUX 3axBoptoBaHb OakTe-
pianbHOro reHesy, 30Kpema npu XPOHIYHUX 3anarbHUX
3axBOPIOBaHHAX ceyoctateBoi cuctemun (X33CC), ane
daroynTos, NoeaHaHW 3i LWBMOKAM 3NUTTSAM Parocom
i rpaHyn Ta NpoAyKuielo akTMBHUX (POPM KUCHIO, 3anu-
LIAETLCA OCHOBHMM MEXaHi3MOM, 3a [JOMOMOrOK SIKOro
HeMTpodinM  3HWLLYITbL NaToreHHi Mmikpobu [3, 4].
Lle nos’aA3aHO nepll 3a BCe 3 TUM, LLO aKTMBHE (POpPMY-
BaHHs1 NETs He € 6e3neyHMM, OCKifNlbKM CynyTHE BUBIMb-
HEHHS! LMTOTOKCUYHMX MOIEKYN TaKoX MOXe CNPUYNHUTY
MOLLUKOKEHHA TKaHWH Makpooprariamy [5]. [loBeaeHo,
wo NETs ue nosaknituHHi cTpyktypyn OHK, ski BuBInb-
HAIOTLCSA HEeUTpodinamn i € KIMYOBUM 3aXMCHUM MeXxa-
Hi3MOM HelTpoiniB Big MIKPOOHOrO BTOPrHEHHS, Bigi-
rpawyy 3Ha4yHy porib y 3HULLEHHI MIKpoopraHiamis [6].
YTBopeHi NETs 3gaTHi 3axonntoBaTtu natoreHHi 6akTepii,
3anobiratn ix MOLUMPEHHIO Ta 3HWLLYyBaTW iX 3a [orno-
MOrol0 aHTUMIKPOOHMX nenTuaiB Ta OinkiB, NoB’sizaHuMxX
3 AEeKOHAEHCOBaHUM XpomaTnHoMm [7]. OKpiM CBOIX aHTU-
MiKpOGHUX dyHKUin, NETs Takox nokasanu iMmyHOMO-
aynioBanbHy A0 WASXOM akTuBauil Ta gudepeHuiauii
makpodaris, OEHAPUTHUX KNiTUH Ta T-kniTuH [8]. Tomy
po3yMiHHs yTBOpeHHs1 NETs B opraHiami 3a Aii natoreHis
HakTepianbHOro NOXOMXEHHsI Mae BUpiLLanbHe 3HaYeHHSs!
Ans  3'dAcyBaHHA eTtionatoreHesy 3axsoptoBaHb. Cnig
3a3HaunTK, WO y peanisadii Aii nonimopdHosaepHUX
nenkouuTie 6epyTb yyacTb nisocomaribHO-KaTioHHiI Binkm
(NKB), siKi € BioxiMiYHMMK Ta LUTOXIMIYHMMU MapKepamm
iMyHHoro romeocTtasy. JIKb 6epyTb y4acTb B NPUrHivYeHHi
BipyneHTHocTi GakTtepii, siki 3HaxoasTbes B NETs: npu
LbOMY XPOMaTUH MO3akNiTMHHMX MacTok dikcye nato-
reHn, oBMeEXy4UM TUM CaMUM X MOLLUMPEHHS B MaKpoop-
raniami, a JIKB 3HWXytoTb X BIpYNEHTHICTb, BU3Ha4aoum
noganblunii edpekTuBHUIA charounto3d abo npusBoasun
[0 X MOBHOrO 3HULLEHHS. 3okpema, natoreHHi bakTepii
dikcytotecst NETs kpoBi 3a [0OMOMOrow enektpocta-
TUYHMX B3aeMOZi Mix hibpunamm xpomaTuHy, SKuin Mae
no3nTMBHUIA 3apsg (+) Ta GakTepianbHUMKU CTiHKaMW,
L0 MatoTb HeratnsHWM 3apsag (-) [9].

MexaHi3m iHakTMBaUii dpakTopiB BipyneHTHOCTI Mikpo-
opraHiamie JIKB no3akniTMHHMX MacToK rpaHynouuTis
peaniayeTbCsa LUMAXOM MPUrHIYEHHS akTUBHOI NpoayKuil
depMeHTiB natoreHHocTi GakTepii (nNpoteiHas). Tomy
€ aKTyanbHUM BCTAHOBUTU O0COBNMBOCTI (PYyHKLIOHYBaHHS
daroumTapHoOi NaHku iMyHiTeTy Ta ponb iMyHHux JIKB
rpaHynoumuTiB y popmyBaHHi Ta aktusauii NETs B mexa-
Hi3Max pO3BUTKY Hedponartonorii y MNOTOMCTBa, SKe
B NpeHaTanbHOMYy nepiogi nigaasanocs BNAMBY MaTepuH-
cbkoro X33CC bakTepianbHOro reHesy.

MeTta po60Tn — BMBYEHHS BMNMUBY eKcrepyMeHTarb-
HOTO MaTEepPUHCBKOTO XPOHIYHOMO 3ananbHOro 3axBOPHO-
BaHHS ceyocTaTeBol cuctemu OakTepianbHoi  eTionorii
Ha CTaH darouMTapHOi NaHKM IMYHITETY Ta NpoJyKLUito
ni3ocoMarnbHO-KaTioOHHUX BiNkiB y cbopMyBaHHI Ta akTu-
BaLii HEMTPOINbHNX NO3aKNITUHHMX NACTOK Y NOTOMCTBA.

MATEPIAAU TA METOAU AOCAIAXEHHSA

EkcnepumeHTanbHe AocnigkeHHs Oyno npoBedeHo
Ha 6asi ekcrnepyMeHTanbHOI GioNoriYHOI KNiHikM XapkiB-
CbKOr0 HaLliOHanbHOro MenYHOro yHiBEPCUTETY Ha LLypax-
camkax penpogyktusHoro Biky nonynsuii WAG (Wistar
Albino Glaxo) Bikom 8 micsuis macoto 200 rpamis. Npose-
0EHO MOEmnoBaHHA  (eKCnepuMeHTanbHO po3pobreHa

of NETs in the development of inflammatory diseases
of bacterial origin, in particular in chronic genitourinary
systeminflammatory diseases (CGUID), but phagocytosis,
combined with rapid fusion of phagosomes and granules
and the production of reactive oxygen species, remains the
main mechanism by which neutrophils destroy pathogenic
microbes [3, 4]. This is primarily due to the fact that active
NETs formation is not safe, as the accompanying release
of cytotoxic molecules can also cause damage of tissues
in the macroorganism [5]. NETs have been shown to be
extracellular DNA structures released by neutrophils that
serve as a key defense mechanism against microbial
invasion, playing a significant role in the destruction
of microorganisms [6]. The formed NETs are capable
of capturing pathogenic bacteria, preventing their spread,
and destroying them with the help of antimicrobial peptides
and proteins associated with decondensed chromatin [7].
In addition to their antimicrobial functions, NETs have
also been shown to have immunomodulatory effects
by activating and differentiating macrophages, dendritic
cells, and T cells [8]. Therefore, understanding the
NETs formation in the body under the action of bacterial
pathogens is crucial for elucidating the etiopathogenesis
of diseases. It should be noted that lysosomal cationic
proteins (LCPs), which are biochemical and cytochemical
markers of immune homeostasis, are involved in the
action of polymorphonuclear leukocytes. LCPs participate
in suppressing the virulence of bacteria found in NETs:
chromatin in extracellular traps fixes pathogens, thereby
limiting their spread in the macroorganism, while LCPs
reduce their virulence, determining further effective
phagocytosis or leading to their complete destruction.
In particular, pathogenic bacteria are fixed by blood NETs
through electrostatic interactions between chromatin
fibrils, which have a positive charge, and bacterial walls,
which have a negative charge [9].

The mechanism of inactivation of microbial virulence
factors by extracellular traps of granulocytes is realized
by suppressing the active production of bacterial
pathogenicity enzymes (proteases). Therefore, it is
important to establish the features of the functioning
of the phagocytic link of immunity and the role of immune
LCPs of granulocytes in the formation and activation
of NETs in the mechanisms of nephropathy development
in offspring exposed to maternal chronic genitourinary
system inflammatory process of bacterial origin during the
prenatal period.

Objective — was to study of the impact of experimental
maternal chronic genitourinary system inflammatory
disease of bacterial etiology on the state of phagocytic
link of immunity and production of LCPs in the formation
and activation of NETs in offspring.

MATERIALS AND METHODS OF RESEARCH

The experimental study was conducted on the basis
of the Experimental Biological Clinic of the Kharkiv
National Medical University on female rats of reproductive
age of the WAG (Wistar Albino Glaxo) population at the
age of 8 months and weighing 200 grams. A chronic
genitourinary system inflammatory process caused
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meToauka 3a npotokoriom [10, 11, 12]) xpoHiuyHoro 3anans-
HOro 3axBOPIOBAHHSI CEYOCTaTEeBOI CUCTEMM, CrpUYM-
HeHoro Proteus mirabilis Ta Streptococcus pyogenes,
i3 MofJanblUUMM OepXaHHSAM Bif TakMX CaMok 7-0000BUX,
1-micauHMx Ta 2-MicauHUX Hawapgkis. B ekcnepumeHTi
Oyno copmoBaHo ABi rpynu: 1-wwa rpyna — gocnigHa, sika
BKIoYana Asi nigrpynu: o 1a 6yno BigHeceHo Lwypis —
HalllaakiB Big mMaTepiB, BariTHICTb Skux nepebirana Ha Tni
X33CC, cnpuuunHeHoro Streptococcus pyogenes, o 16 —
YBIMLLAM  LWypU-HaWaaKkn Big MaTepiB, BariTHICTb SIKMX
nepebirana Ha Tni X33CC, cnpunynHeHoro Proteus mirabilis
Ta 2-ra rpyna — KOHTPOfbHa (iHTakTHi TBapuHW), 4O SIKOI
BigHeCnM LWypiB-HaWaakiB Big mMatepiB 3 i3ionoriyHnmM
nepebirom BaritHOCTi (Tabn.1).

by Proteus mirabilis and Streptococcus pyogenes was
simulated (using experimental model [10, 11, 12]) with
subsequent production of 7-day-old, 1-month-old and
2-month-old offspring from such females. Two groups
were formed in the experiment: Group | — experimental,
which included two subgroups la with rats — offspring
from mothers whose pregnancy occurred on background
of CGUID caused by Streptococcus pyogenes, |b with
rats — offspring from mothers whose pregnancy occurred
on background of a CGUID caused by Proteus mirabilis
and Group Il — control (intact animals), which included
rats — offspring from mothers with a physiological course
of pregnancy (Table 1).

Tabnuua 1. Po3noain ekcnepyMeHTanbHNX TBApuH 3a rpynamm Ta Bikom
Table1. Distribution of experimental animals by groups and age

Ipyna
Group

Miarpyna
Subgroup

XapakTtepucTuka TBapuH
Characteristics of animals

7-0060B8Bi, n
7-day-old, n

1-MicsiuHi, n
1-month-old, n

2-MicAYHi, n
2-month-old, n

Streptococcus pyogenes

1-wa (pocnigHa) by Streptococcus pyogenes

LLlypu-Hallaakv Big matepis, BariTHICTb SKUX
nepebirana Ha Tni X33CC, cnpuynmHeHoro

Offspring from mothers whose pregnancy
occurred on background of CGUID caused

320 128 64

1 (experimental)

16 Proteus mirabilis

by Proteus mirabilis

LLlypu-Hallaakv Bif matepis, BariTHICTb SKUX
nepebirana Ha Tni X33CC, cnpuynmHeHoro

Offspring from mothers whose pregnancy
occurred on background of a CGUID caused

320 128 64

2-ra (KoHTponbHa)

2 (control) course of pregnancy

(intact animals)

LLlypu-Hallaaku Big matepis i3 disionoriyHnum
nepebirom BariTHOCTI (IHTaKTHi TBApUHW)
Offspring from mothers with a physiological

320 128 64

BCbOro
Total

960 384 192

EkcnepvmMeHTaneHe pocnimpkeHHss  6yno  npose-
OeHo BIignoBigHO A0 «3aranbHuUX ETUYHUX MNPUHLUNIB
eKCnepuMeHTIB Ha TBapuHax», siki cxsaneHi Il Hauio-
HanbHUM koHrpecom (Kuis, 2007) i BignosigHoO o nono-
XeHb «EBPOMNENCHKOT KOHBEHLI NMPO 3axMCT XpebeTHMX
TBaPWH, LLO BUKOPUCTOBYIOTLCS ANSA eKCriepUMeEHTanbHMX
Ta iHwwux uinen» (Ctpacbypr, 1986). JocnigxeHHs yxBa-
neHo Kowmicieto 3 nuTaHb eTuku Ta 6ioeTukn XapkiBCcbKoro
HauioOHanbHOro Medu4HOro YHiBepcuTeTy (MpPOTOKOM
Ne 1 Big 10 BepecHs 2022 poky).

MaTtepianom pocnigkeHHss Gyna cupoBaTka Kposi
wypat nonynsAuii - WAG, HapomxkeHux Bifg Martepis
3  XPOHIYHMM 3ananbHMM MPOLECOM CcevyocTaTeBoi
CUCTEMM, CMpUYMHEHUM ypoizonaTtamu Proteus mirabilis
Ta Streptococcus pyogenes. IMyHonoridyHe AOCHiAXEHHS
nposegeHo B nabopatopii «MELO-EKO» ™. Xapkis
(miuensia Ne 2224 Big 1.10.2020 p.).

Bisyanizauito NETs nposogunu Ha 6a3i nabopartopii
«KapasiH bioMea» XapkiBCbKOro HauioHarnbHOro yHiep-
cuteTy imeHi B.H. KapasiHa. NETs 3 aHTureHamu B nepu-
depuryHin KpoBi LLypiB, SIKi B npeHaTanbHOMy nepioAi
nigaasanuca BnnvBy martepuHcbkoro X33CC, cnpuyu-
HeHoro Streptococcus pyogenes Ta Proteus mirabilis,
Oynu cikcoBaHi 3a gonomorot Habopy «FIX & PERM™
Cell Permeabilization Kit» (Thermo Fisher, GAS004).
®ikcosaHi knituHM 3 NETs npomusanu kpwxaHum PBS
Ta 6nokyBanu npotsrom 60 xB. PBS, wo mictne 5%
HOpMarbHOI K03540i cMpoBaTkX. [ani kniTuHW iHkybyBanmu

The experimental study was conducted in accordance
with the «General Ethical Principles of Animal
Experiments», approved by the Il National Congress
(Kyiv, 2007) and in accordance with the provisions of the
«European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes» (Strasbourg, 1986). The study was approved
by the Ethics and Bioethics Commission of Kharkiv
National Medical University (Protocol Ne 1, 10.09.2022).

Blood serum of WAG rat pups born from mothers
with  chronic  genitourinary  system inflammatory
process caused by uroisolates of Proteus mirabilis and
Streptococcus pyogenes was studied. Immunological
studies were conducted at the «MED-EKO» laboratory
in Kharkiv (license No. 2224 dated 01.10.2020).

NETs imaging was conducted on the basis of the
Karazin BioMed laboratory of the V.N. Karazin Kharkiv
National University. NETs with antigens in the peripheral
blood of rats exposed to maternal CGUID caused
by Streptococcus pyogenes and Proteus mirabilis during
the prenatal period were fixed by «FIX & PERM™ Cell
Permeabilization Kit» (Thermo Fisher, GAS004). The fixed
cells were then washed with ice-cold PBS and blocked for
60 min with PBS containing 5% normal goat serum (i.e.,
serum from the same species in which the 2nd antibody
was raised), hereafter referred to as Blocking Buffer.
Cells were next incubated in PBS containing the primary
antibody (anti MPO, 1:1,000) for 90 min, washed, and
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B PBS, wo wmictMB nepBuHHe aHTuTInO (aHtu MIIO,
1:1000) npotarom 90 xB., NnpomuBanu Ta iHKyOyBanu
45 xB. 3 MmiveHum Alexa 488 BTOPVMHHWM aHTUTINIOM
(Molecular Probes #A11011, 1:2000) y 6nok-6ydepi.
Cnavgn nokpuBanu MOKPMBHUMMW CKEMbLSAMMW 3a [OMO-
Moroto Kpanni dikcytodoro cepeposuiia ProLong Gold
(Life Technologies) nepepn Bidyanizauieto KOH(OKanNLHO0
mikpockonieto. AnepHy OHK 3abapsniosanu Pl (Thermo
Fisher, P3566) 3rigHo 3 pekoMeHaauisiMn BUPOBHMKa.

Bisyanizauito NETs npoBegeHo Ha nasepHomy
CKaHyBanbHOMY KoHdpokanbHoMy Mikpockoni FV10i-LIV
(Olympus, #AnoHis), ocHaleHoMy iMepCiiHUM 06’ek-
TvBoM 60/1.2 NA. Jetekuito dnyopecueHLii npoBoaunu
npun 30ymxeHHi 499 HM / ewmicii 520 HM (Mienonepokcu-
[asa, 3eneHvn kaHan) Ta 30ymkeHHi 533 HM / emicii
617 um (OHK+Pl, uepBoHui kaHan). KoHdokarnbHi
300paxeHHss Gynu oTpumaHi 3 hopMaToM CKaHyBaHHsI
1024x1024 nikceniB. AnepTypa OTBOpYy CTaHOBWNa
1 ogvHuuto Enpi. MNokasaHi koHdoKanbHi 306paXeHHs!
€ penpeseHTaTMBHUMMN 306paXKeHHsSIMM LWEeCTN Nonis 30py
B Pi3HMX AinsiHkax cnavgy. MNocT-peHaepuHr oTpuMmaHmx
300paxeHb, BKIOYaAKYM  BigHIMaHHA  ayTodryopec-
LeHUii kniTuH, 6yno BUMKOHAHO 3a 4OMOMOrol Nporpam-
Horo 3abesneuveHHsi Olympus cellSence (niueH3oBaHo
Olympus).

AHani3 pesynbraTtiB NPOBOAUIN 3 BUKOPUCTAHHAM
nporpamu Statistica 7: uicnosi gaHi HaBegeHi y Burnsai
«M = m», ge M — cepegHe apudMETNYHE 3HAYEHHS,
m — cTaHgapTHa noxubka cepefHboro apugMeTUHHOro
3HayeHHs1. [Ins BUSIBNEHHS BipOriagHUX BigMiHHOCTE Byno
BuKopucTaHo t-kputepin CTbiogeHTa. BigmiHHOCTI BBaxa-
nMCb BiporigHMMK Npw piBHI 3HaYeHb p < 0,05 [13].

PE3YABTATU

BcTaHoBneHo, Wo abcontoTHa KinbkicTb HENTpoginiB
(AKH) 6yna 30inblweHa y 2,6 pasy y 7-0060BUX LLypST,
wo Hapogunucs Big matepiB 3 X33CC, 3ymOBneHWM
Streptococcus pyogenes Ta y 1,3 pa3y — 3a BnnvBy
X33CC, 3ymoBneHoro Proteus mirabilis nopiBHAHO
3 KOHTPOMbHMMM 3HA4YeHHsIMU. [poBeaeHi AoCnioKEHHS
[03BOMWAN BCTAHOBUTMU, LLIO HENTPOINKN 30aTHI akTUBHO
daroumTyBaTh YacTku natekcy (®J1), npuyomy BUSBNEHO,
O BHYTPILLIHLOKITITUHHI KiMiHrOBi cucTeMn HenTpodinis
GiNbLUOK MIpOK aKTMBYKOTBCA Y LUYPAT, O Hapoau-
nvcsa Big matepiB 3 X33CC, 3ymoBneHum Streptococcus
pyogenes (puc. 1).

Y 1-MmicsyHuxX wWypiB o6ox gocnigHMX miarpyn, xo4a
abcomntoTHa KiNbKiCTb HEMTPOQINIB 3MEHLLYETLCS MOPIB-
HSIHO 3 aHamnoriYHUMK MoKasHuKamu 7-4060BUX LLYPIB,
KiNbKiCTb HEMTPOQINiB 3anuwaeTbCsl BinbLUe KOHTPOIbHUX
3HayeHb, a 34aTHICTb A0 harouuTo3dy 3MEHLLYETHLCS.
Y 2-micsuHux wypiB abcomntoTHa KinbkicTb HenTpodinis
Ta aKTMBHICTb parouMTo3y MeHLUEe 3a KOHTPOSIbHI MoKas-
HUKN (puc. 2).

Micna 3armbeni HeWTpodinu 34aTHi  BMKOHYBaTH
aHTUMIKPOOHY yHKUi0 3a paxyHoK yTBopeHHst NETs.
[Npn nopiBHAHHI dharounTapHOi aKTUBHOCTI HE3MiIHEHMX
HenTpoginiB Ta edeKTUBHICTb YroBMnioBaHHA OakTepii
B NETs BctaHoBneHo, wo NETs 3atpumysanu (NY —
KinbkicTb (4ncno) aHTtureHis B NETS) y 2,5 pasum GinbLie
ypoisonaTtiB Proteus mirabilis Ta 'y 3 pa3u Ginblue ypoi-
3onaTiB  Strepfococcus pyogenes 'y rpyni 7-0o60BuMX
LLYpiB MOPIBHAHO 3 KOHTPOMbHMMMN 3HAYeHHAMU. AHano-
rivHa TeHaeHLUis 30epiraeTbea y rpynax 1- 1a 2-micayHmx

incubated 45 min with an Alexa 488-labeled secondary
Ab (goat anti-rabbit, Molecular Probes #A11011, 1:2.000)
in Blocking Buffer. Coverslips were then mounted onto
glass slides using a drop of mounting medium (ProLong
Gold, Life Technologies) and sealed, prior to confocal
microscopy analysis. A nuclear DNA was imaging by PI
(Thermo Fisher, P3566), according to the manufacturer’s
recommendations.

NETSs visualization was performed on a laser scanning
confocal microscope FV10i-LIV  (Olympus, Japan)
equipped with a 60/1.2 NA immersion objective. The
imaging was performed at excitation 499 nm/emission
520 nm (myeloperoxidase, green channel) and excitation
533 nm/emission 617 nm (DNA+PI, red channel). Confocal
images were acquired with a scanning mode format of
1024%x1024 pixels. The pinhole aperture was 1 Airy unit.
Confocal images shown are representative images of six
fields of view in different regions of slide. Post-rendering
of the obtained images including cells autofluorescence
subtraction were performed using Olympus cellSence
software (Olympus licensed).

The results were analyzed using the Statistica 7
software: numerical data are given in the form «M £ my,
where M is the arithmetic mean, m is the standard error
of the arithmetic mean. To identify significant differences,
the Student’'s t-index was used. Differences were
considered significant at a level of p < 0.05 [13].

RESULTS

It was found that the absolute neutrophil count
(ANC) was increased by 2.6 times in 7-day-old rats
born to mothers with CGUID caused by Streptococcus
pyogenes and by 1.3 times under the influence of CGUID
caused by Proteus mirabilis compared to control values.
Conducted study allowed us to establish that neutrophils
are capable of actively phagocytosing latex particles (LP),
and it was found that the intracellular killing systems
of neutrophils are more activated in rats born to mothers
with CGUID caused by Streptococcus pyogenes (Fig. 1).

In 1-month-old rats of both experimental subgroups,
although the absolute number of neutrophils decreases
compared to similar indicators in 7-day-old rats,
the number of neutrophils remains higher than the
control values, and phagocytic ability decreased.
In 2-month-old rats, the absolute number of neutrophils
and phagocytic ability were lower than control
values (Fig. 2).

After death, neutrophils can perform an antimicrobial
function by forming NETs. When comparing the phagocytic
activity of unchanged neutrophils and the efficiency
of trapping bacteria in NETs, it was found that NETs are
capable of trapping (NA — number of antigens in NETs)
in 2.5 times more Proteus mirabilis and in 3 times more
Streptococcus pyogenes in the group of 7-day-old rats
compared to control values. A similar tendency persisted
in groups of 1- and 2-month-old rats. It was also found that
under the action of Streptococcus pyogenes and Proteus
mirabilis in monocultures the content of segmented
neutrophils in the blood of 7-day-old rats decreased, and
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Puc. 1. MNMokasHukn AKH ta ®J1 (Trc) y nepudbepuryHin KpoBi LWypiB, SKi B npeHaTanbHOMY nepiogi nigaasanucs
BnnuBy MatepuHcbkoro X33CC, cnpuunHeHoro Streptococcus pyogenes Ta Proteus mirabilis
Fig. 1. Indicators of absolute neutrophil count and phagocytosing latex particles (thousand) in peripheral blood
of rats exposed to maternal CGUID caused by Streptococcus pyogenes and Proteus mirabilis during the prenatal period
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Pwuc. 2. MNMokasHukn ®Y ta NY (ym.oa) y nepudbepuynin KpoBi LLypiB, SKi B MpeHaTanbHOMy nepioai niggasanvcs
BMnnuBYy MatepuHcbkoro X33CC, cnpuunHeHoro Streptococcus pyogenes Ta Proteus mirabilis
Fig. 2. Indicators of phagocytic number and number of antigen in NETs (conditional units) in peripheral blood
of rats exposed to maternal CGUID caused by Streptococcus pyogenes and Proteus mirabilis during the prenatal period

wypiB. Takox Oyno BUSIBNEHO, LU0 3a Aii MOHOKYNbLTYp —
ypoisonsaTiB Streptococcus pyogenes Ta Proteus mirabilis
BMIiCT HEWTpoQiniB i3 CEermMeHToBaHWUM S4POM B KPOBI
7-0060BUX LLYPAT 3HMXKYETBLCS, a KinbkicTe NETs 3 aHTu-
reHamu 36inbLyeTbcs. MNpy LbOMY MakcumarnbHi 3MiHW
LMX NMOKa3HWKIB cnocTepiratoTbes 3a Ail iHgyKkTopa — ypoi-
3onaTy Streptococcus pyogenes.

TakvM YMHOM, BCTAHOBIEHO, WO Y 7-4060BUX LLYPST
Bin matepiB 3 X33CC, 3ymoBneHum Streptococcus
pyogenes darouuTapHa akTUBHICTb HeUTpodiniB GinbLua,
Hixx 3a BnnuBy X33CC, 3ymoBneHoro Proteus mirabilis,
a edeKTMBHICTb ynoBnoBaHHs Streptococcus pyogenes
Ta Proteus mirabilis y NETs nepesuye nornvHaHHsS
3a3HayeHuX Yypoi3onATiB HewTpodinamm npu daroun-
TO3i, a y 1- Ta 2-Mica4HMX WwypiB 06ox JocnigHux nigrpyn
aKTUBHICTb aroumTosdy 3IHWXKYETbCH, a edEeKTUBHICTb
ynoBntoBaHHsA aHTureHiB y NETs — 3HauHO 30inbLuyeTbest
NMOPIBHAHO 3 aHarnoriYyHUMKM nokasHukamm 7-0o6oBuMX
LLypiB Ta KOHTPOMbLHOI rpynu.

the number of NETs with antigens increased. At the same
time, the maximum changes in these indicators were
observed under the action of Streptococcus pyogenes.

Thus, it was established that in 7-day-old rats from
mothers with chronic genitourinary system inflammatory
process caused by Streptococcus pyogenes, the
phagocytic activity of neutrophils was higher than under
the influence of chronic genitourinary system inflammatory
process caused by Proteus mirabilis, and the efficiency
of capturing bacteria in NETs exceeded the absorption
of these uroisolates by neutrophils during phagocytosis,
while in 1- and 2-month-old rats of both experimental
subgroups, phagocytosis activity decreased, and the
efficiency of antigen capture in NETs significantly
increased compared to similar indicators in 7-day-old rats
and the control group.

Confocal scanning microscopy was used to visualize
the presence of NETs: nuclear DNA visualized in red
channel, NETs-associated myeloperoxidase visualized
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3a pgonomorolw  KOHQOKanbHOI  CKaHyBarbHOI
Mikpockonii 6yno BidyanizoBaHO HasiBHICTbL CTPYKTYp No3a-
KNITUHHMX NacTok HemTpodinis: gaepHa AHK dnyopec-
Liloe 3a 4epBOHMM KaHanoMm, acouinosaHa 3 NETs
Mienonepokcuaasa ryopecuitoe 3a 3eneHMM KaHanom.
Hanbinbwe NETs-nogiGHUX CTpykTyp 3 aHTMreHammu
crnocTepiranocs y 2-MiCA4HUX LWYypAT, WO HAapOAMnuCs Big
matepis 3 X33CC, symoeneHunm Streptococcus pyogenes
(puc. 3a) nopiBHAHO 3 yTBOpeHHAM NETs 3a aktumsauii
Proteus mirabilis (puc. 30).

NE 600 - |d NETs Mnowa NETs
¥
= 500 - % 100 -
S 1
T 4004 [ 80 -
= 1
9 300 - 604 [1
E[ *
‘@ 200 - I 40 4
100 - 20 1 1
0 0 [ |
a 6 a 6

in green channel. The largest number of NET-like
structures with antigens was observed in 2-month-old
rats born to mothers with chronic genitourinary system
inflammatory process caused by Streptococcus pyogenes
(Fig. 3a) compared to NETs formation upon activation
of Proteus mirabilis (Fig. 3b).

% 600 7 IFNETs NETs area
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Puc. 3. NETs 3 aHTureHamu y nepudepuyHiii KpoBi LLpiB, siki B NpeHaTanbHOMY nepiogi nigaaBanvcs BBy MaTepUHCLKOTO
XB3CC, cnpuunHeHoro Streptococcus pyogenes (a) Ta Proteus mirabilis (6). 3eneHnii kaHan dnyopecueHLii — mienonepokcmaasa
(aHTi MINO-Alexa 488), yepBoHui kaHan — saepHa AHK (PI). MacwTabHa niHiika 50 MkM. 1® — iHTEeHCKBHICTB dhnyopecLeHuii,
% — BigcoTok nnowui NETs Big 3aransHoi nnowi nons 3opy (100%). * — 3miHn 3HadyLi BigHOCHO rpynu a (p < 0.05)

Fig. 3. NETs with antigens in the peripheral blood of rats exposed to maternal CGUID caused by Streptococcus pyogenes (a)
and Proteus mirabilis (b) during the prenatal period. Green fluorescence channel — myeloperoxidase (anti MPO-Alexa 488),
red channel — nuclear DNA (PI). Scale bar 50 ym. IF — fluorescence intensity, rfu — relative fluorescence units, % — NETs area
percentage of the total area measured in field of view (100%). * — the means are significantly different from the group a (p < 0.05)

Taki pesynstath MOXHa MOACHUTW TWUM, LLO OAHIEI0
3 KIKOYOBUX CTpaTerin BipyneHTHNX ypobakTepil € BUBiNb-
HeHHs1 pepMeHTIB naToreHHocCTi, Takux gk [1HKa3sa, sika
Bnnuesae Ha Bukng [OHK Hentpodbinom Ta yTBOpPEHHSA
NETs. YponartoreHn Proteus mirabilis MoxyTb nocurto-
BaTW CBOO BiPYyNEHTHICTb WNAXOM niasueHHst [iHKasHoi
aktmBHocTi i pynHyBatn NETSs, gk gogatkoBum mexaHiam
iIMyHHOrO 3aXMCTy MPWU 3HWXEHIN aroumMTapHin akTuB-
HocTi. HatomicTb, ypoisonatn Streptococcus pyogenes,
HaBiTb, Npu Bucokin [HKasHin akTMBHOCTI, yHUKalTb
po3ni3HaBaHHS IMYHHUMW KIiTUHAMW 3a pPaxyHOK aHTu-
reHHoi MiMiKpii, Ta ekcnpecytoTb PaKkTopu BipyNEeHTHOCTI,
SKi BUKNMKaloTb HaaMmipHe yTtBopeHHs NETs, wo moxe
NPU3BECTM A0 IMYHHOTO YLUKOXEHHSI TKAHWUHN HUPOK.

MposigHy ponb y dopmyBaHHi Ta aktuauii NETs
B iMyHHOMY romeocTasi Bigirpatotb JIKB, ski € ocHoBot
KNITUHHOrO Ta ryMOparnbHOro iMyHITETY, TOMY BU3HA4YE€HHSA
natoreHetuyHoi poni JIKB y notomctea, sike B npeHa-
TanbHOMY nepiogi nigaaBanocs BAAMBY MaTePUHCHKOrO
X33CC, BuknukaHoro ypoisonsatramu Streptococcus

pyogenes W Proteus mirabilis, € HeobxigHum Ans

These results can be explained by the fact that one
of the key strategies of virulent urobacteria is the release
of pathogenicity enzymes, such as DNAse, which
affects DNA release by neutrophils and the formation
of NETs. Proteus mirabilis can enhance their virulence
by increasing DNAse activity and destroying NETs as an
additional immune defense mechanism when phagocytic
activity is reduced. In contrast, Streptococcus pyogenes
even with high DNAse activity, evade recognition
by immune cells through antigenic mimicry and express
virulence factors that cause excessive NETs formation,
which can lead to immune damage of kidney tissue.

LCPs play a leading role in the formation and
activation of NETs in immune homeostasis. They are
the basis of cellular and humoral immunity, therefore,
determining the pathogenetic role of LCPs in offspring
exposed to maternal CGUID caused by Streptococcus
pyogenes and Proteus mirabilis during the prenatal period
is necessary to identify key criteria for establishing the risk
of nephropathy development in offspring.
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3'CyBaHHS  KIMOYOBUX KpUTEpiiB AN BCTAHOBIEHHS
pU3MKy PO3BUTKY HedponaTonorii y noToMCTBa.

OocnigxeHHs pisHs JIKB y cupoBatui kposi noka-
3ano, wo y 7-gobosux wypsT 1a rpynu piseHb JIKE 6yB
nigsuweHnn y 1,2 pasy, a y 1- Ta 2-MiCS4HMX LWypiB —
3HMxkeHnn y 1,3 1a 1,6 pasy NOPIBHAHO 3 KOHTPOMb-
HUMK nokasHukamu. Y wypie 16 rpynu crnoctepiranocb
BUpaxKeHe 3HWKeHHs BmicTy JIKB: y 7-goboBux Lwypis —
y 1,3 pasy, y 1-micayHux wypis — y 1,4 pasy, y 2-Mica4HUx
wypie — y 1,8 pasy noOpiBHAHO 3 KOHTPOMbHUMU
3HayYeHHsiMu (puc.4).
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A study of LCPs levels in blood serum showed that in
7-day-old rats of group la, LCPs levels were by 1.2 times
higher, while in 1- and 2-month-old rats, they were in
1.3 and 1.6 times lower than the control values. In rats
of group Ib, a pronounced decrease in LCPs content was
observed: in 7-day-old rats — by 1.3 times, in 1-month-old
rats — by 1.4 times, in 2-month-old rats — by 1.8 times
compared to control values (Fig. 4).
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Puc. 4. MNMokasHuku JIKB (0A) y KpoBi LWypiB, SKi B NpeHaTanbHOMy nepiodi nigaasanuncs BBy
MaTtepuHcbkoro X33CC, cnpuunHeHoro Streptococcus pyogenes Ta Proteus mirabilis
Fig. 4. Levels of LCPs (units) in the blood of rats exposed to maternal chronic genitourinary system
inflammatory process caused by Streptococcus pyogenes and Proteus mirabilis during the prenatal period

Ockinbkn 3a csoeto npupogoto JIKB € moaundikato-
pamu amxanbHUX i pepMeHTaTUBHMX npoueciB y daro-
uuTi, MegiaTopamu 3ananeHHsd, MakTb LUTOTOKCUYHY,
XeMOTaKCUYHY Ta iMyHOMOAYoBanbHy aKTUBHICTb, NiABK-
LWYIOTb NPOHMKHICTb CyauH, TO nigBuweHHs piBHa JIKB
y charoyutax y 7-0o6oBuUX LWYypIB, SIKi B NpeHaTanbHOMY
nepiogi nigaasanuca snnmey X33CC, cnpuynHeHoMy
Streptococcus pyogenes CBifYMTb NPO KOMMEHCATOpHe
nigBuLLIEHHS GakTepuuMaHOCTi dparounTiB, a noganblue
3HWKeHHs piBHIo JIKB y 1- Ta 2-mica4HuX LWypiB Ta 3Ha4He
3HMKeHHs BmicTy JIKB y wypis 3a BNAvBYy MatepnHCLKOro
XB83CC, 3ymoBneHoro Proteus mirabilis, npu3soguTb
00 MNPUrHiYEeHHS1 MEXaHi3MiB 3aBepLUEHOCTi ¢paroumTosy
i € [iarHOCTUYHUM KpUTEPIEM PU3MKY PO3BUTKY Hedpo-
natonorii Ta y noganbloMy HECnpUATIMBOIO nepe-
Giry 3ananbHoro npouecy i Moxe OyTU BUKOPUCTaHWN
SIK MapKep CUCTeMHOI akTuBauii abo npurHiyeHHs daro-
uuTapHoi Bignosiai [14].

TakMM YMHOM, B3SE€MO3B’SI30K (DYHKLOHYBaHHSA CKNa-
OOBUX BPOMKEHOro IMYyHITETY, Takmx €K paroumTos,
34aTHICTb 00 ynoBrnoBaHHA aHTureHiB y NETs Ta piBeHb
npoaykuii JIKB mae Benuke sHa4yeHHs Npu po3BUTKY naTo-
noriyHnx npowecis, 30kpema, Hedponartonorii y noTom-
CTBa, WO NiagaBanocs npeHaTanbHOMy BNMBY MaTepuH-
CbKOrO XPOHIYHOro 3anarnbHoro npouecy 6aktepianbHol
eTionorii, OCKiNbKN BPOOXEHUW iIMYHITET BMKOPUCTOBYE
daroumntos, NETs i JIKE sk OCHOBHi MexaHi3Mun 3aXncHNX
npoLeciB MakpoopraHiamy.

As LCPs are modifiers of respiratory and enzymatic
processes in phagocytes, mediators of inflammation,
have cytotoxic, chemotactic, and immunomodulatory
activity, and increase vascular permeability, an increase
in LCPs levels in phagocytes in 7-day-old rats exposed
to chronic genitourinary system inflammatory process
caused by Streptococcus pyogenes during the prenatal
period indicated a compensatory increase in phagocyte
bactericidal activity, while the subsequent decrease
in LCPs levels in 1- and 2-month-old rats and a significant
decrease in LCPs content in rats exposed to maternal
chronic genitourinary system inflammatory process
caused by Proteus mirabilis leads to suppression
of the mechanisms of phagocytosis completion and
was a diagnostic criterion for the risk of developing
nephropathy and further unfavorable course of the
inflammatory process and can be used as a marker
of systemic activation or suppression of the phagocytic
response [14].

Thus, the relationship between the functioning
of innate immune components, such as phagocytosis,
the ability to capture antigens in NETs, and the level
of LCPs production, is of great importance in the
development of pathological processes, in particular,
nephropathology in offspring exposed to prenatal
maternal CGUID of bacterial etiology, since innate
immunity uses phagocytosis, NETs, and LCPs as the
main mechanisms of the macroorganism’s defense
processes.
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OBrOBOPEHHS

AHani3 gaHunx nitepaTypu BKasye Ha HayKoBy Ta Nnpak-
TUYHY 3HaYyLLICTb AOCHIIAXEHb CKIaZ0BUX BPOLXKEHOIO
iIMyHITETY MpX PO3BUTKY NaTonorii HUPOK y NOTOMCTBA,
Lo nigAaBanocst npeHaTanbHOMY BMMBY MaTEPUHCHKOIO
XPOHIYHOro 3ananbHoro npouecy OGakTepianbHoi eTio-
norii [15, 16, 17, 18, 19].

3aranbHoBigoMO, WO  3aXBOPKOBaHHS HUPOK
€ cephnosHoto rnobansHol npobnemoto i noTpebye
BUSIBMEHHSA HOBMX AiarHOCTUYHMX OGiomapkepiB. Xouda
cuctema nabopaTopHOi AiarHOCTUKM BOOCKOHAMKETHCS,
BCE X Taku € NpobrnemMmy CBOEYACHOTO BUSIBMEHHS PU3UKY
po3BuUTKY natonoril HMpok. NokasaHo, wo NETs € HoBoto
yHKUIOHaNbLHOK MOAEeNo HenTpodiniB Ta CnpusioTb
NPOrpecyBaHHI0  3axBOPHBaHHS HUPOK, OMocepenko-
BYIOUM 3anarnbHi peakLii, TOMy MalTb 3Ha4YEeHHS B AKOCTI
AiarHOCTMYHUX Mapkepis [16].

daxiBui  BigaineHHs  Hedopororii - nikapHi - YaosH
Ta [epxxaBHoi nabopaTopii 3axBoptoBaHHSA HUPOK Yy [ekiHi
(Kutait) Ha nigctaBi npoBedeHVX OOCHIMKEHb 3a3HaYMNU,
wo xo4ya NETs i ctanu npegMeToMm nunbHOI yBary B 4OCHi-
[PKEHHSX, MOB’sI3aHMX i3 BCTAHOBMEHHSA POfi HEMTpOQinis
npu nartornorii HAPOK, NMOTOYHI AOCHIMKEHHS B OCHOBHOMY
30CepemMKeHi Ha BUSBMEHHI akTopis, LWO iHAYKYOTb
dopmyBaHHst NETs. 3anuiuarotbes He JOCUTb 3pO3yMinvmMm
OCHOBHI KIITUHHI MeXaHi3My Ta MOTEHLiNHI Bapiauii Tvnis
Ta komnoHeHTiB NETs npu pisHMx natonoriyHnx ctaHax [17].

IcHytOTb chaxoBi nybnikauii JocnigXeHb, B SKUX Noka-
3aHO naToreHeTnyHe 3HauyeHHsi popmMyBaHHs NETs npu
iHbeKUiMHMX 3axBoptoBaHHAX OakTepianbHOi eTionorii.
Tak, HaykoBusiMM kadbegpu natonorii, Mikpobionorii
Ta iMyHonorii MeanyHoro UeHTpy yHiBepcuteTy BaHaep-
6inbta (Hawsinn, TeHHecci, CLUA) BctaHoBWnK, Wo Ans
[OCSArHEeHHs1 MaKcumarnbHoi GakTepuumaHoi akTUBHOCTI
HelTpodinis BinbyBaeTbcs iHTeHcnBHMI NETS: aBTOpamu
B eKCMepUMeHTI in vivo Byno nokasaHo, L0 BUBINbHEHHS
hbepMeHTIB 3 MEPBUHHUX TPaHyn Yy UMTO30Mb € rfone-
peaHukom NETS, i 3HMXEHHSI iIHTEHCUBHOCTI MEPBUHHOT
JerpaHynsudii Moxe BKadyBaTW Ha MiABULLEHUA piBEHb
NETs. Ons ineHtudikauii NETs daxiBusimu 6yno Buko-
PUCTAHO HEMPOHWKHWMIA Anst mMembpaH OGapBHUK Ons
dnyopecueHTHoro 3abapsneHHs OHK-NETs i ui gocni-
[KeHHs1 6e3nepeyHo NiaTBEPOXKYHOTb, LIO YTBOPEHHSA
NETs cnpusie 3axucty makpoopraHiamy nig 4yac cMcteMHol
iHcpekuii  GakTepianbHoro reHedy [18]. HaykoBusamu
GakTtepionoriyHoi nabopaTtopii HauioHanbHOro iHCTK-
TYTYy OXOpoHU 3a0poB’'st [aminstoHa (MoHTaHa, CLUA)
Ta kadenpu Mikpobionorii Ta imyHonorii yHiBepcuTeTy
AvioBn (Arosa, CLUA) 6yno nokasaHo, WO HeWTpodinu
B ocepefky OakTepianbHOro 3ananeHHsi aroumTyrTb
MiKpOOU Ta akTUBYKOTbCA ANst BUPOONEHHS Cynepokcuay
Ta iHWMX aKTMBHUX POPM KUCHIO. HenTpodpinm mictaTb
aHTUMIKPOOHI nenTnan Ta ¢epMeHTH, sKi npauoTb
pasom 3 A®K ans 3HULIEHHS NOrmuHyTUX GakTepii
3 nojanbliMM BUBINIbHEHHAM XpomocomHoi OHK, yTBo-
ptotodi NETs, ki 3axonnoTb Ta YTPUMYHOTb NaToreHu,
O BBAaXAETbCA BaXXMMBMM KOMMOHEHTOM BPOMXEHOrO
3aXUCTy MakpoopraHiamy. ABTOPU OMUCYIOTb YTBOPEHHSI
NETs gk umToniTmyHmm npouec i ogHoYacHO 3a3HavaroTb,
WO BHACMNAOK BHYTPILUHEOMAroCOMHOIO  3HULLIEHHSA
GakTepii, siki € 30yAHUKaMU THINHO-3ananbHUX 3aXBOPHO-
BaHb, BiAOYBa€ETbCSl BMBINIbHEHHS LIUTOTOKCUYHUX aHTW-
MIKPOOGHMX MOMeKyn, siki MOXyTb CNpUATU PYNHYBaHHIO
TKaHWH MakpoopraHiamy Ta po3BUTKYy ycknagHeHb [19].

DISSCUSION

Analysis of the literature data indicates the
scientific and practical significance of studies of the
components of innate immunity in the development
of kidney pathology in offspring exposed to prenatal
maternal chronic inflammatory processes of bacterial
etiology [15, 16, 17, 18, 19].

It is well known that kidney disease is a serious global
problem and requires the detection of new diagnostic
biomarkers. Despite progress in laboratory diagnostics,
there are remaining challenges in the early detection
of kidney disease risk. NETs have been shown to be
a new functional model of neutrophils and contribute to the
progression of kidney disease by mediating inflammatory
responses, therefore they are important as diagnostic
markers [16].

Specialists from the nephrology department
of Chaoyang Hospital and the State Laboratory of Kidney
Disease in Beijing (China) reported that even though NETs
have been the focus of research related to establishing
the role of neutrophils in kidney disease, current studies
mainly concentrate on finding the factors that trigger NET
formation. However, it is still unclear what the exact cellular
mechanisms and potential variations in NET types and
components are in different pathological conditions [17].

There are professional publications of studies that
show the pathogenetic significance of NETs formation
in infectious diseases of bacterial etiology. Scientists
from the Department of Pathology, Microbiology, and
Immunology at Vanderbilt University Medical Center
(Nashville, Tennessee, USA) have established that
intensive NETs occur to achieve maximum bactericidal
activity of neutrophils: in an in vivo experiment, the
authors showed that the release of enzymes from
primary granules into the cytosol is a precursor to NETSs,
and a decrease in the intensity of primary degranulation
may indicate an increased level of NETs. To identify
NETs, specialists used a membrane-impermeable
dye for fluorescent staining of DNA-NETs, and these
studies undoubtedly confirm that the formation of NETs
contributes to the protection of the macroorganism during
systemic infection of bacterial origin [18]. Scientists
at the bacteriological laboratory of the Hamilton National
Institute of Health (Montana, USA) and the Department
of Microbiology and Immunology at the University of lowa
(lowa, USA) have shown that neutrophils in the center
of bacterial inflammation phagocytose microbes and are
activated to produce superoxide and other active forms
of oxygen. Neutrophils contain antimicrobial peptides and
enzymes that work together with antigen phagocyting
cells to destroy engulfed bacteria, followed by the release
of chromosomal DNA, forming NETs that capture and trap
pathogens, which is considered an important component
of the innate defense of the macroorganism. The authors
describe the formation of NETs as a cytolytic process and
simultaneously note that as a result of the intracellular
destruction of bacteria that cause purulent-inflammatory
diseases, cytotoxic antimicrobial molecules are released,
which can contribute to the destruction of macroorganism
tissues and the development of complications [19].

However, the above studies do not take into account
the analysis of the complex interaction between the ability
to capture antigens by NETs and phagocytosis and the role
of LCPs in the development of nephropathy in offspring
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OpHak, BuLle3a3HavYeHi AOCNIMKEeHHS He BPaxoBYOTb
aHani3 KOMMNEeKCHOI B3aeMopii MiXX 34aTHICTIO 4O ynoB-
ntoBaHHs aHTureHiB NETs Ta npu darounTtosi 1 poni JIKb
npv po3BUTKY HedponaTonorii y N0TOMCTBa, Lo nigaasa-
nocs npeHaTanbHOMY BMNAMBY MaT€PUHCBLKOrO XPOHIYHOIo
3anarnbHoro npotecy 6akTepiansHoi eTionorii.

Pesynbtatn  gaHoro  OoCnigXeHHA  OOMOBHIOKTb
HaykoBi [OaHi LWWoao naToreHeTuyHoro 3HadeHHs NETs
y PO3BUTKY HedoponaTonorii y NoToMCTBa, sike B MpeHa-
TanbHOMY nepiogi nigaasanocs BnnuBy X33CC 6Gakrte-
pianbHoro reHesy, Ta BcTaHoBneHo, wo NETs 3abes-
neyvyloTb pearnisauito poboTM BPOOKEHOrO IMYHITETY
3a paxyHok GakTepiocTaTM4HOI Aii Ha naToreHu 3 akTu-
Baujeto GaktepuumaHoi aii JIKB y 7-pno6oBux Lypis
3a BnnuBy Streptococcus pyogenes 3 nopanbLluMm
ix cparoumtozoMm. OTpvmanu noganbLni  PO3BUTOK
HayKOBi MONOXeHHs LWwoao BcTaHoBneHHA poni JIKB
y NOTOMCTBa, sIKe B NpeHaTanbHOMYy nepiogi niggasanocs
BnnmBy X33CC bakTepianbHOro reHesy, Ta BCTAHOBMEHO,
wo niasuweHHs pieHsa JIKB y darounTtax y 7-goboBux
LWypiB 3a BNNMBY hakTopiB naToreHHocTi Streptococcus
pyogenes CBig4YMTb NPO KOMMEHCATOpPHE MiABULLEHHSA
GakTepuumMaHocTi darounTiB, a noganblle 3HWKEHHS
piBHi0 JIKB y 1- Ta 2-MiCAYHMX LLYpPIB Ta 3HAYHE 3HKEHHSA
BmicTy JIKB y wypis 3a BnnuBy Proteus mirabilis, npnsso-
OUTb 00 MNPUrHiYEeHHS1 MexaHi3aMiB 3aBepLueHOCTi dharo-
LUMTO3Y | € MPOrHOCTUYHOK O3HAKOK PU3NKY PO3BUTKY
HedbponaTonorii Ta y noganbloMy HeCnpUSATINBOro
nepebiry 3ananbHoro npouecy. TOGTO MOKa3HWK PiBHSA
JIKB, sk mapkep cMCTeMHOi akTuBaLii abo NpUrHiYeHHs
haroumTapHoi BigNOBIAi, pa3oM 3 BUSHAYEHHAM AMHAMIKU
MOKa3HWKIB NPO- Ta NpoTM3ananbHUX NPodiniB LIUTOKIHIB
y MOTOMCTBA 3a MpeHaTanbHOro BMfMBY MaTepUHCHKOro
X33CC 6aktepuanbHoi eTionorii Moxe 6yTn BUKOpUC-
TaHW 3 METOK NPOrHO3yBaHHS AeblTy HedponaTonoril
Ta nepebiry 3axBoptoBaHHs [20]. Lle po3sonuTtb nonepe-
OUTW pO3BUTOK NATOMOrii HAPOK Y HEMOBIAT, LLO HApoau-
nmca BiA maTtepisB 3 4aHOI NAaTOMOrE Ta 3HN3NTU PU3KK
BMHUKHEHHS yCKNagHeHb, po3pobuTtn anroputmu obcre-
XEHHS Ta NiKyBaHHA BariTHMX, NPOrHO3yBaHHSA Ta nNpodi-
NaKkTUKM cevocTaTeBoi iHdeKUii GakTepianbHoi eTio-
norii, 3MEHLWNTN PU3NK NPOrpecyBaHHs 3axBOPIOBAHHS
Ta pO3BUTKY peunamnBiB.

BUCHOBKHU

BusBneHo, Wo BHYTPILWHBOKNITUHHI KiNiHFOBI cuctemu
HenTpoginiB GiNbLIOK MipOK akTUBYHTLCH Yy 7-0000BKX
LWYypAT, Wo Hapoaunuca Big matepiB 3 X33CC, 3ymos-
nennm Streptococcus pyogenes. Y 1-MicavHUX LypiB
obox pocnigHux nigrpyn, xova abcontoTHa KinbKicTb
HenTpomIiNiB 3MeHLUYETLCS MOPIBHAHO 3 aHarnoriyHUMu
nokasHukamu 7-4o6oBuUX LUYpPIB, KiMbKiCTb HeWTpodinis
3anumaeTbes BinbLue KOHTPOSbHMX 3HAaYeHb, a 30aTHICTb
[0 haroumTo3y 3MEHLLYETLCS. Y 2-Mica4HUX LwypiB abco-
MNIOTHA KinbKICTb HENTPOINIB Ta aKTUBHICTL haroLunTosy
MEHLLIE 3a KOHTPOJTbHI MOKa3HMKN.

BcrtaHoBneHo, wo NETs 3abesnedyotb poboTy
BPOMKEHOIO iMYHITETY 3a paxyHoK OakTepioctaTu4HOl
nii Ha naToreHu 3 akTuBauieto GaktepuumgHoi aii JIKB
y 7-poboBux LWwypiB 3a BnnuBy Strepfococcus pyogenes
3 nofanbLUnM iX aroumTo30M.

BcraHoBneHo, wo nigsuweHHsa piBHa JIKB y daro-
untax y 7-goboBux LWypiB 3a BNnMBY pakTopiB nato-
reHHocTi  Streptococcus pyogenes  CBigYMTb  MPO

exposed to prenatal maternal chronic inflammatory
processes of bacterial etiology.

The results of this study supplement scientific data
onthe pathogeneticsignificance of NETsinthedevelopment
of nephropathy in offspring exposed to bacterial-induced
CGUID during the prenatal period, and it has been
established that NETs ensure the functioning of innate
immunity through their bacteriostatic effect on pathogens
with the activation of the bactericidal action of LCPs in
7-day-old rats under the influence of Streptococcus
pyogenes, followed by their phagocytosis. Scientific
provisions regarding the role of LCPs in offspring
exposed to bacterial-induced CGUID during the prenatal
period were further developed, and it was established
that an increase in the level of LCPs in phagocytes in
7-day-old rats under the influence of Streptococcus
pyogenes pathogenicity factors indicates a compensatory
increase in the bactericidal activity of phagocytes, and
a further decrease in LCPs levels in 1- and 2-month-old
rats, and a significant decrease in LCPs content in rats
under the influence of Proteus mirabilis leads to the
suppression of phagocytosis completion mechanisms and
is a prognostic sign of the risk of developing nephropathy
and a subsequent unfavorable course of the inflammatory
process. That is, the LCP level as a marker of systemic
activation or suppression of the phagocytic response,
together with the determination of the dynamics of pro
and anti-inflammatory cytokine profiles in offspring under
the prenatal influence of maternal CGUID of bacterial
etiology can be used in order to prognose the onset
of nephropathy and the course of the disease [20]. This will
help prevent the development of nephropathy in infants
born to mothers with this pathology and reduce the risk
of complications, develop algorithms for the examination
and treatment of pregnant women, predict and prevent
urinary tract infections of bacterial etiology, and reduce
the risk of disease progression and recurrence.

CONCLUSIONS

It was found that intracellular killing systems
of neutrophils were more activated in 7-day-old rats
born to mothers with CGUID caused by Streptococcus
pyogenes. In 1-month-old rats of both experimental
subgroups, although the absolute number of neutrophils
decreased compared to similar indicators in 7-day-old rats,
the number of neutrophils remained higher than the control
values, and the ability to phagocytose decreased. In
2-month-old rats, the absolute number of neutrophils and
phagocytosis activity were lower than the control values.

It was established that NETs ensure the functioning
of innate immunity due to their bacteriostatic effect
on pathogens with the activation of the bactericidal
action of LCPs in 7-day-old rats under the influence

of  Streptococcus pyogenes, followed by their
phagocytosis.
It was found that an increase in LCPs level

in phagocytes in 7-day-old rats under the influence
of Streptococcus pyogenes pathogenicity factors indicated
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KOMMNeHcaTopHe MiaBULLEHHsT GakTepuumaHocTi  daro-
uuTiB, a noganblue 3HWXeHHA piBHiO JIKB y 1- Ta
2-MiCAYHMX LWYpiB Ta 3HayHe 3HwkeHHa BMmicTy JIKB
y wypiB 3a BnnuBy Proteus mirabilis, npu3BoguTb
00 MNPUrHiYEeHHS1 MEXaHi3MiB 3aBepLUEHOCTi paroumTosy
i € NPOrHOCTUYHOIO O3HAaKOK PU3NKY PO3BUTKY Hedpo-
natonorii Ta y noganbloMy HecrnpusTnueoro nepebiry
3ananbHoro npouecy. To6To nokasHuk pisHa JIKB moxe
OyTV BMKOPUCTaHWI sIK MapKep CUCTEMHOI akTuBaLii abo
NpUrHidyeHHs cparoumTapHoi BignoBiai.

BusHaueHi Mapkepu crucTemMHoi akTuBauii abo npurHi-
YeHHs dharoumTapHOi BiQNOBIAI 403BONATL NonepeanTy
pO3BUTOK HedbponaTonorii y HeMOBASAT, WO Hapoaunuca
Big matepiB 3 X33CC GakTepianbHoi eTionorii Ta 3H13uTu
PV3VK BUHUKHEHHS YCKNagHeHb, po3pobuTy anroputmMu
06CTeXeHHs Ta nNiKyBaHHA BariTHUX, MNPOrHO3yBaHHS
Ta npodpinakTukM cevocTaTeBoi iHgekuii bakTepianbHOT
etionorii, 3MEHLINTN PU3NK NPOrpecyBaHHs1 3axBOpHO-
BaHHS Ta PO3BUTKY PeLuamBiB.
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a compensatory increase in the bactericidal activity
of phagocytes, and a subsequent decrease in LCPs levels
in 1- and 2-month-old rats and a significant decrease
in LCPs content in rats under the influence of Proteus
mirabilis leads to suppression of phagocytosis completion
mechanisms and was a prognostic sign of the risk
of developing nephropathy and a subsequent unfavorable
course of the inflammatory process. That is, the LCPs level
indicator can be used as a marker of systemic activation
or suppression of the phagocytic response.

The identified markers of systemic activation
or suppression of the phagocytic response will make
it possible to prevent the development of nephropathy
in infants born to mothers with CGUID of bacterial etiology
and reduce the risk of complications, develop algorithms
for the examination and treatment of pregnant women,
predict and prevent urinary tract infections of bacterial
etiology, and reduce the risk of disease progression and
recurrence.
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OBMEXEHHSA AOCAIAXKEHHS
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3anarbHOro NPoLecy Ce4OCTaTeBoi cUCTEMM BaKTepiarnbHOI eTionori.
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Limitations of the study

The authors of the manuscript clearly confirm that the
interpretation of the results is limited by species factors—the
causative agents of CGUID, namely Proteus mirabilis and
Streptococcus pyogenes urinary isolates—and model conditions—
the simulation of CGUID in WAG rats. In vivo experiments were
done on the offspring of female rats from the WAG population
with CGUID caused by Proteus mirabilis and Streptococcus
pyogenes urinary isolates at 7 days, 1 month and 2 months
of age, and in vitro — clinical strains of Proteus mirabilis and
Streptococcus pyogenes were isolated from pregnant women
with UTI in different trimesters. Strains with the highest degree
of pathogenicity and virulence were selected for the study. The
size of the groups is sufficient, which confirms the accuracy and
reduces the risk of systematic errors. To minimize the impact, the
Animal Research: Reporting of In Vivo Experiments (ARRIVE)
guidelines and Good Laboratory Practice (GLP) were used,
protocols were standardized, and statistical procedures were
fully described.

Prospects for further research

The obtained results require further research to identify the
leading pathogenetic criteria for determining the risk of developing
nephropathy in offspring that were exposed to maternal chronic
inflammatory process of the genitourinary system of bacterial
etiology in the prenatal period.
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BUKOPUCTAHHS LUTY4HOrO iIHTEAEKTY
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KinbKiCHI XxapakTepucTukn. Bci matepianu 36epexeHi B apxisi
[OCMiAHVLBKOI FPYNn Ta MOXyYTb OyTu HafaHi 3a 06rpyHTOBaHNM
3anMuToM [0 aBTOPa-KOPECMOHAEHTa, 3 ypaxyBaHHAM ETUYHMX
HOPM Ta NpaBOBUX OOMEXeHb.
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PE3IOME

AkTyanbHicTb. PeBmatoigHuii apTpuT € XPOHIYHUM CUCTEMHUM IMyHO3ananbHUM
3aXBOPIOBAHHSIM, LLIO CyNpPOBOXKYETLCS MPOrpecyodnM ypaxeHHsiM cyrnobis, pemoae-
TNIOBAHHSAM KiCTKOBOI TKaHMHMW Ta CTiNKOK (hyHKLIOHaNbHOK HegocTaTHIiCTio. HecTepo-
iAHI NpoTM3ananbHi NpenapaTy LWMPOKO 3aCTOCOBYHOTLCSA AN KOHTpornto Gonto i 3ana-
TNEHHS, OfHaK iX Aif OOMEXYeTbCsi MepeBaXKHO MeAiaTOPHOK NaHKOK 3ananeHHs i He
BMMMBAE Ha KIOYOBi iIMyHOMATOrEHETUYHI MeXaHi3Mu. Y 3B’A3Ky 3 LUM akTyanbHUM
€ nowyk koMGiHOBaHMX NiAXopiB, WO MOEAHYHTb (hapMaKkosoriYHy npoTusananbHy
nito 3 iMyHomopayrnoBanbHUM BRMBOM Ge3KMiTUHHMX GionoriYHnx 3acobiB, a Takox
po3pobka 06’EKTUBHIX METOAIB KiNlbKiCHOI OLLIHKM eheKTUBHOCTI Takoi Tepanii.

MeTta po6oTu — ouUiHUTU MoZynsiLito npoTusananbHoi Aii HiMecynigy Ta keTtoponaky
6e3KNITUHHMMU KPIOKOHCEPBOBaHUMM BiornoriYHMMM 3acobamu (KpioeKCTPaKTOM MnaueHTu
Ta KOHOMLIOHOBaHVWM CepefdoBULLEM Me3eHXiManbHUX CTPOMarnbHUX KMiTUH) B yMOBaX
eKCcrnepuMeHTarnbHOro af'loBaHTHOIO apTpUTY Y LLYPIB LUMNSXOM KiflbKiCHOro aHanisy 3MiH
06’emy cyrnobiB 3a 4aHUMK KOHYCHO-TIPOMEHEBOT KOMM'OTEPHOT TOMOTpadii.
Matepianu Ta metoau. [JocnigXeHHs BUKOHAHO Ha 42 caMusax LypiB 3 iHOyKOBaHUM
af'loBaHTHUM apTpUTOM, SKMX paHAOMi3yBanu Ha 6 ekcnepuMeHTanbHux rpyn. Jliky-
BaHHs nposoaunu 3 14 no 28 noby ekcnepumMeHTy. KinbkicHy oLUiHKy 3MiH cyrno6is 3iii-
CHIOBann MEeTOAOM KOHYCHO-MPOMEHEBOI KOMM'oTepHOI ToMorpadii Ha «0» (BUXigHi
nokasHukm), 14-i Ta 28- AeHb EKCNEPUMEHTY 3 PO3paxyHKOM YMOBHOro o6’eMy nnec-
Ho-banaHroBoro cyrrnoba Ha OCHOBI MiHIMHUX MOP(OMETPUYHUX MOKA3HUKIB.
Pesynbratu. Y WypiB 3 ag’toBaHTHUM apTputoM 6e3 nikyBaHHst o6’em cyrnoba go
28-i nobw 36inbluyBaBcs Ha 147,4% NOPIBHSHO 3 BMXIAHWM PiBHEM, LLO CBiAYMNO Npo
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AAS LUTYBAHHS:

nporpecyBaHHs 3ananbHoro npouecy. MoHoTepanisi HiMecynigom abo keToporakom
3abe3nevyBana 3HWxeHHs1 06’emy cyrnoba BignosiaHo Ha 38,2% Ta 46,3% nopiBHAHO
3 HenikoBaHUMM TBapuUHaMK, OAHaK MOKa3HUKM 3anuLianmcst 3Ha4HO BULLMMU 33 iHTaKTHI
3HauveHHsi. KombGiHoBaHe 3acTocyBaHHsi HIMeCyniay 3 KpioeKCTpakToM MriaueHT! NpuBo-
OWIo A0 HanbinbL BUPaXKeHOro 3MeHLLEHHsI 06’eMy cyrnoba, sikvuil nepeBuLLYyBaB iHTakK-
THUW piBeHb nuwe Ha 10,8%. MNMoegHaHHSA KeToponaky 3 KOHAMLIOHOBaHMM cepeno-
BULLEM Me3eHXiMarnbHUX CTOBOYPOBUX KMITUH TakoX 3abe3nevyBarno iCTOTHE 3HKEHHS
3anarnbHUX 3MiH, 3 NEePEeBULLEHHSAM IHTAaKTHUX 3Ha4eHb Ha 14,9%. O6uasi komGiHaLii
[OOCTOBIpHO NepeBuLLyBanu ePeKTUBHICTb MOHOTeparii.

BucHoBku. KombiHOBaHe 3acTOCyBaHHS HECTEPOIAHMX MpOTM3ananbHUX npenaparis
3 GeskniTMHHUMKU GionoriyHumK 3acobamu € Ginbll eeKTUBHUM ANt 3MEHLLEHHS!
cyrno6oBoro 3anarneHHs! Npy eKCrepyMEHTanbHOMY aa’toBaHTHOMY apTpWTi, HiXX MOHO-
Tepanisi. KoHycHO-npoMeHeBa KoMn'toTepHa Tomorpadisi 3 MOPOMETPUHHUM aHani3om
[03BOrisie 06’EKTUBHO KiNbKiCHO OLLIHIOBaTV AMHAMIKy 3anarnbHuxX 3MiH y cyrrnobax.

CtyneHt B.O., Mapkux ®.B., Napgosa T.l., MatBeeHko M.C. KoHycHo-npoMeHeBa ToMmorpadivHa ouiHka Moaynsuii
npotusananbHoi Aii HiMecynigy Ta keToponaky 6e3kniTUHHUMMK KpiOKOHCEpPBOBaHUMK GionoriyHMMKU 3acobamu
npu ekcrnepumeHTanbHOMy peBMaTtoigHoMy apTpuTi. KapasiHcekull imyHoneidHul xypHan. 2025. T. 8. Ne 2(16).
C. 228-246. DOI: https://doi.org/10.26565/3083-5615-2025-16-05
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ABSTRACT

Background. Rheumatoid arthritis is a chronic systemic immune-inflammatory disease
accompanied by progressive joint damage, bone tissue remodeling, and persistent
functional impairment. Non-steroidal anti-inflammatory drugs are widely used to control
pain and inflammation; however, their action is mainly limited to mediator-dependent
inflammatory pathways and does not affect the key immunopathogenetic mechanisms
of the disease. Therefore, the development of combined therapeutic approaches
that integrate pharmacological anti-inflammatory effects with the immunomodulatory
potential of cell-free biological products, as well as the use of objective quantitative
methods for assessing treatment efficacy, remains highly relevant.

Purpose — to evaluate the modulation of the anti-inflammatory effects of nimesulide and
ketorolac by cell-free cryopreserved biological products, namely placental cryoextract
and conditioned medium of mesenchymal stromal cells, in rats with experimental
adjuvant-induced arthritis using quantitative analysis of joint volume changes based
on cone-beam computed tomography.

Materials and Methods. The study was conducted on 42 male rats with induced
adjuvant-induced arthritis, randomly allocated into 6 experimental groups. Treatment
was administered from day 14 to day 28 of the experiment. Quantitative assessment
of joint changes was performed using cone-beam computed tomography at baseline, day
14, and day 28, with calculation of the conditional volume of the metatarsophalangeal
joint based on linear morphometric parameters.

Results. In rats with adjuvant-induced arthritis without treatment, joint volume increased
by 147.4% by day 28 compared to baseline values, indicating progressive inflammatory
development. Monotherapy with nimesulide or ketorolac reduced joint volume by 38.2%
and 46.3%, respectively, compared to untreated animals; however, the values remained
significantly higher than those observed in intact rats. Combined administration of nimesulide
with placental cryoextract resulted in the most pronounced reduction in joint volume,
exceeding intact levels by only 10.8%. The combination of ketorolac with conditioned
medium of mesenchymal stromal cells also provided a significant reduction in inflammatory
changes, with joint volume exceeding intact values by 14.9%. Both combined treatment
regimens demonstrated significantly greater efficacy than monotherapy.

Conclusions. Combined administration of non-steroidal anti-inflammatory drugs
with cell-free biological products is more effective in reducing joint inflammation
in experimental adjuvant-induced arthritis than monotherapy. Cone-beam computed
tomography with morphometric analysis allows objective quantitative assessment of the
dynamics of inflammatory changes in joints.

Student VO, Hladkykh FV, Liadova TI, Matvieienko MS. Cone-beam tomographic evaluation of the modulation of the anti-
inflammatory effect of nimesulide and ketorolac by cell-free cryopreserved biological agents in experimental rheumatoid
arthritis. Karazin Journal of Immunology.2025;8(2(16)):228—246. DOI: https://doi.org/10.26565/3083-5615-2025-16-05

MEPEAIK CKOPOYEHb

AA — ag’loBaHTHWUI apTpuT

BKB3 — 6e3kniTuHHI KpiokoHcepBoOBaHi bionoriyHi 3acobu

ElMJ — ekcTpakT nnaueHTn NiognuHn

ABBREVIATIONS

AA — adjuvant arthritis
CF-CBPs — cell-free cryopreserved biological products
HPE — human placental extract
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KEIT — kpioekcTpakT nnaueHTu

KET — keToponak

KIA — konareH-iHgyKoBaHWUn apTput

KIMKT — koHycHO-npomeHeBa KoMM'toTepHa Tomorpadisi
KC-MCK — koHauMuioHOBaHe cepenoBuLLe Me3eHXiMarnbHUX CTOB-
OypoBUX KNITWH

KT — komm’toTepHa Tomorpadisi

MCK — me3eHximarnbHi cToBOYpOBI KNiTUHM

HIM — Himecynig

HIM33 — HecTepoigHi npoTn3ananbHi npenapatn

PA — peBmatoigHum apTput

LIOI" — umknookcureHasa

BCTYN

PesmatoigHuin aptput (PA) — Le XpoHiYHE cucTemMHe
iMyHO3ananbHe 3axBOPHBaHHS, ONA SKOro XapaKTepHi
NMepcuUcTylode CUHOBIanbHE 3ananeHHs, nporpecyrye
YPaKeHHS KiCTKOBO-XPSALLOBUX CTPYKTYP Ta hOpMYBaHHS
dyHKUioHanbHOI HegocTaTtHocTi. [aTtoreHe3 PA Bu3Hava-
€TbCS CKIAJHOI B3aEMOZIE0 MiXX BPOMKEHUMU Ta afan-
TUBHMMUW NaHKaMu iMYHITETY, a KMiHIYHO 3Ha4yLLi CTPYyK-
TYpHi 3MiHW B cyrmobi € mpsMMM Hacrigkom TpvBanoi
LIMTOKIH-OMocepeaKkoBaHoOl Ta KNiTUHHO-ONOCEPEAKOBAHOT
akTmsauii imyHHol Bignosigi [1, 2, 3].

Y UeHTpanbHOMY iMyHOMaTOreHeTU4YHOMY Kackagi
PA Baxnuee Micue nocigae aktmBauis Makpodaris,
OEHOPUTHUX KMiITUH, T-niMmcounTiB Ta CUHOBIaNbHUX
ibpobnacrTis i3 popMyBaHHAM cTabinbHOI Mepexi npo3a-
nanbHUX meaiaTopis. 3okpemMa, hakTop HEKPO3Y NyXINH-A
(TNF-a), iHTeprienkiH-6 (IL-6) Ta iHTepnevikiH-17 (IL-17)
6epyTb yyacTb y NiATPMMAaHHI XPOHIYHOro 3ananeHHs,
iHOYKUiT  MaTpUKCHUX MeTanonpoTeiHad i MNOCUNeHHi
OEeCTPYyKTMBHUX MpoueciB y cyrnobi; npu ubomy TNF
i IL-17 MOXYTb iATU CUHEPriYHO, MOTEHLiOYY NPOAYKLi0
NaToOreHeTUYHO  3HaYyLUMX MOIEKYN  CUHOBIaNbHUMMN
dibpobnactamu [4]. BaxnmBmum «MOCTOM» MK iMyHHUM
3ananeHHsM i KICTKOBOK AECTPYKLUIE € OCTeOiMyHOso-
riYHi MexaHi3aMu: UMTOKIH-iHOyKOBaHa eKkcrpecis niraHga
akTMBaTopa peuenTopa sgepHoro daktopa kanna-B
(Receptor Activator of Nuclear Factor kappa-B Ligand —
RANKL) Ta akTvBauisi OCTeOKnacToreHesy CrpusitoTb
€PO3UBHMM 3MiHaM i peMogerntoBaHHo KicTku npu PA [5].

EkcnepvMeHTanbHe MoAentoBaHHS peBMaToigHoMNo-
[iGHOro ypaxeHHs cyrnobiB YacTo 3AiMCHIOTb Ha Mogerni
ap’toBaHTHOro aptputy (AA), aka Mae BUpPaXeHU iMyHo-
3aneXHNn KOMMOHEHT i BiATBOPIOE KIHOYOBI PUCK XPOHIY-
HOro apTpuTy, BKIOYHO 3 KNITUHHOK iHINbTpauieto,
LMTOKIHOBOIO Aucperyrnsuieto Ta nporpecieto cyrnobosoro
3ananeHHs. Came ToMy AA LLIMPOKO 3aCTOCOBYIOTb Ansi
BMBYEHHS IMYHOSMOFMYHUX MeXaHiaMiB npoTusananbHol
Tepanii Ta NOPIBHAMNBHOI OLHKM Pi3HMX (hapMaKomoriyHmX
i GionoriyHmx nigxogais [6, 7].

HecTtepoigHi npotnsanansHi npenapatu (HMN33) 3anu-
LWaKTbCA OAHMM i3 6a3oBMX 3aCOBiB KOHTPOsM Oonto
Ta 3ananeHHst Npu apTpuTax. Ix Kno4oBUI MexaHism Aji
NnoB’si3aHnMin 3 iHribyBaHHAM LuknookeureHasu (LLOIN) i,
SK HacnigoK, 3MEHLUEHHSIM CUHTE3y npocTarnaHavHIB
Ta iHWWX elniKo3aHoifiB, Aki 6epyTb yyacTb y Basogwna-
Tauii, HabpsiKy, rinepanresii 1 nNiATPUMaHHI 3ananbHol
peakuii. Himecynig (HIM) onucytotb sik HIM33 i3 BigHOCHOM/
nepeBaXHOI CenekTuBHICTIO wopo COX-2 Ta goagaTko-
BUMWU  bapMakonoriyHnMm  ocobnmBocTaMM  (30kpema,
no3a CyTo MpOCTarnaHaMHOBOK MaHKOK), LLO MOXe MaTu
3HaYEeHHSA AnS TKaHWHHO-IMYHHWX B32€EMOLAIN Y BOTHULL
3ananeHHs [8]. Ketoponak (KET) € HIM33 i3 notyxHoto

PCE - placental cryoextract

KET — ketorolac

CIA — collagen-induced arthritis

CBCT - cone-beam computed tomography

MSC-CM — mesenchymal stem cell-conditioned medium

CT — computed tomography

MSCs — mesenchymal stem cells

NIM — nimesulide

NSAIDs — nonsteroidal anti-inflammatory drugs
RA — rheumatoid arthritis

COX - cyclooxygenase

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic
immune-inflammatory disease characterized by persistent
synovial inflammation, progressive damage to bone and
cartilage structures, and the development of functional
impairment. The pathogenesis of RA is determined
by complex interactions between the innate and adaptive
immune systems, and clinically significant structural
changes in the joint are a direct consequence of prolonged
cytokine-mediated and cell-mediated activation of the
immune response [1, 2, 3].

In the central immunopathogenetic cascade of RA,
activation of macrophages, dendritic cells, T lymphocytes,
and synovial fibroblasts plays a key role, leading to the
formation of a stable network of pro-inflammatory
mediators. In particular, tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), and interleukin-17 (IL-17) are involved
in maintaining chronic inflammation, inducing matrix
metalloproteinases, and enhancing destructive processes
in the joint; TNF and IL-17 may act synergistically,
potentiating the production of pathogenetically significant
molecules by synovial fibroblasts [4]. An important
«bridge» between immune inflammation and bone
destruction is osteoimmunological mechanisms: cytokine-
induced expression of the Receptor Activator of Nuclear
Factor kappa-B Ligand (Receptor Activator of Nuclear
Factor kappa-B Ligand — RANKL) and activation
of osteoclastogenesis contribute to erosive changes and
bone remodeling in RA [5].

Experimental modeling of rheumatoid-like joint damage
is often performed using the adjuvant arthritis (AA) model,
which has a pronounced immune-dependent component
and reproduces key features of chronic arthritis, including
cellular infiltration, cytokine dysregulation, and progression
of joint inflammation. Therefore, AA is widely used to study
immunological mechanisms of anti-inflammatory therapy
and for comparative evaluation of various pharmacological
and biological approaches [6, 7].

Nonsteroidal anti-inflammatory drugs (NSAIDs)
remain one of the basic means of controlling pain
and inflammation in arthritis. Their key mechanism
of action is associated with inhibition of cyclooxygenase
(COX) and, consequently, a reduction in the synthesis
of prostaglandins and other eicosanoids involved
in vasodilation, edema, hyperalgesia, and maintenance
of the inflammatory response. Nimesulide (NIM)
is described as an NSAID with relative/preferential
selectivity toward COX-2 and additional pharmacological
features (in particular, beyond the purely prostaglandin
pathway), which may be relevant to tissue-immune
interactions at the site of inflammation [8]. Ketorolac (KET)
is an NSAID with potent analgesic and anti-inflammatory

OpuwuriHanbHi AocnigpKeHHs

230

Original research



KapasiHcbkuii imyHonoriyHui xxypHan. 2025. T. 8. Ne 2(16). C. 228-246

Karazin Journal of Immunology. 2025;8(2(16)):228—246

ISSN 3083-5615 (Online)

aHanreTM4YHOK Ta NPoTU3anarnbHOK aKTUBHICTHO, LLIO peari-
3yeTbed Yepes LIOM-onocepenkosaHi MexaHiamu; apma-
KOMoOrivHi  ornsgn  NigKpPecnowTb NOro  ePeKTUBHICTb
y KOHTponi 6omto Ta 3ananeHHsi, ane TakoX HaronoLyTb
Ha obmexeHHsIx 6e3neky Npu TpMBariomMy 3acTtocyBaHHi [9].

BogHouac HI33 nepeBaxHO BNNuBaKOTb Ha Medi-
aTopHy (nNpocTarnaHAMHOBY) IaHKy 3ananeHHsd | He
ycyBalTb (pyHOAaMeHTanbHOI iIMyHHOI gu3perynsuii,
Lo NexunTb B ocHoBi PA. Lle 3ymoBntoe iHTepec Ao kombi-
HOBaHWX CTpaTerin, y SKux npoTu3ananbHa dapmakoTe-
panisi JOMOBHIOETLCA 3acobamu, 30aTHUMK MOAYIBaTK
iMyHHY BignoBiab. OAHWM i3 NEPCNEKTUBHUX HanpsMKiB
po3rnagalTs  GeskniTUHHI - KpiokoHcepBoBaHi  Giono-
riyHi 3acobu (BKB3), siki MicTATb KOMNnekc GioakTUBHUX
Morekyn (po3ynHHi bakTopy Ta/abo no3akniTVHHI BE3n-
Kynu), NOTEHUINHO 34aTHMX BAMMBATM Ha LMUTOKIHOBI
Mepexi Ta (eHOTUNM iIMyHHUX KNiTUH 6e3 BBeOEHHS
XunBmx knituH [10, 11, 12].

Ocobnmee wmicue cepen BKB3 3anmartTe MeseH-
ximaneHi  ctoBOypoBi  knitTuHM  (MCK)-acouiioBaHui
CEeKpeTOM: y3aranbHeHi JaHi BKa3yoTb, WO iMyHOMOAYMO-
BanbHi ecpektn MCK 3Ha4HO0 Mipoto ornocepeakoByOTLCA
iXHIM CeKpeTopHUM npodpinem i 34aTHICTIO 3MiHIOBaTU
B32EMOLi0 MK KIiTUHAMW BPOMKEHOro Ta aganTUBHOMO
iMyHITETY (BKMOYHO 3 Makpodaramu Ta T-KNiTUHHUMUK
cybnonynsuiamu) [12, 13]. Y LbOMYy KOHTEKCTi KOHAWLI-
OHOBaHe cepefoBuLLE Me3eHXiManbHUX CToBOYpOBKMX
knituH (KC-MCK) posrnsigatoTb sik 6€3KniTMHHUIA MPOAYKT,
WO MOXe peanisyBaTu YacTuvHY IMYHOPErynsaTopHuX
srnacTtusocten MCK; cyyacHi ornsgun Tepanin Ha OCHOBI
cekpetomy MCK nigkpecnioloTb MOro noTeHuian Ans
KOHTPOIMIO 3ananeHHs npyu iMyHo3ananbHUX 3axBOpHo-
BaHHSAX, 30KpeMa 4Yepe3 BMMUB Ha LIMTOKIHOBUIA GanaHc
i KNITUHHI edbekTopHi MexaHriamu [13, 14, 15].

lHwvm  Bugom BKB3, skuin  npuseptae yeary
AK  [mKepeno 6i0oaKkTMBHUX  PErynsTtopHUX — MOMekyn,
€ kpioekcTpakT nnaueHTn (KEM). Ornsgun, npucesyeHi
nnaueHTapHUM eKkcTpakTaMm, y3aranbHITb AaHi npo
iXHi NpoTU3ananbHi BNacTUBOCTI Ta NOTEHLiNHY 3AaTHICTb
BNNMBaTU Ha iMyHHI BignoBidi, Wo pobutb Taki 3acobu
LuikaBMMWM KaHAuZatamy ANS a4’toBaHTHOMO  BUKOPU-
CTaHHA Ha MOAENSAX XPOHIYHOro 3ananenHs [16, 17].

KntoyoBolo MeToanMyHOK 3adadveto Yy [AOCHiSKEHHSIX
iMyHO3ananbHoi Tepanii € BMOIp OG’€KTUBHUX KiMbKICHWMX
MOKa3HWKIB, siki BigobpaxalTb BUPaKEHICTb NOKarbHOro
3ananeHHst Ta horo Hacnigkis y cyrno6i. CyyacHi metoam
NMpOMEeHEBOI Bidyanisauii [03BONAOTL NoegHatn Mopdo-
NOriYHy OUiHKY 3 KifbKiCHMM aHani3aoM 3miH. KoHycHo-npo-
MeHeBa Komm'toTepHa Tomorpacdia (KMKT) e pisHoBuaom
TomMOrpadiuHOi  Bi3yanisauii 3 BMCOKOK MPOCTOPOBOHD
PO34iNbHOK 3AaTHICTIO ONSA KICTKOBMX CTPYKTYP Ta MOXIU-
BICTIO MYMbTUMMAHAPHMUX PEKOHCTPYKUIN; Yy  KIHIYHKX
i npuknagHux pobotax KIMKT gemoHcTpye AiarHoCTUYHY
UiHHICTb Ans  OUiHKM [ereHepaTVBHO-3anarnbHUX — 3MiH
y OpibHKx cyrnobax i KicTkoBmx komnoHeHTax [18, 19]. Xoua
KIMKT He € npaAMUM «iMyHOMOriYHMMY TecToM, Mopdome-
TPWYHI NOKa3HWKM (30Kpema MiHiHi po3mipun Ta NoxigHi iHTe-
rpanbHi BENWYMHM Ha KLWTanT yMOBHOro o6’emy cyrnoba)
MOXYTb PO3rnsfaTics sik O06’eKTUBHI CyporaTHi Mapkepu
IHTEHCMBHOCTI iMyHO3ananeHHs!, ockinbkv Habpsik, iHinb-
Tpauis Ta TKaHWHHa nponidepauis € HacnigkoMm uuMTo-
KiH-OrmocepeakoBaHUX i KNITMHHUX MexaHi3mie. [JoaaTkoBso,
OOCHIMKEHHS Ha TBAPMHHMX MOZENsX 3ananbHOro apTpuTy
noKasytoTb, LLIO KOMTIoTepHa ToMorpacdisi MoXxe 3acToCcoBY-
BaTUCA AN KiNbKICHOrO aHamnisy CTPYKTYPHUX 3MiH i NOB’'s-
3aHuX i3 3ananeHHsaM deHomeHiB y cyrnobi [20].

activity mediated through COX-dependent mechanisms;
pharmacological reviews emphasize its effectiveness
in controlling pain and inflammation, while also noting
safety limitations with long-term use [9].

At the same time, NSAIDs mainly affect the mediator
(prostaglandin) component of inflammation and do not
eliminate the fundamentalimmune dysregulation underlying
RA. This drives interest in combined strategies in which
anti-inflammatory pharmacotherapy is supplemented
with agents capable of modulating the immune response.
One promising direction involves cell-free cryopreserved
biological products (CF-CBPs) containing a complex
of bioactive molecules (soluble factors and/or extracellular
vesicles) potentially capable of influencing cytokine
networks and immune cell phenotypes without the
administration of living cells [10, 11, 12].

A special place among CF-CBPs is occupied
by mesenchymal stem cell (MSC)-associated secretome:
accumulated data indicate that the immunomodulatory
effects of MSCs are largely mediated by their secretory
profile and their ability to alter interactions between innate
and adaptive immune cells (including macrophages
and T-cell subpopulations) [12, 13]. In this context,
mesenchymal stem cell-conditioned medium (MSC-CM)
is considered a cell-free product capable of reproducing
part of the immunoregulatory properties of MSCs;
contemporary reviews of MSC secretome-based therapies
emphasize its potential for controlling inflammation
in immune-inflammatory diseases, particularly through
effects on cytokine balance and cellular effector
mechanisms [13, 14, 15].

Another type of CF-CBP that attracts attention
as a source of bioactive regulatory molecules is placental
cryoextract (PCE). Reviews devoted to placental extracts
summarize data on their anti-inflammatory properties and
potential ability to influence immune responses, making
such agents interesting candidates for adjuvant use
in models of chronic inflammation [16, 17].

A key methodological task in studies of immune-
inflammatory therapy is the selection of objective
quantitative indicators that reflect the severity of local
inflammation and its consequences in the joint. Modern
imaging methods allow morphological assessment
to be combined with quantitative analysis of changes.
Cone-beam computed tomography (CBCT) is a type
of tomographic imaging with high spatial resolution
for bone structures and the capability for multiplanar
reconstructions; in clinical and applied studies,
CBCT demonstrates diagnostic value for assessing
degenerative-inflammatory changes in small joints
and bone components [18, 19]. Although CBCT is not
a direct «immunological» test, morphometric parameters
(including linear dimensions and derived integral values
such as conditional joint volume) can be considered
objective surrogate markers of immune-inflammatory
intensity, since edema, infiltration, and tissue proliferation
result from cytokine-mediated and cellular mechanisms.
In addition, studies in animal models of inflammatory
arthritis show that computed tomography can be used
for quantitative analysis of structural changes and
inflammation-associated phenomena in the joint [20].

In summary, combining NSAIDs with CF-CBPs may
potentially provide a «dual» impact on the inflammatory
process: (1) pharmacological suppression of the
COX-mediated mediator pathway and (2) immunological
modulation of cytokine networks and cellular effectors
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Y3aranbHtotouun, noegHaHHs HIM33 i3 BKB3 noteHuinHo
MOXe 3abe3nevynTu «MNoABIMHWUA» BNMUB Ha 3ananbHUn
npouec: (1) capmakonoriyHe npurHideHHs LIOM-ono-
cepedkoBaHOI MefiaTopHOi NnaHku Ta (2) iMyHOMoriyHy
MOAYNSALII0 LUUTOKIHOBUX MeEpEeX i KNiTMHHUX edeKTopiB
3ananeHHs. O6’ekTuBisauis Takoro nigxogy noTpebye
KINbKICHMX IHCTPYMEHTIB  KOHTPOM CyrnoboBMX 3MiH
y auHawmidi, i KMKT y ubomy nnai € gouineHUM Metogom
Ansi CTaHAapTU30BaHOro BUMIipOBaHHSA MOPHOMETPUYHUX
napameTpiB i MOXiAHMX iHTerpanbHUX MOKa3HUKIB, HKi
BiooOpaxatoTb TSHKKICTb JIOKaNbHOMo iMyHo3ananeHHs
npu AA sk mogeni PA [4, 13, 21].

MeTa po60Tu — OLiHUTY MOAYNSLi0 NpoTMU3anansHol
4il Himecynigy Ta KeToponaky Ge3kniTMHHUMU KPiOKOH-
cepBoBaHMMU GionoriyHMMKU 3acobammn (KpioekCTpaKkTom
NnaueHT Ta KOHOWLIOHOBaHUM CepefoBULLEM Me3eH-
ximanbHUX CTOBOYpPOBMX KIiTUH) B YMOBaXx ekcrnepu-
MEHTanbHOro aj’toBaHTHOrO apTpUTYy Y LUYPIB LUMSXOM
KinbkicHOro aHanidy 3miH o6’emy cyrnobis 3a AaHuMu
KOHYCHO-MPOMEHEBO| KOMM'oTepHOT ToMorpadii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigxeHHsa npoBeaeHo Ha mogeni AAy LwypiB, SKUR
BiATBOpIOBaNu BBEAEHHSAM MOBHOMO af'toBaHTy PperiHaa
(MA®; Thermo Fisher Scientific, CLUA) [22]. IH’ekuito
MA® BukoHyBanu y cybnnaHTapHy AiNsHKy 3agHbOI MiBoi
KiHuiBku, Mk I 1l nansusmn [23, 24].

[eHb BBegeHHA AP BBakanu noyaTkOM ekcrnepu-
mMeHTy («O» paeHb). NikyBaHHa AA nposogunu 3 14-i no
28-my poby. HocnigpxysaHi BKB3 Tta HIM33 BBOAMMM
yepes KOXHi 2 obu (ycboro 5 iH'eKLil) — BHYTPILLHBOM' -
30BO (B/M) Ta BHYTPILUHBOLUYHKOBO (B/LUM) BigmnoBigHO.
HIM ta KET BBOaunu y Burnsai BogHo-nonicopbatHoi
cycneHsii Ha Tween-80 [25].

KpioekcTtpakt nnaueHtn (KEIM) ta KC-MCK otpumy-
Banuv 3a cTaH4apTU30BaHMMMK BIOTEXHOMOMNYHUMK NPOTO-
Konamu 3 OOTPUMaHHSIM BMMOTr acenTuku, Giobesneku
Ta Kpio3bepeXeHHs, Lo rapaHTyBano 36epexeHHs biono-
rYHOI aKTUBHOCTI HU3LKOMOMEKYNSAPHUX NenTuais, LUUTO-
KiHiB, (pakTOpiB POCTY Ta iHLIMX (PYHKLiOHANBHO 3HAYYLLIMX
KOMMOHEHTIB [26, 27, 28]. CTaHAapTM30BaHWUn 32 BMiCTOM
6inka KEM (1,5 mr 6inka Ha 1 mn) BBOAUNY Lypam B/M
y [osi 2,5 mn/kr macu Tina [29, 30]. KC-MCK, ctaHgap-
TM30BaHWUI 3a BMICTOM ranektuHy-1 (6,0 nr/mn) BBOANIM
wypam B/m y gosi 0,6 mn/kr macu Tina [31, 32, 33].

ExkcnepumeHTanbHi [OCHIAKEHHS nposefeHo
Ha 42 wypax-camusx (200—220 r), paHOOMi30BaHMX
Ha 6 rpyn (Tabn. 1) no 7 TBapuH 3a iHAWBIZYyanbHO
60MNbOBOK YYTNKMBICTIO, BM3HAYEHOK NonepeaHbLo 3a Ail
TEepPMiYHOro nogpasHuka.

of inflammation. Objectifying such an approach requires
quantitative tools for dynamic monitoring of joint changes,
and CBCT in this regard is an appropriate method for
standardized measurement of morphometric parameters
and derived integral indices reflecting the severity of local
immune inflammation in AA as a model of RA [4, 13, 21].

Objective — to evaluate the modulation of the anti-
inflammatory effects of nimesulide and ketorolac by cell-free
cryopreserved biological products (placental cryoextract
and mesenchymal stem cell-conditioned medium) under
conditions of experimental adjuvant arthritis in rats using
quantitative analysis of joint volume changes based
on cone-beam computed tomography data.

MATERIALS AND METHODS OF RESEARCH

The study was conducted using an AA model in rats,
which was induced by administration of complete Freund’s
adjuvant (CFA; Thermo Fisher Scientific, USA) [22]. CFA
was injected into the subplantar region of the left hind
limb, between the second and third digits [23, 24].

The day of CFA administration was considered the
beginning of the experiment (day «0»). Treatment of AAwas
performed from day 14 to day 28. The investigated cell-free
cryopreserved biological products (CF-CBPs) and NSAIDs
were administered every 2 days (a total of 5 injections) —
intramuscularly (i.m.) and intragastrically (i.g.), respectively.
Nimesulide (NIM) and ketorolac (KET) were administered
as an aqueous polysorbate suspension in Tween-80 [25].

Placental cryoextract (PCE) and MSC-conditioned
medium (MSC-CM) were obtained using standardized
biotechnological protocols in compliance with aseptic,
biosafety, and cryopreservation requirements,
which ensured preservation of the biological activity
of low-molecular-weight peptides, cytokines, growth
factors, and other functionally significant components [26,
27, 28)]. Protein-standardized PCE (1.5 mg protein
per 1 mL) was administered to rats i.m. at a dose of
2.5 mL/kg body weight [29, 30]. MSC-CM, standardized
by galectin-1 content (6.0 pg/mL), was administered to rats
i.m. at a dose of 0.6 mL/kg body weight [31, 32, 33].

The experimental studies were performed on 42 male
rats (200-220 g), randomized into six groups (Table 1)
with seven animals per group according to individual pain
sensitivity, which had been previously determined using
a thermal nociceptive stimulus.

Ta6nuus 1. Po3nogin ekcnepvmeHTanbHX TBapuH 3a rpynamu Ta ymoBamu MofentoBaHHs i nikyBaHHA AA (N = 42)
Table 1. Distribution of experimental animals by groups and conditions of adjuvant arthritis (AA) modeling and treatment (N = 42)

Fpyna
Group

n YmoBu ekcnepumeHTy / Experimental conditions

| 7

iHTaKTHI Wwypw, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumenTy B/M BBoaMnn 0,9% poaunH NaCl y gosi 1,0 mn/kr macu
Tina wypa [34]; / intact rats that on days 14, 17, 20, 23, and 26 of the experiment received intramuscular injections of
0.9% NaCl solution at a dose of 1.0 mL/kg body weight [34];

Lypu 3i 3MofensoBaHuM AA 6e3 nikyBaHHS (KOHTpOribHa rpyna), skum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepuMeHTy B/M
Beoavnn 0,9% posynH NaCl 'y fosi 1,0 mn/kr [34]; / rats with induced AA without treatment (control group), which on days 14,
17, 20, 23, and 26 of the experiment received intramuscular injections of 0.9% NaCl solution at a dose of 1.0 mL/kg [34];
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lMpodoexeHHsi mabnuui 1

1 7
of NIM at a dose of 10.0 mg/kg [35];

wypw 3i 3MofenboBaHum AA, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumenTy B/win Beogmunu HIM y gosi 10,0 mr/
kr [35]; / rats with induced AA that on days 14, 17, 20, 23, and 26 of the experiment received intragastric administration

wypw 3i 3MofenboBaHuM AA, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy HapisHo Beoaunu: KEI B/M y noasi
2,5 mn/kr [29] Ta yepes 60 xB — B/wn BBogunu HIM y gosi 10,0 mr/kr [35]; / rats with induced AA that on days 14, 17,
20, 23, and 26 of the experiment received separately: PCE intramuscularly at a dose of 2.5 mL/kg [29], and after
60 min — intragastric administration of NIM at a dose of 10.0 mg/kg [35];

of KET at a dose of 5.6 mg/kg [36];

wypw 3i 3MofenboBaHum AA, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy B/win BBogunu KET y gosi 5,6 mr/kr [36];
/ rats with induced AA that on days 14, 17, 20, 23, and 26 of the experiment received intragastric administration

VI 7
administration of KET at a dose of 5.6 mg/kg [36];

wypw 3i amogenboBaHum AA, sikum Ha 14, 17, 20, 23 Ta 26 aHi ekcnepumenTy B/M BBogunu KC-MCK y gosi 0,6 mn/kr [30]
Ta yepes 60 xB — B/wn BBoamnu KET y posi 5,6 mr/kr [36]; / rats with induced AA that on days 14, 17, 20, 23, and
26 of the experiment received MSC-CM intramuscularly at a dose of 0.6 mL/kg [30], and after 60 min — intragastric

KoHycHo-npoMeHeBa KOMM’HOTepHa Tomorpadis.
Ha «0», 14 Ta 28 gHi ekcnepumMeHTy NpOBOAMMM AOCHi-
[PKEHHS MpoTm3anarnbHOi akTMBHOCTI 3a gaHumun KMKT
Ha 6asi «LleHTpy megnyHoi 3D piarHocTukny», (M. Jibeis,
YKkpaiHa) 3a [OOMOMOrow LMGPOBOro MnaHoOpPamMHOro
KOHYCHO-NpoMeHeBoro Tomorpacga Point 3D Combi
500 (PointNix, [liedeHHa Kopesi), BUKOPWUCTOBYHOUU
NIOLMHHUA CEHCOP 3 AINSHKOK CKaHyBaHHA 9%12 cMm
Ta NpoMeHeBMM HaBaHTaxeHHaAM 30—100 mk3B [21, 37].

CkaHyBaHHs1 npoBoaunu 3 Hanpyroto 52,0 kV Ta cunoto
cTpymy 6,0 mA, siki 6yrv BU3Ha4eHi Hamm eMMipUYHO, AK OMTH-
MarbHi Ang OOCAIMKEHHSA 3afHiX KiHLiBOK LypiB. Mynbtu-
nnaHapHy pekoHcTpykuito (Multi-Planar Reconstruction —
MPR) KiCTKOBMX CTPYKTYp BMWCOKOi pPO3AiNbHOI 34aTHOCTI
34iicHIOBanM 3a [OMOMOroK MPOrpamMHoOro 3abesneqeHHst
«RealScan — CD Viewer» [21, 38].

3a [AOMOMOroH0 nporpamHoro 3abesneveHHs
«RealScan — CD Viewer» (PointNix, [lliedeHHa Kopesi)
NPOBOAUINM BMMIPIOBAHHS LUMPUHM Ta BUCOTW cyrnoba.
BumiptoBaHHA  gocnigKyBaHMX MOKasHUKIB  NpoBegeHo
3a yHichikoBaH1M anropuTMOM: LWMPUHY cyrroba Bu3Havanm
y PpOHTanNbHI MAOLWWHI, 3 NonepeaHiM HanawTyBaHHAM
BEKTOPHMX NiHi napanenbHO NO300BXHIM OCSM KiCTKOBUX
CTPYKTYP AINSHKN AOCNIAKEHHS Ta 30iNbLUEHHAM TOBLUMHU
BiooOpaXeHHs1 3pisy A0 2 MM. BumiptoBaHHS BMCOTU
cyrnoba 6yno npoBeAeHo No NOro CepeaHin YacTuHi B cari-
TarnbHiN NIOLWWMHI 3 NonepeaHiM HanaluTyBaHHAM caritanb-
HOro BEKTOpa napanernbHO MNO3[0BXHIN OCi NPOKCMManbHOT
Tpyb4acToi KiCcTku, 3 4OAATKOBUM 30ibLUEHHSAM TOBLUUHW
BigoOpaxkeHHs 3pi3y 4o 2 mm (puc. 1).

[ns iHTerpanbHOI XapakTePUCTUKUN MiHINHUX PO3MIpiB
cyrnobiB 3afHiX KiHUIBOK LypiB Hamu Oyna 3anporno-
HOBaHa cneuianbHa dopmyrna Ans po3paxyHKy 06’emy
cyrnoba. Takuii migxig [O03BOMsiE y3aranbHEHO OLIHUTU
3MiHM Ta 3pOOMTU KiNbKICHi BUMCHOBKM LLIOOO CTYMNeHs
ypaxKeHHs. K yMOBHY reoMeTpu4Hy Mogernb 0yno obpaHo
uMniHap, OCKiNbKM came usa oirypa HambinbLIOoK Mipoto
BigoOpakae MpPOCTOPOBY oOpraHisauito ApibHMX cyrnobis
i 3abesnedvye BiOHOCHO TOYHE BIOTBOPEHHS iX aHaTo-
MiYHUX NapameTpiB (puc. 2).

3a BuCOTYy uuniHApa npuvnumanu BUCOTY cyrnoba.
Papiyc uuniHgpa pospaxoByBanu Sk MOMOBWHY LUMPUHA
cyrnoba, siKy BuUMIptOBanM Yy POHTanbHIN MAOLWMHI
(R = % wwvpuHmn cyrmoba, mm). O6’em pospaxoByBanu
3a gopmynoto V = TTR?h, ge V — o6’em cyrnoba (Mm®),
T — MaTeMaTUyHa KOHCTaHTa, sika BigoOpaxkae cniBBia-
HOLLIEHHS1 JOBXWHM Korna A0 MOoro fiameTpa Ta CTaHOBUTb
3,14; R — pagiyc kona B OCHOBI uuniHgpa (%2 WMpUHK
cyrnoby, mm) h — Bucota uuniHgpa (BucoTta cyrnoba
y cariTanbHin nnowwuHi, mm) [21].

Cone-beam computed tomography. On days 0, 14,
and 28 of the experiment, the anti-inflammatory activity
was assessed based on CBCT data at the Center for
Medical 3D Diagnostics (Lviv, Ukraine) using a digital
panoramic cone-beam tomograph Point 3D Combi
500 (PointNix, South Korea), employing a flat-panel
sensor with a scanning field of 9 x 12 cm and a radiation
dose of 30-100 uSv [21, 37].

Scanning was performed at a voltage of 52.0 kV and
a current of 6.0 mA, which were empirically determined
by us as optimal for the examination of rat hind limbs.
Multiplanar reconstruction (Multi-Planar Reconstruction —
MPR) of high-resolution bone structures was carried out
using the «RealScan — CD Viewer» software [21, 38].

Using the «RealScan — CD Viewer» software
(PointNix, South Korea), measurements of joint width
and height were performed. Measurements of the studied
parameters were conducted according to a unified
algorithm: joint width was determined in the frontal plane,
with preliminary adjustment of vector lines parallel to the
longitudinal axes of the bone structures in the region
of interest and with an increase in slice display thickness
to 2 mm. Measurement of joint height was performed
along its midline in the sagittal plane, with preliminary
adjustment of the sagittal vector parallel to the longitudinal
axis of the proximal long bone and with additional increase
in slice display thickness to 2 mm (Fig. 1).

To obtain an integral characterization of the linear
dimensions of the joints of the rat hind limbs, we proposed
a special formula for calculating joint volume. This
approach allows generalized assessment of changes
and enables quantitative conclusions regarding the
degree of joint involvement. A cylinder was chosen as the
conditional geometric model, since this shape most
closely reflects the spatial organization of small joints
and provides a relatively accurate representation of their
anatomical parameters (Fig. 2).

The height of the cylinder was taken as the joint height.
The radius of the cylinder was calculated as half of the joint
width, which was measured in the frontal plane (R = %
of the joint width, mm). The volume was calculated using
the formula V = TR?h, where V is the joint volume (mm?),
T is the mathematical constant representing the ratio
of a circle’s circumference to its diameter and equal
to 3.14, R is the radius of the circle at the base of the
cylinder (/2 of the joint width, mm), and h is the height
of the cylinder (joint height in the sagittal plane, mm) [21].

The effectiveness of anti-inflammatory therapy
was evaluated by comparing the volumes of the first
metatarsophalangeal joint (art. metatarsophalangea
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Puc. 1. KoHycHo-npomeHeBa Tomorpama ctonu Lypa y BikHi nporpamu «RealScan — CD Viewer» [21]
Fig. 1. Cone-beam computed tomogram of the rat paw in the «RealScan — CD Viewer» software window [21]

A >

{
4 »

Puc. 2. OujHka 06’emy ApibHMX cyrnobiB 3a JONOMOrol reoMeTpUYHOro MoAerntoBaHHSA Ha Npuknagi
nnecHo-anaHroBoro Ta NPOKCMMarnbHOro MixdanaHroBoro cyrno6is Apyroro nanbLs 3aAHboi NpaBoi KiHLiBkK Lypa [21]
Fig. 2. Assessment of the volume of small joints using geometric modeling on the example of the metatarsophalangeal
and proximal interphalangeal joints of the second toe of the right hind limb of the rat [21]
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OuiHKy ebeKkTUBHOCTI NpoTM3anarnbHOoi Tepanii NpoBo-
OVNU WNSIXOM MOPIBHSIHHS PO3paxoBaHMX 3a OTpuma-
HAMW MiHIHUMK po3Mipamy 06’emy | nnecHo-canaHro-
Boro cyrnoba (art. metatarsophalangea prima). OTpumani
pO30iXXHOCTI BUpaxanu y % Mo BigHOLUEHHIO [0 MoKas-
HUKIB IHTAKTHMX TBaApWH Ta TBapuH 3 AA 6e3 nikyBaHHs.

METOAM CTATUCTUYHOI OBPOBKHU

CTaTUCTUYHMI aHani3 OTpMMaHuX pe3ynbsTaTis NPoBO-
aunu i3 3actocyBaHHAM nporpamHoro naketa «Microsoft
Office Excel 2010», wo 3abe3nevyyBano nNepPBUHHY
06pobKy [OaHuX, po3paxyHOK OCHOBHUX MNapameTpiB
BapiauiiHoi cTaTucTukM Ta nobynoy rpadikis Ans Bisy-
anisauii pesynbraTie. XapakTep posnoginy BuGipok
ouiHoBanu 3a pgonomoroto W-kputepito LLanipo—Binka
(Shapiro-Wilk test, n < 50), akuii BBaXKaeTbCA HanbinbLu
YyTNVMBMM AN HEBENuKMX BUOBIPOK Ta [03BONSE BU3Ha-
YyaTu BiAMNOBIQHICTb EMMIPUYHMX OAHUX 3aKOHY HOpMarb-
Horo poasnoginy. OfHopigHiCTL aucnepcii nepesipanu
3a KkpuTepiem JleBeHa (Levene’s test). Y pasi niateep-
PKEHHS1 HOPMarnbHOCTI po3nodiny BiAMIHHOCTI MiX He3a-
nexHumu BubipKaMn BU3Ha4anu 3a [OMNOMOrot t-kpu-
Tepito CTblogeHTa, SKU Jae 3MOry OUiHUTU cepegHi
3HaYeHHs Ta X BIOMIHHOCTI 3 ypaxyBaHHAM CTaHAapTHOI
noxmbkun. [1ns aHanisy NoBTOPHUX BUMIpIOBaHb ycepeauHi
OfHi€l rpynu BuKOpuCTOBYBanu T-kpuTepi BinkokcoHa
(Wilcoxon T test), sakun € MeTogoM ANA NapHUX Henapa-
METPUYHMX AaHuX i Bigobpaxae AuHaMiky 3MiH nokas-
HWKIB y yaci. PiBeHb CTaTUCTUYHOI BipOrigHOCTI pesyrb-
TaTiB BU3Ha4Yanu 3a 3aranbHOMPUAHATUMW 3HAYEHHSMMU:
0,05 < p < 0,10 (TeHpeHuis go 3HauywocTi), p < 0,05,
p < 0,01 (ctatuctnyHo 3Havywe), p < 0,005 (Bucokui
piBeHb 3HavywocTi) Ta p < 0,001 (Hag3BMYaNHO BUCOKUIA
piBeHb [OOCTOBIpHOCTI). Pe3dynstaty 3 HOpManbHUM
posnoginom Hasogunu y Bumsaai M = m  (cepegHe
3HayveHHs1 + cTaHgapTHa noxmbka cepegHboro; M + SE)
i3 3a3HaveHHAM 95% posipyoro iHTepsany (A) [39, 40].

PE3YABTATU

BcTaHoBneHo, Wo B iHTakTHMX LWWypiB 06’em | nnec-
Ho-cbanaHroBoro cyrnoba 3anuwasca  cTabinbHUM
NpoTAroM ycbOro nepiody AocrigkeHHs. Ha sBuxigHomy
etani («0O» AeHb) 3HayeHHst ctaHoBuno 5,3 + 0,10 mm?®
395% [l y mexax 5,1-5,5 mm3, Ha 14 neHb — 5,4 £ 0,09 mm?®
(95% Al: 5,2-5,6 mm3), a Ha 28-i aeHb — 5,5 + 0,08 mm?®
(95% [Al: 5,3-5,6 mm®). iIntnamiyHMxX 3CyBiB He crocTepira-
NoCb, @ 3apeeCTpoBaHi BioMIHHOCTI HE Manu cTaTUCTUYHOT
3HauywocTi. OTpumaHi pesynsratu NiaTBEpPOXYTh i3i-
onoriyHy cranicTe napameTpiB y TBapuH 6e3 iHaykuil
AA Ta 3abesnedvyoTb 6a3nC ANA MOPIBHAHHA 3 iHWMMK
rpynamu (tabn. 2).

KapgnHanbHo  iHWwa  cuTyauid  crnocTepiranacbh
Yy KOHTPOMbHIi rpyni wypiB 3 AA 6e3 nikyBaHHs. Bxe Ha
14 peHb ob’em cyrnoba 3pic go 10,1 + 0,21 mm® (95%
Ol: 9,6-10,5 mm®), wo osHayano npupict Ha 91,8%
BioHOCHO noyatkoBoro piBHs (p < 0,01). o 28 gHsa nato-
NOriYyHi 3MiHK LWe Binblue NoCUNUNUCA — NOKasHUK A0CAr
13,0 £ 0,18 mm? (95% [Al: 12,6—13,3 mm?), nepeBULLMBLLN
BMXiOHI 3HayeHHA Ha 147,4% (p < 0,01) Ta 3HayeHHA
14 gHa Ha 29,0% (p < 0,01). Takum YmHOM, y WwypiB 3 AA
6e3 TepaneBTUYHOI KOpekLii Bigbynocsi cTpimke nporpe-
CyBaHHs 3ananbHOl peakuil, Wo MiATBEpAXYe aneksaT-
HICTb BUKOpUCTaHOI Mogeni AN BiATBOPEHHSA peBMaToig-
HonoAibHUX yLwKomKeHb cyrnobis (puc. 3).

prima) calculated from the obtained linear dimensions.
The observed differences were expressed as percentages
relative to the values of intact animals and animals with
untreated AA.

METHODS OF STATISTICAL ANALYSIS

Statistical analysis of the obtained results was
performed using the «Microsoft Office Excel 2010»
software package, which provided primary data
processing, calculation of the main parameters
of variation statistics, and construction of graphs for result
visualization. The distribution pattern of the samples was
assessed using the (Shapiro—-Wilk W test n < 50), which
is considered the most sensitive for small sample sizes
and allows determination of conformity of empirical data
to a normal distribution. Homogeneity of variances was
tested using Levene’s test.

In cases where normal distribution was confirmed,
differences between independent samples were
determined using Student’s t-test, which allows evaluation
of mean values and their differences taking into account
the standard error. For analysis of repeated measurements
within the same group, the (Wilcoxon T test) was used,
which is a method for paired nonparametric data and
reflects the dynamics of changes in indicators over time.

The level of statistical significance was
determined according to generally accepted values:
0.05 < p < 0.10 (trend toward significance), p < 0.05,
p < 0.01 (statistically significant), p < 0.005 (high level
of significance), and p < 0.001 (extremely high level
of significance). Results with a normal distribution were
presented as M + m (mean * standard error of the mean;
M = SE) with indication of the 95% confidence interval
(CI) [39, 40].

RESULTS

It was established that in intact rats, the volume
of the first metatarsophalangeal joint remained stable
throughout the entire study period. At the baseline stage
(day «0»), the value was 5.3 + 0.10 mm? with a 95% CI of
5.1-5.5 mm?; on day 14 it was 5.4 £ 0.09 mm?® (95%
Cl: 5.2-5.6 mm?), and on day 28 it was 5.5 + 0.08 mm?
(95% CI: 5.3-5.6 mm?). No dynamic shifts were observed,
and the recorded differences were not statistically
significant. The obtained results confirm the physiological
stability of the parameters in animals without AA induction
and provide a baseline for comparison with other
groups (Table 2).

A fundamentally different situation was observed
in the control group of rats with untreated AA. As early
as day 14, the joint volume increased to 10.1 £ 0.21 mm?
(95% ClI: 9.6-10.5 mm?), which represented an increase
of 91.8% relative to the baseline level (p < 0.01).
By day 28, pathological changes became even more
pronounced — the value reached 13.0 = 0.18 mm® (95%
Cl: 12.6—13.3 mm?), exceeding baseline values by 147.4%
(p < 0.01) and the day 14 values by 29.0% (p < 0.01).
Thus, in rats with AA without therapeutic correction,
a rapid progression of the inflammatory response was
observed, confirming the adequacy of the applied model
for reproducing rheumatoid-like joint damage (Fig. 3).
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Puc. 3. KoHycHo-npomeHeBa KoMm'loTepHa ToMorpama niBoi 3a4HbOi KiHLiBKY LLypa
3 AA Ha 28-11 AeHb ekCrepuMeHTY, poHTanbHa NpoeKLis
Fig. 3. Cone-beam computed tomogram of the left hind limb of a rat with adjuvant arthritis
on day 28 of the experiment, frontal projection

Y TBapuH, skum BBogunu HIM, Ha 14-i geHb
3acpikcoBaHo o6’em cyrmoba 10,37 + 0,11 mm® (95%
Ol: 10,2-10,6 mm3), wo 6yno Ha 93,1% BuLle Big BMXIa-
Horo piBHSA (p < 0,01). Lie nokasHuK NpakTU4YHO He Biapis-
HSABCS Bi, KOHTPOSbHOI rPynu, WO BKA3y€e Ha HEOCTaTHIO
edekTnBHicTb HIM y paHHin nepiog po3sutky AA. lNpoTe
Ha 28-11 JeHb ANMHaMiKa 3MiHMNAacs: 3Ha4YEeHHST 3HU3UIToCS
no 8,0 £ 0,26 mm® (95% [fl: 7,5-8,5 mm?), wo nepeBu-
LyBano BuxigHui piseHb Ha 49,2% (p < 0,01), ane 6yno
[OCTOBIpHO MeHLwe Ha 38,2% Big KOHTPOMbHUX 3HAYEHb
(p <0,001). OTxe, npoTn3ananbHa akTuBHicTb HIM npos-
BUNacsa i3 3aTPUMKOID, CTaluM OYEBMOHOK Ha Mi3HiX
eTanax nepebiry AA.

DopaeanHa KEINM po HIM nomiTHO 3miHoBano
xapakTep Bignosigi. Ha 14-n geHb o6’em cyrnoba cknae
10,4 = 0,16 mm® (95% [AlI: 10,0-10,7 mm3®), wo Bigno-
Bigano npupocty Ha 94,9% BiOHOCHO BUXIOHOTO PiBHA
(p < 0,01), ane AOCTOBIPHOI Pi3HNML NOPIBHAHO 3 rPyMnoto
HIM He Big3Havanoch (guB. Tabn. 2).

Ha 28-n geHb, ogHak, pesynsratv BUSBUIIUCS NPUHLIK-
MoBo iHWKMK: 06’em cyrnoba 3Hu3mBcsa 0o 5,9 + 0,16 mm?
(95% [l: 5,6-6,2 mm?). Lle 3HaveHHs nuwwe Ha 10,8% nepe-
BULLYyBarno BuxigHWi piBeHb (p < 0,05) i 6yrno Ha 54,6%

In animals treated with NIM, a joint volume of
10.37 £ 0.11 mm? (95% CI: 10.2—-10.6 mm?) was recorded
on day 14, which was 93.1% higher than the baseline
level (p < 0.01). This value did not practically differ from
that of the control group, indicating insufficient efficacy
of NIM during the early stage of AA development.
However, by day 28 the dynamics changed: the value
decreased to 8.0 + 0.26 mm?® (95% CI: 7.5-8.5 mm?3),
which exceeded the baseline level by 49.2% (p < 0.01),
but was significantly lower by 38.2% compared with the
control values (p < 0.001). Thus, the anti-inflammatory
activity of NIM manifested with a delay, becoming evident
at later stages of AA progression.

The addition of PCE to NIM markedly altered the
response pattern. On day 14, the joint volume was
10.4 £ 0.16 mm? (95% CI: 10.0-10.7 mm?), corresponding
to an increase of 94.9% relative to baseline (p < 0.01);
however, no statistically significant difference was
observed compared with the NIM group (see Table 2).

On day 28, however, the results proved to be
fundamentally different: the joint volume decreased
to 5.9 £+ 0.16 mm? (95% CI: 5.6-6.2 mm?). This value
exceeded the baseline level by only 10.8% (p < 0.05) and

Ta6nuus 2. Bnnue HIM T1a KET y noegHanHi 3 KEIN ta KC-MCK Ha 06’em | nnecHo-¢anaHrosoro

cyrnoba niBoi 3aAHBOI KiHLiBKM Yy LypiB 3 AA B AvHamiui, mm® (M £ m (95% [l) a6o Me [LQ; UQ], n = 42)
Table 2. Effect of nimesulide (NIM) and ketorolac (KET) in combination with placental cryoextract (PCE) and conditioned
medium of mesenchymal stromal cells (CM-MSCs) on the volume of the first metatarsophalangeal joint of the left hind limb

in rats with adjuvant arthritis (AA) over time, mm?® (M + m (95% Cl) or Me [LQ; UQ], n = 42)
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Mpumitkm / Notes:

p, — piBEHb CTATUCTUYHOI BIPOrAHOCTi PO3BIKHOCTI NOKA3HUKIB;
[%] — 3Ha4yeHHs po3bixkHOCTEN NOKa3HUKIB Y BiACOTKaX;
IHpekcamu | , .

[%] -

BKa3aHO HOMEP rpynu, 3 NoKasHWKaMm siKoi MPOBeAEHO MOPIBHAHHS.
p, — level of statistical significance of differences between indicators;
values of differences between indicators expressed as percentages;

Indices 1, 2, 3 indicate the number of the group whose indicators were used for comparison.

HWKYMM Bif KOHTponbeHoi rpynu (p < 0,001). BogHouac
06’em cyrnoba BusiBMBCA Ha 26,6% Hux4um Big rpynn HIM
(p = 0,004). Taka guHamika CBIQYUTb MPO YiTKUIA CUHEp-
riyHMn edpekT noegHaHHA HIM 3 KET, wo cyTTeBo nocuntoe
npotusananeHy Aito HIM i 3HWKye THKKICT apTPUTUYHNX
3MiH y BigdaneHi TepmMiHn eKCrepumeHTy.

3actocyBaHHa KET  Takox  XxapakTepusysanocs
neBHUMK ocobnmeBocTtamn. Ha 14-i1 geHb nokasHuK JocsAr
10,2 + 0,10 mm® (95% [fl: 10,0-10,4 mm®), wo Bignosi-
Aano npupocTy Ha 96,7% Bia BuxigHoro pieHA (p < 0,01).
Lle 3HayeHHs He BIAPI3HANOCHA BiA4 KOHTPOMbLHOI rpynu,
WO CBigYUTbL Npo obmexeHun edekt moHoTtepanii KET
y paHHin dasi AA. MNpote, Ha 28-i AeHb pesynsTati Bynu
6inbLu BUpasHumu: o6’em cyrnoba craHosus 7,0 £ 0,14 mm?®
(95% Al: 6,7—7,3 Mmm3), LLIO NepeBULLLYBano BUXiAHUI PiBEHb
Ha 34,1% (p < 0,01), ane 6yno OOCTOBIPHO HWKYMM Ha
46,3% Big KoHTporbHOI rpynu (p < 0,001). Lie aemoHcTpyE,
wo KET 3abesnevye npoTnsananbHy Ailo 3 BiACTPOYEHUM
edeKToM, ofHaK BOHa nocTynanacs KoM6iHOBaHOMY BMKO-
puctanHio HIM ta KET.

HanbinbL nepekoHnMBi pedynsTaT OTPUMaHo y rpyni
wypis 3 AA, akum seogunu KET y noegHanHi 3 KC-MCK.
Ha 14-i geHb o6’em cyrnoba craHoews 10,1 £ 0,13 mm?®
(95% [Al: 9,8-10,3 mm3), Wwo BiANOBIAANO NPUPOCTY Ha
90,8% Big BuxigHoro pieHa (p < 0,01), To6T0 6yB NOAIGHUM
[0 KOHTPOMbHMX 3Ha4YeHb. BogHouac Ha 28-i aeHb 06’eM
cyrno6a focToBipHO 3MeHLwwmBesa Ao 6,1 + 0,18 mm® (95%
Al: 5,7-6,4 mm®), wo nuwe Ha 14,9% nepesuLlyBano
BMXiaHUI piBeHb (p < 0,01). Lle 6yno Ha 53,3% Huwx4nm
Bil KOHTpOMbHMX nokasHukis (p < 0,001) i Ha 13,0%
Hwx4mm Big rpynu KET (p = 0,004). Takum ynHom, foaa-
BaHHA KC-MCK po KET cnpusino 3Ha4Ho GinbLu Bupaxe-
HOMY 3HWKEHHIO 3ananbHOoi BiAMOBIAi, HiXX 3aCTOCyBaHHA
KET gk moHoTepanii.

AHania Mikrpynoeux BigMIHHOCTEW Ha 28-n AOeHb
[03BOMSIE YiTKO NPOCTEXUTU iepapxito  edeKTUBHOCTI
pocnigxkyBaHux  BKB3.  Hawbinbw  Hecnpusatnvea
KapTUHa crnocTepiranack y KOHTPOMbHIW rpyni, ae 36epi-
ranocs piske nNporpecyBaHHs 3ananeHHs. Bukopw-
ctaHHa HIM ta KET okpemo npvBoamuno A0 4acTKOBOro
3HMWXKEHHs 06’emy cyrnoba, npoTe pe3ynbratu 3anuvila-
nuca ganekumm Big Hopmu. Jlvwe kombiHauii HIM 3 KEI
Tta KET 3 KC-MCK 3abesnedyBanu iCTOTHE 3MEHLUEHHS

was 54.6% lower than that of the control group (p < 0.001).
At the same time, the joint volume was 26.6% lower than
in the NIM group (p = 0.004). This dynamic indicates
a clear synergistic effect of the combination of NIM with
PCE, which significantly enhances the anti-inflammatory
action of NIM and reduces the severity of arthritic changes
at later stages of the experiment.

The use of KET was also characterized by certain
specific features. On day 14, the indicator reached
10.2 £ 0.10 mm? (95% CI: 10.0-10.4 mm?3), corresponding
to an increase of 96.7% relative to baseline (p < 0.01).
This value did not differ from that of the control group,
indicating a limited effect of KET monotherapy in the early
phase of AA. However, by day 28 the results were more
pronounced: the joint volume was 7.0 £ 0.14 mm® (95%
Cl: 6.7-7.3 mm?), which exceeded the baseline level by
34.1% (p <0.01), but was 46.3% lower than that of the control
group (p < 0.001). This demonstrates that KET provides
an anti-inflammatory effect with a delayed onset, although
it was inferior to the combined use of NIM and PCE.

The most convincing results were obtained in the
group of rats with AA treated with KET in combination
with  MSC-CM. On day 14, the joint volume was
10.1 £ 0.13 mm? (95% CI: 9.8-10.3 mm3), corresponding
to an increase of 90.8% relative to baseline (p < 0.01),
i.e., comparable to control values. At the same time,
on day 28 the joint volume significantly decreased to
6.1 £ 0.18 mm? (95% CI: 5.7-6.4 mm?), which exceeded
the baseline level by only 14.9% (p < 0.01). This value
was 53.3% lower than the control values (p < 0.001) and
13.0% lower than in the KET group (p = 0.004). Thus,
the addition of MSC-CM to KET resulted in a markedly
greater reduction of the inflammatory response than the
use of KET as monotherapy.

Analysis of intergroup differences on day 28 allows
a clear hierarchy of effectiveness of the studied cell-
free cryopreserved biological products (CF-CBPs) to be
identified. The most unfavorable pattern was observedin the
control group, where marked progression of inflammation
persisted. The use of NIM and KET separately led to a partial
reduction in joint volume; however, the results remained far
from normal. Only the combinations of NIM with PCE and
KET with MSC-CM provided a substantial reduction in the
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BUPAXEHOCTI apTPUTUYHUX 3MiH. [Tpn LbOMY NOEAHAHHA
HIM 3 KEIN go3Bonsino 3Hn3utu o6’em cyrnoba npakTmyHo
[0 iHTaKkTHOro piBHa (nuwe Ha 10,8% BuLle BMXIAHOrO),
Togi gk KET 3 KC-MCK Takox AeMOHCTpyBaB BUPa3HWM
edpekT, xoua i geLo cnabmin.

OTpumaHi pesynbratv BKasylTb Ha BaXnvBe naTo-
reHeTMyHe 3HayeHHs BKB3 y mopudikauii nepebiry AA.
Ix pisi He 0BMexyBanacs NPOCTUM OOAATKOBUM ePeKToM,
a NposiBnsina 03HaKn BUPaXeHOro NOTEHLiloBaHHSA NPOTH-
3ananbHoi akTmeHocTi HIM33. Lle ocobnueo Baxnueo
Yy KOHTEKCTi XPOHIYHMX Mopenew apTpuTy, e Tpusane
3actocyBaHHa TpaguuiiHnx HIM33 obmexeHe Tokcuu-
HICTIO | He 3aBXgu Jae 3Mory OOCArTM afeKkBaTHOro
KOHTponto 3anansHoro npouecy. BukopuctanHs BKB3
SIK af’l0BaHTIB BiOKpMBaA€E NepCrneKkTvBU He TifbKn NigBu-
WeHHA edeKTMBHOCTI Tepanii, ane W MNOTEHUINHOro
3HIDKEHHS J030BMX HaBaHTaXeHb Ha OpraHi3m.

[opatkoBo BapTO MNiQKPEeCnMTU, WO pi3Hi BapiaHTu
KOMGiHaUi npogeMOoHCTpyBanu Aewo BiaMiHHI npodini
echektmBHocTi. Ons HIM 6inbw BupaxeHun edekt
cnoctepirasca npu gogasaHHi KEM, Ttogi gk ana KET —
npu noegHaHHi 3 KC-MCK. Lie moxe Bigobpaxatu cneum-
diky mexaHiamis ix B3aemogii: KEl noteHuinHO Bnnnsae
Ha perynsuito MicLeBuX MediaTopiB 3ananeHHs, Togi
saKk KC-MCK, nmoBipHO, MOogymntoe KNiTUHHI KOMMOHEHTMU
iMyHHOT BignoBidi, WO 3yMOBMNOE TpMBaniwui i ctabinb-
HiLIMI edpekT y Ni3Hin dasi.

Takum 4mHOM, pe3ynbraTv eKCnepuMeHTy nigTeep-
DKyoTb, Wo noegHaHHa HMN33 3 BKB3 € pauioHanbHUM
nigxogom OO0 KOHTPOM apTpUTUYHMX 3MiH. B ymoBax
mogeni AA 3actocysaHHa HIM 3 KEI ta KET 3 KC-MCK
3Ha4yHO nepeBuLLyBano eqEeKTUBHICTb MOHOTepanii
i 3a6e3neyyBarno iCTOTHE 3HXEHHS BUPaXXEHOCTi HAabpsiKy
cyrnoba, wo nigTeepmxyeTbest gaHummn KIMKT. BeraHos-
neHi 3aKOHOMIPHOCTI BIOKPMBAKTb MNEpPCneKkTMBn Ans
CTBOPEHHSI KOMBIHOBaHUX TepaneBTUYHUX CTpaTerid, siKi
NoeaHyTb NpoTusananbHuii noteHuian HM33 3 Gionoriy-
HUMK BnactuBocTaMu BKB3, Wwo B ManbyTHbOMY MOxe
MaTu Barome npakTU4He 3HaYeHHs Ans MiKyBaHHsS naTo-
norin 3ananbHoro reHesy.

OBrOBOPEHHS

Y npegcrtaBneHoMmy  OOCRIMKEHHI Ha  mogeni
AA 'y wypiB npogeMoHcTpoBaHo, wwo HIM abo KET 3abes-
neyvye CTaTUCTUYHO 3HauYyLLe 3MEHLLEHHS] PO3PaxoBaHOro
3a gaHumu KMNKT o6’emy | nnecHo-danaHrosoro cyrnoba
Ha 28-my [oOy nopiBHSHO 3 HenikoBaHow rpynot AA.
BogHovac Hanbinblu BupaxeHe HabnmkeHHs1 mopdome-
TPUYHOTO MOKa3HMKa OO IHTAKTHOrO pPiBHS AocdAranocsi
nvwe npu kombiHoBaHOMy 3actocyBaHHi HIM33 i3 BKB3:
HIM + KEMN Ta KET + KC-MCK. Takuin xapaktep Biano-
Bidi Y3romXyeTbCs 3 Cy4aCHUMWU YSABIIEHHSMU MpO Te,
wo HM33 nepeBaxHO MNpUrHivyOTb NpocTarnaHauH-3a-
NEexHy naHKy 3ananeHHs depes iHridyBanHa LIOT, Topgi
Ak BKB3 MoXyTb BnnuBaTu Ha «BMLLUi» piBHI iMyHOMa-
ToreHe3y (UMTOKIHOBI Mepexi, KMiTUHHI dbeHoTunKn, oci
Th17/Treg, NF-kB-curHamiHr  Towo), MOTEHLilo4YM
Ta MPOMOHIyYM NpoTM3anasnbHUi edpeKT.

OTpuMaHUA HaMu CUHepriYyHUA edbeKT KoMOiHaLi
HM33 3 BKB3 koHUenTyanbHO BiAMOBiae [AaHWM
CyYacHMX JOKNIHIYHUX POBIT, y AK1X BE3KNITUHHI NpoayKTU
MCK (Hacamnepen no3akmniTUHHI BE3MKYNu/ek30CoMM)
CYTTEBO MOCrabmnioloTb MNPOSABU  E€KCeprMeHTanbHOro
aptpuTy. Tak, y mMogeni konareH-iHaykoBaHOro apTpuTy

severity of arthritic changes. In particular, the combination
of NIM with PCE reduced the joint volume almost to the
intact level (only 10.8% above baseline), whereas KET with
MSC-CM also demonstrated a pronounced effect, although
somewhat weaker.

The obtained results indicate an important
pathogenetic role of CF-CBPs in modifying the course
of AA. Their action was not limited to a simple additive
effect but demonstrated features of pronounced
potentiation of the anti-inflammatory activity of NSAIDs.
This is especially important in the context of chronic
arthritis models, where long-term use of conventional
NSAIDs is limited by toxicity and does not always allow
adequate control of the inflammatory process. The use
of CF-CBPs as adjuvants opens prospects not only for
increasing therapeutic efficacy but also for potentially
reducing dose-related systemic burden.

Additionally, it should be emphasized that different
combination variants demonstrated somewhat distinct
efficacy profiles. For NIM, a more pronounced effect was
observed when combined with PCE, whereas for KET,
greater efficacy was achieved when combined with MSC-CM.
This may reflect differences in the mechanisms of interaction:
PCE may preferentially affect regulation of local inflammatory
mediators, whereas MSC-CM likely modulates cellular
components of the immune response, resulting in a more
sustained and stable effect in the late phase.

Thus, the experimental results confirm that the
combination of NSAIDs with CF-CBPs is a rational
approach to controlling arthritic changes. Under conditions
of the AA model, the use of NIM with PCE and KET
with MSC-CM significantly exceeded the effectiveness
of monotherapy and provided a substantial reduction
in joint swelling severity, as confirmed by CBCT data. The
identified patterns open prospects for the development
of combined therapeutic strategies that integrate the
anti-inflammatory potential of NSAIDs with the biological
properties of CF-CBPs, which may have considerable
practical significance for the treatment of inflammatory
pathologies in the future.

DISCUSSION

In the present study using a rat AA model, it was
demonstrated that NIM or KET provides a statistically
significant reduction in the CBCT-derived volume of the
first metatarsophalangeal joint on day 28 compared
with the untreated AA group. At the same time, the most
pronounced approximation of the morphometric parameter
to the intact level was achieved only with the combined
use of NSAIDs and CF-CBPs, namely NIM + PCE and
KET + MSC-CM. This response pattern is consistent with
current concepts that NSAIDs predominantly suppress
the prostaglandin-dependent inflammatory pathway via
COX inhibition, whereas CF-CBPs may act on «higher-
level» components of immunopathogenesis (cytokine
networks, cellular phenotypes, Th17/Treg axes, NF-kB
signaling, etc.), thereby potentiating and prolonging the
anti-inflammatory effect.

The synergisticeffectof NSAID + CF-CBP combinations
observed in our study conceptually corresponds to data
from contemporary preclinical studies in which cell-
free MSC-derived products (primarily extracellular
vesicles/exosomes) markedly attenuate manifestations
of experimental arthritis. Thus, in a collagen-induced
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(KIA) BBegeHHsi ek3ocom MCK, 3baraveHnx miR-320a,
acouitoBanocst 3i 3HMXEHHSM aKTUMBHOCTI/IHBA3UBHOCTI
ibpobnacTonofibHMx CUHOBIOLMTIB Ta 3MEHLLEHHSM
TSDKKOCTI apTpUTY i KICTKOBOMO YLLKOAXEHHS in vivo [41].
Y 6nusbkint 3a 3mictoM poboTi Byno nokasaHo, Lo Moau-
dikauis eksocom MCK mikpoPHK-146a nocuntoe imyHo-
MOAYyNtoBanbHUM egekT, 30KpeMa BNMBakymM Ha Nnokas-
Hukn Treg y koHTekcTi KIA [42]. Li gaHi nigkpinntooTb HaLw
BMCHOBOK, Lo gogasaHHa KC-MCK (sk Hocis cekpeTomy/
PO34YMHHUX PAKTOPIB | NOTEHLIHNX BE3VKYIISAPHUX KOMMO-
HEHTIB) MOXe «MepemMuKaTuy 3ananeHHs B HanpsMKy
MEHLL arpecMBHOro IMyHHOrO MNpPOQInto, WO KMiHIYHO
Ha mogeni BigobpaxaeTbCs MEHLUM Habpsikom/3MiHOO
po3mipiB cyrnoba.

Ocob6nmBo nokasoBumu € pobotn, ge MCK-ek3o-
comu BnnuBatTb Ha 6anaHc Th17/Treg i NF-kB-3anexHi
LUNIAXKM — KNtoYoBi oci natoreHedy PA. 3okpewma, y gocni-
[PKEHHI i3 3acTocyBaHHAM ek3ocom siceHHnx MCK y KIA
aBTOPW NPOOEMOHCTPYBANMN 3HWXKEHHS KIiHIYHUX MOKas-
HWKIB apTpUTy Ta TOBLUMHWM Nanu, MOMinLWeHHs ricTono-
rYHOI KapTMHKU, 3MEHLLEHHSs1 KiCTKOBOI eposii 3a gaHuMu
Mikpo-KT, a TakoX 3pyLUeHHs LMTOKIHOBOro npodinto
(30KpeMa 3HWXKEeHHSA npo3ananbHUX mMediaTtopis) 3 acoli-
nosaHoto moaynsuieto NF-kB-curnaninry [43]. Lle npsamo
pesoHye 3 Hawumn gaHumu: KET + KC-MCK Ha 28-my
[oby 3abesnedyBaB Ginbluni aHTMHaAOpPsSKOBUIA/aHTMPE-
mogentoBanbHu edpexT, Hix KET gk moHoTepanisa. Joaart-
KoBO, y poboTi 3 ek3ocomamu 3 nynosuHHMX MCK y KIA
noKa3aHOo 3MeHLUEHHs1 HabpsKy nan, 3HWXKEeHHS nposa-
nanbHUX LUWUTOKIHIB i 3MEHLUEHHSI CUHOBIanNbHOI rinepn-
nasii, a TakoX BigHOBMNEHHSs iMyHHoro 6anaHcy Th17/Treg
3i 3HmKeHHaMm IL-17 i nigenweHHsam TGF-B Ta IL-10 [44].
HasiBHicTb nogibHux edbekTiB y pisHMx mxepen MCK-ek-
30COM MiaBuLye npaegonofibHicte Toro, wo KC-MCK
y Hawin poboTi agie Yepesa cnopigHeHi iMyHOperynsaTopHi
MeXaHi3Mu, SKi NPOSIBNATLCS Ha PiBHI iHTerpanbHOro
MOpPOMETPUYHOTO MoKa3HMKa cyrnoba.

BogHovac HeoOXigHO MigkpecnuTh: MU OUuiHKBanu
He KIaCUYHWI KKMIHIYHWIY iIHOEKC apTpUTy (apTpuT-LLKanu,
TOBLLMHA nanu) i He GioximiuHi Mapkepu, a KIMKT-mopdo-
METPIto i3 po3paxyHKOM yMOBHOro 06’emy cyrnoba. [lokaso-
BICTb TAKOro NigxoAy NiATPUMYETLCS TUM, Lo came KT-Tex-
Hororii (nepegycim micro-KT) y cyyYacHuX LOKMiHIYHMX
PA-mMogensix LUMPOKO BMKOPUCTOBYIOTb $IK 0O’€KTUBHWI
iHCTPYMEHT KiNbKiCHOI OLLIHKM KICTKOBUMX i CYrnoGOoBMUX 3MiH.
Hanpuknag, y KIA-mogeni micro-KT 3actocoByBanu ang
BU3HAYeHHS 3MiH KICTKOBOro 06’eMy, MiHepanbHOi LLinb-
HOCTI Ta O3HaK eposii/MOPO3HOCTI; Lii MOKa3HWKWN KOpento-
Banu i3 3ananbHWM CTaTyCcOM i piBHAMK Mnpo3anarnbHuX
uuTokiHiB [45]. Xova KIKT BigpisHaeTbca Big micro-KT
TEXHIYHUMMN  XapaKTepuCTMKamu, Iorika BUKOPUCTaHHS
ToMorpadpiyHoi MopdoMeTpii ik 06’€KTUBHOTO «Cyporar-
HOro» Mapkepa TSKKOCTI JTOKanbHOro iMyHo3ananeHHs
€ METOOMYHO Y3rO[KEHO 3 MiTepaTypHUMU nigxodamu:
Habpsik/rinepnnasis/iHpineTpauis Ta CTPYKTYpHIi  3MiHK
B cyrnobi B nigcymky BigbuBatoTbCA B BUMIpPHOBaHUX
po3Mipax i TOXiAHWUX iHTerpanbHUX NOKa3HMKaXx.

LLlopo HIM, Hawwi pe3ynsrati y3rogXKyoTbCst 3 KOHLUEenN-
uieto, wo HIM mae «wmpLumiiy dpapmakonoriyHmi npodins,
Hi>X cyTO iHribiyis LOIM-2, BkntoyHo 3 edoektamum Ha iMyHHiI
M HeiMyHHi KNiTMHW Ta MefiaTopu, WO MOXe pearniso-
ByBaTUCb Yy 4aci He mutTeBo. B poborti [8] nigkpecneHo
BigHocHy LIOIN-2-cenektunBHicTb HIM Ta HasBHiCTb goaar-
KOBUX MexaHi3MiB NnpoTu3ananbHOoi Aji no3a npocrarnas-
OVHOBOK naHkow. BopHouyac obmexeHHs HM33 npwu
XPOHIYHOMY 3ananeHHi 4oOpe BigoMi: BOHU He agpecyoTb

arthritis (CIA) model, administration of MSC exosomes
enriched with miR-320a was associated with reduced
activity/invasiveness of fibroblast-like synoviocytes and
with decreased severity of arthritis and bone damage
in vivo [41]. In a closely related study, modification of MSC
exosomes with microRNA-146a was shown to enhance
their immunomodulatory effect, particularly by influencing
Treg parameters in the CIA context [42]. These data
support our conclusion that the addition of MSC-CM
(as a carrier of secretome/soluble factors and potential
vesicular components) may «shifty inflammation toward
a less aggressive immune profile, which in the model
is reflected by reduced swelling/size changes of the joint.

Particularly illustrative are studies demonstrating
that MSC exosomes affect the Th17/Treg balance and
NF-kB-dependent pathways, which are key axes in RA
pathogenesis. Specifically, in a study using gingival
MSC-derived exosomes in CIA, the authors demonstrated
reductions in clinical arthritis scores and paw thickness,
improvement of histological findings, decreased bone
erosion according to micro-CT, and shifts in the cytokine
profile (notably reduced pro-inflammatory mediators)
with associated modulation of NF-kB signaling [43]. This
directly resonates with our findings: KET + MSC-CM
on day 28 provided a greater anti-edematous/anti-
remodeling effect than KET monotherapy. In addition,
a study using umbilical cord MSC-derived exosomes
in CIA demonstrated reduced paw swelling, decreased
pro-inflammatory cytokines, reduced synovial hyperplasia,
and restoration of the Th17/Treg immune balance with
decreased IL-17 and increased TGF-f and IL-10 [44]. The
presence of similar effects across different MSC-exosome
sources increases the plausibility that MSC-CM in our
study acts via related immunoregulatory mechanisms
manifested at the level of the integrated morphometric
joint parameter.

At the same time, it should be emphasized that we did
not assess a classic «clinical» arthritis index (arthritis
scores, paw thickness) or biochemical markers, but rather
CBCT-based morphometry with calculation of conditional
joint volume. The validity of this approach is supported
by the fact that CT technologies (primarily micro-CT) are
widely used in modern preclinical RA models as objective
tools for quantitative assessment of bone and joint
changes. For example, in the CIA model, micro-CT
has been used to determine changes in bone volume,
mineral density, and signs of erosion/porosity; these
parameters correlated with inflammatory status and
levels of pro-inflammatory cytokines [45]. Although CBCT
differs from micro-CT in technical characteristics, the
logic of using tomographic morphometry as an objective
surrogate marker of local immune-inflammatory severity
is methodologically consistent with literature approaches:
edema, hyperplasia, infiltration, and structural joint
changes are ultimately reflected in measurable dimensions
and derived integral parameters.

With regard to NIM, our results are consistent with the
concept that NIM has a broader pharmacological profile
than pure COX-2 inhibition, including effects on immune
and non-immune cells and mediators, which may not
be immediate in their manifestation. Study [8] emphasizes
the relative COX-2 selectivity of NIM and the presence
of additional anti-inflammatory mechanisms beyond the
prostaglandin pathway. At the same time, the limitations
of NSAIDs in chronic inflammation are well known:
they do not address the key immune dysregulation
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KMo4oBy iIMyHHY Auaperynsidito PA-Tuny, Tomy KOMGiHY-
BaHHS 3 iIMyHOMOZYMIOBANbHUMMK areHTaMu € FOriYHUM
KPOKOM Ansi NOCUNEHHs1 edpekTy Ta MOTEHUINHOMO 3MEeH-
LLUEHHs1 NoTpebu y TpMBanvx BUCOKMX A03aX (LLO BaXIMBO
3 no3uuin 6e3nekmn). Came Lo Noriky NigTPMMYIOTb OOKIi-
HiYHi gaHi wogo MCK-cekpeToMy/ek30CcoM: BOHWM 3OaTHi
3HMXKYBATU aKTUBHICTb Npo3ananbHUX KackadiB i Kopwu-
rysatn gucbanarvc Th-nonynsuin, WO TEOPETUYHO MOXe
MOCUIIOBATU KMiHIYHO 3HaYyLmn pedynbTaT Ha i HIM33.

HanuikaBiwmm y npeactaBneHoMy  AOCHIAXEHHi
€ BupaxeHun edekt kombiHauii HIM + KEI, skuin npak-
TUYHO HOpManisyBaB TomorpadiyHuii 06’em cyrnoba
Ha 28-my pnoby. [nsi obroBopeHHs1 LbOro pesynsraTty
NMPUHLIMMOBO BaXIMBO 3anyynT Hambnuxkdi peneBaHTHI
oxkeperna PubMed, ockinbks TepMiH «KpiOeKCTpakT
nnaueHTU» He 3aBXOW BUKOPUCTOBYETbCS B  MiXkKHa-
POAHIV niTepaTypi Yy TOTOXHO-TEXHOMOMYHOMY 3HAYEHH.
BogHouac icHylTb cyyacHi ekcnepumMeHTarnbHi poboTu
3 BMKOPWUCTaHHAM €eKCTpakTy nnaueHTn moguHn (EMMT;
human placental extract — HPE) na mogeni MNMA®-iHayko-
BaHOro apTpuTy y LWypis. Y gocnigpxkeHni [46] EMJT 3acto-
COBYBarsv ik KOMMOHEHT Tepanii (3okpema y KoMbiHaLlisix)
y [MA®-apTpuTi; aBTOopM noBigoMnanM npo npoTu3a-
nanbHU/aHTUapPTPUTHWUIA NOTEHLian, BKIIOYHO 3i 3MiHamu
cucteMHux umTokiHiB (IL-6, TNF-a Ta iH.) i nokpaLLeHHAM
ricTonaTonoriyHol KapTuHW KicTku/cyrnoba npyu komobiHo-
BaHVX pexumax. HasBHICTb Takoro mxepena € KpUTU4HO
BaXXNMMBOK ANs Hawoi iHTepnpeTauii, 60 niaTBepaxye
caM NPUWHUMM: MnaueHTapHi eKCTpaKTU MOXYTb BUCTY-
naTu gk imyHomoaynoBansHun ag’toBaHT y MNMA®-apTpuTi,
Lo pobuTb HaLwi cnocTepexeHHs wopo HIM + KET Giono-
riYHO O6r'pyHTOBaAHMMMU.

Pasom i3 TUM, KOpPEKTHO 3as3HauuTW i Mexi ekcTpa-
nonsuii: (1) y poborti [46]. EIMJ1 He € KpioeKcTpakTom
y TEXHOMNOriYHoMy CceHci; (2) gusaH Tepanii (LWnsaxu
BBELEHHS!, KOMOiHaUii, TOYKM OLHKM) MOXe iCTOTHO
BiApi3HATUCSA; (3) KiHLEBi TOYKM TaM NepeBaKHO BKIIO-
YalTb CUCTEMHI MapKepw Ta ricTomMorito, To4i K y Hac —
KIMKT-mopcgomeTtpis. Came TOMy Hale OGroBOpPEHHS
06epexHO POopMYIOE MeXaHi3M ik rinoTesy, Lo noTpebye
noganbLuoi Bepudikadlii.

3 no3uuin cy4acHol imyHonatoreHeTuyHoi mogeni PA,
HaniMOBIpHIWMM nosscHeHHAM cuHeprii HMN33 + BKB3
€ napanernbHUI BMMMB Ha Pi3Hi «MNOBEPXM» 3ananeHHs:
HIM33 3mMeHLWwyoTb npocTarnaHanuHOBO-0NOCEPEAKOBaHI
nposien (6inb, BazogunaTtauia, ekcyaadis), Toai sk BKB3
(KC-MCK Ta nnaueHTapHi eKcTpakTu) MOTEHLINHO 3HWKYIOTb
aktmBHicTb  NF-kB-3anexHux KkackagiB, MOZyrniowTb
untokiHoBy mMepexy TNF-o/IL-6/IL-17 i cnpwusioTb
BiAHOBMEHHIO perynaTopHux naHok (Treg/IL-10/TGF-B).
Taknn «4BOyAapHU» MexaHiam [obpe Yy3romKyeTbesi
3 Tum, wo Ha mogensax CIA BeemeHHss MCK-ek3ocom
3MEHLUYE K KNiHIYHI nNposiBu (Wkan Habpsiky/apTputy),
TaK | CTPYKTYPHI YLIKOMKEHHS (eposii/KiCTKOBI 3MiHM
3a micro-KT), a Takox Kopurye LMTOKIHOBWMI Npodinb
Ta Th-6anaHc [43, 44].

[opatkoBMM apryMeHTOM Ha KOpUCTb iMyHOpe-
rynatopHoi npupogun edpektis BKB3 € Te, wo noaibHi
pesynsTat BiATBOPIOIOTLCS B PidHux Buaax MCK-no-
XioHUX ek3ocoM i B pisHux mogensix: Big KIA y muwen
no PA-nogibHux mogenen y wypis. Hanpuknag, y mogeni
PA y wypiB (iHaykuist konareHom |l 3 ag’'toBaHTOM) 3acTo-
CyBaHHS ek3ocoM nynosrnHHMX MCK i3 miR-140-3p acoui-
toBanocst 3i 3MEHLUEHHSIM YLUKOMKEHHs cyrnoba yepes
cneumdivyHni monekynapHun wnax (SGK1) [47]. Xoua
Ui OaHi He € NpsMOK KOMIEW HAaLIOoro Au3aviHy, BOHU

characteristic of RA-type pathology; therefore, combining
them with immunomodulatory agents is a logical step
to enhance efficacy and potentially reduce the need
for prolonged high doses (important from a safety
perspective). This logic is supported by preclinical data
on MSC secretome/exosomes, which are capable
of reducing activity of pro-inflammatory cascades and
correcting Th-cell imbalance, theoretically amplifying the
clinically relevant effect in the context of NSAID therapy.

The most intriguing finding of the present study
is the pronounced effect of the NIM + PCE combination,
which almost normalized the tomographic joint volume
on day 28. For interpretation of this result, it is essential
to consider the closest relevant PubMed sources, since
the term «placental cryoextract» is not always used
in international literature in a strictly identical technological
sense. Nevertheless, there are contemporary
experimental studies using human placental extract (HPE)
in CFA-induced arthritis models in rats. In study [46],
HPE was used as a component of therapy (including
in combinations) in CFA arthritis; the authors reported anti-
inflammatory/anti-arthritic potential, including changes
in systemic cytokines (IL-6, TNF-a, etc.) and improvement
of bone/joint histopathology under combined regimens.
The existence of such evidence is critically important for
our interpretation, as it confirms the principle that placental
extracts can act as immunomodulatory adjuvants in CFA
arthritis, rendering our observations with NIM + PCE
biologically plausible.

At the same time, it is appropriate to note the limits
of extrapolation: (1) in study [46], HPE is not a cryoextract
in a strict technological sense; (2) therapeutic designs
(routes of administration, combinations, assessment
time points) may differ substantially; (3) endpoints there
primarily included systemic markers and histology,
whereas ours relied on CBCT morphometry. For this
reason, our discussion cautiously frames the mechanism
as a hypothesis requiring further verification.

From the standpoint of modern immunopathogenetic
models of RA, the most likely explanation for the
synergy between NSAIDs and CF-CBPs is their parallel
action on different «levels» of inflammation: NSAIDs
reduce prostaglandin-mediated manifestations (pain,
vasodilation, exudation), whereas CF-CBPs (MSC-CM
and placental extracts) potentially suppress NF-kB-
dependent cascades, modulate the TNF-a/IL-6/IL-17
cytokine network, and promote restoration of regulatory
pathways (Treg/IL-10/TGF-B). This «dual-hit» mechanism
is well aligned with evidence from CIA models showing
that MSC-derived exosomes reduce both clinical
manifestations (edemal/arthritis scores) and structural
damage (erosions/bone changes by micro-CT), while also
correcting cytokine profiles and Th-cell balance [43, 44].

Anadditionalargumentinfavoroftheimmunoregulatory
nature of CF-CBP effects is the reproducibility of similar
results across different MSC-derived exosome types and
experimental models. For example, in a rat RA model
(collagen Il induction with adjuvant), administration
of umbilical cord MSC-derived exosomes enriched with
miR-140-3p was associated with reduced joint damage via
a specific molecular pathway (SGK1) [47]. Although these
data are not a direct replica of our design, they underscore
a general pattern: cell-free MSC-derived products can
exert not merely symptomatic but pathogenetically
relevant effects at the level of intracellular regulators
of inflammation and tissue remodeling.
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NiOKPECIOTL  3ararnbHy 3aKOHOMIPHICTb:  6e3KMiTUHHI
npogyktn MCK mMoxyTb GyTV He NpOCTO «CMMMTOMaTUY-
HAMW», @ MaTU NATOreHEeTUYHO 3HadyLli edheKkTn Ha piBHI
BHYTPILUHBOKNITUHHMX PErynsaTopiB 3ananeHHsa Ta pemo-
[OenoBaHHS TKaHMH.

[MpakTnyHa UiHHICTb HALLOro niaxo4y Momnsrae TakoX
y Metogonorii 06’extuBisauii: KMNKT-mopdomeTpia aae
BIATBOPIOBAHWIN KiNbKICHUA napameTp, SKUiA iHTerpye
nokanbHW Habpsk/rinepnnasito Ta WMOBIPHI CTPYKTYPHi
nepebynosu. 3 ornagy Ha Te, WO cyyacHi micro-KT-go-
cnigpxeHHs B KIA eMOHCTpytoTb MOXIUBICTb KiflbKiCHO
onucyeaTtn KiCTKOBi MapameTpu Ta NOB'A3yBatu ix i3
3ananbHUMKU  MefiaTopamMu, BUKOPUCTaHHS Tomorpadii
K IHCTPYMEHTY MOHITOPUHIY OUHaMiKM Ha Mogensix
apTpuTy BWUMSAAaE BUNPaBAaHUM | «B PYCri» MiDKHa-
poAHoi npakTukm [45].

OTXe, CcymapHO Hawi AaHi NigTPUMYIOTb rinoTesy,
wo kombiHauii HMN33 3 BKB3 3paTHi 3a6e3nevyBaTty KniHiy-
HO-3Hauylle (ans mogeni) nocnabneHHs cyrnoboBmMx
3MiH, Npuyomy BuUsiBNeHi «Hawnkpalli napu» (HIM + KEIT,
KET + KC-MCK) moxyTb BigoGpaxaTtu pisHUL0 B Mexa-
Hidamax B3aemogii koHkpeTHoro HIMN33 i3 neBHUM TMNOM
bionoriyHoro ag’toBaHTa. Lleii BUCHOBOK Yy3romKyeTbcsi
3 JoKniHiYHMMK gokasamu ang MCK-cekpetomy/ek3socom
y KIA Ta 3 HasBHUMKU (XOd i OOMexeHMMM) gokasamu
yyacTi nnaueHTapHUX eKCTPaKTIB SK KOMMNOHeHTa Tepanii
B MA®-apTpuTi.

BUCHOBKHU

Y wypiB 3 ag’toBaHTHMM apTputom 6e3 nikyBaHHS
06’em | nnecHo-canaHrosoro cyrnoba 3a AaHUMM KOHYC-
HO-MPOMEHEBOT KOMM OTEPHOI ToMorpadii 3pic Ha 147,4%
0o 28-i nobu nopisHsHO 3 «0» gHem (p < 0,01) Ta gopaT-
koBO 36inbwmcsa Ha 29,0% mix 14-t0 i 28-t0 nobamm
(p < 0,01), WO CBIAYNTL MPO MPOrPECYYNA XapaKkTep
3ananbHOro ypaXkeHHS.

MoHoTepanis Himecynigom Ta KeToponakoM Ha 28-my
[oby 3meHwyBana o6’em cyrnoba BignosigHo Ha 38,2%
i 46,3% nOpIBHAHO 3 MOKa3HMKaMW HEeMikoBaHWX LLypiB
(p <0,001 B 060X BMNaakax), o4HaK Lii MOKa3HWKM 3anuLia-
nncs OOCTOBIPHO BULLIMMM 3a BUXIOHWUI piBeHb Ha 49,2%
(p <0,01) Ta 34,1% (p < 0,01), Wo BKasye Ha obMexeHy
edeKTUBHICTb MOHOTEpanii.

KombiHoBaHe 3acTocyBaHHS HiMecyrnigy 3 Kpioekc-
TPaKTOM MraueHTn Ta KeToponaky 3 KOHOWLIOHOBaHWUM
cepefoBMLLIEM Me3eHXiManbHUX CTOBOYpPOBMX KMiTWH
Ha 28-my poOy 3abesnevyBano HanbinbLl BUpaXeHe
3MeHLeHHs ob6’emy cyrnmoba — BignosigHO Ha 54,6%
i 53,3% MOpiBHAHO 3 MOKa3HWMKaMW HEMiKoBaHWX TBapuH
(p < 0,001), i3 HABNWXKXEHHSIM MOKa3HWKIB A0 iHTAKTHOrO
piBHa (nepeBuweHHsa Ha 10,8%, p < 0,05, ta 14,9%,
p < 0,01), wo nigTBepmxye nepeBary KOMGIHOBaHOI
npoTuaanarnbHoi Teparnii.

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. Kondo N., Kuroda T., Kobayashi D. Cytokine networks in the
pathogenesis of rheumatoid arthritis. International  Journal
of Molecular Sciences. 2021. Vol. 22, Ne 20. P. 10922. DOI:
https://doi.org/10.3390/ijms222010922

2. Firestein G.S., Mclnnes |.B. Immunopathogenesis of rheumatoid
arthritis. Immunity. 2017. Vol. 46, Ne 2. P. 183-196. DOI:
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[0 3aCTOCYBaHHsSi NPOTMPEBMAaTUYHUX NpenaparTis, Wo MoAndiKyoTb

The practical value of our approach also lies in its
methodological objectification: CBCT morphometry
provides a reproducible quantitative parameter integrating
local edemalhyperplasia and probable structural
remodeling. Given that modern micro-CT studies in CIA
demonstrate the feasibility of quantitatively describing
bone parameters and linking them to inflammatory
mediators, the use of tomographic imaging as a tool
for monitoring disease dynamics in arthritis models
appears justified and fully consistent with international
practice [45].

In summary, our data support the hypothesis that
combinations of NSAIDs with CF-CBPs can provide
clinically meaningful (within the model) attenuation of joint
changes, and that the identified «best pairs» (NIM + PCE;
KET + MSC-CM) may reflect differences in interaction
mechanisms between a specific NSAID and a particular
type of biological adjuvant. This conclusion is consistent
with preclinical evidence for MSC secretome/exosomes
in CIA and with the available (albeit limited) evidence
supporting the role of placental extracts as therapeutic
components in CFA-induced arthritis.

CONCLUSIONS

In rats with untreated adjuvant arthritis, the volume
of the first metatarsophalangeal joint, according to cone-
beam computed tomography, increased by 147.4% by day
28 compared with day «0» (p < 0.01) and additionally
increased by 29.0% between days 14 and 28 (p < 0.01),
indicating a progressive nature of inflammatory joint
damage.

Monotherapy with nimesulide or ketorolac on day
28 reduced joint volume by 38.2% and 46.3%, respectively,
compared with untreated rats (p < 0.001 in both cases);
however, these values remained significantly higher
than baseline by 49.2% (p < 0.01) and 34.1% (p < 0.01),
indicating limited efficacy of monotherapy.

Combined treatment with nimesulide plus placental
cryoextract and ketorolac plus mesenchymal stem
cell-conditioned medium on day 28 provided the most
pronounced reduction in joint volume, by 54.6% and
53.3%, respectively, compared with untreated animals
(p < 0.001), with values approaching the intact level
(exceeding baseline by 10.8%, p < 0.05, and 14.9%,
p < 0.01), confirming the superiority of combined anti-
inflammatory therapy.
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OBMEXEHHA AOCAIAXKEHHS

ABTOpPY pyKOMMCY CBIAOMO 3acBiAvyIoTb, LLO iHTEpRpeTaLis pesyrb-
TaTiB obMexeHa BVMOOBUMU/MOOENBHUMY YWMHHMKaMKM, yMOBaMu
YTPUMaHHA Ta PecypCcHUMM pamkamun. Jocniav in vivo Ha Lypax-
caMUsiX Y CTaH4apTU30BaHKX YMOBaAX i3 OOHIE0 403010, MEPEBaXHO
CyporaTHVMUM NoKasHWKaMm1 Ta KOPOTKUM NepioAoM CNIOCTEPEKEHHS
He JaloTb NiACTaB Ons OCTaTOMHMX BUCHOBKIB LUIOAO TpuBanoi
6e3nekn Ta KniHiYHOI peneBaHTHOCTI. Po3mip rpyn mo 7 ocobuH
i yacTkoBa paHaoMmi3aLis (po3noain TBapuH 3a rpynamuv 6e3 3acnin-
NEeHHs AOCNIAHMKA) 3HWXKYIOTb TOYHICTb i NABMLLYIOTb PU3UK CUCTEe-
MaTUYHMX NOXMBOK; MikrabopaTopHoi pennikaLlii He BUKOHaHO, TOX
30BHILUHS BanigHiCTb i NepeHOCUMICTb Ha NoguHy obmexeHi. Ans
3MEHLLEHHS BMNMBIB JOTPMMaHO HacTaHoB LLOAO MOBIAOMIEHHS
npo JocnigkeHHsl Ha TBapuHax (Animal Research: Reporting of In
Vivo Experiments — ARRIVE) i HanexHoi nabopaTopHoi npaKkTuku
(Good Laboratory Practice — GLP), ctaHOapTM30BaHO NMpOTOKOINM,
[etanbHO OMMcaHo CTaTUCTUYHI npouenypw. Pesynsrat € none-
peaHimu; nioTBepakeHHs notpebye GaraToLEeHTPOBKX MOBTOPEHb,
aHanisy fosa—edekT, BKMoYeHHs 000X cTaTel i pisHMX BIKOBKX
rpyr, BYKOPUCTaHHSI OPraHoifiB/MIOACEKNX TKaHWH Ta OLHIOBaHHS
KNiHIYHO 3HAYYLLMX KiHLEBMX TOYOK.

MepcnekTMBM NOAAABLUMX AOCAIAXEHD

Mopanbli OOCHIMKEHHS OOUINbHO CMpsiMyBaTM Ha YTOYHEHHS
iIMYHHUX MeXxaHi3MiB CWHeprii HeCcTepoigHUX npoTu3ananbHUX
npenapartiB i 6e3kniTMHHUX BionoriyHMX 3acobiB WNAXOM aHanisy
LMTOKIHOBOTO MPOMInto, KNITUHHWX iIMYHHVX MOMYNALI Ta MapKepiB
pemopaentoBaHHs KiCTKOBOI TKaHUHW. [epcnekTBHUM € BOOCKOHa-
NeHHst ToMorpadivHMX METOAIB KifIbKICHOT OLjiHKV Cyrno6oBmx 3MiH
i onTumizauis pexumis KombiHoBaHOI Tepanii.

KoHdAIKT iHTepecis

Bci aBTopu noganv OO pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHNIKTY iHTepeciB MixHapogHOro KoMIiTeTy peaak-
TopiB MeauyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pykonucy cBigoMo 3acBia-
YyloTb BIACYTHICTb (PaKTUYHOro abo MOTEHLIHOTrO KOHMMIKTY
iHTepeciB Woao pe3ynbTaTiB Liei poboTn 3 dapmaLeBTUHHUMU
KOMMaHisiMu1, BUMPOOHMKaMK GioMeauyHUX NPUCTPOIB, iHWMMMK
opraHisauisgMmu, 4ui NpoAaykTW, mocnyri, diHaHcoBa nNiATPUMKa
MOXYTb OyTW MoB’Ai3aHi 3 NpegMeToM HagaHux Matepianis abo
SIKi CIOHCOpYBanv NpoBeAeHi AOCHiAXEeHHS.

AOTPUMOHHSA €TUMHUX HOPM

ABTOpM pyKOMUCY CBIAOMO 3acBifyylOTb, LWO €eKCnepumeH-
TanbHi JOCNIMKEHHS NPOBEAEHO 3ri4HO 3 BUMOramu HanexHol
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Limitations of the study

The authors of the manuscript explicitly acknowledge that
the interpretation of the results is limited by species-/model-
related factors, housing conditions, and resource constraints.
In vivo experiments in male rats under standardized conditions
with a single dose, predominantly surrogate indicators, and
a short observation period do not provide grounds for definitive
conclusions regarding long-term safety and clinical relevance.
Group sizes of seven animals and partial randomization (allocation
of animals to groups without investigator blinding) reduce precision
and increase the risk of systematic bias; interlaboratory replication
was not performed, therefore external validity and translatability
to humans are limited. To mitigate these influences, the Guidelines
for reporting animal research (Animal Research: Reporting of In
Vivo Experiments — ARRIVE) and Good Laboratory Practice
(Good Laboratory Practice — GLP) were followed, protocols were
standardized, and statistical procedures were described in detail.
The results are preliminary; confirmation requires multicenter
replication, dose-response analysis, inclusion of both sexes
and different age groups, use of organoids’/human tissues, and
assessment of clinically meaningful endpoints.

Prospects for further research

Further studies should be aimed at clarifying the immune
mechanisms underlying the synergy between nonsteroidal anti-
inflammatory drugs and cell-free biological products by analyzing
cytokine profiles, cellular immune populations, and markers
of bone tissue remodeling. Improvement of tomographic methods
for quantitative assessment of joint changes and optimization
of combined therapy regimens are considered promising.
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nabopatopHoi npaktukm «GLP» (Good Laboratory Practice),
KoHBeHujii Pagn €Bponyv npo OXOpoHy XxpebeTHux TBapuH,
LLO BUMKOPUCTOBYIOTbCS B €KCMEePUMEHTax Ta B iHLIMX HayKOBUX
uinsx Big 18 GepesHss 1986 p., [dupekTuBu E€Bponencbkoro
napnameHTy Ta Pagn €C 2010/63/€C Big 22 BepecHs 2010 p.
Npo 3axuCT TBAPWH, siki BUKOPUCTOBYIOTLCS ANS HAayKOBUX LIiNen,
Hakady MiHicTepcTBa OXOpPOHM 340poB’'s Ykpaiuu Big 14 rpygHs
2009 p. Ne 944 «[lNpo 3atBepoXeHHs [lopsagky npoBedeHHs
OOKNIHIYHOTO BUBYEHHS TiKapcbkux 3acobiB Ta ekcnepTuau
matepianiB LOKMiHIYHOro BUBYEHHS Nikapcbkux 3acobiB», 3akoHY
Ykpainu Big 21 nmrotoro 2006 p. Ne 3447-1V «[Npo 3axuct TBapuH
Bif, XOPCTOKOrO MOBOMXKEHHSI» Ta iH.). [locnigxeHHs cxBaneHe
Komicieto 3 nutaHb eTnkn Ta Gi0eTUKM MeauyHOro dakynbreTy
XapKiBCbKOro HauioHanbHOro yHiBepcuteTy iMeHi B.H. KapasiHa
MiHicTepcTBa OCBITU | Haykn YKpaiHu.

BUKOPUCTAHHS LUTY4HOrO iIHTEAEKTY

ABTOpPX PyKOMUCY CBIAOMO 3acBigvytoTb, WO Yy MNpoLEeci npose-
AEHHS JOCMiAKEHHS Ta NiArOTOBKYM LibOro PYKOMMUCY He BUKOPUCTO-
BYBasM XOAHUX iHCTPYMEHTIB abo cepBiciB reHepaTUBHOIO LUTYY-
HOTO iHTENeKTY ANs BUKOHaHHA Oyab-AKvX 3aBAaHb, nepenivyeHnx
y TakcoHOMii AeneryBaHHs 3aBOaHb reHepaTMBHOMY LUTYYHOMY
iHTenekty «GAIDeT» (Generative Artificial Intelligence Delegation
Taxonomy, 2025 p.). Yci etanu pobotn — Big KoHUenTyanisawii
1o chiHanbHOro peaaryBaHHA — BUKOHaHi 6e3 3anyyveHHsi reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY, BUKITIOYHO aBTOPaMK.

MepBuUHHI AGHI Ta MaTepiaAm

ABTOpU pyKOMUCY CBIJOMO 3aCBiAYYHOTh, WO Yy pobOTi BMKOPW-
CTaHO pesynbTaTy BIACHWX eKCMepuUMEHTanbHUX AOCHioKeHb,
wo 6ynn cucTematusoBaHi Ta nNpoaHani3oBaHi aBTOPaMM.
[MepBYHHI AaHi BKNtoYaloTb y3aranbHeHi MokasHuku, nabopa-
TOpHI pe3ynbTaTty, eKCnepyMeHTarnbHi NPOTOKONMM Ta OTPUMaHi
KinbKiCHI XxapakTepucTukun. Bci matepianu 36epexeHi B apxisi
OOCMiAHVLBKOI FPyNn Ta MOXYTb OyTu HafaHi 3a 06rpyHTOBaHUM
3anMuToM [0 aBTOPa-KOPECMOHAEHTa, 3 ypaxyBaHHAM ETUYHMX
HOPM Ta NpaBOBUX OOMEeXeHb.

IHdbopmalis Nnpo chiHAOHCYBAHHSA

®diHaHcyBaHHs BuaaTkamu [epxaBHoro Gomxkety YkpaiHn. CtatTs
€ parMeHTOM MraHoBOI HaykoBO-AOCHiAHOI poboTn kadbenpu
3aranbHoI Xipypril, aHecTesionorii Ta naniatTMBHOT MEANLIMHM XapkKiB-
CbKOrO HaLioHanbHoro yHisepcuteTy iMeHi B.H. KapasiHa MiHictep-
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Bigyanisauisa nikyBanbHUX CTpaTerin npyv TpaBMaTUYHMX YLLIKO-
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18, 1986, Directive 2010/63/EU of the European Parliament
and of the Council of September 22, 2010 on the protection
of animals used for scientific purposes, the Order of the Ministry
of Health of Ukraine of December 14, 2009 No. 944 «On
approval of the Procedure for conducting preclinical studies
of medicinal products and examination of materials of preclinical
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21, 2006 No. 3447-IV «On the Protection of Animals from Cruel
Treatment,» and other applicable regulations. The study was
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conduct of the study and preparation of this manuscript they did
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Delegation Taxonomy (GAIDeT, 2025). All stages of the work —
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PE3IOME

AkTyanbHicTb. PO3yMiHHSA Cy4acHUX HayKoBUX OOCSATHEHb LOAO YpaXKeHHsi cepusi npu
noro iwemii/penepdyasii, a came iMyHOMOr4YHUX MexaHi3MiB popMyBaHHS 3ananeHHs
npv UbOMY CTaHi, HagalTb MOXIMBICTb ChOPMyBaTH MNOTEHUINHY TepaneBTUYHy CTpa-
Terito BNAMBY Ha OKPeMi KOMMOHEHTW LbOro npouecy npu NikyBaHHI iLUeMiYHMUX NOLLKO-
OXeHb Miokapaa.

MeTa po60TH — cuctemaTn3dyBaT Ta y3aranbHUTU Cy4acHi HayKoBi AaHi LLoao KIto4oBUX
iMyHOMNOrYHNX MexaHi3miB popMyBaHHS 3ananeHHs Npu ieMiYHOMY ypaxeHHi cepus,
a TaKoX OKPECNUTU MaTOreHeTUYHi NaHKK, Lo MOXYTb OyTW MOTEHUINHUMY MilLEHSIMU
AONs TapreToBaHWX NpoTusananbHUX TepaneBTUYHUX BTPYYaHb.

Martepianu Ta metoam. BukoHaHo nigbip ny6nikauii 3 noganbwum ix cuctematu-
30BaHNM aHanizom 3a 6asamu AaHux PubMed (https://pubmed.ncbi.nlm.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 sikux BUCBITNOBaNuCh Bi4OMOCTI NPO iMyHOMO-
riYHi MexaHi3aMun 3ananeHHs Npu ieMiYHOMY ypaXKeHHi cepusl, porb KNiTUH BPOAXXEHOro
Ta aganTUBHOIO iIMYHITETY, CUTHanNbHI WNAXM akTuBauii 3ananbHOi BiANOBIAI Ta UMTOKI-
HOBI Kackagu.

Pe3ynbrath. lwemivyHo-penepdysiiHe YLIKOOXEHHSI cepLs po3ropTaeTbCs K 3anpo-
rpamoBaHa MoCniAOBHICTb iIMyHONATOMNOrYHMX peakuin. MonekynspHi natepHu, acoui-
NOBaHi 3 MOLUKOAXEHHSIM, 3anycKkaloTb Kackag peakuin 3 y4acTio KNiTUH i rymopanbHUx
haKkTopiB BpOomKEHOro Ta HabyTtoro iMyHiTeTy. [ucperynsilis uMx npoueciB BnnvBae
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AAS LUTYBAHHS:

Ha CTyNiHb YLIKOMXEHHS MiokapAa npu rocTpin iwemii, penepdyasii, 3okpema 3a HasB-
HocTi «no-reflow» deHoMeHy Ta B noganblumx npouecax yTBOPEHHS pybusi Ta pemo-
[OentoBaHHsA Miokapaa. Moaynsiuis KNiTUHHUX Ta MONEKYNSPHUX MexaHi3aMiB Moxe ByTu
NOTEHLIMHOI LiNmio NepCcnekTMBHUX BUAIB MNiKyBaHHS.

BucHoBkuM. lLemiyHo-penepdysiviHe yLIKOMKEHHS Miokapaa € pe3ynbtaTtoM CKNagHoi
nocnigoBHOCTI iIMYHHUX MOAiN, WO BU3HAYaKTb GanaHC MidK TKAHUHHUM MOLLUKOKEHHSM
Ta penapaduieto. [NoegHaHHs TOYKOBOI iIMyHOMOAYNALIT 3 MATPUMKOIO MEXaHi3miB peso-
niouii 3ananeHHs CTaHOBUTb MEPCMNEKTUBHY TepaneBTUYHY CTpaTerito A 3MEHLIEHHS
iHCPapKTHOIO YLLKOMKEHHS Ta MOKpaLLeHHSs BiAHOBNEHHS Miokapaa.

Ymx M.O., Bacunbes [.B., Jlagoea T.I., MartBeenko M.C., Mmagkux ®.B., Kowypba |.B. MexaHiamu copmy-
BaHHSA iIMYHHOI BignoBidi Npy iLeMiYHOMY YLUKOOXEHHI cepus: BiA NOYaTKOBUX MOMEKYNAPHUX MOAIA Y MOLLKO-
[DKEHUX KIiITUHaxX OO PO3BMTKY MOBHOLHHOI 3ananbHOI peakuii, y4acTi perynsaTopHuUX LWUTOKIHIB Ta CTPYKTYPHOI
nepebynoBu cepueBoi TKaHWHW. KapasiHcbkull imyHomoeidHul xypHan. 2025. T. 8. Ne 2(16). C. 247-274. DOI:
https://doi.org/10.26565/3083-5615-2025-16-06

Keywords:
myocardial ischemia/reperfusion injury,
ischemia-induced inflammation, innate

immunity, adaptive immunity.
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ABSTRACT

Background. Understanding of current scientific advances in cardiac injury during
ischemia/reperfusion, particularly the immunological mechanisms underlying
inflammation in this condition, provides the basis for developing potential therapeutic
strategies targeting specific components of this process in the treatment of ischemic
myocardial damage.

Purpose — to systematize and summarize contemporary scientific data on the key
immunological mechanisms of inflammation in ischemic heart injury, and to outline
pathogenetic pathways that may serve as potential targets for selective anti-inflammatory
therapeutic interventions.

Materials and Methods. A selection of publications was performed followed by systematic
analysis using the 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.ebsco.com/), and Google Scholar
(https://scholar.google.com/). These sources provided information on immunological
mechanisms of inflammation in ischemic heart injury, the role of innate and adaptive
immune cells, signaling pathways of inflammatory activation, and cytokine cascades.
Results. Ischemia/reperfusion injury of the heart unfolds as a programmed sequence
of immunopathological reactions. Damage-associated molecular patterns initiate
cascades involving cellular and humoral components of both innate and adaptive
immunity. Dysregulation of these processes influences the extent of myocardial injury
during acute ischemia and reperfusion, particularly in the presence of the «no-reflow»
phenomenon, and in subsequent scar formation and myocardial remodeling. Modulation
of cellular and molecular mechanisms may represent a promising therapeutic target.
Conclusions. Ischemia/reperfusion injury of the myocardium results from a complex
sequence of immune events that determine the balance between tissue damage and
repair. The combination of targeted immunomodulation with support of resolution
mechanisms of inflammation constitutes a promising therapeutic strategy to reduce
infarct-related injury and improve myocardial recovery

Chyzh MO, Vasylyev DV, Liadova Tl, Matvieienko MS, Hladkykh FV, Koshurba IV. Mechanisms of immune response
formation in ischemic cardiac injury: from initial molecular events in damaged cells to the development of a full-
scale inflammatory reaction, involvement of regulatory cytokines, and structural remodeling of cardiac tissue. Karazin
Journal of Immunology.2025;8(2(16)):247-274. DOI: https://doi.org/10.26565/3083-5615-2025-16-06

MEPEAIK CKOPOYEHb

OK — oeHapuTHI KniTuHu

NHK — ne3okcmprboHykneiHoBa Kucnota
I/P — iwewmis/penepdysisa

30K — 3BnyariHi 4eHAPUTHI KNITUHW

JINC — ninononicaxapug

nK — nnasmaunToigHi AeHAPUTHI KMiTUHK
PHK — pnboHykneiHoBa kucnota

CC3 — cepLeBO-CyAUHHI 3aXBOPIOBAHHSI

AIM2 — (absent in melanoma 2 protein) 6inok, BiACYTHIN npwu

MenaHomi 2

ALRs — (AIM2-like receptors) peuentopu, noaibHi Ao AIM2
CCAAT — nocnigoBHicTb HykneoTuais (M'aTb nap ocHos) y JHK
CCL7 — (C-C motif chemokine ligand 7) C-C niraHa xemokiHy 7

ABBREVIATIONS

DCs — dendritic cells
DNA — deoxyribonucleic acid
I/R — ischemia/reperfusion

LPS — lipopolysaccharide
pDCs — plasmacytoid dendritic cells
RNA — ribonucleic acid

AIM2 — absent in melanoma 2 protein
ALRs — AIM2-like receptors

CCAAT - specific DNA sequence
CCL7 — C-C motif chemokine ligand 7
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CCR2 — (C-C chemokine receptor type 2) peuentopu C-C xemo-
KiHy 2-ro Tuny

cDCs — (conventional dendritic cells) 3Bu4anHi 4geHAPUTHI KNITUHW
C/EBP — (CCAAT enhancer-binding protein) 6inok, Lo 38’s13y-
10TbcA 3 eHxaHcepom CCAAT

CLRs — (C-type lectin receptors) nektnHoBi peuentopu C-tuny
CXCR2 - (C-X-C motif chemokine receptor type 2) peuentop
C-X-C xeMokiHy 2 Tuny

CXCR4 — (C-X-C motif chemokine receptor type 4) peuentop
C-X-C xemokiHy 4 Tuny

DAMPs — (damage-associated molecular patterns) monekynspHi
naTepHu, acouinoBaHi 3 NMOLUKOAXEHHAM

FGF21 — (fibroblast growth factor 21) caktop pocty ¢ibpo6-
nacrtiB 21

FPR2 — (formyl peptide receptor 2) hopminnentnaHui peuentop 2
HIF-1a — (hypoxia-inducible factor 1-alpha) cpaktop, wo iHayky-
€TbCA rinokcieto 1-anbda

IFNy — (interferon gamma) iHTepdepoH ramma

IL — (interleukin) iHTepnenkiH

IRAK-4 — (interleukin-1 receptor-associated kinase 4) kiHa3a 4,
acouiioBaHa 3 peLenTopoM iHTepnenkiHy-1

IRF3 — (interferon regulatory factor 3) iHTepdepoH-perynsatopHuin
cakTtop 3

JINK — (c-Jun NH,-terminal kinase) kiHasa c-Jun N-kiHueBoro
[OMEHyY

LOX-1 — (lectin-like oxidized low-density lipoprotein receptor-1)
NEeKTUHOMOAIOHNI PeLenTop OKUCHEHMX NiNOoMnpoTEiHiB HU3bKOI
winbHocTi-1

Ly6C — (lymphocyte antigen 6 complex locus C) aHTureH nimgo-
uuTiB 6, nokyc C

MAPKSs — (mitogen-activated protein kinases) kiHa3u, akTuBoBaHi
MiTOreHamm

MD-2 — (myeloid differentiation factor 2) caktop mienoigHoi
andepeHuiauii 2

MerTK — (MER proto-oncogene, tyrosine kinase) Tupo3uHkiHasa
MER-npoTooHKoreH

MMP9 — (matrix metalloproteinase 9) maTpukcHa meTanonpoTte-
iHasa 9

MPO — (myeloperoxidase) mienonepokcugasa

mTOR — (mechanistic target of rapamycin) mexaHicTu4Ha mileHb
panamiuunHy

MYC — cimecTBO NPOTOOHKOrEHIB

MyD88 — (myeloid differentiation primary response 88) nepBuHHa
BignoBigb MienoigHoi andepeHuiauii 88

NAD+ — (nicotinamide adenine dinucleotide) HikoTuHamigageHiH-
OVHYKneoTuna

NADPH - (nicotinamide adenine dinucleotide phosphate) HikoTu-
HamigageHiHan-Hykneotuadocdar

NETs — (neutrophil extracellular traps) nosakniTuHHi nacTku
HenTpodinis

NF-kB — (Nuclear Factor kappa-light-chain-enhancer of activated
B cells) agepHui daktop KB

NLRs — (NOD-like receptors; nucleotide-binding oligomerization
domain-like receptors) peuenTtopu, nogibHi o NOD

NLRP3 — (NLR family pyrin domain containing 3) peuentop
poavHn NLR 3 nipyHoBruM gomeHom 3

NOD - (nucleotide oligomerization domain) gomeH oniromepu-
3auii 3 HyKNeoTna-3B’A3yBaHHAM

NOX — (NADPH oxidase) NADPH-okcuaasa

OXPHOS - (oxidative phosphorylation) okucHe cocdopuntoBaHHs
PAD4 — (peptidylarginine deiminase 4) nentuaunapriHiH-geimiHasa 4
PAMPs — (pathogen-associated molecular patterns) natoreH-
acouiioBaHi MOneKynspHi natepHu

PI3K/Akt — (phosphoinositide-3-kinase—protein kinase B)
CUrHanbHUI Wnsax hocdoiHo3nTMA-3-kiHa3a — NpoTeiHkiHa3a B
PRRs — (pattern recognition receptors) peuenTtopu posnisHa-
BaHHS NaTepHiB

RLRs — (retinoic acid-inducible gene-I-like receptors) peuentopu,
nopibHi 4o reHa, iHOyKOBAHOrO PETUHOEBOK KUCMOTOHO |

ROS — (reactive oxygen species) peakTuBHi pOpMU KUCHIO
SPMs — (specialized pro-resolving mediators) cneuianizoBaHi
megiaTtopu pesontouii

STAT1 — (signal transducer and activator of transcription 1) Tpan-
CAYKTOP CUrHany Ta aktmBatop TpaHckpunuii 1

CCR2 C-C chemokine receptor type 2

cDCs — conventional dendritic cells
C/EBP — CCAAT enhancer-binding protein

CLRs — C-type lectin receptors
CXCR2 - C-X-C motif chemokine receptor type 2

CXCR4 — C-X-C motif chemokine receptor type 4
DAMPs — damage-associated molecular patterns
FGF21 — fibroblast growth factor 21

FPR2 — formyl peptide receptor 2
HIF-1a — hypoxia-inducible factor 1-alpha

IFNy — interferon gamma

IL — interleukin

IRAK-4 — interleukin-1 receptor-associated kinase 4
IRF3 — interferon regulatory factor 3

JNK - c-Jun NH,-terminal kinase

LOX-1 — lectin-like oxidized low-density lipoprotein receptor-1

Ly6C — lymphocyte antigen 6 complex locus C
MAPKs — mitogen-activated protein kinases
MD-2 — myeloid differentiation factor 2

MerTK — MER proto-oncogene, tyrosine kinase
MMP9 — matrix metalloproteinase 9

MPO — myeloperoxidase
mTOR — mechanistic target of rapamycin

MYC — family of proto-oncogenes
MyD88 — myeloid differentiation primary response 88

NAD+ — nicotinamide adenine dinucleotide

NADPH — nicotinamide adenine dinucleotide phosphate

NETs — neutrophil extracellular traps

NF-kB — Nuclear Factor kappa-light-chain-enhancer of activated
B cells

NLRs — NOD-like receptors; nucleotide-binding oligomerization
domain-like receptors

NLRP3 — NLR family pyrin domain containing 3

NOD - nucleotide oligomerization domain

NOX — NADPH oxidase

OXPHOS - oxidative phosphorylation

PAD4 — peptidylarginine deiminase 4

PAMPs — pathogen-associated molecular patterns

PI3K/Akt — phosphoinositide-3-kinase—protein kinase B

PRRs — pattern recognition receptors

RLRs - retinoic acid-inducible gene-I-like receptors

ROS - reactive oxygen species
SPMs — specialized pro-resolving mediators

STAT1 — signal transducer and activator of transcription 1
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STAT3 — (signal transducer and activator of transcription 3) Tpan-
CAYKTOP CUrHany Ta aktmBaTop TpaHckpunuii 1

sTNFR — (soluble tumor necrosis factor receptor) po3unHHWUIA
peLenTop dakTopa HEKPO3y MyXNUHK

TAK1 — (TGF-B-activated kinase 1; Transforming growth factor-§3-
activated kinase 1) kiHa3a 1, aktnsoBaHa TGF-3

TGFB - (transforming growth factor-B) TpaHcdopmyrounii

cakTop pocty 3
TIR — (Toll/interleukin-1 receptor) peuentop gomeHa Toll/iHTe-

prenkin-1

TLRs — (Toll-like receptors) Toll-nogi6Hi peuentopun

TNF — (tumor necrosis factor) hakTop HEKpO3y MyXnuHM

TNF-a — (tumor necrosis factor-alpha) daktop Hekpo3y nyxnu-
Hu-anbda

TNFR1 — (tumor necrosis factor receptor 1) peuentop 1 dpaktopa
HEKpO3y MyXIuHW

TNFR2 — (tumor necrosis factor receptor 2) peuenTop 2 dpaktopa
HEKpO3y MyXIvHW

TRAF6 — (TNF receptor-associated factor 6) dpaktop 6, acouivio-
BaHWUiA 3 peLenTopoM hakTopa HEKPO3y MyXINMHU

TRAM - (TRIF-related adaptor molecule) TRIF-acouinoBaHui
apanTepHuii Ginok

Tregs — (regulatory T lymphocytes) perynsitopHi T-nimdgouuntun
TRIF — (TIR-domain-containing adapter-inducing interferon-3) agan-
TEPHUN BINok, Lo mMicTuTb TIR-gOMeH Ta iHayKye iHTepdepoH-f3
VEGF - (vascular endothelial growth factor) cyanHHuin eHgote-
nianbHW hakTop pocTy

BCTYN

IMyHORMOriYHi MexaHi3My opMyBaHHs 3ananeHHs npu
iLLEMIYHOMY ypaKeHHi cepusi € 6araTOKOMMOHEHTHO
Ta [MHaMIYHOK CUCTEMOK B3aEMOAIl CTPYKTYPHUX
erneMeHTiB Miokapga, KNiTMH BpomKeHoi Ta HabyTtoi
iIMyHHOI BignNoBIAi, MeaiaTopiB MDKKNITUHHOI B3aEMOAIT
Ta CUrHanbHWX MOMEKyn, Lo pearylTb Ha MOPYLUEHHS
TKaHWHHOTO romeocTtasdy. BcraHoBreHo, WO iwemis
iHiLiloe rNMOOKI MeTaboniyHi MOPYLUEHHS, 3YMOBIEHI
pediuntom okcureHauii, NOPYLIEHHAM (YHKLIT MiTOXOH-
Opii Ta LBUOKMM HaKOMWYEHHSIM iOHHOro AucbanaHcy,
WO MpU3BOAUTbL OO0 HEKPO3y Ta anonTUYHOro pos3nagy
KapgiomiouuTis [1, 2, 3, 4, 5].

YHacnigok Uboro B MO3aKNiTUHHUA MNPOCTIp BUBISb-
HAIOTBCA MOMEKYNSAPHI NaTepHW, acoujiinoBaHi 3 MOLLKO-
DpkeHHsIM (damage-associated molecular patterns — DAMP),
SKi  po3ni3HalTbCA NaTepH-po3nisHaBarnbHUMKU - PeLenTo-
pamMn KriTUH BPOMKEHOro iMYHITETY, BKModatodu Toll-no-
ni6Hi peuenTopy Ta peuentopyu NOD-nogibHoi poauHu [6].
AKTUBYBaHHSA LMX peLenTopiB Npu3BOAMTb OO 3anycky
HWU3KN CUrHanbHUX Kackafis, 30Kpema A0 akTusauii saep-
Horo dpaktopa NF-KB, nigcuneHHs cvHTesy nposananbHuX
LMTOKIHIB | hopMyBaHHSI MiKpocepeaoBuLLa, CNpsiIMOBaHOIo
Ha PEKPYTUHT NePLUNX eDEKTOPHMX KIITUH.

Micns iHidiauii 3ananbHOi peakuii BiobyBaeTbCcA
MacuBHa Ta WBMAKA iHGINbTpauisa iluemMisoBaHol QinsiHKN
noniMopdHoALEPHUMU HENTPOddiNnamm, siki onocepeako-
BYIOTb YLUKO[KEHHS Yepe3 BUAINEHHS peakTUBHUX (DOpM
KMCHIO, MpoTea3 Ta (hopMyBaHHSA NO3AKNITUHHUX HEWTPO-
dinbHMX nacTok [7, 8]. HakonnyeHHa unx edekTopHUX
KNiTUH CTBOPKOE NOKanbHUA LIMTOTOKCUYHUIA Ocepenok,
wo, 3 opgHoro 6oOkKy, crnpusie eniMiHauii HEKPOTUYHMX
TKaHWH, @ 3 IHWOro — MOTEHLUINHO MOCUIKE BTOPUHHE
YWKOMXKEHHA XMTTE3daTHUX KappgiomiouuTiB. Hapani
aKTMBYIOTbCA MOHOUMTU Ta TKaHWHHI Makpodparu, sKi
andepeHuioTbCa y PEeHOTUNKU 3 PiI3HUMU PYHKLiOHamMb-
HMMUW BNAcTUBOCTAMU, DOPMYIOYM CKNaaHU banaHc Mixk
nposananbHUMM Ta pesoniouinHnmmn  wnsaxamm. Came
uern GanaHc CyTTEBO BMNMBAE Ha MoAarblly €BOIHOLi0

STAT3 - signal transducer and activator of transcription 3
sTNFR - soluble tumor necrosis factor receptor
TAK1 — TGF-B-activated kinase 1;

factor-B-activated kinase 1
TGF — transforming growth factor-f3

Transforming growth

TIR — Toll/interleukin-1 receptor

TLRs — Toll-like receptors
TNF — tumor necrosis factor
TNF-a — tumor necrosis factor-alpha

TNFR1 — tumor necrosis factor receptor 1
TNFR2 — tumor necrosis factor receptor 2
TRAF6 — TNF receptor-associated factor 6
TRAM - TRIF-related adaptor molecule

Tregs — regulatory T lymphocytes
TRIF — TIR-domain-containing adapter-inducing interferon-f3

VEGF - vascular endothelial growth factor

INTRODUCTION

The immunological mechanisms underlying the
development of inflammation in ischemic cardiac injury
represent a complex and dynamic system of interactions
among the structural components of the myocardium, cells
of the innate and adaptive immune responses, mediators
of intercellular communication, and signaling molecules
that respond to disturbances in tissue homeostasis.
It has been established that ischemia initiates profound
metabolic alterations driven by oxygen deficiency,
mitochondrial dysfunction, and the rapid accumulation
of ionic imbalance, ultimately leading to necrosis and
apoptotic disintegration of cardiomyocytes [1, 2, 3, 4, 5].

As a consequence, damage-associated molecular
patterns (DAMPs) are released into the extracellular
space, where they are recognized by pattern-recognition
receptors of innate immune cells, including Toll-like
receptors and representatives of the NOD-like receptor
group [6]. Activation of these receptors initiates a series
of signaling cascades, notably the activation of the nuclear
factor NF-kB, enhancement of pro-inflammatory cytokine
synthesis, and the establishment of a microenvironment
conducive to the recruitment of the first effector cells.

Followingtheinitiation oftheinflammatory response, the
ischemic region undergoes massive and rapid infiltration
by polymorphonuclear neutrophils, which mediate tissue
injury through the release of reactive oxygen species,
proteases, and the formation of neutrophil extracellular
traps (NETs) [7, 8]. The accumulation of these effector
cells establishes a localized cytotoxic niche that, on the
one hand, facilitates the elimination of necrotic tissue, but
on the other hand, may exacerbate secondary damage
to viable cardiomyocytes. Subsequently, monocytes and
resident macrophages become activated and differentiate
into phenotypes with distinct functional properties, thereby
shaping a complex balance between pro-inflammatory and
resolution pathways. This balance critically influences the
subsequent evolution of injury, the potential for reparative
responses, and the extent of tissue remodeling.

Ornspg nitepatypu

250

Literature review



KapasiHcbkuii imyHonoriyHui xxypHan. 2025. T. 8. Ne 2(16). C. 247-274

Karazin Journal of Immunology. 2025;8(2(16)):247-274

ISSN 3083-5615 (Online)

YLIKOAXEHHS, MOXIUBICTb PO3BUTKY penapaTuBHOI Bigno-
Bii Ta CTyNiHb peMoAerntoBaHHSA TKAHWNHMW.

MapanenbHO 3 KMITUHHOK iHINETPaLielo aKkTuBy-
0TbCS ryMoparbHi MeXaHi3Mu, Lo BKITHYa0Tb NOCUIIEHHS
cekpeuil LMTOKIHIB, XEMOKiHIB, aare3avBHUX MOreKyn
Ta MegiatopiB MiXKMITUHHOT B3aemogil [9]. YcTaHoBneHo,
LLIO MiABULLEHWI piBEHb iIHTEPNENKiHIB, (aKToOpiB HEKPO3Y
NyxnvH Ta iHWWX npo3ananbHuUX MegiatopiB opmye
CTiike CWUCTeMHe 3ananbHe MiArpyHTs, ke BUXOAWUTb
3a MeXi MiCLIeBOro YLUKOXXEHHS Ta BNAMBAE Ha 3ararbHy
roMeocTaTuyHy BiAMOBiAb OpraHiamy. 3HavylimMm € ToW
dakT, WO TpuBana akTuBauis LMTOKIHOBUX MaHLIOriB
MOXe iHOYKYyBaTW AUCHYHKUiO eHAOTernilo, MOCUMEHHSA
arperauii TpoMGoUUTIB, 3MiHW MiKpOCYAMHHOT nepdys3il
Ta opmyBaHHSA deHoMeHy «no-reflow», WO BM3Hayae
KNiHIYHY TSKKICTb Nepebiry ilueMiYHOro YLLIKOMKEHHS.

Y noganbLi Yyacosi a3 OO npouecy 3arnyyatTbCH
enemMeHTn HabyTol iMyHHOT BignoBiai, Bkntoyatun T-nim-
dountn Ta B-nimoumnTn, SKki MOXYTb CIPUATY K perynsuii
penapaTuMBHMX MPOLECiB, TaK i NiATPUMAHHIO XPOHIYHOT
HM3bKOPIBHEBOI 3ananbHoi aktmsHocTi [10, 11, 12].
YaropkeHicTb abo auckoopauHauis Mk BpPOMXKEHUMU
Ta HabyTMMW KOMMOHEHTaMW IMYHHOI peakuii BU3Hayae
CTyniHb  (hiBPO30YTBOPEHHS,  LUBUAKICTb  CTPYKTYPHOT
nepebynoBu Miokapga Ta pusvk (QOpMyBaHHsSI MOCTiLle-
MIYHOTO PEeMOESOBAHHS, WO € KIHOYOBUM YUMHHUKOM
Yy PO3BUTKY XPOHIYHOI cepLeBOi HegocTaTHOCTI. HasaBHi
OaHi cBigyaTh, WO NOPYLUEHHSsT peryrnaTopHUX MexaHi3MiB,
30kpema gucbanaHc Mix Npo- Ta aHTM3ananbHUMK NiaTU-
namm KniTuH, iCTOTHO BMMMBA€E Ha TpMBaniCTb 3anarnbHol
dasu Ta SKIiCTb BiAHOBMEHHSA TKAHWHMN.

OTxe, IMyHOMOriYHi MexaHi3amu, WO BU3HAYaKTb
PO3BUTOK 3anarieHHs npuv ileMiYHOMY YpaKeHHi cepus,
BKITIOYAKOTb CKIafHi iHTerpoBaHi npouecu, siki posroprta-
I0TbCS Ha PIBHI KMITUHHUX CTPYKTYP, r'YMOPanbHUX LUMSXIB
Ta cucTeMHoi Bignosiai [13, 14, 15]. Ix B3aemopis BusHavae
He nuwe rocTpy hasy YLUKOMXKEHHS, ane i JOBrOCTPOKOBI
Hacnigkun, BKMOYa4m CTyMiHb peMOAENtoBaHHs Miokapaa,
pU3NK PO3BUTKY CepLieBOi HegocTaTHOCTI, Bapiabenb-
HICTb KMiHIYHOI CUMMTOMAaTUKM Ta NPOrHO3. TakuM YMHOM,
nornnbneHe BMBYEHHS LMX MEXaHi3MiB € KI4YOBUM
HanpsiIMKOM Cy4acHUX OOCHiMKeHb 3 METOH OonTUMisauil
TepaneBTUYHUX CTpaTerini Ta CTBOPEHHS1 BinbLl Tapreto-
BaHWUX NiAXOAiIB A0 NPOTU3ananbHOro BTPYyYaHHS B yMOBax
iLLEMIYHOIO ypaXKeHHs cepusi.

Meta po6oTn — cuctematnsyBatu Ta ysaranbHUTK
Cy4yacHi HaykoBi AaHi OO0 KMYOBUX iIMYyHOMOTIYHNX
MexaHi3miB (POpMyBaHHS 3ananeHHs npu iemiyHomy
YPaXeHHi cepusl, BU3HAYNTU POfb KMAITUHHUX | Fymo-
panbHUX KOMMOHEHTIB BPOAXKEHOI Ta HabyToi iMyHHOT
BiQMOBIAI Y PO3BUTKY FOCTPOI Ta XPOHIYHOI a3 YLLUKO-
OXEHHSl, @ TaKOX OKPEeCNnUTW MaTOreHeTUYHi NaHKu,
O MOXYTb BYTU NOTEHUINHMMMK MilLEHAMWU AN TapreTo-
BaHMX NPOTM3ananbHUX TepaneBTUYHNX BTPyYaHb.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Mipbip ny6nikauin BMKOHaHO 3a 0aszamu [aHWX
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 <€kux BWCBITNOBaN1Ch
BIJOMOCTI NpPO iMYHOMOriYHI MexaHi3aMuy 3ananeHHs npu
iLLeMiYHOMY YpaxeHHi cepus, ponb KNITUH BPOOXEHOro

In parallel with cellular infiltration, humoral
mechanisms are activated, including enhanced secretion
of cytokines, chemokines, adhesion molecules, and
mediators of intercellular interaction [9]. Elevated
levels of interleukins, tumor necrosis factors, and other
pro-inflammatory mediators have been shown to establish
a persistent systemic inflammatory milieu that extends
beyond the site of local injury and influences the overall
homeostatic response of the organism. Importantly,
sustained activation of cytokine cascades may induce
endothelial dysfunction, promote platelet aggregation,
alter microvascular perfusion, and contribute to the
development of the «no-reflow» phenomenon, which
determines the clinical severity of ischemic injury.

In the subsequent temporal phases, elements of the
adaptive immune response become involved, including
T lymphocytes and B lymphocytes, which may contribute
both to the regulation of reparative processes and
to the maintenance of chronic low-grade inflammatory
activity [10, 11, 12]. The concordance or discoordination
between innate and adaptive components of the immune
reaction determines the extent of fibrogenesis, the rate
of structural remodeling of the myocardium, and the risk
of post-ischemic remodeling, which represents a key
factor in the development of chronic heart failure. Available
evidence indicates that disturbances in regulatory
mechanisms, including an imbalance between
pro-inflammatory and anti-inflammatory cell subsets,
significantly influence the duration of the inflammatory
phase and the quality of tissue recovery.

Thus, the immunological mechanisms that govern the
development of inflammation in ischemic cardiac injury
encompass complex, integrated processes unfolding
at the level of cellular structures, humoral pathways, and
systemic responses [13, 14, 15]. Their interplay determines
not only the acute phase of injury but also the long-term
consequences, including the degree of myocardial
remodeling, the risk of heart failure development, the
variability of clinical manifestations, and the overall
prognosis. Therefore, an in-depth investigation of these
mechanisms represents a key direction of contemporary
research aimed at optimizing therapeutic strategies and
establishing more targeted approaches to anti-inflammatory
intervention in the context of ischemic cardiac injury.

Objective — the aim of this work is to systematize
and synthesize current scientific data regarding the key
immunological mechanisms underlying the formation
of inflammation in ischemic cardiac injury, to define the
role of cellular and humoral components of the innate and
adaptive immune responses in the development of both
acute and chronic phases of injury, and to delineate
pathogenetic pathways that may serve as potential targets
for targeted anti-inflammatory therapeutic interventions.

MATERIALS AND METHODS OF RESEARCH

The selection of publications was performed using the
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.ebsco.com/),
and Google Scholar (https://scholar.google.com/). The
reviewed sources contained information on immunological
mechanisms of inflammation in ischemic cardiac injury,
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Ta aganTMBHOTO iIMYHITETY, CUrHanbHi LWNAXM akTuBauii
3anarnbHol BiANoBiAi Ta LMTOKIHOBI Kackaaw.

Ha nepwomy etani npoBognnu noLyk nirepaTypHux
OXepen 3a KAw4YoBUMKM croBamu: «ischemia-induced
inflammation», «<myocardialischemia», «innate immunity»,
«adaptive immunity», «neutrophils», «macrophage
polarization», «Toll-like receptors», «cytokine cascadey,
«myocardial remodeling».

Ha ppyromy etani BuBYanucb pestome cTaTtew
Ta BUKMOYanucb nyo6nikauii, ski He Bignosiganu kpute-
pisiM [OCNifKEHHS, 30KpeMa poboTN 3 HU3LKUM pPIBHEM
METOZO0SOrYHOI SKOCTi, Ny6nikaLii 6e3 YiTko BU3Ha4YeHoro
MeXaHIiCTUYHOro aHanidy abo Taki, Lo He MICTUNN AaHWX
NpO iMYHOMOFYHI aCNEKTU iLUEMIYHOIO YLLUKOAXEHHS.

Ha TpeTbomMy eTani BuBYanu MNOBHI TEKCTU Bidi-
OpaHux cTaTei Ha BiAMOBIOHICTb KPUTEPISIM BKIOYEHHS
[0 CnuCKy niTepaTtypy Ta peneBaHTHICTb A0CHIOKEHb.

KpuTtepii BknroyeHHA ny6nikauin o Bubipku, sika
nignsrana KOHTeHT-aHani3y:

1. BUCBITNEHHA  CyyacHMX  BiJOMOCTEW  LIOAO
KNITUHHWX | FyMOparbHUX MexaHi3MiB 3anarnbHoi Bianosiai
npw ilemMiyHOMY ypaxkeHHi Miokapaa;

2. BiANOBIAHICTb OOCNIMKEHb KMYOBMM 3acagam
[0Ka30BOI MeauuUMHM (YiTKa MEeTOAONOris, Y3ro4KeHICTb
pes3ynbTaTiB i3 CydaCHMMUM KOHLENUisiM1 naToreHesy);

3. BigKpWUTMI OOCTYyNn OO MOBHOTEKCTOBOI CTaTTi And
MOBHOLHHOI OLiHKM An3anHy Ta iHTepnpeTaLlii BUCHOBKIB.

PE3YABTATU TA iX OBFOBOPEHHS

llwemiyHe  ylWKOMKEHHS  Miokapga  CyrnpoBOOXY-
€TbCA KOMMIIEKCHOK CYKYMHICTIO iIMYHOMOMYHUX Nogin,
O OXOMIKTb pPaHHi CUrHanbHi  peakuii, akTusauito
BPOIXKEHNX MeXaHi3MiB 3anareHHsi, 3anyyeHHs aparn-
TMBHOI NaHKW iMYHITETY Ta hbOpMyBaHHs1 BaraTopiBHEBMX
LMTOKIHOBMX BigMnoBigen. AHania cy4acHuX OOChifXeHb
CBigYMTb, WO iHiuiauia " po3ropTaHHs 3ananbHOro
npouecy y BigMoBiAb Ha ilweMivyHy 3arnbenb kapaiomio-
unTiB € BGaraTocTyneHeBMMU Ta CTPOrO perynbOBaHUMM
ABULLAMM, SKi BU3HA4YalOTb IHTEHCUBHICTb JTOKaNbHOMO
YWKOMXKEHHSA, TpuBanicTb 3ananbHoi ¢asn Ta MnoTeH-
uian nogjanblmx penapaTuBHux abo ibposoyTBopto-
BanbHMX npoueciB. CUHXPOHHICTL abo AuckoopauHalisa
MK KNITUHHUMW, TYMOPanbHUMU Ta MOMNEKYNAPHUMMN
KOMMOHEHTaMu iMyHHOI BignoBigi BM3Havae, 9kum Oyae
KNiHIYHWMI cueHapii — Big CNpUATAMBOIO BiAHOBIEHHS
CTPYKTYPW TKaHWHW [0 NPOrpecytyoro peMoaentoBaHHS
Ta PO3BUTKY XPOHIYHOI CepLeBOoi HeQOCTaTHOCTI.

Y3aranbHeHi gaHi 403BOMSATb MOCMIAOBHO pPO3rnis-
HYTW KIIOYOBi eTanu iMyHonaTtoreHesy iWwemiYHOro
YPaXKeHHs1 cepus, 30Kpema: MEXaHi3MW BUBINIbHEHHS
DAMPs Ta ix B3aemogito 3 peLentopamu po3mnidHaBaHHSA
natepHiB (PRR); dopMyBaHHsi iHdonamacom Ta porb iHTe-
prienkiHy-1B y Hekpo3-acouiioBaHOMY 3anarneHHi; gyHk-
LioHanbHi 3MiHM B NOMynALUiaX HeWTpodinis, MOHOUUTIB
Ta MakpodariB; yyacTb aganTuMBHOI iIMyHHOI BiAnoBiaj;
a TakoX BMNIMB LMTOKIHOBOrO Kackagy Ha nporpecyBaHHs
MOLLKOPKEHHSI Ta pemMoentoBaHHs Miokapaa. [eTtanbHuii
pO3rnsag KOXXHOTO 3 X KOMMOHEHTIB JO3BONSAE 3pO3yMiTH
NaToOreHeTUYHi NaHku, sKi MOXyTb OyTW MOTEeHUIiHUMMK
MiLLEHSMM ANS PO3BUTKY TapreToBaHWX NpoTu3ananbHuX
cTparterin.

the role of innate and adaptive immune cells, signaling
pathways of inflammatory response activation, and
cytokine cascades.

At the first stage, a literature search was conducted
using the following keywords: «ischemia-induced
inflammation,» «myocardial ischemia,» «innate immunity,»
«adaptive immunity,» «neutrophils,» «macrophage
polarization,» «Toll-like receptors,» «cytokine cascade,»
and «myocardial remodeling.»

At the second stage, article abstracts were
reviewed and publications that did not meet the study
criteria were excluded, including works with a low level
of methodological quality, studies lacking a clearly defined
mechanistic analysis, or those that did not contain data
on the immunological aspects of ischemic injury.

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

The inclusion criteria for publications subjected
to content analysis were as follows:

1. presentation of up-to-date information regarding
cellular and humoral mechanisms of the inflammatory
response in myocardial ischemic injury;

2. compliance of the studies with the key principles
of evidence-based medicine (clear methodology, consistency
of results with current concepts of pathogenesis);

3. open access to the full-text article to enable
comprehensive evaluation of study design and
interpretation of conclusions.

RESULTS AND DISCUSSION

Ischemic myocardial injury is accompanied
by a complex set of immunological events encompassing
early signaling reactions, activation of innate inflammatory
mechanisms, involvement of the adaptive immune
response, and the formation of multilayered cytokine
networks. Analysis of contemporary studies indicates
that the initiation and progression of the inflammatory
process in response to ischemic cardiomyocyte death
are multistage and tightly regulated phenomena that
determine the intensity of local damage, the duration of the
inflammatory phase, and the potential for subsequent
reparative or fibrogenic processes. The synchrony
or discoordination among cellular, humoral, and molecular
components of the immune response defines the clinical
scenario — ranging from favorable restoration of tissue
structure to progressive remodeling and the development
of chronic heart failure.

The summarized data allow for a sequential
consideration of the key stages of theimmunopathogenesis
of ischemic cardiac injury, including: the mechanisms
of damage-associated molecular release and their
interaction with pattern-recognition receptors; the
formation of inflammasomes and the role of interleukin-1f
in necrosis-associated inflammation; functional
alterations in neutrophil, monocyte, and macrophage
populations; the involvement of the adaptive immune
response; as well as the impact of the cytokine cascade
on the progression of injury and myocardial remodeling.
A detailed examination of each of these components
provides insight into pathogenetic pathways that may
serve as potential targets for the development of targeted
anti-inflammatory strategies.

Ornspg nitepatypu

252

Literature review



KapasiHcbkuii imyHonoriyHui xxypHan. 2025. T. 8. Ne 2(16). C. 247-274

Karazin Journal of Immunology. 2025;8(2(16)):247-274

ISSN 3083-5615 (Online)

1. BUBIABHEHHS CUTHAABHUX
MOAEKYA NOWKOAXEHHA TA AKTUBALLIA
TOLL-NMOAIBHUX PELLENTOPIB

MMicna nNOLWKOAXEHHS cepueBO-CYOUHHOI  TKaHWHU
3anyckaeTbCsl 0araTOKOMMOHEHTHWUI KackaZ MnpoLecis,
LLIO CYNPOBOMKYETHCS IHTEHCUBHUM BUBINIbBHEHHSIM HU3KN
iIMyHOMOZYMIOBaNbHNX  MOMEKYNn €eHOOreHHOro  MoXo-
DKeHHs, ski 3gaTHi dyHkuioHyBatn 9k DAMP. Li ctpyk-
Typu, SiKi 4acTo Ha3uWBawTb anapmiHaMmu, YyTBOPHOKTLCS
AKNPAMUA HACNIOOKHEKPOTUYHOI 3arnbenikniTuH, MexaHiy-
HOro pyMHYBaHHsI TKaHWH abo Aerpazauii no3akniTMHHOro
MaTpUKCy, Ta HAOXoAsATb Y CUCTEMHUIN KPOBOTIK i MiDKKMi-
TWUHHUWIA NPOCTip, A€ BUCTYNalTh NEPBUHHMMUN TpUrepamm
CTEepUnbLHOro 3ananeHHs. IxHs GionoriyHa ponb nonsrae
y HeranHoMmy CroBilEHHi CUCTEMU BPOMXEHOrO iMYHi-
TETY NPO MOLUKOAXXEHHSI TKAHMHHOI LinicHOCTi Ta Heob-
XiOHICTb LIBMAKOrO BiAHOBMEHHA romeocrtasy [16, 17].
Y noegHaHHi 3 eK30reHHUMM MOMEKYNSIPHUMMN NaTepHaMu,
nos’s3aHMMnM 3  natoreHoMm  (pathogen-associated
molecular patterns — PAMP), ski Hagxogsitb 3a yMOB
MikpobHoi iHBa3ii, DAMP B3aemogitotb i3 PRR. OcTaHHi
KOOYyHTbCSl 32pOAKOBOIO MiHIEK Ta € BUCOKO KOHCEepBaTUB-
HAMW MOMNEKYNAPHUMW CTPYKTypamu, 3aaTHUMU cneuu-
(iYHO po3ni3HaBaTK KOHCepBaTMBHI curHanu Hebeaneku
Ta 3anyckatu LUMPOKUIA CMEKTP IMYHHUX CUTHarbHUX
kackagie [17]. Came PRR 3abe3nevyiotb nepexig Big
CTPYKTYPHOIO YLUKOMKEHHS TKaHWH OO KOOPAWMHOBAHOI
iMyHHOI BignoBidi, WO BKMOYA€E akTUBaLito TpaHCKpULi-
NHUX hakTopiB, CUHTE3 LMTOKIHIB, iHiliaLilo daroumTosy
Ta Moaynsuito aganTUBHOT IMyHHOT BignoBIAi.

3a cBoeto cybkniTuHHOW nokanisauieto PRR nogins-
I0TbCS1 Ha OBi OCHOBHI (DYHKLiOHanbHi rpynu, wo 3abes-
neyye LUMPOKUA CNEKTP CMAPUAHATAMBOCTI A0 Pi3HUX
Dkepen curHanis Hebesneku. lNepwa rpyna npeacras-
neHa TpaHcmembpaHHUMK Ginkamu, Takumu sk Toll-no-
ni6Hi peuentopu (TLR) Ta nektuHoBi peuentopu C-Tuny
(CLR), siki po3miLLytoTbCst HA NOBEpPXHi KNiTUH abo B eHAo-
coMax Ta 3[aTHi po3mni3HaBaTu Kk MIKPOOHI CTpyKTypw,
Tak i eHpgoreHHi DAMP. [pyra rpyna BKr4ae uuTOmN-
nasmartuyHi Ginkn — peuenTopu HyKNeoTua-3B’sA3yBarb-
Horo oniromepu3adiiHoro gomeHy (NOD-nogi6Hi) (NLR),
pPEeTUHOEBO-KNCINOTHO-iHAYKkoBaHi reH-I peuentopu (RLR)
Ta peuentopu AlM2-nogibHoi pogunHu (ALR) [17]. Taka
GaraTopiBHeBa CTpykTypHa opraHisauis PRR possonsie
KNITUHI  34iNCHIOBaTU IHTENPOBAHUIN MOHITOPUHI  PIi3HUX
TUNIB 3arpo3 — siK 30BHILLUHIX (NaToreHu), Tak i BHYTPILLHIX
(CTPYKTYpHi NopyLUeHHs), 3abe3nedyoumn rHy4ky Ta agan-
TUBHY iMYHHY BiAnoBiab.

Y KOHTEKCTi cepLeBO-CyanHHNX 3axBoptoBaHb (CC3)
PRR BUWKOHYyIOTb Hag3BMYaWHO BaxmnuBy naToqisiono-
rivHy ponb. IcHye kinbka knacie PRR, BignosiganbHux
3a NocUneHHs 3ananbHoi peakuii NPy ypaXeHHsX cepue-
BO-CYAMHHOI CUCTEMM, 0OCOONMMBO 3a YMOB iLLEMIYHOIO
cTpecy abo HaAMIpHOrO MEXaHIYHOro HaBaHTaXEHHS
Ha cepueBuin M’A3 Ta CTiHKY cyaunun [18, 19, 20, 21]. MNpwn
iwemii Ta penepdysii PRR @yHKUiOHYIOTb K KMOYOBI
petektopu eHgoreHHux DAMP, LWwo Hakonu4yyoTbCs BHaC-
nigok HeKposy KapgioMiouuTiB i Aerpagauii no3akniTuH-
Horo matpukcy. MNoganblwa aktusauis PRR npussoautb
00 OpMyBaHHSA HTEHCMBHOI Mpo3ananbHOoi Bignosidi,
O NposIBASIETbCA iHMINbTpaLied HenTpoginis, akTnea-
Lieto makpodparis Ta peMoaentoBaHHAM TKaHUH. Baxnmeo
3a3HaunTu, Wwo TLR i NLR mMoxyTb pyHKUiOHYBaTN CUHEp-
riYHO, YTBOPKOKOYM B3AEMOMOB'SI3aHY MEpPEXy CUrHa-
nisauii, sKka crnpusie NporpecyBaHHI0 aTepoCcKneposy,

1. RELEASE OF DAMAGE-ASSOCIATED
SIGNALING MOLECULES AND ACTIVATION
OF TOLL-LIKE RECEPTORS

Following cardiovascular tissue injury,
a multicomponent cascade of processes is initiated,
accompanied by the intensive release of a range
of endogenous immunomodulatory molecules capable
of functioning as damage-associated molecular patterns
(DAMPs). These structures, often referred to as
alarmins, arise as a direct consequence of necrotic cell
death, mechanical tissue disruption, or extracellular
matrix degradation, and enter the systemic circulation
and intercellular space, where they act as primary
triggers of sterile inflammation. Their biological role
is to immediately alert the innate immune system about
tissue integrity damage and the need for rapid restoration
of homeostasis [16, 17]. In combination with exogenous
pathogen-associated molecular patterns (PAMPs), which
emerge under conditions of microbial invasion, DAMPs
interact with pattern recognition receptors (PRRs). These
receptors, encoded in the germline, represent highly
conserved molecular structures capable of specifically
recognizing conserved danger signals and initiating
a broad spectrum of immune signaling cascades [17].
PRRs thus provide the critical transition from structural
tissue damage to a coordinated immune response,
encompassing the activation of transcription factors,
cytokine synthesis, initiation of phagocytosis, and
modulation of the adaptive immune response.

Based on their subcellular localization, PRRs are
divided into two major functional groups, which ensures
abroad spectrum of sensitivity to diverse sources of danger
signals. The first group is represented by transmembrane
proteins such as Toll-like receptors (TLRs) and C-type
lectin receptors (CLRs), which are located on the
cell surface or within endosomes and are capable
of recognizing both microbial structures and endogenous
DAMPs. The second group comprises cytoplasmic
proteins, including nucleotide-binding oligomerization
domain-like receptors (NLRs), retinoic acid-inducible
gene-l-like receptors (RLRs), and AlIM2-like receptors
(ALRs) [17]. This multilayered structural organization
of PRRs enables the cell to perform integrated monitoring
of different types of threats — both external (pathogens)
and internal (structural damage) —thereby ensuring
a flexible and adaptive immune response.

In the context of cardiovascular diseases, PRRs play
a critically important pathophysiological role. Several
classes of PRRs are responsible for amplifying the
inflammatory response in cardiovascular injury, particularly
under conditions of ischemic stress or excessive
mechanical load on the myocardium and vascular
wall [18, 19, 20, 21]. During ischemia and reperfusion,
PRRs act as key biological sensors for endogenous
DAMPs, which arise as a consequence of cardiomyocyte
necrosis and extracellular matrix degradation. Subsequent
activation of PRRs leads to the development of a robust
pro-inflammatory response, characterized by neutrophil
infiltration, macrophage activation, and tissue remodeling.
Importantly, TLRs and NLRs can function synergistically,
forming an interconnected signaling network that promotes
the progression of atherosclerosis, heart failure, and other
cardiovascular pathologies [19, 22]. Such interactions
potentiate the effects of individual PRRs, creating conditions
for persistent inflammation and chronic tissue damage.
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cepueBoi HegocTaTHOCTI Ta iHwux CC3 [19, 22]. Taka
B3aemogis nigcunioe edektn okpemnx PRR, cTBoptooun
YMOBU [Afsi MEepCUCTYIOHOro 3anarieHHst Ta XPOHIYHOro
NOLUKOOXXEHHS TKaHWH.

Monpwu Te wo PRR knacnm4HO BBaXalOTbCA MapKepom
IMYHHUX  KIITUH, YUCIMEHHi [OOCNIMAXEHHA NpPOAEMOH-
CTpyBanu IXHIO MPUCYTHICTb Ha KriTUHaxX CcepLeBO-Cy-
OWHHOIT cUCTeMM, 30KpemMa Ha eHgoTenianbHUX KniTuHax,
rmagkoM’si30BUX KMiTMHAX, kapaiomiouutax Ta ¢ibpob-
nactax [23]. Lle Mae kpuTUYHe 3Ha4YeHHs Ans natodisi-
onorii CC3, ockinbku nokanbHa aktmsauis PRR 6e3no-
cepeaHbo B MiCLi YLIKOMXEHHSA NPU3BOAUTbL OO HeramHoi
3MiHW KNITUHHOTO PEHOTMNY, MOCUIEHHST NPoAYKUil LUMTO-
KiHIB Ta akTuBaLuii BHYTPILWHBOKNITUHHUX CUrHaINbHUX
wnsxis. Taka aBTOHOMHa aKTUBHICTb CepLeBO-CYOUHHUX
KNiTMH bopmye fopaTkoBi piBHI perynsauii 3ananeHHs,
SIKi He 3anexaTb Bif, KNacu4yHMX iMyHHUX KMiTWH, Ta 6epe
y4acTb y PO3BUTKY eHAaoTenianbHOi ANCKYHKUIT, CyauH-
HOro pemogentoBaHHs Ta ibpoay.

Cepep ycix PRR TLR € Halikpalle BUB4EHNMM Ta iCTO-
pUYHO MepwuMmy  igeHTUdikoBaHMMKM  peuenTopamu,
wo OGepyTb yyacTb Yy po3ni3HaBaHHi naTepHiB Hebes-
nekn. Cnepuwy TLR 6ynu onucani sk peuentopu, nogioHi
po 6inka Toll gposoginu, ponb sikoro Gyno BCTaHOBMNEHO
B PO3BUTKY eMbpioHanbHUX cTpykTyp. lMoganbli gocni-
DkeHHs BusBuUnK, Wwo Toll y aposodpinu Bigirpae kno4osy
porb Yy 3axuCTi Big naToreHiB 4yepes iHAYKLilo CUrHanbHMX
WnsAxiB, nogibHMX [0 TMX, LU0 aKTUMBYHTb TPaHCKPUML-
nHun caktop NF-kB. Y niognHmn TLR 3gatHi posnisHasaTu
LUMPOKNIA CNEKTP €HAOTEHHUX HEMIKPOOHMX Mornekyr,
30kpeMa  OinkoBi  parMeHTW, HyKMNeiHOBi  KUCMOTW
Ta eneMeHTV MO3akMiTMHHOIO MaTpuKCy, LO YTBOPHO-
IOTbCA BHACMiAOK KNiTUHHOI 3armbeni abo TKaHWMHHOro
ctpecy. Aktmeauis TLR npvBognTb 40 KackagHOT akTuBawii
BHYTPILLUHBOKMITUHHMX CUTHANBHUX LUMSIXIB, O PEryrioTb
SIK BPOOKEHY, TaK i aAanTuBHY iMyHHY BignoBiab. KiHueBum
pesynsTatoM Takol akTuBauii € TpaHcnsuia curHanis
Ha piBEHb TPAHCKPUNLUINHUX DAKTOPIB, MOCUIEHHS CUHTE3Y
npo3anarnbHUX LUTOKIHIB, iHTepdepoHiB | Tuny Ta opmy-
BaHHS po3rany>eHoi No3UTUBHO-3BOPOTHOI NETNi, 30aTHOI
SK CNpuATY penapauii TKaHWH, Tak i 3ymMOBntoBaTK naro-
NOriYHe NocureHHs 3ananeHHs. 3a YMOBU HEKOHTPOIbO-
BaHoi ctumynsauii TLR ui MexaHiaMu MOXyTb CIPUYNHATA
TpuBane XpoHiYHe 3anarneHHsi, sike IeXWTb B OCHOBI
aTeporeHesy Ta NpPOrpecyBaHHs iHLUNX CepPLEBO-CYANUHHNX
natornorin. Ponb AONOMKXHMX MOMEKyn y MOgyNtoBaHHi LIMX
peakuii € KpUTUYHOLO, OCKINbKM caMe BOHM 3abe3nevyioTb
GanaHc Mk afeKBaTHOK IMYHHOK BIOMOBIAAK Ta YHMWK-
HEHHSIM HaMIPHOTO 3ananeHHs!.

NLR copmytotb okpemy kateropito PRR, wo dyHk-
LiOHYIOTb K  BHYTPIWHBOKMITUHHI  ceHcopu DAMP.
3anexHo Big cTpykTypu N-kiHLeBOro AomeHy iX nofi-
NATb Ha YOTVMPWM MNIOPOAMHM, KOXHA 3 SKUX Mae
yHikanbHi yHkuioHanbHi BnactmeocTi. NLR peryniotote
LUMPOKMIA CNEKTP KNITUHHMX MPOLECIB, BKIHOYAKOUYN aKTu-
Bauito curHanbHux wnaxieB NF-kB, aytodarito, dopmy-
BaHHA peakuin Ha pgeonaHutoroy PHK, perynsuito
eKcnpecii reHiB rofiloBHOr0 KOMMMEKCY FiCTOCYMICHOCTI,
KNiTUHHE PO3MHOXEHHsI Ta AudepeHuiadiio [24]. Cepen
Hux NLRP3 ta NOD1 npuBepTatoTb ocobnuBy yBary
y koHTekcTi CC3, ockinbku iXHsi aKTMBHICTb MOB’si3aHa
3 (hopMyBaHHSIM iHhbriamacom — MynbTUMIPHUX BinKoBUX
KOMMMekKciB, BignoBiganbHMX 3a akTuBaLito kacnasun-1 ta
pospiaHHa IL-1B8 i IL-18. IHdnamacomn NLRP3 Ta
NOD1 BigirpatoTb Kro4OBY pofb Y PO3BUTKY Ta nporpe-
CyBaHHi aTtepockneposy, (hoOpMyBaHHi aHEBPU3MU aopTy,

Although PRRs are classically considered markers
of immune cells, numerous studies have demonstrated
their presence in cardiovascular system cells, including
endothelial cells, vascular smooth muscle cells,
cardiomyocytes, and fibroblasts [23]. This finding
is of critical importance for the pathophysiology
of cardiovascular diseases, since local activation of PRRs
directly at the site of injury leads to immediate alterations
in cellular phenotype, enhanced cytokine production,
and activation of intracellular signaling pathways.
Such autonomous activity of cardiovascular cells
establishes additional layers of inflammatory regulation
independent of classical immune cells and contributes
to the development of endothelial dysfunction, vascular
remodeling, and fibrosis.

Among all PRRs, Toll-like receptors are the most
extensively studied and historically the first identified
receptors involved in danger-associated molecular pattern
recognition. Initially, TLRs were described as receptors
homologous to the Drosophila Toll protein, whose role was
established in the development of embryonic structures.
Subsequent studies revealed that Toll in Drosophila plays
a pivotal role in pathogen defense through the induction
of signaling pathways analogous to those activating
the transcription factor NF-kB. In humans, TLRs are
capable of recognizing a wide spectrum of endogenous
non-microbial molecules, including protein fragments,
nucleic acids, and extracellular matrix components
generated as a result of cell death or tissue stress.

Activation of TLRs initiates a cascade of intracellular
signaling pathways that regulate both innate and adaptive
immune responses. The ultimate outcome of such
activation is the transmission of signals to transcriptional
regulators, enhanced synthesis of pro-inflammatory
cytokines, type | interferons, and the establishment
of a complex positive feedback loop that can either
facilitate tissue repair or drive pathological amplification
of inflammation. Under conditions of uncontrolled TLR
stimulation, these mechanisms may lead to sustained
chronic inflammation, which underlies atherogenesis
and the progression of other cardiovascular pathologies.
The role of accessory molecules in modulating these
reactions is critical, as they ensure the balance between
an adequate immune response and the avoidance
of excessive inflammation.

NLRs constitute a distinct category of PRRs that
function as intracellular sensors of DAMPs. Based on the
structure of their N-terminal domain, they are classified
into four subfamilies, each possessing unique functional
properties. NLRs regulate a wide range of cellular
processes, including activation of NF-kB signaling
pathways, autophagy, responses to double-stranded
RNA, regulation of major histocompatibility complex gene
expression, cellular proliferation, and differentiation [24].
Among them, NLRP3 and NOD1 have attracted
particular attention in the context of cardiovascular
diseases, as their activity is associated with the formation
of inflammasomes — multimeric protein complexes
responsible for caspase-1 activation and the maturation
of IL-18 and IL-18. NLRP3 and NOD1 inflammasomes
play a pivotal role in the development and progression
of atherosclerosis, the formation of aortic aneurysms,
myocardial  inflammation, fibrosis, and cardiac
remodeling [25]. Furthermore, recent evidence has
demonstrated that the AIM2 inflammasome recognizes
cytoplasmic double-stranded DNA, underscoring its
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PO3BUTKY MioKapgiarnbHOro 3ananeHHsi, ibposy Ta pemo-
genoBaHHA cepust [25]. Kpim TOro, HewopasHi AaHi
npogeMoHcTpyBanu, wo iHdnamacoma AIM2 posnisHae
uutonnasmatuyHy asonaHutoroy [AHK, wo nigkpecnioe
il MOTEHUiHY ponb Yy CTEPUIbHUX 3ananbHUX nNpolecax,
XapakTepHUx Ans ilweMiyHnx ypaxeHb cepLeBO-CyaUHHOI
cuctemu [26].

JlektuHoBi  peuentopu  C-tuny (CLR) craHoB-
NsaTb BENUKY Ta CTPYKTYPHO pisHOMaHiTHy rpyny PRR,
wo Hanivye noHag 1000 6inkiB, nogineHux Ha 17 rpyn
3anexHo Big iXHbOI apxiTeKTypu Ta YyHKLiOHaNbHUX
BrnacTtusocten [27]. Xoda CLR TpaguuinHo posmsga-
I0TbCSl B KOHTEKCTi MPOTUBIPYCHOrO Ta MPOTUIpUOKOBOIO
iIMYHITETY, HAKONNYYTbCS [OKa3M, LLI0 BOHU 3A4aTHI po3ni3-
HaBaTu wmpokuii cnektp DAMP i 6GepyTb yyacTb y pery-
nauii 3ananbHUX peakui Npu paky, ayToiMyHHUX 3axBO-
ptoBaHHsIx Ta CC3. OcobnuBoi yBaru 3acnyroBye knacrep
Dectin-1, wo Bknto4ae cim peuenTopis i Bigirpae cyTTeBy
ponb Yy perynsuii iMyHHOI BignoBigi B CepLeBO-CyaNHHIN
cuctemi. OguH i3 NnpegcTaBHUKIB Lboro knactepy, LOX-1,
LUMPOKO BMBYEHWI Y KOHTEKCTi PO3BUTKY aTepOCKeposy,
rinepTeHsii Ta iwemivyHoro iHcynety [28, 29]. Baxnueum
acnektoMm Ansi po3ymiHHs B3aemogii PRR € 3pgatHicTb
CLR cuHepridyBatu i3 curHansHumMm wnsxamm TLR, nocu-
MY NPOAYKLI0 LIMTOKIHIB, XEMOKIHIB Ta Cnpusioum
PO3BUTKY 3anarnbHUX peakLin.

CurHaneHi  mexaHismn  Toll-nogibHoro  peuenTopa
4 (TLR4) po3rnsagaoTbCs SIK LeHTparnbHa NaHka aktusauii
BPOO>KEHOI iIMYHHOI BigNoBiAi Ta opMyBaHHS 3ananbHOro
deHoTUNy Npw iLlemivHo-penepdy3iiHOMY MOLUKOLKEHHI.
TLR4 BWpIi3HAETbCA 3AATHICTIO PO3Mi3HaBaTU LUMPOKUI
CMEKTP EeK30reHHWX i eHAOoreHHUX niraHaiB, BKIHOYauu
H6akTepianbHuin ninononicaxapua (JIMC), BipycHi cTpyk-
TYpHi Ginku, rpubKoBUIA MaHaH Ta MNEBHI MONEKYNsPHi
naTepHy, O BUBINBbHAIOTECS YLUKOOXEHUMU KIiTUHAMM,
TUM CaMMM BUCTYMaKuM KIMioYOBMM CeHCopoM Hebesneku
Ons opraHiamy.

CurHanbHi wnsxy, aktveosaHi TLR4, dopmytoTh iHTe-
rpoBaHy Mepexy MOMEKYNSPHUX peakuin, IO Y3romKeHo
PerynioloTe PO3BUTOK 3anarneHHsl, OKCUOATUBHOTO CTpecy
Ta NporpamMoBaHOi KNiITMHHOI CMePTI Nig Yac iLuemivyHo-penep-
dysinHoro ykomkeHHst (puc. 1). Aktmeauia TLR4 npusso-
OUTb 0O  akTuBauii  BHYTPILUHBOKMITUHHMX  Kackafis,
Lo onocepeakosytoTbcs NF-kB. Lien wnsx BuaHavae iHijto-
BaHHA MOTYXXHOI Npo3anarnbHOi BiANoBiAdi Yepes TpaHCKpur-
LifHe NiACWUNEHHs1 CUHTE3y Mpo3anarnbHUX LMTOKIHIB, XeMO-
KiHiB, mMepiaTopiB 3ananeHHs Ta perynsatopHux Oinkie, siki
NiATPMMYIOTb aKTUBALLKO NEeVKOUUTIB i MOCUIEHHsT NOKarb-
HOrO Ta CUCTEMHOTO 3anarnbHOro curHarty.

[MapanenbHO aKTUBYIOTbCA  LUASXM  MITOreH-aKTu-
BOBaHMx npoTteiHkiHaz (MAPK), «kiHa3n MexaHiCTu4Hol
uini panamiumHy (MTOR) Ta NADPH-okcmgas (NOX),
LLIO 3yMOBIIOE MOCUIEHY reHepaLito akTVBHUX (OOPM KICHIO.
HagmipHe yTBOPEHHS1 akTUBHMX (DOPM KUCHIO NPU3BOAUTL
[0 pO3BUTKY OKCUAATUBHOIO CTPecy, AUCHYHKLUIT MITOXOH-
Opil Ta NOLUKOOXEHHSA KMITUHHWUX CTPYKTYP, WO Crnpusie
MOPYLUEHHIO BHYTPILLUHBOKMITUHHOIO rOMeoCTasy.

BopgHouyac aktuBoBaHi wnaxu TLR4-NF-kB, MAPK
tTa mTOR 3anyckailoTb nporpamu nporpamoBaHol
KNITUHHOI CMEepTi, BKMAOYHO 3 anonTo30M, HEKPOMTO30M
Ta niponTo3oM. AkTMBaUif uUMX (POPM MpPOrpamMoBaHoi
KNiTMHHOT 3arnbeni BW3Ha4ae noganblue MNigCUNEeHHS
BHYTPILLUHBOKNITUHHOTO 3anarneHHsl, NormuMbnNeHHst OKcu-
AaTvBHOro paucbanaHcy Ta OpMyBaHHSA KacKagHWUX
YLWIKOAXKEHb, XapaKTepHWX Ang iwemiyHo-penepdysin-
HOro MpoLecy.

potential role in sterile inflammatory processes, that are
common in ischemic cardiovascular injury [26].

C-type lectin receptors (CLRs) represent a large and
structurally diverse group of PRRs, comprising more than
1000 proteins divided into 17 groups according to their
architecture and functional properties [27]. Although
CLRs have traditionally been considered in the context
of antiviral and antifungal immunity, accumulating evidence
indicates that they are capable of recognizing a broad
spectrum of DAMPs and are involved in the regulation
of inflammatory responses in cancer, autoimmune
diseases, and cardiovascular diseases. Particular attention
has been given to the Dectin-1 cluster, which includes
seven receptors and plays a significant role in modulating
immune responses within the cardiovascular system. One
member of this cluster, lectin-like oxidized low-density
lipoprotein receptor-1 (LOX-1), has been extensively
studied in the context of atherosclerosis, hypertension,
and ischemic stroke [28, 29]. An important aspect of PRR
interactions is the ability of CLRs to synergize with TLR
signaling pathways, thereby amplifying cytokine and
chemokine production and promoting the development
of inflammatory responses.

The signaling mechanisms of Toll-like receptor
4 (TLR4) are regarded as a central axis in the activation
of innate immune responses and the establishment
of an inflammatory phenotype during I/R injury. TLR4 is
distinguished by its ability to recognize a wide spectrum
of exogenous and endogenous ligands, including bacterial
lipopolysaccharide (LPS), viral structural proteins, fungal
mannan, and specific molecular patterns released from
damaged cells, thereby serving as a key danger sensor
for the organism.

The signaling pathways activated by TLR4 form
an integrated network of molecular reactions that
coordinately regulate the development of inflammation,
oxidative stress, and programmed cell death during I/R
injury (Fig. 1). TLR4 activation leads to the induction
of intracellular cascades mediated by NF-kB. This pathway
drives the initiation of a robust pro-inflammatory response
through transcriptional upregulation of pro-inflammatory
cytokines, chemokines, inflammatory mediators, and
regulatory proteins that sustain leukocyte activation and
amplify both local and systemic inflammatory signaling.

In parallel, the pathways of mitogen-activated protein
kinases (MAPKSs), mechanistic target of rapamycin
(mTOR) kinase, and NADPH oxidases (NOX) are
activated, resulting in enhanced generation of reactive
oxygen species (ROS). Excessive ROS production leads
to the development of oxidative stress, mitochondrial
dysfunction, and damage to cellular structures, thereby
contributing to the disruption of intracellular homeostasis.

Concurrently, the activation of TLR4-NF-kB, MAPK,
and mTOR pathways initiates programs of programmed
cell death, including apoptosis, necroptosis, and
pyroptosis. The activation of these forms of programmed
cell death further amplifies intracellular inflammation,
exacerbates oxidative imbalance, and promotes the
formation of cascade-like injuries, that are common for
the ischemia/reperfusion process.

Thus, TLR4 serves as a central regulator of a tightly
integrated pathogenic triad —inflammation, oxidative
stress, and programmed cell death — determining the
nature and severity of tissue damage during ischemia/
reperfusion stress (see Fig. 1).
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Puc. 1. Curnanisauis TLR4 npwu iluemiyHo-penepdy3inHOMY MOLLKOAXEHHI: B3aEMOAIS

i3 3ananeHHsiM, OKCMAATMBHUM CTPECOM Ta MPOrpamMoBaHOI0 KMiTUHHOW cmepTio [30]

Fig. 1. TLR4 Signaling in Ischemia/Reperfusion Injury: Interactions with Inflammation,
Oxidative Stress, and Programmed Cell Death [30]

Takum ymHoM, TLR4 BuCTynae UeHTpanbHUM pery-
NSATOPOM  TICHO iHTErpOBaHOI MNATOrEeHEeTUYHOI Tpiagu:
3ananeHHs — OKCWAATMBHWIA CTpec — NporpamoBaHa
KNiTUHHA CMEePTb, BU3HAYAK4N XapaKTep i TAKKICTb YLLIKO-
[PKeHb TKaHWH nig, Yac ileMiyHo-penepdysiiHOro ctpecy
(omB. puc. 1).

Y Bunagky iHQiKyBaHHA rpamMHeratMBHUMKU OGakTe-
pismu TLR4 posnisHae JIMC 3a yyacTio Ginka, wo 38’s3ye
ninononicaxapug, daktopa MienoigHoi audepeHuiauii
2 (MD-2) Ta CD14; nicna cpopMyBaHHsI firaH4-peuenTop-
HOro KOMMIEKCy BiAOyBaeTbCca oniromepu3adis peuen-
TOpIB, WO 3abe3neyvye NPOCTOPOBY OpraHi3aLito JOMeHIB
Toll-iHTepnewkiHy-1 Ta  peKkpyTyBaHHs  aganTepHuX
6inkiB [30]. Llen etan Bu3Hayae 3anyck GaraTtopiBHEBUX
CUrHanbHUX Kackagis, BKMOYAYM akTUBALLiKO KiHa3, TpaH-
CKPUMUINHMX (paKTOpiB Ta MeaiaTopiB 3anarneHHs.

Ak i gna iHwmx Toll-nogibHux peuenTtopis, Anga
TLR4 xapaktepHe (DyHKLIOHYBaHHS y OBOX MPUHLMMOBO
BiOMIHHMX cuUrHanbHUX pexumax — MyD88-3anexHomy
Ta MyD88-He3zanexHomy. Y MyD88-3anexHomy Lunsixy
3B’A3yBaHHS NiraHay CNpuUYMHIOE pekpyTyBaHHA MyD88,
akTuBauito Ta doccopunioaHHsa IRAK-4, wo 3anyckae
nepenady curHany yepes oci TRAF6—TAK1-NF-kB/MAPK.
Lle npu3BoauTb OO0 TPaHCKPUMUINHOI akTuBaUii reHiB
npo3ananbHUX LUTOKIHIB i nocuneHoi cekpeuii IL-1[,
IL-6 Ta TNF-a, aki BigirpatoTb BupilIanbHy posnb Y NigTpu-
MaHHi 3ananbHOro NpoLecy, iHAYKLUil HITPOKCUOATUBHOIO
cTpecy Ta bopMyBaHHi MPOrpaMoBaHOI KNiTUHHOT CMEPTi.
Y MyD88-He3anexHomy BapiaHTi TRAM 3abe3nedvye
BnbipkoBe 3B’A3yBaHHA TLR4 i3 TRIF, wo 3ymosntoe
aktuBauito daktopiB IRF3, NF-kB ta MAPK i ctumyntoe
npoaykuito iHTepdepoHiB | Tuny Ta [oaatkoBMX Npo3a-
nanbHUx Megiatopis [31]. BkasaHi WwWnaxu 4eMOHCTPYOTb
TiCHY (DYHKUiOHanbHy B3aeMOoZito Ta 34aTHi nigcunoBaTty
edeKTM OaMH OOHOrO, WO 0COONMBO BAXIMBO Y KOHTEKCTI
po3BUTKY |/P-yLLKOOXKEHHS.

MepeBaxHa kinbkicTb gocnimpkeHs TLR4 cdokyco-
BaHa Ha aHanisi 1horo poni npu iHEKUinHMX npouecax,

In the case of Gram-negative bacterial infection,
TLR4 recognizes LPS with the participation of the
LPS-binding protein, myeloid differentiation factor 2 (MD-2),
and CD14. Following the formation of the ligand—receptor
complex, receptor oligomerization occurs, ensuring the
spatial organization of Toll/interleukin-1 receptor (TIR)
domains and the recruitment of adaptor proteins [30]. This
stage defines the initiation of multilevel signaling cascades,
including the activation of kinases, transcription factors,
and inflammatory mediators.

As with other Toll-like receptors, TLR4 operates
in two fundamentally distinct signaling modes — MyD88-
dependent and MyD88-independent. In the MyD88-
dependent pathway, ligand binding induces the
recruitment of MyD88, activation and phosphorylation
of interleukin-1 receptor-associated kinase 4 (IRAK-4),
which initiates signal transduction through the
TRAF6-TAK1-NF-kB/MAPK axis. This results
in transcriptional activation of pro-inflammatory cytokine
genes and enhanced secretion of IL-18, IL-6, and TNF-q,
which play a decisive role in sustaining the inflammatory
process, inducing nitro-oxidative stress, and promoting
programmed cell death.

In the MyD88-independent pathway, TRAM mediates
selective binding of TLR4 to TRIF, leading to activation
of IRF3, NF-kB, and MAPK, and stimulating the production
of type | interferons and additional pro-inflammatory
mediators [31]. These pathways exhibit close functional
interplay and are capable of mutually amplifying their effects,
which is particularly relevant in the context of I/R injury.

The majority of studies on TLR4 have focused
on analyzing its role in infectious processes; however,
accumulating evidence convincingly demonstrates
the pathogenic significance of TLR4 in non-infectious
conditions, particularly in organ injury resulting from I/R.
Since TLR4 are expressed in multiple tissues and organs,
including the heart, kidneys, and liver, their activation may
contribute to the development of an acute inflammatory
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O[HaK HaKOMW4eHi [AaHi NepekoHNMBO cBigYaTb Mpo
natoreHeTM4Hy 3Hadywicte TLR4 y HeiHdeKuinHmux
CTaHax, 30Kpema Mpu ypaxeHHi opraHie yHacnigok |/P.
Ockinbkn TLR4 ekcnpecyeTbcs y 6araTbox TkaHUHaX
Ta oOpraHax, BKIiOYaluM cepue, HUPKU Ta MediHKy,
MOro akTuBaLisi MOXe Crnpuatv (pOpMyBaHHIO FOCTPOro
3ananbHoro eHoTUny Ta iHAYKUii BTOPUHHUX YLLKO-
DoxeHb. BcrtaHoBneHwo, wo aktueauis TLR4 cnpusie
nocuneHHo |/P-iHayKOBaHOro YLIKOOXKEHHSI HUPOK, TOAi
aK gediunt TLR4 4MHUTL BUpPaXeEHUM NPOTEKTUBHUMN
BrnnuB. [MocnigoBHI ekcnepMMeHTanbHi CNOCTEPEXEHHSA
niaTBepOXyoTh, WO TLR4 BUCTYNae KnovoBUM MOAymto-
BanbHNUM akTopoM npu |I/P-yLLUKOMKEHHI HUPOK: NOro
HagMipHa aKkTUBALlis aCOLETLCA 3 TSHKYMM nepebirom,
Todi SIK reHeTudHuin abo dapmakonoriyHui Grnokatop
TLR4 3Ha4HO 3MeHLUye BUPAa3HiCTb YLIKOAXeHb. [loka-
3aHo, Wwo ekcnpecid TLR4 nigsuwiyeTsca npu cepuesin
HeJOCTaTHOCTI Ta iWeMiYHOMY YLUKOAXEHHI Miokapaa,
LLIO CBIQYMTb MPO aKTUBALiO CUCTEMU BPOOXKEHOIO iMYHi-
TeTy 3a yMOB rinokcunyHoro ctpecy [32]. MogansLi gocni-
DKeHHs nigTBepaunu yvacTb oci TLR4-MyD88 y chopmy-
BaHHi |/P-ywkomkeHHs cepusi: npurHiveHHs TLR4 abo
MyD88 npusBoauMno [0 3HWKEHHA  IHTEHCUBHOCTI
YLWKOAXKEHHS MioKapAda, 3MEHLUEeHHSA Mnowi iHgapkTiB
Ta NoKpaLleHHs OyHKLIOHaNbHMX NOKa3HWKIB cepus nicnsi
enisoay iwemii. AHanorivyHi pesynbratu OTpUMaHi npu
JocrnigxXeHHi I/P-yLwKOaXeHHA HUPOK: MULLI 3 FEHETUYHOO
Aeneuieto TLR4 (-/-) AgemoHCTpyBanu 3MeHLUEeHHs BUpa-
KEHOCTi 3ananbHUX peakuii, NokpaLLeHHst PyHKLiT HUPOK,
3HWKEHHSI NPOAYKLiT XEeMOKIHIB Ta 3MeHLUeHy iHdinb-
Tpauito KniTuH [33].

BrnokyBaHHsi KOMMOHEHTIB  CUrHamnbHUX  LUASXIB,
wo 3anexatb Big TLR4, Bkntoyatoun MyD88 abo TRIF,
TaKOX CYTTEBO MOKpaLlyBano nepebir XpOHIYHOMO YLLKO-
[XKEeHHS anoTpaHcnnaHTata Ta 3MeHLyBano CTyniHb
ibposy nicna  TpaHcnnaHTauii HUMPKKW, WO BKa3lye
Ha  YHiBepCamnbHIiCTb  MNATOrEHETUYHUX  MEeXaHi3MiB,
nos’a3aHux i3 TLR4. Odediunt TLR4 3meHLwwyBaB yLulKko-
DKeHHs1 nediHkn npu |/P 3a paxyHok npurHidveHHs TNF-a,
O [0OAaTKOBO MiAKPECE KPUTUYHY POrb 3ananbHUX
LUMTOKIHIB y MexaHiamax penepdysinHoro ctpecy. lNoka-
3aHO TakKoX, WO BiACyTHICTb TLR4 nom’akwye iwemiyHe
YWKOMKEHHS TONOBHOMO MO3KY Ta 3MEHLUYe pPo3Mip
iHpapkTy 4epes aktueauito PI3K/Akt-sanexHux mexa-
Hi3miB HerponpoTekuii [30].

Oco6nrMBO MOKa30BMM € OOCHIMKEHHS, sike npoae-
MOHCTpyBano, wo gediunt TLR4 nocnabnioe yuiko-
[PKEHHSI nereHb nicns KUWKoBOI I/P nsxom npurHiveHHs
3arnbeni KNiTMH Ta 3MEHLLEHHS NpoayKUii Nnpo3ananbHux
uMToKiHiB  [34]. Y uuX ymoOBax CUrHanbHi LUAAXK
TLR4-NF-kB/p38 MAPK BuctynatoTb KrO4OBUMU pery-
nATOpamu rocTPOro YLUKOOXKEHHS NnereHb, Lo 3abesnevye
MeXaHiCTU4HE MOSICHEHHSI MYFbBTUOPraHHOro 3arnyyeHHs
npun TsHxkin I/P. Tlonpy HakonuyeHnn macme Jokasis ToOro,
wo iHridyBaHHsa TLR4 mMoxe nokpallyBaTu KNiHIYHWUIA
MPOrHO3 Yy NauieHTiB i3 TpaHCcnnaHTataMn Ta 3MEeHLUy-
BaTW TSXKKICTb |/P-ylIKOmXEHb, MexaHi3amu curHanisauii
TLR4 3anuwatoTbCs npeaMeToM akTUBHUX AOCHIOKEHb.
AKTyanbHVMU 3anvLIalTbCA NUTAHHA POMi eHAOreHHUX
niraHaiB Hebe3nekn, BapiabenbHOCTI ekcnpecii peuen-
TOpa, BMMAMBY CYMNyTHIX MaToOMOrii, a TakoX MOTEHUINHOI
yyacti TLR4 y pemopentoBaHHi TkaHuH nicns 1/P-yLiko-
DkeHHs [30].

3aranom CYKYMHICTb pocnigpkeHb CBIYNTb,
wo TLR4 sigirpae kntoyoBy ponb y perynsuii I/P-ingy-
KOBaHMX MPOLECIB YLUKOMXKEHHS, aKTUBYKOUN MHOXWHHI

phenotype and the induction of secondary damage.
It has been established that TLR4 activation exacerbates
I/R-induced kidney injury, whereas TLR4 deficiency exerts
a pronounced protective effect. Sequential experimental
observations confirm that TLR4 acts as a key modulatory
factor in I/R-induced renal injury: its excessive activation
is associated with more severe outcomes, while genetic
or pharmacological blockade of TLR4 significantly reduces
the extent of damage. Furthermore, TLR4 expression has
been shown to increase in heart failure and ischemic
myocardial injury, indicating activation of the innate
immune system under hypoxic stress conditions [32].
Subsequent studies confirmed the involvement of the
TLR4-MyD88 pathway in the development of cardiac I/R
injury: inhibition of TLR4 or MyD88 reduced myocardial
damage, decreased infarct size, and improved cardiac
functional parameters following ischemic episodes.
Similar results were obtained in studies of renal I/R
injury: mice with genetic deletion of TLR4 (-/-) exhibited
attenuated inflammatory responses, improved renal
function, reduced chemokine production, and diminished
cellular infiltration [33].

Making of downstream signaling components
of TLR4 incapable, including MyD88 or TRIF, also
markedly improved the course of chronic allograft injury
and reduced the degree of fibrosis following kidney
transplantation, indicating the universality of pathogenic
mechanisms associated with TLR4. TLR4 deficiency
attenuated liver injury during I/R by suppressing TNF-q,
further underscoring the critical role of inflammatory
cytokines in reperfusion stress mechanisms. It has also
been demonstrated that the absence of TLR4 mitigates
ischemic brain injury and reduces infarct size through
the activation of PI3K/Akt-dependent neuroprotective
mechanisms [30].

A particularly illustrative study demonstrated that
TLR4 deficiency attenuates lung injury following
intestinal I/R by suppressing cell death and reducing the
production of pro-inflammatory cytokines [34]. Under
these conditions, the TLR4-NF-kB/p38 MAPK signaling
pathways act as key regulators of acute lung injury,
providing a mechanistic explanation for multi-organ
involvement in severe I/R. Despite the growing body
of evidence indicating that TLR4 inhibition may improve
clinical outcomes in transplant patients and reduce the
severity of I/R-induced damage, the signaling mechanisms
of TLR4 remain the subject of active investigation.
Outstanding questions include the role of endogenous
danger ligands, variability in receptor expression, the
impact of comorbidities, and the potential involvement
of TLR4 in tissue remodeling following I/R injury [30].

Overall, the body of research indicates that
TLR4 plays a pivotal role in regulating I/R-induced injury
processes by activating multiple signaling cascades
that determine the development of an inflammatory
phenotype, cellular dysfunction, and structural tissue
alterations. Nevertheless, further studies are required
to fully elucidate the fine mechanisms of TLR4 regulation,
the interactions among signaling pathways, and the
identification of therapeutic targets capable of selectively
modulating the pathological activation of this receptor.
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CUrHarnbHi Kackagu, WO BM3Ha4aloTb PO3BUTOK 3anarib-
HOro OeHOTUNY, KMITUHHY AMCAYHKLI0 Ta CTPYKTYPHI
3MiHM TkaHWH. OgHak noganblli AoCnioKeHHs HeobxiaHi
ANS NOBHOTO 3'ACyBaHHSA TOHKMX MeXaHi3MiB perynsuii
TLR4, B3aemogii Mixk CurHanbHMMm Kackagamu 1a BU3Ha-
YEHHSA TepaneBTUYHUX MilleHeln, 30aTHUX CeNnekTVBHO
MOZYoBaTK NaToONOrivyHy akTMBaLilo LbOoro peuenTopa.

2. IHILJIALLIA 3ANAABHOTO KOMMNAEKCY
IHPAAMACOMMU TA POAb IHTEPAEMKIHY-1 BETA
Y HEKPO3-ACOLLIAOBAHOMY 3AMAAEHHI

[Micns roctporo iHdapKTy Miokapaa B 30Hi iLLeMiYHOro
HeKpo3y BiAOyBaeTbCsl MacMBHE Ta LUBUAKE BUBINbHEHHS
DAMP, siki BUCTYNatOTb NEPBUHHUMU TpUrepamm iHiviauit
BpOO>KEHOI iMyHHOT Bignogiai. Bigomo, wo DAMP B3aemo-
Ait0Tb i3 LUMPOKUM CMEKTPOM PELEnTopiB po3rni3HaBaHHA
natepHis, Bkntovatoum Toll-nogibHi peuentopu, akTueaLis
AKMX 3aMnyCKae KacKafHi CUrHarnbHi LWASXK, WO CNpUsaoTb
3any4YeHHI0 KNITUH BPOMKEHOrO IMYHITETY 1 MNOCUMNEHHIO
nokanbHoro 3ananeHHsi [34, 35, 36]. Takui mexaHiam
€ oyHaamMeHTanbHUM ans 3abe3neveHHs WBMAKOI peakuil
Ha HEKpPOTUYHE MOLUKOMKEHHS, MpoTe BOAHOYAC BiH
3aknagae OCHOBY AMS NOTEHUiMHOT HaaMipHOT 3anarnbHoi
BiAnoB.igi, 3g4aTHOI MOrmMMonioBaTV MNEPBUHHY iLLEMIYHY
TpaBmy (puc. 2; no3Hadka «1»).
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2. INITIATION OF THE INFLAMMASOME
COMPLEX AND THE ROLE OF INTERLEUKIN-1 BETA
IN NECROSIS-ASSOCIATED INFLAMMATION
Following acute myocardial infarction, massive and
rapid release of DAMPs occurs within the zone of ischemic
necrosis, serving as primary triggers for the initiation
of the innate immune response. It is well established
that DAMPs interact with a broad spectrum of pattern
recognition receptors, including TLRs, which activation
initiates cascade signaling pathways that promote the
recruitment of innate immune cells and the amplification
of local inflammation [34, 35, 36]. This mechanism
is fundamental for ensuring a rapid reaction to necrotic
injury; however, at the same time, it lays the foundation
for a potentially excessive inflammatory response
capable of aggravating the primary ischemic damage
(Fig. 2; marker «1»).

T
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Puc. 2. Cxema imyHHOI BiAMoBIAj Ha ilueMiyHe ypaxeHHs cepus [36]
Fig. 2. Schematic representation of the immune response to ischemic cardiac injury [36]

Ha paHHin dasi imyHHOT BiANoBiAi HeNTpodinu pekpy-
TYIOTbCA 3 KPOBOOOIry BHACMiZAOK XemoaTpakTaHTHMX
CuUrHanis, WO OPMYIOTLCA Y 30Hi  MOLUKOOXEHHS.
MoTpannstoun B iHdapKTOBaHWN Miokapa, HenTpodinu
3a3HaloTb heHoTMNoBoi nomnspusadii y 6ik BupaxeHoro
3ananbHoro Mnpoginto, WO € XapaKTepHOK O3HaKo
roctpoi asn 3sananeHHa [37]. BcrtaHoBneHo, WO ix
HaKOMUYeHHs y NepLui roguHK nicns nogii Bigirpae Bupi-
LwansHy porb y popMyBaHHi MikpocepenoBmLLa HEKPO3Y
Ta BU3HAYa€e iHTEHCMBHICTb MOAanbLUOro NPUTOKY KNiTUH
iMyHHOT cuctemu. Mpu ubomy nepebir nogit € cTporo
4aCcoBO PerynboBaHWM, a BigXUNeHHs Big disionorivyHol

In the early phase of the immune response,
neutrophils are recruited from the circulation as a result
of chemoattractant signals generated within the zone
of injury. Upon infiltrating the infarcted myocardium,
neutrophils undergo phenotypic polarization toward
a pronounced pro-inflammatory  profile,  which
is a hallmark of the acute phase of inflammation [37]. Their
accumulation within the first hours after the event plays
a decisive role in shaping the necrotic microenvironment
and determines the intensity of subsequent immune cell
influx. This sequence of events is strictly time-regulated,
and deviations from the physiological dynamics
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OVIHaMIKV MOXYTb MPU3BOAUTM A0 NOCUMNEHHS BTOPUHHOIO
YLIKOAXKEHHS TKaHWHM (pUC. 2; MO3HaYKa «2»).

3ananbHi HenTpPoIinu 3AINCHIOTL HN3KY EDEKTOPHNX
peakuifi, BKMIOYHO 3 BMBIMTIbHEHHAM aKTUBHUX OpPM
kncHio (ROS) Ta yTBOpPEHHAM MO3aKMiTUHHMX NacToOK
HenTpodiniea (NET), wo cynpoBogxXyeTbCca AerpaHyns-
Lieto Ta MacMBHUM BMKMOOM NpoTeas, UMTOKIHIB i xemMo-
aTpakTaHTiB. Lli mpouecu cnpusiioTb OYULLEHHIO 30HU
HeKpo3y BiA KIITMHHUX YynamkiB, NpoTe HagmipHe abo
HekoHTpornboBaHe yTBopeHHs ROS Ta NET 3patHe
CTUMYnioBaTV  J0OATKOBE  MOLUKOKEHHS  MiOLMTIB,
O 3anuLLUMIINCA XUTTE3QATHUMMK, MOCUITIOIYM OKCcMAaa-
TUBHUIA CcTpec i 36inbLUyoYn oBGCcar BTOPUHHOI penepdy-
3iHoi TpaBmu [37]. Xapaktep B3aemogii Hentpodinis
3 MaTpVKCOM Ta eHAOTENIEM CYTTEBO BMMMBAE Ha LIBUA-
KiCTb NporpecyBaHHs 3anarnbHOoi peakLii Ta Ha noganbLnii
nepebir penapaTvBHMX NPOLECIB (pUC. 2; No3Ha4Kka «3»).

MoHouuTK, AKi PEeKpPyTYIOTbCS Y MOLLKOMKEHY LOinsHKY
y BiOMNoBiOb Ha XemoaTpaKTaHTHI curHanu, andepeHdito-
I0TbCS Ha 3ananbHi Makpodaru, Lo BUKOHYHOTb KIOYOBY
ponb Yy MoAanbLUOMy OYMLLUEHHI HEKPOTUYHOI TKaHWUHU
Ta MOAymnoBaHHI iMyHHOI Bignosigi. Makpodarn uboro
deHOTUNY NPOAYKYIOTH LUMPOKUIA CMEKTP npo3ananbHuX
LIMTOKIHIB Ta XEMOKIHIB, SIKi MOCUMNIOTL PEKPYTMEHT Aoaar-
KOBMX MOMyNsiLin nerkoumnTiB i cTabinisytoTb 3anansHy
asy [38]. BoHn akTMBHO haroumMTyoTb 3anmLLIKN HEKPO-
TUYHMX TKAHWUH | B3AEMOLII0Th i3 HeMTpodinamu, hopmyodm
CKNagHy Mepexy KMiTMHHWUX CUrHaniB, LLO BU3HAYaE iHTEH-
CMBHICTb | TpMBanicTb 3anansHoi peakuii. HegoctatHst abo
HaaMIpHO TpuvBana akTUBHICTb 3ananbHUX Makpodparis
acoLjloeETbCA 3 PU3NKOM MPOrPECYHHOTO  YLLIKOOXKEHHSI
MioKapga Ta NopyLUeHHsM opraHisauii noganbLuoi asu
penapadii (puc. 2; no3Hayku «4 ta 5»).

[eHapuTHi KNiTMHKW, nicng  darounTyBaHHS HEKpo-
TUYHUX CcTpykTyp Ta DAMP, wmirpytoTb [0 Megia-
CTMHaNbHUX NiM@aTUYHMX BY3MiB, A€ 34INCHIoTb
npeseHTauilo aHTureHis T-nimdountam i TUM camuMm
POpPMYIOTb  MICTOK MK BPOMXKEHUMM Ta aganTuBHUM
iMyHiTeTom [38, 39]. Ix akTvBauis € Kro4oBOW ANSA
opMyBaHHA aHTUreH-cneumndivHol BigNOBIAi, WO Moxe
cnpuatn 9k isionoriyHin  pesoniouii  3ananeHHs,, Tak
i PO3BUTKY MATOMNOrYHMX ayTOIMyHHUX peakuin 3anexHo
Big GanaHcy nposanarnbHKX i NpoTM3ananbHUX CUrHanie
(puc. 2; no3Hauka «6»).

Mepexin Big roctpoi 3ananbHOi a3 Ao pesopOuii
XapaKkTepu3yeTbCs akTvBauietlo MexaHismy edepouu-
TO3y, 3a $KOro Makpodary MOrnHaTb HenTpoginu,
Wo ruHyTb. Llem npouec € Bu3Ha4YanbHWM, OCKINbKK
iHOyKye beHoTMNOBY TpaHcdopMaLiio  Makpodaris
y HanpsMKy penapatuBHoro npocdpinto Ta 3anyckae
MEXaHi3mu, Lo CNpUSOTb PO3pPILLEHHs 3ananeHHs [38].
Edbepountos cynpoBomKyeTbCA 3MiHOK Npodinto cekpe-
TOBaHUX MefiaTopiB, 3MEHLUEHHAM PiBHS Npo3ananbHuX
LUMTOKIHIB i NigBULLEHHAM KOHLUEHTpaLii npoTu3ananbHuX
Ta perynaTopHux hakTopis, WO CTBOPIOE YMOBU ANS iHiLli-
auii BigHOBHMX NpoLeciB (pyc. 2; No3Hauka «7»).

PerynatopHi T-nimgpountu (Treg) BigirpatoTb BaXxnuey
ponb y ranbMyBaHHi HagMIpHOI iIMYHHOI aKTUBHOCTI
LWMASIXOM  BUMBIMIbHEHHSA  MpoTM3ananbHUX Mediatopis
i MPUrHIYEHHs Mpos3ananbHUX curHanbHux wnsxis [40].
Ix aKTMBHICTb crnpusie nepexody IMyHHOI BignoBiAi
y asy pesontouii, nonepeaxye XpoHisauilo 3ananeHHs
Ta OpMy€e CrpUSTNMBI YMOBW ANA NOAanbLUOi CTPyK-
TypHoi NnepebynoBu Miokapaa (puc. 2; no3Hadka «8»).

Ha eTani penapauii HeliTpodinu Ta makpodaru Haody-
BalOTb penapaTvBHOrO heHOTUMY, WO XapakTepuayeTbes

may lead to exacerbation of secondary tissue injury
(see Fig. 2; marker «2»).

Inflammatory neutrophils execute a series of effector
reactions, including the release of ROS and the formation
of NETs, accompanied by degranulation and massive
discharge of proteases, cytokines, and chemoattractants.
These processes contribute to the clearance of necrotic
debris within the infarct zone; however, excessive
or uncontrolled generation of ROS and NETs can induce
additional injury to viable cardiomyocytes, thereby
exacerbating oxidative stress and increasing the extent
of secondary reperfusion damage [37]. The nature
of neutrophil interactions with the extracellular matrix and
endothelium critically influences the rate of inflammatory
progression and the subsequent course of reparative
processes (see Fig. 2; marker «3»).

Monocytes recruited to the site of injury in response
to chemoattractant signals differentiate into inflammatory
macrophages, which play a pivotal role in subsequent
clearance of necrotic tissue and modulation of the immune
response. Macrophages of this phenotype produce a broad
spectrum of pro-inflammatory cytokines and chemokines
that enhance the recruitment of additional leukocyte
populations and stabilize the inflammatory phase [38]. They
actively phagocytose necrotic tissue remnants and interact
with neutrophils, forming a complex network of cellular
signals that determines the intensity and duration of the
inflammatory reaction. Insufficient or excessively prolonged
activity of inflammatory macrophages is associated with
the risk of progressive myocardial injury and disruption
of the organization of the subsequent reparative phase
(see Fig. 2; markers «4 and 5»).

Dendritic  cells, after phagocytosing necrotic
structures and DAMPs, migrate to mediastinal lymph
nodes, where they present antigens to T lymphocytes,
thereby establishing a bridge between innate and
adaptive immunity [38, 39]. Their activation is pivotal for
the development of antigen-specific responses, which
may contribute either to the physiological resolution
of inflammation or to the emergence of pathological
autoimmune reactions, depending on the balance
between pro-inflammatory and anti-inflammatory signals
(see Fig. 2; marker «6»).

The transition from the acute inflammatory
phase to resolution is characterized by the activation
of efferocytosis, whereby macrophages engulf dying
neutrophils. This process is decisive, as it induces
phenotypic transformation of macrophages toward
a reparative profile and initiates mechanisms that
promote the resolution of inflammation [38]. Efferocytosis
is accompanied by a shift in the profile of secreted
mediators, with decreased levels of pro-inflammatory
cytokines and increased concentrations of anti-
inflammatory and regulatory factors, thereby creating
conditions for the initiation of reparative processes (see
Fig. 2; marker «7»).

Regulatory T lymphocytes (Tregs) play an important
role in suppressing excessive immune activity
by releasing anti-inflammatory mediators and inhibiting
pro-inflammatory signaling pathways [40]. Their activity
facilitates the transition of the immune response into the
resolution phase, prevents the chronicity of inflammation,
and establishes favorable conditions for subsequent
structural remodeling of the myocardium (see Fig. 2;
marker «8»).
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ceKpeuieto npoTnsananbHUX Megiatopis, NPOaHrioreHHNX
aKTopiB i CUrHaNBHUX MONEKy, SKi aKTUBYHOTb pemoae-
MNOBaHHS MKKNITUHHOTO MaTpukcey. Lli kniTuHu BUKOHYOTB
KPUTUYHY PYHKLII0 Y CTUMYNALIT yTBOPEHHSI HOBUX CYAWH,
penapauii YLUKOXeHMX CTPYKTYp Ta ctabinisauii doopmo-
BaHoro pyb6us [41]. 3b6anaHcoBaHa aKTUBHICTb pena-
pPaTMBHUX KNiTUH € BM3Ha4vanbHOKW ANs 3abe3neyeHHs
€(PEeKTVBHOrO BiAHOBMEHHS TKAHWUHW Ta MOMEPEemXEeHHs!
HagMipHoro ibpo30yTBOPEHHS (pUC. 2; NO3HAYKa «9»).

NiMmdboigHi  KNiTUHW, BKMIOYHO 3 Pi3HUMK cybrony-
nauigmm  T-nimcounTi, HPINLTPYOTL iHapKTOBaHUI
Miokapa Ta YMHSITb BMNMB Ha akTuBauito dibpobnacTis,
perynsuito  yTBOpeHHs pybus Ta Temnu pemopernto-
BaHHA [42]. Xo4a iX pornb y npouecax 3aroEHHsi € NoTeH-
UiMHO KOpUCHOW, HagmipHa abo AaucperynboBaHa
aKTMBHICTb MOXeE CrnpusiTu (POpMyBaHHIO purigHoro abo
06’eMHOro hibposHoro pyobus, WO Moriplye MexaHidHi
BMaCTMBOCTI MiokapAa (puc. 2; no3Hadka «10»).

[MpeseHTauia ayToaHTUreHiB nimdoumTam y XpoHiuHy
a3y BiQHOBMEHHs1 34aTHa 3anyckaTu ayToiMyHHY Bigmno-
Bidb, L0 3aTpuMMye npouecu penapauii h NoTeHLUiNHO
Cnpuvsie MporpecyBaHHIO CepLeBoi HegocTaTHoCTi. ucpe-
rynsuisi Lboro etany Moxe npu3BoAUTU A0 POPMYBaHHS
nedekTHoro pybus, 306inblIeHHS pU3NKY MoCTiHdapK-
THOrO PEMOAENIOBAHHS Ta MOTipLUEHHSA HACOCHOT (PyHKLi
cepus (puc. 2; no3Hadka «11»).

[MocnifoBHICTL 3a3HavYeHuX IMYHHUX MOAIA CyTTEBO
NMPUCKOPIOETLCA Ta NOCUMIOETLCA NPpU IHAPKTI Miokapaa
3 penepdysieto NOpiBHAHO 3 iHapkTomM Miokapga 6e3
penepdysii, WO 3YMOBMEHO Pi3KUM BiQHOBMEHHSIM
KPOBOTOKY Ta iHAOYKUiEW [0OaTKOBOrO OKCUOATUBHOMO
Ta 3ananbHoro YywkogxeHHs [34, 36]. [NopyleHHs
perynsuii  ©yab-sikoi  ¢asu iMyHHOI BignoBigi 3gatHe
npu3BOAMTM [0 HeafdeKkBaTHOro (opMyBaHHA pybus
" noganbLUOoi ANCYHKLIT cepus, WO Mae BaXnmMBi KMiHIYHI
Hacnigkn Ta noTpebye noaanbLIOoro BUBYEHHST 3 MO3ULLi
NoLLyKy TepaneBTUYHNX MilleHen.

3. BPOAXKEHWUM IMYHITET: YYACTb HEUTPO®IAIB,
MOHOLLUTIB, MAKPOPATIB PI3HOT MOASPU3ALLIT
TA CUCTEMU KOMMNAEMEHTY

BpomxeHa iMyHHa BIgnoBiAb € BM3HAYanbHUM
MoAyneMm YLIKOAXEHHSA Ta BiOQHOBMNEHHs Miokapga nicns
I/P. Ti apxiTekTypy dbopMyHOTb LWBMUAKA aKTUBALLiA HEMTPO-
iniB, pekpyTyBaHHA MOHOUMTIB | AMdepeHLiloBaHHS
MakpodariB y CNekTp 3ananbHuX i penapatuBHux eHo-
TUNIB, @ TakoX Kackag KOMMIeMEeHTY, Lo iHiLile onco-
Hi3auito, ni3uc i ctepunbHe 3ananeHHs. Hkve ysaranb-
HEHO KMYOBI MexaHi3Mu, 4YacoBy AMHAMIKY Ta KMiHiYHY
peneBaHTHICTb LMX NaHoK, 3 aKUeHTOM Ha NMPUYNHHO-Ha-
CnigKoBi 3B’A3KN, NOTEHLiNHI TOYKN TepaneBTUYHOro BTPY-
YaHHsi Ta obmexeHHs [34, 43, 44].

Y romeocTasi HeTpowIny € KOPOTKOXKUBYHMMM FPaHYIIO-
uMTaMm 3 LUMpKaguyHoO Mirpauieto MK KICTKOBMM MO3KOM
i KPOBOTOKOM, LLO KOHTpOmMtoeTbea peuentopamn CXCR2/
CXCRA4. Micna I/P cyrHanm ywkomkeHHs (DAMP) i rpagieHTn
XEeMOaTpPaKTaHTIB 3yMOBIOIOTh iX GriMckaBunyHy Mobinisadito
00 30HM pu3nky. Mepexig 3i cTaHy CNOKOK OO «FOTOBHOCTI»
(NpanmiHr) xapaktepudyetbcs 3pisaHHam CD62L, nigsu-
LeHHsam ekcnpecii iHTerpuHiB (CD11b/CD18), mobinisauieto
CEKPETOPHMX rpanynn i TpaHcnokadieto komnnekcy NOX2 no
nnasmartuyHoi Membpanu. Lle roTye knituHy Ao LuBMAKOI
npoaykuii aktmeHux dopm kncHio (ROS), aerpanynsui,
NETo3y, charoumTo3y Ta iHTEHCMBHOIO XemoTakcucy. TpaH-
CKpUMUiHa NnacTu4HiCTb HenTpodinie (aktmeauia NF-kB,
C/EBP, HIF-1a, MYC) cnpocTtoBye AaBHE YABMEHHS NPO iX

During the reparative phase, neutrophils and
macrophages  acquire a reparative  phenotype
characterized by the secretion of anti-inflammatory
mediators, pro-angiogenic factors, and signaling molecules
that activate extracellular matrix remodeling. These cells
perform a critical function in stimulating neovascularization,
repairing damaged structures, and stabilizing the newly
formed scar [41]. Balanced activity of reparative cells
is essential to ensure effective tissue recovery and
to prevent excessive fibrosis (see Fig. 2; marker «9»).

Lymphoid cells, including various subpopulations
of T lymphocytes, infiltrate the infarcted myocardium
and influence fibroblast activation, regulation of scar
formation, and the pace of remodeling [42]. While
their role in healing processes is potentially beneficial,
excessive or dysregulated activity may contribute to the
formation of a rigid or voluminous fibrotic scar, thereby
impairing the mechanical properties of the myocardium
(see Fig. 2; marker «10»).

Presentation of autoantigens to lymphocytes during
the chronic phase of recovery can initiate an autoimmune
response, thereby delaying reparative processes and
potentially contributing to the progression of heart failure.
Dysregulation of this stage may lead to defective scar
formation, increased risk of post-infarction remodeling, and
impaired cardiac pump function (see Fig. 2; marker «11»).

The sequence of these immune events is significantly
accelerated and amplified in reperfused myocardial
infarction compared to non-reperfused infarction, due
to the abrupt restoration of blood flow and induction
of additional oxidative and inflammatory injury [34, 36].
Dysregulation of any phase of the immune response
may result in inadequate scar formation and subsequent
cardiac dysfunction, which carries important clinical
implications and requires further investigation in the
search for therapeutic targets.

3. INNATE IMMUNITY: THE ROLE OF NEUTROPHILS,
MONOCYTES, MACROPHAGES OF DIFFERENT
POLARIZATION STATES, AND THE COMPLEMENT SYSTEM
Innate immune response represents a decisive module
of myocardial injury and repair following I/R. Its architecture
is shaped by the rapid activation of neutrophils, recruitment
of monocytes, differentiation of macrophages into
a spectrum of inflammatory and reparative phenotypes,
as well as the complement cascade, which initiates
opsonization, lysis, and sterile inflammation. Below,
the key mechanisms, temporal dynamics, and clinical
relevance of these components are summarized, with
emphasis on causal relationships, potential therapeutic
intervention points, and limitations [34, 43, 44].
Inhomeostasis, neutrophilsareshort-livedgranulocytes
exhibiting circadian migration between the bone marrow
and circulation, regulated by CXCR2/CXCR4 receptors.
Following I/R, DAMPs and chemoattractant gradients drive
their rapid mobilization to the area at risk. The transition
from a resting state to a «primed» state is characterized
by shedding of CD62L, increased expression of integrins
(CD11b/CD18), mobilization of secretory granules,
and translocation of the NOX2 complex to the plasma
membrane. This prepares the cell for rapid production
of ROS, degranulation, NETosis, phagocytosis, andintense
chemotaxis. The transcriptional plasticity of neutrophils
(activation of NF-kB, C/EBP, HIF-1a, MYC) challenges
the long-standing view of their «terminal inactivity» and
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«TepMiHanbHy HEaKTMBHICTbY | YaCTKOBO MOSICHIOE YacoBY
reTeporeHHicTb Bignosiai [45].

Y wmicui nowkomkeHHss «N1-nogibHi»  HerTpodinu
posropTatoTb edeKTopHi nporpamu: reHepadito ROS
yeped NOX2/MPO, BuBINbHEHHS rpaHyn i popmyBaHHSA
nosaknituHHmx nactok (NET). PAD4-onocepenkoBaHe
LUMTPYNiHYBaHHA MCTOHIB Crpusie AeKoHAeHcauii Xxpoma-
TuHy Ta Buxody NET, wo, 3 ogHoro 60Ky, nokanisye areHTu
Hebe3nekw, a 3 iHLLIOro — MoXe 0BT XKyBaTU MIKPOCYANHHY
aucyHkuito Ta deHomeH «no-reflowy». Hagnuvuwkosa
perpanynsuis i NETo3 y npMkopaoHHIn 30Hi NigcunioTb
HeKpo3/anonTo3 KapAioMioumnTiB, PO3LLUMPIOOYMN IHDAPKT.
BopHouac HelTpodinu HeoOXigHI ANst OYULLEHHS] HEKPO-
TUYHOrO OeTpUTY Ta iHiuiauii po3pilleHHs1 3ananeHHs:
X KOHTpONboBaHa 3arnbens i edpepoLnTo3 Makpodaramm
3HVDKYIOTb BOTHULLIEBE 3amnarieHHs Ta CnpusitoTb Nepexoay
TKaHWHW [0 penapaTtuBHOi ha3n [46].

[eTeporeHHICTb HEWTPOMINiB BUABMAETLCA TaKoX
y 4acoBOMY «3CyBi» 40 penapaTuBHOro peHotumny («N2y»):
y MNi3Hi CTPOKM BOHW Mif, BNAIMBOM cnewianisoBaHnx mMegi-
atopis pesontouii (SPM) Ta npoTtusananbHUX LUTOKIHIB
36inbLUYIOTb EKCMPECito MapKepiB pesontoLii (Hanpuknag,
Arg1), Buainatote ninokeuH A4/pesonsiH D1, cekpeTytoTb
MMP9 i KOMMOHEHTW MaTpuKCy, MIATPUMYIOHM aHrio-
reHes Ta popMyBaHHs cTabinbHoro pybus. 3aaTHicTe Ao
«genpanmiHry» ex vivo CBiguMTb MpPO MOTEHLiiHY Tepa-
NEeBTUYHY KEPOBaHICTb L€l NaHKW, O4HaK KniHiYHa TpaH-
cnsuis niaxoAis, WO CENEeKTUBHO 3MEHLUYHTb LUKIANUBI
Ta 30epiratoTb KOpUCHI dyHKUiT HelTpodinis, noTpebye
TOYHILLOT cTpaTudikauii nauieHTiB i Yacy BTpy4YaHHs [46].

MeTtaboniyHo HeNTpodinu MNepeBaxkHO CrnUpakTbLCs
Ha rnikoni3 ans BmkusaHHA Ta NETo3y B rinokcii, ane anga
e(eKTVBHOrO XeMOTaKCUCy MOXyTb 3any4aTtv MiTOXOHAPI-
anbHe auxaHHa (OXPHOS). Yu BigTBOPIOOTHECH IHAEKLINHI
MeTaboniyHi NaTepHy B YMOBax CTEPUIILHOMO 3ananeHHs
I/P, 3anuwaeTbes cpepoto akTUBHUX AOCHimpKeHb [47].

Cepue MiCTUTb pe3ugeHTHi Makpodarn embpio-
HanbHoro noxodxeHHss (CCR2-), aki nigTpumytoTbCcs
CaMOOHOBIEHHSIM | BUMKOHYIOTb FOMEOCTaTUYHI (DYHKLi:
MOAYNIOTb aHrio- Ta niMmdaHrioreHes, enekTponposia-
HICTb KapgiomiouuTiB, darounTyioTb AUCHYHKLiIOHAMNbHI
opraHenu Ta OOMeXylTb HafMipHe 3arny4eHHs MOHO-
uutie. lMicna iHpapkTy YacTuHa uiel nonynauii rmHe, ane
KNiTUHWY, LLO BUXUNK, NPONidhepyoTh | YNHATL Kapaionpo-
TEKTOpHY [Ail0, 30Kpema LWMAsXOM HeraTUBHOI perynsuii
MOHOUMTapHOI iHginbTpauii [47].

[MapanenbHoO 3 KICTKOBOrO MO3Ky Ta CenesiHku B KPOB
BMXOAATb MposananeHi  MoHoumtn (4acto CCR2+),
WO LWBKWAOKO PEKPYTYTbCS B iWIeMi30BaHy TKaHUHY.
Ha paHHin 3ananbHin dasi (=1-4 pobwu) BoHM Aude-
peHUilolTbCA Y 3ananbHi - Makpodarn, akTUBYKOTb
NF-kB/STAT1/HIF-1a, iHTEHCUBHO NPOAYKYIOTb LIUTOKIHU/
XEMOKiHM, MiACUNIOITb PEKPYTYBaHHS NENKOUMTIB i 34in-
CHIOIOTb (DaroLmTo3 OEeTPUTY, 3HWXKYIOUM PU3MK PO3PUBY
CTiHKW. Y uel nepiog mMakpodary eMOHCTPYTb MeTa-
6oniyHui 3cyB go rmikonidy: HIF-1a nigsuwye ekcnpecito
Glut1 i rnikoniTMYHMX HEepPMEHTIB, aKkTUBY€E NEHTO30hOC-
datHun wnax ansa reHepadii NADPH i ROS; nopyLueHHs
OXPHOS cnpusie Hakonu4YeHHIo CyKumMHaTy, Sk Jopat-
koBo ctabinizye HIF-1a 11 yTpumye 3ananbHuii ctaH [48].

[Moyatok po3B’A3aHHA  3yMOBMOKTL  edepoLmnTos
MepTBUX HerTpodinis/kapaioMiouunTiB i curHanm Mikpoo-
ToyeHHs (IL-4, IL-10, TGFB, SPM). BinbyBaetbca nons-
pusauiiHn nepexia A0 penapaTMBHOIO EHOTUMY:
3pocTtae ekcnpecia CD206, Arg1, cekpeuisa IGF-1, VEGF,
dakTopiB  pemMofentoBaHHA  MaTpuKCy; aKTUBYETLCA

partially explains the temporal heterogeneity of their
response [45].

At the site of injury, «N1-like» neutrophils deploy
effector programs, including ROS generation via NOX2/
MPO, granule release, and the formation of neutrophil
extracellular traps (NETs). PAD4-mediated histone
citrullination promotes chromatin decondensation and
NET release, which on the one hand localizes danger-
associated agents, but on the other may aggravate
microvascular  dysfunction and the «no-reflow»
phenomenon. Excessive degranulation and NETosis
in the border zone enhance necrosis/apoptosis
of cardiomyocytes, thereby expanding the infarct. At the
same time, neutrophils are essential for clearance
of necrotic debris and initiation of inflammation resolution:
their controlled death and efferocytosis by macrophages
reduce focal inflammation and facilitate the transition
of tissue into the reparative phase [46].

Neutrophil heterogeneity is further manifested in the
temporal «shift» toward a reparative phenotype («N2»):
at later stages, under the influence of specialized
pro-resolving mediators (SPMs) and anti-inflammatory
cytokines, they increase the expression of resolution
markers (e.g., Arg1), release lipoxin A4/resolvin D1,
secrete  MMP9 and matrix components, thereby
supporting angiogenesis and stable scar formation. The
ability to undergo «de-priming» ex vivo indicates potential
therapeutic tractability of this axis; however, clinical
translation of approaches that selectively attenuate
harmful neutrophil functions while preserving beneficial
ones requires more precise patient stratification and
timing of intervention [46].

Metabolically,  neutrophils  predominantly  rely
on glycolysis for survival and NETosis under hypoxic
conditions, but effective chemotaxis may involve
mitochondrial respiration (OXPHOS). Whether infectious
metabolic patterns are recapitulated in sterile I/R-induced
inflammation remains an area of active investigation [47].

The heart contains resident macrophages of embryonic
origin (CCR2-), maintained through self-renewal and
performing homeostatic functions: modulating angio- and
lymphangiogenesis, regulating cardiomyocyte electrical
conduction, phagocytosing dysfunctional organelles, and
limiting excessive monocyte recruitment. After myocardial
infarction, part of this population undergoes cell death,
but surviving cells proliferate and exert cardioprotective

effects, including negative regulation of monocyte
infiltration [47].
In parallel, pro-inflammatory monocytes (often

CCR2+) are released into the circulation from the bone
marrow and spleen and rapidly recruited to ischemic
tissue. During the early inflammatory phase (=1-4 days),
they differentiate into inflammatory macrophages, activate
NF-kB/STAT1/HIF-1a, intensively produce cytokines/
chemokines, enhance leukocyte recruitment, and
phagocytose necrotic debris, thereby reducing the
risk of wall rupture. At this stage, macrophages exhibit
a metabolic shift toward glycolysis: HIF-1a increases the
expression of Glut1 and glycolytic enzymes, activates
the pentose phosphate pathway to generate NADPH
and ROS; impaired OXPHOS promotes succinate
accumulation, which further stabilizes HIF-1a and sustains
the inflammatory state [48].

The initiation of resolution is driven by efferocytosis
of dead neutrophils/cardiomyocytes and
microenvironmental signals (IL-4, IL-10, TGFB, SPM).
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OXPHOS, nocumtoetbCs B-OKMCHEHHS >XUPHUX KUCIOT
i 3poctae nyn NAD+. ITakoHaT, yTBOPEHUA Yy LUTPATHOMY
LMKIi, ranibMye 3BOPOTHUI €NEKTPOHHUI NOTIK i HaanLL-
koBuin ROS, npurHiyye iHdnamacomy Tta nocnabnioe
3ananexHsi; 36aradeHHss NAD+ popaTtkoBo obmexye
HIF-1a-onocepenkoBaHi nporpamun. Yepe3 MerTK-3a-
nexHun edepoumnTos makpodarym niacunoTb BriacHy
dharounTapHy CnpoMOXHiCTb i BupobneHHs IL-10, cTabi-
nigytoun nepexig 4o 3aroeHHs. MisHie MoHoOUNT-AeprBO-
BaHi KNiTUHU 3HWXKYIOTb Ly6C i AOMiHYOTE Yy hopmyBaHHi
3pinoro pybus Ta pesackynspu3sadii [49].

KniHiuHa imnnikauisi uiei oci aBosika. 3 ogHoro 60Ky,
HagMipHUA abo 3aTsHKHWUM  PaHHIN  pekpyT MOHOLMTIB/
Makpodaris NornubMtoe YLLIKOAXKEHHS, MiACUITIOUN HEKPO3
i pemogentoBaHHs. 3 iHLLOro — iX CBOeYacHa penapaTmBHa
nepeopieHTalis € HeoOXigHOK Ansi OYMLLEHHS!, BiAHOB-
NEeHHs MikpouMpKynsiii, opraHisauii pybus i BigHOBNEHHsI
dyHKuUii. Tomy TepaneBTUYHI cTpaTerii NOBUHHI ByTW Yaco-
Ta eHoTun-cneundivHUMK: GroKyBaHHS HaASMLLKOBOT
CCR2-curHanisauii Ha ctapti abo, HaBnaku, nigTpumMka
MerTK-onocepegkoBaHoro edepounTody 1 Metaboniy-
Horo 3cyBy Ao OXPHOS y dasi pospilueHHs [49].

OenpgputHi knituHn (OK) cepus npencrtasneHi nnas-
mouutoigHummn (nQK) i 3snyanHumu (30K) nigtunamun
(puc. 3). Micnsa I/P BOHW po3WMPIOIOTLCA N aKTUBYHOTLCS:
nK paHo npoaykytoTb iHTepdepoHu | Tuny, nigcunioum
cTepunbHe 3ananeHHs, Todi gk 3[K MoxyTb cnpustu
3anyyeHHio Treg i npouecam po3spiweHHs. Kniouosa
dyHkuia OK — npeseHTauid aHTUreHy: dparmMeHTu
MiokapgianbHux O6inkiB, 3BiNbHEHI BHACMiZAOK HEKPO3Y,
NPEe3eHTYIOTbCSA B APEHyluux nNiMgoBy3nax i MOXYTb
3anyckatu ayToiMyHHi KOHTYpu 3a yyactio CD4+/CD8+
T-kniTvH i B-kniTuH. Taki peakuii niaTpumyoTb cyoOkni-
HiYHe 3ananeHHs, CnpusitoTb PO3LUMPEHHIO HGAPKTY
i 3aTpumytoTb BigHOBNEHHS. MeTtaboniyHo akTuBauis
OK cynpoBomxyeTbCa 3CyBOM [0 rnikonidy (ocobnmeo
y 3[K), Lo Kopentoe 3 niaCUNeHHsIM LUTOKIHOBOI cekpeLii
i npe3seHTauii aHTureHy; nK GinbLwoto Mipoto 36epiratoTb
OXPHOS, wo mMoxe BM3Ha4yaTV BIAMIHHOCTI iXHbOI poni
B rocTpin i nigrocTpiv gasax [50, 51, 52].

Dendritic Cells

l‘i

Adaptive Immune Response In I/R
T cells

A polarization shift toward a reparative phenotype occurs:
increased expression of CD206 and Arg1, secretion
of IGF-1, VEGF, and matrix remodeling factors; activation
of OXPHOS, enhanced B-oxidation of fatty acids, and
expansion of the NAD+ pool. ltaconate, generated in the
citric acid cycle, inhibits reverse electron transport and
excessive ROS, suppresses inflammasome activity, and
attenuates inflammation; NAD+ enrichment further limits
HIF-10—mediated programs. Through MerTK-dependent
efferocytosis, macrophages augment their phagocytic
capacity and IL-10 production, stabilizing the transition
to healing. Later, monocyte-derived cells downregulate
Ly6C and dominate in mature scar formation and
revascularization [49].

The clinical implication of this axis is twofold. On the
one hand, excessive or prolonged early recruitment
of monocytes/macrophages exacerbates injury
by amplifying necrosis and remodeling. On the other hand,
their timely reparative reprogramming is essential for
clearance, restoration of microcirculation, scar organization,
and functional recovery. Therefore, therapeutic strategies
must be time- and phenotype-specific: blocking excessive
CCR2 signaling at the onset, or conversely, supporting
MerTK-mediated efferocytosis and metabolic shift toward
OXPHOS during the resolution phase [49].

Cardiac dendritic cells (DCs) are
by plasmacytoid (pDCs) and conventional (cDCs)
subtypes (Fig. 3). Following I/R, they expand and
become activated: pDCs produce type | interferons
early, amplifying sterile inflammation, whereas cDCs
may facilitate Treg recruitment and resolution processes.
The key function of DCs is antigen presentation:
fragments of myocardial proteins released during
necrosis are presented in draining lymph nodes and
may initiate autoimmune circuits involving CD4+/CD8+
T cells and B cells. Such reactions sustain subclinical
inflammation, promote infarct expansion, and delay
recovery. Metabolically, DC activation is accompanied
by a shift toward glycolysis (particularly in cDCs), which
correlates with enhanced cytokine secretion and antigen
presentation; pDCs retain OXPHOS to a greater extent,
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Fig. 3. Adaptive Immune Response in Myocardial Ischemia/Reperfusion [36]
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MnasmouunToigHi AeHApuTHI kniTmHuM nig 4vac |/P
NoCUNIOKTb Mpo3ananbHy BIAMOBIAb Yepe3 cekpeLito
IFNa/IFNB, Togi sk 3BUYanHi 4eHOPUTHI KNITUHW NigTpu-
MYIOTb PEKpyTyBaHHS Ta akTusauilo Treg, crnpusoun
dasi pospiweHHs Ta penapauii. Cepeg T-knituH CD8*
BMBINbHAOTL rpaH3umM B Ta nocuniotoTb anonTtos i 3ana-
neHHs, CD4* npoaykytotb IFNy i nigTpumytoTh 3anansHum
Kackag, Toai sk Treg oOMeXytoTb pekpyTyBaHHS Mieno-
IOHMX KMITUH | CTUMYNIOTb TKaHWHHY penapadito. B-kni-
TUHK peryniooTe nepebir I/P aBoHanpasneHo: cekpeis
CCL7 nocunioe MIENOIQHWIN PEKPYT i 3ananeHHs, Togi
K npoaykuia IL-10 cnpusie pospilleHHio Ta penapadii.
B ymoBax macuBHoOi 3arnbeni kapaioMmiouunTiB 4eHAPUTHI
KNITUHW NPE3eHTYI0Tb KapgioMiouMTapHi ayToaHTUreHu
T- i B-nimcoumnTtam, wWo moxe 3anyckaTu ayTOiIMyHHY
BiAMOBiAb 3 YTBOPEHHAM ayToaHTuTin. AktusosaHi CD8*
T-KMITUHN MOXYTb HaLiNOBATUCS Ha XUTTE3AaTHI Kapai-
OMiOLUTH, NOTMMOGIOYN PO3LUMPEHHS iHDAPKTY 1 3aTpu-
MYyIO4M BifHOBNEHHS (ame. puc. 3) [36].

KoMnnemeHT akTMBYETbCA KIMACUYHWM, NEKTVHOBUM
abo anbTepHaTMBHMM LUNSIXOM Y BigMNOBiAb HA HEKPO-
TWUYHI CTPYKTYpUW, MogudpikoBaHi ninign Ta iMyHHI Komn-
nekcwu, wo 3'aenatTecsa nicng I/P. C3-koHBepTasHa akTu-
Bauis npveoanTb A0 yTBOpeHHA C3a/Cba — noTyxHWUX
aHaiNOTOKCUHIB, SIKi MiACUNIOITbL XEMOTAKCUC HENTPO-
dinie i MoHoUuWTIB, 36iNbLUYOTL CYAWHHY MPOHUKHICTb
i noTeHuioloTb AerpaHynsuito. Oncowizauis C3b cnpusie
KnipeHcy OeTpuTy daroumTamu, Togi sik MembpaHoaTta-
KyBanbHuM komnnekc (C5b-9) y HaanuLiKy 3gaTeH yLko-
OPKyBaTU XUTTE3OATHI KapaioMiounTy 1 eHaoTenin, nornu-
ontotoun «no-reflow» i gucdyHkuito MikpocyanH. Takum
YMHOM, KOMMIEMEHT Mae ambiBaneHTHy ponb: Heob-
XigHWM ons edekTuBHOro nNpubupanHs Ta iHiuiauii Bigno-
Bifi, ane 3a BiACYTHOCTiI KOHTPOIO — MOCUIIOE CTEPUNbHE
3ananeHHs Ta BTOPWMHHE YLUKOOXeHHS. [lepcnekTus-
HAMW BUIMsOalTe YacooOMeXeHi iHTepBeHLii Ha piBHI
C5/C5aR abo perynstopiB C3-koHBepTasu, CnpsiMoBaHi
Ha 3HWXEHHS1 paHHbOI LWKkoAW 6e3 ranbmyBaHHsS edepo-
unTosdy Ta penapaduii [53].

MaTtepH BpogxeHoi Bignosigi nicna I/P mae uiTky
YyacoBy cTpaTudikauito. PaHHA dasa Bu3HavaeTbCA
WwBMAKOW iH(inbTpauieto Hentpodinis i CCR2+ mMoHo-
uuTi nig aieto DAMP, aHadinOTOKCHHIB | LUTOKIHIB; AOMi-
HYIOTb MMIKONITUYHI MeTaboTunu, Bucoka npoaykuis ROS,
NETo3, iHpnamacomMHa akTUBHICTb | KOMMMEeMeHT-3a-
nexHe nocuneHHs 3ananeHHs. Nepexia 0o po3pilleHHs
notpebye KOHTponboBaHoro edepounTody, SPM-curHani-
3auii (4epes FPR2), meTaboniyHoro nepemMmkaHHsi Makpo-
daris go OXPHOS, 3poctaHHs itakoHaty Ta NAD+,
a TaKOX 3HWXEHHSI aKTMBHOCTI KOMMMEMEHTY A0 PiBHS,
[OCTaTHbOrO ANl OMCOoHi3auii 6e3 cynyTHbOT LIKoAW.
MopyLweHHsa cMHXpOHi3aUii LmMx eTaniB — krnoyoBa getep-
MiHaHTa po3mipy iHdapkTy, «no-reflowy», sikocTi py6us
" JOBrOCTPOKOBOI CUCTOMIYHOT (PyHKLiT.

3 omsagy Ha MnewoTponHICTL i NNacTUYHICTb
KNITUHHMX BiONOBIAEN, HaWNepCneKkTUBHILWI nigxogu —
ue ceHoTun- i vacocneuudivHi cTpaTerii: cenekTuBHe
obMexeHHs LWKianMeux nporpam (Hagnuwkosuin NETo3,
Cba-curHanisauisi, HekoHTponboaHun CCR2-pekpyTuHr)
y BY3bKOMY BikHi paHHbOI ¢pa3u, napanernbHO 3 aKTUBHO
nigTPUMKOI MexaHi3miB  pospiweHHs (MerTK-onoce-
penkoBaHuii edepouuntos, SPM, metaboniyHa penpo-
rpamizauia go OXPHOS). Banigauia Ttakux nigxogis
notpebye TO4HOro BU3Ha4eHHs BiomapkepiB da3 Bigno-
BiOi, CTaHgapTu3auil 4acoBMX «BIKOH» | NepeBipku
y3aranbHIOBaHOCTi pe3ynbTaTiB Ha PidHi KOropTy nauieHTis

which may underlie differences in their roles during acute
and subacute phases [50, 51, 52].

Plasmacytoid dendritic cells during I/R amplify
the pro-inflammatory response through secretion
of IFNa/IFNB, whereas conventional dendritic cells support
recruitment and activation of Tregs, thereby promoting
resolution and repair. Among T cells, CD8" release
granzyme B, enhancing apoptosis and inflammation; CD4*
produce IFNy and sustain the inflammatory cascade; while
Tregs limit myeloid cell recruitment and stimulate tissue
repair. B cells exert bidirectional regulation of I/R: secretion
of CCL7 augments myeloid recruitment and inflammation,
whereas IL-10 production facilitates resolution and
repair. In the context of massive cardiomyocyte death,
dendritic cells present cardiomyocyte autoantigens
to T and B lymphocytes, potentially initiating autoimmune
responses with autoantibody formation. Activated CD8*
T cells may target viable cardiomyocytes, aggravating
infarct expansion and delaying recovery (see Fig. 3) [36].

Complement is activated via classical, lectin,
or alternative pathways in response to necrotic structures,
modified lipids, and immune complexes emerging
after I/R. C3 convertase activation generates C3a/
Cba-potent anaphylatoxins that enhance neutrophil and
monocyte chemotaxis, increase vascular permeability,
and potentiate degranulation. C3b  opsonization
facilitates debris clearance by phagocytes, whereas
excessive membrane attack complex (C5b-9) formation
can damage viable cardiomyocytes and endothelium,
exacerbating «no-reflow» and microvascular dysfunction.
Thus, complement plays an ambivalent role: essential for
effective clearance and initiation of the response, but in the
absence of regulation, it amplifies sterile inflammation
and secondary injury. Time-restricted interventions at the
level of C5/C5aR or C3 convertase regulators appear
promising to reduce early damage without impairing
efferocytosis and repair [53].

The innate immune response pattern after I/R
exhibits clear temporal stratification. The early phase
is defined by rapid infiltration of neutrophils and CCR2*
monocytes driven by DAMPs, anaphylatoxins, and
cytokines; glycolytic metabotypes dominate, with high
ROS production, NETosis, inflammasome activity, and
complement-dependent amplification of inflammation.
Transition to resolution requires controlled efferocytosis,
SPM signaling (via FPR2), metabolic reprogramming
of macrophages toward OXPHOS, increased itaconate
and NAD*, and reduction of complement activity to levels
sufficient for opsonization without collateral damage.
Disruption of synchronization across these stages is a key
determinant of infarct size, «no-reflow,» scar quality, and
long-term systolic function.

Taking into account the pleiotropy and plasticity
of cellular responses, the most promising approaches
are phenotype- and time-specific strategies: selective
restriction of harmful programs (excessive NETosis, C5a
signaling, uncontrolled CCR2 recruitment) within the
narrow window of the early phase, combined with active
support of resolution mechanisms (MerTK-mediated
efferocytosis, specialized pro-resolving mediators,
metabolic reprogramming toward OXPHOS). Validation
of such approaches requires precise identification
of  response-phase  biomarkers, standardization
of temporal «windows,» and testing of generalizability
across patient cohorts considering age, comorbidities,
and reperfusion strategies [36, 53].
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3ypaxyBaHHSM BiKy, CynyTHbOI naTtonorii Ta penepgysinHoi
ctparerii [36, 53].

Y3aranbHiowun, MOXHa BiA3HAUUTU, O BPOMKEHUI
iMyHITET Npu iHapPKTi — Lle He MPOCTO iHiuiaTop MOLLKO-
OXeHHs, a AMHamivyHa cuctema 3 BOygoBaHUMM Mexa-
Hi3Mamun po3piweHHs. BbanaHc MK paHHbOK npoTK-
MiKpOOHO-3ananbHo  eeKTOPHICTIO Ta CBOEYACHO
penapaTuBHOI MepeopieHTauield HenTpodinis i Makpo-
daris, y TiCHI B3aeMopii 3 KOMNNEMEHTOM i AEeHAPUT-
HO-OMocepeaKoBaHVM NepexogomM 40 aaanTUBHOI Biano-
Bifi, BU3Ha4ae KNiHivHMA nepebir i BigaaneHi pesynsratu.
Came KkepyBaHHsi UMM GanaHCOM — LeHTpanbHa meTa
ManbyTHIX iMyHO-meTaboniyHux Tepanin npu |/P-yLiko-
DKeHHi miokappaa [36].

4. AAANTUBHUM IMYHITET:
PEAKLLIT T-XEAMEPIB 1 TA 17 TUMIB,
PETYAATOPHUX T-KAITUH | ABTOIMYHHI MPOLLECU

Ak 3a3Havanock, y nepui roguHu nicns penepdysii
3anyckaeTbCa XBUMSA 3ananeHHs. HekpoTuyHi kapaiomi-
OUMTU BUBINbHAIOTb BHYTPILUHBOKMITUHHI  KOMMOHEHTMH,
AKi po3ni3HaloTbCa sk curHanu Hebesneku. Lle aktusye
peLenTopu po3mni3HaBaHHA MaTepHiB Ta BHYTPILUHbOKMi-
TUHHI CUTHanbHI LUNSAXM, WO CTUMYMIOTb CMHTE3 Npo3a-
nanbHUX UWTOKIHIB. [lapanenbHoO akTMBYETbCA Kackag
KOMNNEMEHTY, SKUN NPUTArYE HEWTpPodinu, MOHOUMTU
Ta iHWIi KNiITUHW BPOOXKEHOrO iMYHITETY Y 30HY iLLEMIYHOrO
ywkomKeHHs [42, 54]. Llen etan mae Baxnuy (byHKLUi0
OYMLLEHHS TKaHWHW, ane 3a HagMIpHOI akTuBauii Moxe
CaMOCTIVHO CNPUYNHATN JOOATKOBE MOLUKOIKEHHS.

Ye B paHHi TepMiHW, HaBiTb y MepLUi roavHU nicng
penepadyaii, y Miokapai BusBnseTbcs iHdinstpauis CD4*
T-knitve [3]. IxHA ponb 6GaratorpaHHa: BOHU 6epyTb
y4acTb y perynsuii no4aTKOBOro 3anareHHsi, BnniMBalTb
Ha xapakTep nonspu3aadii Mmakpodarisa Ta MOXyTb peary-
BaTW Ha CepueBi ayToOaHTUreHu. Takui MexaHi3am Moxe
6yTn ogHuUM i3 chakTopiB, IO BU3HAYa€E Pi3HY iHTEHCKB-
HICTb peMOentoBaHHs cepus y nauieHTiB nicns iHpapkTy.

Th1-kniTUHM aKTUBYIOTBCA M4 BMNMBOM iHTEpneu-
KiHy-12 Ta iHTepdepoHy-ramma. Y rocTpivi casi BOHM Nocu-
MNOTb 3ananeHHs, MiATPMMYOTb akTMBaLilo Makpodaris
i3 Npo3ananbHYMU BNacTUBOCTSIMM Ta 36iNbLLYHOTE CEKPELito
LMTOKIHIB, SKi CTUMYIIOKOTb KNITUHHE YLLKOMKEHHs. Exkcne-
pYMeHTanbHi AaHi NOKa3yoTb, WO 3MEHLUEHHS aKTUBHOCTI
Th1-mexaHiamiB 3HMXye nnowly iHdapkTy. lNpoTte iHTep-
depoH-ramma Mae ckrnagHy Aito: BiH MOXe NpUrHivdysatu
CMHTE3 KonareHy Ta 3anobiratv HagMipHomy cibpoay, ane
y MEBHUX yMOBax 34aTHWUIA CTMMymoBaTu ¢ibpobnacty,
MOCUMIOYN peMogentoBaHHst [55].

Th2-kniTMHM akTuBYOTbCSA Yy Oinbl ni3Hi nepiogu
Ta 6epyTb y4acTb Yy 3MEHLUEHHI iIHTEHCMBHOCTI 3anarnbHol
peakuii. |HTepnenkiHn-4, -5 i -13 cnpusioTb nepexoay
Makpodparis 'y penapatuBHUn EHOTUM, MNOCUIIOTb
OYMLLEHHS TKAHUHW Ta NIATPUMYIOTb BiQHOBHI npouecy.
BogHouvac ixHA HagMmipHa akTuBauigd moxe dopmyBaTu
YMOBW ONsi HagnuUWKoBOro py6utoBaHHs, WO € Heba-
XaHUM Yy JOBrOCTPOKOBIV NepcnekTusi [42].

Th9-KniTUHM CUHTE3YIOTb IHTEPENKiH-9, AKUA Moxe
MaTW SK YLIKOAXYyBarnbHi, Tak i perynsTtopHi BnacTtu-
BOCTI. Y geskmx mogensx IL-9 nocuntoe akTueauito umto-
TOKCUYHMX MeXaHi3miB Ta 36inbLUuye CTYNiHb YLIKOOXEHHSI
kapgiomiounTiB. OgHaK y iHLWMX KOHTEKCTax cnocrepira-
€TbCS NPOTEKTOPHA Ais, WO CBIAYUTL MPO BUCOKY 3anex-
HICTb pe3ynbTaTy Big MiKPOOTOUEHHS iIMYHHOI peakuii [42].

Th17-kniTHM  HOPMYIOTb  IHTEHCUBHUIN  HEWTPO-
(DiNbHWII KOMMOHEHT 3ananeHHs. IXHi LMTOKIHK, 30KkpemMa

In summary, innate immunity in myocardial infarction
is not merely an initiator of injury but a dynamic system
with built-in resolution mechanisms. The balance between
early antimicrobial-inflammatory effector activity and timely
reparative reorientation of neutrophils and macrophages,
in close interaction with complement and dendritic cell-
mediated transition to adaptive immunity, determines
clinical course and long-term outcomes. Managing this
balance represents the central goal of future immuno-
metabolic therapies in I/R-induced myocardial injury [36].

4. ADAPTIVE IMMUNITY:
TH1 AND TH17 RESPONSES, REGULATORY T CELLS,
AND AUTOIMMUNE PROCESSES

As noted, within the first hours after reperfusion,
an inflammatory wave is initiated. Necrotic cardiomyocytes
release intracellular components that are recognized
as danger signals. This activates pattern recognition
receptors and intracellular signaling pathways, stimulating
the synthesis of pro-inflammatory cytokines. In parallel, the
complement cascade is activated, attracting neutrophils,
monocytes, and other innate immune cells to the ischemic
zone [42, 54]. This stage plays an important role in tissue
clearance, but excessive activation may itself cause
additional injury.

Already at early time points, even within the first hours
after reperfusion, infiltration of CD4* T cells is detected
in the myocardium [3]. Their role is multifaceted: they
participate in the regulation of initial inflammation,
influence macrophage polarization, and may respond
to cardiac autoantigens. Such mechanisms may contribute
to differences in the intensity of cardiac remodeling among
patients after myocardial infarction.

Th1 cells are activated under the influence
of interleukin-12 and interferon-y. In the acute
phase, they amplify inflammation, sustain activation
of pro-inflammatory macrophages, and increase cytokine
secretion that promotes cellular injury. Experimental
data show that attenuation of Th1 mechanisms reduces
infarct size. However, interferon-y exerts complex effects:
it can suppress collagen synthesis and prevent excessive
fibrosis, yet under certain conditions may stimulate
fibroblasts, thereby enhancing remodeling [55].

Th2 cells are activated at later stages and
contribute to dampening the inflammatory response.
Interleukins-4, -5, and -13 promote macrophage transition
to a reparative phenotype, enhance tissue clearance,
and support regenerative processes. Nevertheless,
excessive Th2 activation may predispose to excessive
scar formation, which is undesirable in the long term [42].

Th9 cells synthesize interleukin-9, which may
exert both injurious and regulatory effects. In some
models, IL-9 enhances cytotoxic mechanisms and
increases cardiomyocyte damage, whereas in other
contexts it demonstrates protective actions, highlighting
the strong dependence of outcomes on the immune
microenvironment [42].

Th17 cells drive a pronounced neutrophilic
component of inflammation. Their cytokines, including
interleukin-17 and interleukin-21, stimulate chemokine
and protease production, leading to extracellular matrix
degradation. Blockade of these cytokines in experimental

Ornspg nitepatypu

264

Literature review



KapasiHcbkuii imyHonoriyHui xxypHan. 2025. T. 8. Ne 2(16). C. 247-274

Karazin Journal of Immunology. 2025;8(2(16)):247-274

ISSN 3083-5615 (Online)

iHTeprenkiH-17 Ta iHTepnewkiH-21, CTUMYMOOTb YTBO-
PEHHS1 XEMOKIHIB i MpoTeas, ki PyMHYOTb MiXKKITITUHHUIA
mMaTpukc. bnokaga uux UMTOKIHIB B eKCNepuMeHTarnbHUX
MOZENsX 3MEHLUYE anonTo3 i MOKpallye reoMeTPUYHY
CTPYKTYpy MiBOro wnyHouvka. OgHak y AesiKnx KIiHiYHUX
CMNOCTEPEXEHHAX HU3bKMM piBeHb IL-17 acouitoeTben
i3 ripwyM NpPOrHO30M, LWO MiAKPECME CKNaAHICTb
Ta KOHTEKCTHICTb LbOro MexaHiamy [42].

Th22-kniTMHM NpoOAYKYIOTb IHTEPNEenkiH-22, sKui
Ai€ MepeBaxHO Ha KNITUHW-MILLEHi Yepe3 CuUrHanbHUin
wnax STAT3. Y ekcnepMMeHTanbHUX ymMoOBax BBEOEHHSA
IL-22 3MeHWwye po3Mip YLUKOOXEHHA Ta MNokKpallye
dyHKUito cepus. YacTnHa Uboro edekty peanisyetsbcs
Yyepes niaBuLLEHHS piBHA dakTopa pocty FGF21, wo mae
Ba)XkNMBe 3Ha4YeHHs Ansa meTaboniyHol aganTauii Ta 3MeH-
LeHHs anonToay [56, 57].

PerynatopHi T-knituHu (Treg) € kno4oBuMn obme-
KyBayamy HagaMipHOro 3ananeHHsi. BoHu npoaykyoTb
iHTeprienkiH-10 Ta TpaHchOopMyBanbHUIA HAKTOP POCTY,
MPUrHiYYIOTb akTMBaLilo edeKTopHux T-kniTUH i cnpu-
SA0Tb (POpMyBaHHIO opraHizoBaHoro pybus. MigcuneHHs
perynaTopHUX MexaHiaMiB 3MEHLUYE CTYMiHb YLLIKOMKEHHSA
Ta nokpallye yHKUiOHanbHe BIOHOBMEHHS cepus
nicns iHgapkTy.

CyvacHi meToau aHanisy OKpemux KniTuH [O3BO-
NANU BU3HAYUTK, WO Pi3Hi cybrnonynsauii T-kNiTUH akTu-
BYIOTbCH Y crneuundiyHi Yacosi nepiogn Ta B3aEMOLi0Tb
Mixx cobot Yepe3 cknafHi curHanbHi Mepexi. BusiBneHi
O3HaKM aHTUreH-3anexHoi akTuBauii Ta KroHalbHOI
eKCNaHcii, a TakoX oKpeMi TPaHCKPUNTOMHI Npodini kope-
MNTb i3 NofanbLIMM MPOrHO30M, PO3BUTKOM iGpo3y
Ta CTyneHeMm pemopentoBaHHs cepus [58].

Y uinomy mMoxHa ccopMynioBaTy y3aranbHEHHS:
nposananbHi cybtunn (Th1, Th17, Th9) pomiHytoTb
y roctpy a3y Ta NOCUIIOIOTb NEPBUHHE YLLKOOXKEHHS,
Togi gk Th2, Th22 i Treg nigTpymyoTb BiAHOBHI Npouecu
Ta Hopmanisauito 3ananeHHs. OgHak 6anaHc umMx mexa-
Hi3MIB KPUTUYHO BaXMMBWI: HAAMIPHICTb npo3ananbHol
4Yn penapaTuMBHOI aKTUBHOCTI OAHAKOBO MOXe MPU3BecTu
00 HecnpuATnuBKMX pesynbraTiB. [lepcnekTuBHi Tepane-
BTWYHIi CTpaTerii NOBMHHI BpaxoByBaTh pasHiCTb npoLecy,
pi3Hy ponb cybTuniB y okpemi Yacosi BikHa Ta HeobXia-
HICTb TOYKOBOro BMMMBY 6€3 HagMIpHOro MNPUrHIYEHHS
NPUPOOHUX BiAHOBHMX MEXaHi3MiB.

5. 3HAYEHHS UUMTOKIHOBOTO KACKAAY
(PAKTOP HEKPO3Y MYXAUHU AAbPA,
IHTEPAEWKIHU-6,-10, TPAHCPOPMYBAAbHUN
$PAKTOP POCTY BETA, IHTEPPEPOH TAMMA)
Y MNPOTPECYBAHHI ILULEMIYHOTO YIWWKOAXKEHHA
HewlonaBHi  gocnigXeHHA OCTaToOMHO MigTBEpAMIu
KOHULENUjo «3ananbHoi Teopii aTepockneposy», sika cyvac-
HAMW HayKOBLUAMW PO3MSAAAETLCS SK (PyHOAameHTanbHa
naTtoreHeTMYHa pamKka A5 PO3yMiHHS MPMPOAM LbOro
3axBoptoBaHHs [59, 60]. YaromkeHicTb KNiHIYHMX, ekcrnepu-
MEHTarnbHNX Ta MOMNEKYNSAPHUX CMoCTEPEXeHb A03BONSAE
CTBEpPOKYBATH, LLO aTepoCKnepo3 € He nuwe ninigHum
MOPYLUEHHSAM, @ CKMNagHUM, iMyHO3anexHUM MnpoLecom
XPOHIYHOTO ~ CTEpUNbHOro  3ananeHHs.  [HiliansHum
eranoM, HariMOBIpHille, 3anuWwaeTbCca 3aTpuMka Moau-
(ikoBaHUX NINONPOTEIHIB y CTiHUI CyAMHWU, WO MPU3BO-
OnTb 00 NoKanbHOI ANCYHKUIT eHOoTenito Ta CTUMYMOE
agresito MoHouuTiB i T-nimcpounTiB. YTBOPIOETHCA NaTono-
riYHO NIGTPUMYBaHWI LUK, Y IKOMY OKUCHEHI Miniaun, peak-
TUBHI (POPMM KMCHIO Ta Mpo3anarnbHi LUTOKIHM B3aEMHO
NigCUNIOTb aKTMBALi0 KNITUH | CNPUSAIOTb MPOrPecyBaHHIo

models reduces apoptosis and improves left ventricular
geometry. However, in certain clinical observations,
low IL-17 levels are associated with worse prognosis,
underscoring the complexity and context-dependence
of this mechanism [42].

Th22 cells produce interleukin-22, which primarily acts
on target cells via the STAT3 pathway. In experimental
settings, administration of IL-22 reduces injury size and
improves cardiac function. Part of this effect is mediated
through increased levels of FGF21, which is important for
metabolic adaptation and attenuation of apoptosis [56, 57].

Regulatory T cells (Tregs) are key suppressors
of excessive inflammation. They produce
interleukin-10 and transforming growth factor, inhibit
effector T-cell activation, and promote organized scar
formation. Enhancement of regulatory mechanisms
reduces tissue injury and improves functional recovery
after myocardial infarction.

Modern single-cell analyses have revealed that
distinct T-cell subpopulations are activated at specific
time points and interact through complex signaling
networks. Evidence of antigen-dependent activation,
clonal expansion, and distinct transcriptomic profiles
correlates with prognosis, fibrosis development, and the
degree of cardiac remodeling [58].

In summary, pro-inflammatory subtypes (Th1, Th17,
Th9) dominate during the acute phase and exacerbate
primary injury, whereas Th2, Th22, and Tregs support
reparative processes and normalization of inflammation.
However, the balance of these mechanisms is critical:
excessive pro-inflammatory or reparative activity may
both lead to adverse outcomes. Promising therapeutic
strategies must account for the temporal dynamics of the
process, the distinct roles of subtypes at specific time
windows, and the need for targeted modulation without
excessive suppression of natural reparative mechanisms.

5. THE ROLE OF THE CYTOKINE CASCADE

(TUMOR NECROSIS FACTOR-ALPHA, INTERLEUKIN-6,
INTERLEUKIN-10, TRANSFORMING GROWTH
FACTOR-BETA, INTERFERON-GAMMA)

IN THE PROGRESSION OF ISCHEMIC INJURY

Recent studies have definitively confirmed the
concept of the «inflammatory theory of atherosclerosisy,
which is currently regarded as a fundamental
pathogenetic framework for understanding the nature
of this disease [69, 60]. The consistency of clinical,
experimental, and molecular observations supports the
view that atherosclerosis is not merely a lipid disorder,
but rather a complex, immune-dependent process
of chronic sterile inflammation. The initial stage most likely
involves the retention of modified lipoproteins within the
vessel wall, leading to local endothelial dysfunction and
stimulating adhesion of monocytes and T lymphocytes.
A pathologically sustained cycle is established,
in which oxidized lipids, reactive oxygen species, and
pro-inflammatory cytokines mutually reinforce cellular
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YPaKEHHS Bif paHHIX MinigHUX CMY>XOK 00 ¢hopmyBaHHs
HEKPOTUYHOTO siApa 3pinoi GrsLLKm.

MexaHicTnyHi napaneni Mk ateporeHe3oM Ta iLemiy-
HO-penepdys3iNHUM  YLLIKOAXXEHHAM Miokapda AeMOH-
CTPYlOTb KIMOYOBY pOSib 3anarneHHst y nepebiry obox
npoueciB. Y pasi iHdapkTy Miokapga 3ananeHHs
€ LEeHTpanbHVM KOMMOHEHTOM YLUKOOXEHHS TKaHWH,
OCKiNbKW iLLeMmisi 3anyckae BHYTPILUHbOKMITUHHWIA Habpsik
KapaiomiounTiB, a paHHA pasa penepdysii cynposo-
OXKYETbCA  LUBMAKAM MO3AKNITUHHUM Habpsikom 4Yepes
NigBULLEHHS  MPOHUKHOCTI  MIKPOCYAMH,  akTuBaLito
KOMMMAEMEHTY Ta BWBIMbHEHHS1 MefiaTopiB 3amnaneHHs.
Y nopanbLi rogMHn Habpsik 3MEHLLYETbCS, | B 0CepeaoK
HEKpO3y aKTMBHO MIrpyloTb HerWTpodpinu Ta Makpodaru,
POPMYHOUN IHTEHCUBHUIM 3ananbHUA iHINbTPaT, AKUR,
3 0AHOro BOKyY, CNPUYNHSE JOAATKOBE YLLKOOXKEHHS Yepes
OKCMAATUBHWIA CTPEeC i NpOTeoni3, ane 3 iHWOoro — € Heob-
XiOHUM A5 BUAANEHHSI HEKPOTUYHUX KITWH Ta NiAroToOBKM
NMO3akniTMHHOrO MaTpuKCcy A0 penapatusBHoi das3n [61].
Y HacTynHi gHi BigOyBaeTbCA MOTYXHa 3ananbHa Bigno-
Bidb, O 3aBepLlyeTbCA MnepexogoMm [0 penapauil
3 chopmyBaHHsIM KorareHoBoro pybusi. MNogibHa nocni-
[OOBHICTb MOAiM XapakTepHa i Ans ileMiYHOro iHCynbTy,
LLO NiAKPECNIOE YHiBEpCarnbHICTb 3ananbHO-MeaiaTopHNX
MexaHi3MmiB. Y 3B’A3Ky 3 UMM LUTOKIHW, SIKi perynioTb
TpaHCMNOPT KNITWH, iXHIO akTMBauilo Ta nponigepaduito,
po3rmMsaAaTbCa K TepaneBTUYHI MilLeHi Npu iLueMiyHoMy
YLUKOMPKEHHI cepLs Ta MO3KY.

Y TKaHMHax cepus nicnsi iHapKTy Miokapaa cnocTepi-
raeTbCs MiABULLEHHS PIBHA hakTopa HEKpO3y NyXNuHU a
(TNF-a), SKMiA YMHUTb BUPaXEHWUN HeraTuBHWM BNNUB
Ha YHKUi0O MiOKapAa 3aBAsku MOPYLUEHHIO KanbLieBol
curHanisadii, akTmeaduii OKCMgaTMBHOMO CTpecy Ta mocu-
neHHI0 3ananbHoi BignoBigi [62]. Y mogenax iwemii/
penepdysii HenTpanidauisa TNF-a 3a LONOMOrot aHTUTIN
abo iHgys3ii posunmHHoro peuentopa TNF (sTNFR1),
O Aie SK peLenTop-nacTka, NpMBoAMna A0 3MEHLUEHHS
po3Mipy iHdapKTy npu MOCTINHI KOPOHAPHIA OKMHo3ii.
lMpoTe pocnign Ha TpaHCreHHUX TBapuHax nokasanu
cynepeunuei pe3ynbTaTty LWOAO BMMUBY KOHCTUTYLIN-
Horo nigBuweHHss abo BigcyTHocti TNF-a, wo moxe
MOSICHIOBATUCS  aKTUBALED KOMMEHCATOPHUX Mepex
LUUTOKIHIB | XEMOKIHIB Mpu reHeTuyHin mogudikadii.
Baxnueo BpaxoByBaTu BiAMIHHOCTI Mi>XX ABOMa peLenTo-
pamn TNF, ockinbkn TNFR1 onocepegkoBye akTusalLito
NF-kB, ROS ta MAPK p38/JNK, Toai sk TNFR2 3aranom
iHribye ui npouecn [63]. Le nosicHioe, 4Yomy 6MoKy-
BaHHA TNFR1 3HWXYE YLIKOOXEHHS, TOAi AK BiACYTHICTb
TNFR2 cnpusie nornmbnenHio aucdyHkuii. MoasinHicTb
4ii TNF-a ocobnuso o4eBuaHa B Mogeni NpekoHaNLiOHy-
BaHHA Miokapga, e HakoMUYeHHs LbOro LMTOKIHY nicna
MikpoembonisaLii kopoHapHOT apTepii YMHWUTL kapaionpo-
TEKTUBHWUIA edoekT, i Brnokaga Moro curHanisadii npu3so-
AnTb [0 BTpaTh Lporo 3axucty. OKpiM roctpux edekTis,
TNF-a Bigirpae ponb y NocTiHpapKTHOMY peMoaentoBaHHi
yepe3 OKCUAATUBHUIM CTPec, anonTo3 KapdioMiouuTiB,
NoBifMbHE 3racaHHs 3ananeHHs, Aerpagauilo KonareHy
mMeTanonpoTeiHaszamu, NopyLIeHHA (YHKLUIT MiTOXOHAPIN
Ta Ae3akTvBauilo agpeHopeLenTopis [64].

IHTepnerkiH-1 TakoX Mae K4YoBE 3HAYEHHs Ans
natoreHesy iH(PapKTy Miokapaa, OCKifbKM NOro i3ochopmMu
IL-1a Ta IL-1B GepyTb Ge3nocepenHio y4acTb Yy 3anycky
1 amnnidikauii 3ananbHOI BiANOBIAI Nicnsa HeKpo3y kapai-
oMiounTiB. HEKpPOTUYHI KNiTUHWM BUBINbHAKTL CUrHaNM

activation and drive progression from early fatty streaks
to the formation of a necrotic core within a mature plaque.

Mechanistic parallels between atherogenesis and I/R
myocardial injury highlight the central role of inflammation
in both processes. In myocardial infarction, inflammation
is a key component of tissue damage: ischemia triggers
intracellular swelling of cardiomyocytes, while the early
reperfusion phase is accompanied by rapid extracellular
edema due to increased microvascular permeability,
complement activation, and release of inflammatory
mediators. In subsequent hours, edema subsides, and
neutrophils and macrophages actively migrate into the
necrotic zone, forming an intense inflammatory infiltrate
that, on the one hand, exacerbates injury through oxidative
stress and proteolysis, but on the other hand, is essential
for clearance of necrotic cells and preparation of the
extracellular matrix for the reparative phase [61]. In the
following days, a robust inflammatory response culminates
in transition to repair with collagen scar formation. A similar
sequence of events is also characteristic of ischemic
stroke, underscoring the universality of inflammation-
mediated mechanisms. Accordingly, cytokines that
regulate cell trafficking, activation, and proliferation are
increasingly considered therapeutic targets in ischemic
injury of both the heart and brain.

In cardiac tissue following myocardial infarction,
elevated levels of tumor necrosis factor-alpha (TNF-a)
exert a pronounced negative impact on myocardial
function through disruption of calcium signaling,
activation of oxidative stress, and amplification of the
inflammatory response [62]. In I/R models, neutralization
of TNF-a by antibodies or infusion of soluble TNF
receptor (sSTNFR1), acting as a receptor decoy, reduced
infarct size under conditions of sustained coronary
occlusion. However, experiments in transgenic animals
have yielded conflicting results regarding the effects
of constitutive elevation or absence of TNF-q, likely
explained by compensatory activation of cytokine and
chemokine networks in the setting of genetic modification.
Importantly, differences between the two TNF receptors
must be considered: TNFR1 mediates activation of NF-kB,
ROS, and MAPK p38/JNK, whereas TNFR2 generally
inhibits these processes [63]. This explains why
TNFR1 knockout reduces injury, while TNFR2 deficiency
exacerbates dysfunction. The duality of TNF-a action
is particularly evident in myocardial preconditioning
models, where accumulation of this cytokine after coronary
microembolization exerts cardioprotective effects, and
blockade of its signaling abrogates this protection.
Beyond acute effects, TNF-a contributes to post-infarction
remodeling through oxidative stress, cardiomyocyte
apoptosis, delayed resolution of inflammation, collagen
degradation by matrix metalloproteinases, mitochondrial
dysfunction, and adrenergic receptor desensitization [64].

Interleukin-1 also plays a central role in the
pathogenesis of myocardial infarction, as its isoforms
IL-1a and IL-1B directly participate in the initiation and
amplification of the inflammatory response following
cardiomyocyte necrosis. Necrotic cells release danger-
associated molecular patterns (DAMPs) that activate
pattern recognition receptors (PRRs), including the
NLRP3 inflammasome, thereby promoting IL-18
synthesis. Concurrently, IL-1a release amplifies local
inflammatory signaling, increases expression of adhesion

HeGe3nekn (DAMP), wo aktmeytoTb PRR, 30kpema molecules and chemoattractants in the myocardium, and
iHbnamacomy NLRP3, cnpusitoun cuHTesdy IL-1B. stimulates infiltration of neutrophils and macrophages.
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OpHovacHo BMBINbHEHHS |L-1a mocunioe nokanbHUn
curHan 3ananeHHs, nigBuLye eKcrnpecito aaresinHmnx
MOIMEKyn Ta XemoaTpaKTaHTIB y MioKapAi, CTUMYmo4un
iHbinbTpauito HenmTpodiniB i makpodaris. HagmipHa
aktuBauisa IL-1 kopenioe 3 HeCnpuSTAVBAM peMOAento-
BaHHAM Ta MoripweHHAM (PyHKUiT NiBOro LnyHo4Ka, Togi
sk GnokyBaHHs IL-1 3a gonomoroto aHakiHpu abo nacTok
IL-1 mogyntoe po3mip iHApKTy Ta pemoAentoBaHHs
y wmogensx /P [65]. I3odopm-cneundiyHa HewTpani-
3auia IL-1a un IL-18 3HWXKye akTmBauito iHpnamacomm
Ta MoKpaLlye CUCTOMiIYHY (DYHKLiIO HaBiTb NPy BBEOEHHI
y dasi penepdyasii [66].

IHTepnenkiH-6 OEeMOHCTPYE HEOOHO3HaYHWA BMNUB
Ha ileMiYHe YLLIKOMKEeHHs1 MioKkapaa, OCKifbKM B MOAENsiX
NOCTINHOI OKMIO3ii NiBOI NepegHbOT HU3XIAHOI apTepil Noro
Oerneuis abo BBeEHHsI HE 3MiHIOBany po3mipy iHpapkTy
abo cTyneHst pemofentoBaHHs. Y mogensix I/P 6nokyBaHHsi
peuenTtopa IL-6 Takox He BNAMBANO Ha YLUKO[KEHHS.
OpHak nopanblUi AOCNIAXEHHSA Mokasanu, Wo TpaBMma-
TWUYHI XipypriyHi BTpyYaHHS 3HA4YHO NiACUITIOIOTL CUCTEMHY
NPOAYKLiI0 LIMTOKIHIB, MACKytoumn cneumdivHi edekTn IL-6.
BukopuctaHHa mMogeni 3 3akpuUTOK TPYLAHOK  KIiTKOK
[O03BONWNO BCTAaHOBUTK, WO IL-6 4nHWTL wWKignueun
BMMMB y paHHiv dasi penepdysii He3anexHo Big HENTPO-
dinbHOI iHMINLTpauii Ym aktueauii TNF-a ta IL-1B [67].
Lle cBiguMTb nNpo cknagHuM «AHYCOBUMY» XxapakTtep Ail
IL-6 i nigkpecntoe HeoOXigHICTb NoganbLWnX AOCHiAXKEHb
MOro porni B KOHTEKCTI iLueMiYHMX YLLKOMXEHb CepLst.

Takum YMHOM, LIMTOKIHOBUIA Kackag, Bifirpae Kro4oBy,
6araToBEKTOPHY poOrb Yy MPOrpecyBaHHi illemiYHOro
YLWKOMKEHHS, PErynioyM akTueaLito, Mirpauiio Ta B3ae-
MOZit0 iIMYHHUX KNiTUH Y 30Hi ilemii n penepdyaii. TNF-a,
IL-1, IL-6, IL-10, TGF-B ta IFN-y dopmytoTb cknagHy
Mepexy curHanis, L0 BM3HAYae OMHaMIKY YLIKOAKEHHS
Ta penapadii: nposananbHi megiatopu (TNF-a, IL-1,
IL-6, IFN-y) nocuntoloTb OKCUAATUBHUIA CTPec, eHpoTe-
nianbHy AUCHYHKLiO, anonTo3 i peMoaentoBaHHs, Togi
SK aHTM3ananbHi Ta penapaTtveHi umTokiHu (IL-10, TGF-B)
obMexyTb HaaMipHY 3anarnbHy BiANoBiAb i cnpusioTb
BiQHOBHUM npouecaM. banaHc MixX LMK NpOTUREXHUMN
noToKamMy BU3HaAYae TSXKKICTb HEKPO3y, edeKTUBHICTb
KNipeHCy YLUKOMKEHUX CTPYKTYp i XapakTtep nocTilemiy-
HOrO PEMOAENOBAHHS, WO POOUTbL LMTOKIHOBI LUMISIXU

NepPCnekTMBHUMU  TEPANEBTUYHUMWU  MilLEHAMU  MpU
iHbapkTi Miokapaa.
BUCHOBKHU
llwemiyHo-penepdysinHe YLLKOMXKEHHSA cepus

pO3ropTaeTbCsl AK NOCNIAOBHICTb iMyHHUX nogin: DAMP
aktuBytotb PRR (nepepyciv TLR4) Ta iHdnamacomy
NLRP3, wo 3anyckae NF-kB/MAPK-kackaau, cekpedito
IL-18, TNF-qa, IL-6 i pekpyT HenTpodiniB Ta MOHOLMTIB.
Moganbwmnn edepounTos i nonapusauis Makpodaris
y penapaTtvBHWIA (eHOTUN MepeBoadATb npouec y dasy
po3B’sA3aHHA. 3pMB Li€i CUHXPOHI3aLjii MOCUITIE HEKPO3,
deHoMeH «no-reflow» i pu3nk HecnpmMATNMBOrO pemoae-
MOBaHHS NIBOrO LUMYHOYKA.

HenTtpocbinu  34iNCHIOITL  LWWBMAOKE  OYULLEHHS
BOrHuwa, ane Hagnuwkoi ROS, npoteasn ta NETo3
YLWKOOXKYIOTb KUTTE3AATHI KapgioMiouMtn 1 MiKpocy-
avHn. MoHoumnTn/Makpodparn mMatTb ABodasHy porb:
paHHin CCR2-3anexHuii 3ananbHWiA pekpyT nornvbntoe
ypaxeHHs, Toai gk cBoeyacHa MerTK-onocepeakoBaHa
penporpamisauis go OXPHOS, nigsuwenHs IL-10/SPM

Excessive IL-1 activation correlates with adverse
remodeling and impaired left ventricular function, whereas
IL-1 blockade with anakinra or IL-1 traps modulates infarct
size and remodeling in I/R models [65]. Isoform-specific
neutralization of IL-1a or IL-1B reduces inflammasome
activation and improves systolic function even when
administered during the reperfusion phase [66].

Interleukin-6 (IL-6) demonstrates an ambiguous impact
on ischemic myocardial injury, as in models of permanent
occlusion of the left anterior descending artery its deletion
or administration did not alter infarct size or the degree
of remodeling. In I/R models, blockade of the IL-6 receptor
likewise did not affect injury. However, subsequent studies
revealed that traumatic surgical interventions markedly
enhance systemic cytokine production, thereby masking
the specific effects of IL-6. Use of a closed-chest model
established that IL-6 exerts detrimental effects in the early
reperfusion phase, independent of neutrophil infiltration
or activation of TNF-a and IL-18 [67]. This underscores the
complex «Janus-like» nature of IL-6 activity and highlights
the need for further investigation of its role in the context
of ischemic cardiac injury.

Thus, the cytokine cascade plays a pivotal,
multidirectional role in the progression of ischemic
injury, regulating activation, migration, and interactions
of immune cells within the ischemic and reperfused
myocardium. TNF-a, IL-1, IL-6, IL-10, TGF-B, and IFN-y
form a complex signaling network that determines the
dynamics of injury and repair: pro-inflammatory mediators
(TNF-a, IL-1, IL-6, IFN-y) amplify oxidative stress,
endothelial dysfunction, apoptosis, and remodeling,
whereas anti-inflammatory and reparative cytokines
(IL-10, TGF-B) limit excessive inflammatory responses
and promote regenerative processes. The balance
between these opposing streams dictates the severity
of necrosis, the efficiency of clearance of damaged
structures, and the nature of post-ischemic remodeling,
making cytokine pathways promising therapeutic targets
in myocardial infarction.

CONCLUSIONS

I/R injury of the heart unfolds as a sequence of immune
events: DAMPs activate PRRs, primarily TLR4, and
the NLRP3 inflammasome, triggering NF-kB/MAPK
cascades, secretion of IL-18, TNF-q, IL-6, and recruitment
of neutrophils and monocytes. Subsequent efferocytosis
and macrophage polarization toward a reparative
phenotype shift the process into the resolution phase.
Disruption of this synchronization exacerbates necrosis,
the «no-reflow» phenomenon, and the risk of adverse left
ventricular remodeling.

Neutrophils provide rapid clearance of necrotic foci,
but excessive ROS, proteases, and NETosis damage
viable cardiomyocytes and microvasculature. Monocytes/
macrophages exert a biphasicrole: early CCR2-dependent
inflammatory recruitment aggravates injury, whereas
timely MerTK-mediated reprogramming toward OXPHOS,
increased IL-10/SPM signaling, and efferocytosis promote
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Ta edepoumnTo3 cnpusitoTb cTabinbHOMy pybuto Ta aHri-
oreHesy. TepaneBTWYHI MilleHi MalTb OyTn Yacocneuu-
divHUMK: obmexxyBaTyh LWKoAy B rocTpin chasi Ta nigtpu-
MyBaTu PE30toLito.

LinTokiHOBUI Kackaz, BU3HA4YaE BEKTOP YLUKOMKEHHS/
penapauii. TNF-a 1a IL-1 (4epe3 NLRP3) nocunioioTb
3ananeHHs, anonTo3 | AUCYHKLiIKD  MITOXOHAPIN;
IL-6 Mae KOHTEKCTHO-3anexHy, NepeBaxHO LUKOAOYNHHY
Aito 'y paHHio penepdyasito; IFN-y mogynioe makpodaru
Ta ibpos. HatomicTtb IL-10 i TGF-B obmexytoTb HagmipHy
BiQMNOBIAb i OpraHi3ytoTb BiAHOBMEHHs MaTpukcy. banaHc
MDK LMMMW MOTOKaMU KOPUTye PO3MIp iHPapKTy W SAKiCTb
pemMoentoBaHHsi, OOIrpyHTOBYKOUM TapretoBaHy aHTu-
IL-1/CCR2/C5a Ta npo-pesontouiinHy Tepanito.

AganTuBHUI iMyHITET DOpMYE BigAaNEHNA NPOrHos:
Th1/Th17 nigcvnioloTe  3ananeHHs Ta  MaTPUKCHY
Aectpykuito, Toai Ak Th2/Th22 i Treg cnpusoTb pena-
pauii 1 KOHTPONbOBaHOMY pPyOLIOBaHHIO; ayTOaHTUrEHHa
npeseHTauis 3gaTtHa nigTpUMyBaTU XPOHIYHE 3ananeHHs.
KniHiyHo pouineHa 6GiomapkepHa cTpatudikauis das
(IL-1B, IL-6, sSTNFR, C5a, npodini HenTpoinbHUX/MOHO-
unTapHux cybnonynsuin) ans Bubopy Yacy iHTepBeHLii
i OUiHKN pU3MKy pemopentoBaHHs. MNMoeaHaHHSA TOYKOBOIT
iMyHOMOAYNALiT 3 MiATPUMKOI MEXaHi3MiB pPO3pilLEHHSA
3anareHHs € NepcrneKkTUBHOK CTpaTerieto.
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stable scar formation and angiogenesis. Therapeutic
targets must be time-specific: limiting injury in the acute
phase while supporting resolution.

The cytokine cascade defines the trajectory of injury
versus repair. TNF-a and IL-1 (via NLRP3) amplify
inflammation, apoptosis, and mitochondrial dysfunction;
IL-6 exerts context-dependent, predominantly deleterious
effects in early reperfusion; IFN-y modulates macrophage
activity and fibrosis. In contrast, IL-10 and TGF-B limit
excessive responses and orchestrate matrix restoration.
The balance between these signaling streams regulates
infarct size and remodeling quality, providing the rationale
for targeted anti-IL-1/CCR2/C5a and pro-resolution
therapies.

Adaptive immunity shapes long-term prognosis:
Th1/Th17 responses intensify inflammation and matrix
degradation, whereas Th2/Th22 and Treg promote repair
and controlled scar formation; autoantigen presentation
may sustain chronic inflammation. Clinically, biomarker-
based stratification of phases (IL-1B, IL-6, sTNFR, C5a,
neutrophil/monocyte subpopulation profiles) is advisable
for selecting the timing of interventions and assessing
remodeling risk. Combining precise immunomodulation
with support of resolution mechanisms represents
a promising strategy.
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JocnigpkeHb pusnK ynepegkeHocTti OyB nigBULLEHUM, a MiKOO-
cnigHvupbka BapiabenbHIiCTb NOKa3HMKIB 3anuwanacs iCTOTHOH,
O 3HWXYE BHYTPILLHIO BanifHICTb CYKYMHUX OLIHOK i obMexye
y3aranbHIOBaHICTb BUCHOBKIB Ha iHWIi nonynsuii Tta KniHivHi
KOHTEKCTW. [ANs 3MEHLUEHHsI 3a3Ha4YeHnX BNMBIB 3aCTOCOBaHO
He3anexHui NoABiHWiA BiAbIp Ta BUNYyYeHHS JaHUX, PO3LLMPEHI
KOMOGiHaLii KNo4YOBMX CHiB i NOTYHUX OnepaTopiB.

MepcnekTMBU NOAAABLUMX AOCAIAXEHD

OTpuMaHi faHi HagaTb iHGopMaLiio LWoao BenbMU CKNaaHMX
MEXaHi3MiB iMyHOMOri4YHOI BIANOBIAI OpraHiamMy Ha iLemivyHo-pe-
nepgysiviHe MOLUKOAXEHHS Miokapaa Ta BiAKPUBaKOTb LUMPOKE
none Ansi BUBYEHHS MOXIMBOCTEW BMNMBATU Ha npo3anasnbHi
Ta Pe3oniouifHi MexaHiaMu npu 3ananeHHi, LWo BUKNKaHe
ilWemMiYyHUM  noLuKoaKeHHAM. Lle CTBOpHE nepcrnekTUBHWUIA
HaMpsIMOK TepaneBTUYHOro BNMBY Ha ilLeMi3oBaHWUN MioKapg
Ta [03BOMSE 3anpoBaAUTU HOBITHI HANPAMKK NiKyBaHHA Kapgio-
NOriYHMX 3aXBOPHOBaHb.

KOHAIKT iHTEpeciB

Bci aBTopn nopanu go pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHANIKTY iHTepeciB MixHapoaHOro KOMITETY peaak-
TopiB MeauyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTOpu pyKonucy CBiJOMO 3acBia-
UylTb BIACYTHICTb (pakTUYHOrO abo MOTEHUINHOrO KOHMIKTY
iHTepeciB LWoao pesynbratiB Liei podoTn 3 dhapmaueBTUYHUMU
KOMMNaHigMK1, BMPOGHMKaMU GiomMeanyYHUX MNpPUCTPOIB, HLWMMU
opraHisauismu, 4vi NpoAaykTW, nocnyru, diHaHcoBa MiATPUMKa
MOXYTb ByTW MoB’A3aHi 3 NpeaMeToM HagaHux matepianis abo
SIKi CMOHCOpyBany NpoBeAeHi AOCHIKEHHS.

AOTpMMGHHﬂ €TUYHUX HOPpM

ABTOpPU pyKOMUCY CBIAOMO 3acBigvytoTb, LU0 MNIArOTOBKa PyKO-
nucy 3pificHioBanachk BUKIIOYHO Ha OCHOBI BigKpUTO onyo6ni-
KOBaHWX HayKkoBUX mxepern. Y poboTi He BMKOPUCTOBYBanuCb
nepcoHicikoBaHi  AaHi  nauieHTiB, pe3ynsTaT  NepBUHHUX
KNiHIYHUX Ta AOKMIHIYHMX JoChigXeHb. Y 3B’A3Ky 3 UMM OTpu-
MaHHs1 CXBarneHHs KoMicii 3 nuTaHb GioeTukM He BMMaranochb.
[ocnigpkeHHs BUKOHaHe 3 AOTPUMAaHHAM MPUHLMMIB HaNexHol
HayKOBOI NPaKkTVMKW Ta BIAMNOBIAHO OO0 MDKHAPOAHMX ETUYHMX
cTaH4apTiB, 3okpema pekoMeHpauii Komitety 3 nybnikauinHoi
etukn « COPE» (Committee on Publication Ethics).

BUKOPUCTAHHS LUTYYHOrO iIHTEAEKTY

ABTOpPY PYKOMMCY CBIAOMO 3acBifuvytoTb, WO Yy Mpoueci npose-
OEHHS [OCMIMKEHHs Ta MiAroTOBKM LbOro PYKOMWUCY He BUWKO-
pUCTOBYBanun >KOAHWMX IHCTPyMeHTIB abo cepsiciB reHepa-
TMBHOTO LUTYYHOrO (HTEMEKTYy [Ans BWKOHaHHS  Oyab-siKMx
3aBOaHb, nepeniyeHWx y TakcoHOMIi AdeneryBaHHsi 3aBOaHb
reHepaTvBHOMY LWTY4YHOMY iHTenekTy «GAIDeT» (Generative
Atrtificial Intelligence Delegation Taxonomy, 2025 p.). Yci etanu
poboTu — Big KoHUenTyanisauii 4o iHanbHOro peaaryBaHHst —
BVKOHaHi 6e3 3any4eHHs reHepaTMBHOIO LUTYYHOrO iHTEMEeKTY,
BVIKIOYHO aBTOpaMMu.

MepBuHHI AaHi Ta MaTepiaAun

ABTOpU pyKONMCy CBIAOMO 3acCBiAYYHOTh, O NEPBUHHA MeanyvHa
AOKyMeHTauis (pe3ynsrat nabopaTtopHuX Ta iIHCTPYMEHTamnbHNUX
OOCMiMKEHb KOHKPETHUX NaLiEHTIB) Ta CcTaTUCTUYHI 6a3n AaHux
y poboTi He BUKOpUCTOBYBanuCH. YCi TBEPKEHHS Ta ysarasnb-
HEHHS1 NigKpiNNeHi NocUnNaHHAMK Ha nepllompxkepena, AOCTYMHi
y BigKputoMy AocTyni abo yepes HaykoBi 6ibnioTeuHi pecypcu.
Hopatkosi maTepianu, Lo CTOCyTbCS NpoLecy BiAbopy axepen
4n geTanisauii metogonorii aHanisy, MoXyTb B6yTn HagaHi aBTo-
POM-KOPECMOHAEHTOM 3a 06r'pyHTOBaHMM 3annMTOM.

studies had an increased risk of bias, and inter-study variability
in indicators remained substantial, which reduces the internal
validity of the aggregate estimates and limits the generalizability
of the conclusions to other populations and clinical contexts.
Independent double selection and data extraction, expanded
combinations of keywords and logical operators were used
to reduce these effects.

Prospects for further research

The obtained data provide insights into the highly complex
mechanisms of the immunological response to ischemia-
reperfusion injury of the myocardium and open a broad field
for exploring the possibilities of modulating pro-inflammatory
and resolution pathways in inflammation induced by ischemic
damage. This creates a promising direction for therapeutic
intervention in the ischemic myocardium and enables the
introduction of innovative approaches to the treatment
of cardiovascular diseases.
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PE3IOME

AKTyanbHicTb. ATOMIYHUIN AepMaTUT € MOLUMPEHUM XPOHIYHMM 3ananbHUM 3axBO-
PIOBaHHSAM LUKIPU 3 paHHIM No4YaTKOM, CKMagHWM NaTOreHe3oM i 3HaYHWM BNIIMBOM
Ha SKiCTb XWUTTA. Monpu YNCNEHHI AOCRIMKEeHHS, MEXaHi3M1 MOro Po3BUTKY 3anuiia-
10TbCSI NPEAMETOM aKTUBHOIO HAYKOBOrO MOLLYKY. AHami3 Cy4acHUX AaHUX LLOAO reHe-
TUYHMX, IMYHHUX | MIKPOBIOMHMX (haKTOpIB AO3BOMSIE YTOUHUTU MATOFEHETUYHI NaHKu
Ta BM3HAYUTK HOBI TepaneBTUYHI Lini.

MeTta po60Tu — y3aranbHUTU Cy4acHi YSIBMEHHS NMPO MOMEKYNSAPHO-FEHETUYHI Ta IMYHHI
MexaHi3M1 aTomMiYHOro AepMaTtuTy, 3 ypaxyBaHHsIM poni enigepmarnbHoro Gap’epy
Ta Mikpobiomy LLKipw.

Matepianu Ta metoau. [MNpoBeaeHo nowyk i aHania noHag 100 HaykoBux ny6nikauin
y 6asax gaHux PubMed i Scopus 3a ocTaHHi WicTb pokiB. [o ornsiay BKIOYEHO KMiHiYHi
OOCNIIKEHHS, CUCTEMaTUYHI OrMsAAM Ta MeTaaHarniau, Lo CTOCYITbCS TEeHETUYHMUX,
iMYHHUMX | MiKpOBIOMHMX acnekTiB naTtoreHesy aToniyHoOro AepMaTuTy.

PesynbraTtn. Y natoreHesi atoniyHOro gepMaruTy B3aEMOAiTb reHeTUuHi Bapiauii,
iMyHHa Oucperynsuis Ta nopyLueHHs mikpobiomy. KntoyoBy ponb Bigirpatotb myTauii
reHa FLG Ta noB’sizaHi 3 HUMU gedekTn enigepmarnsHoro 6ap’epy. IMyHHi nopyLueHHs
XapaKkTepuayoTbCa AOMiHyBaHHAM Th2-Bignosiai 3 HagmipHoto npogykuieto 1L-4, IL-5,
IL-13 T1a IL-31, wo niaTpyMye XpoHiYHe 3ananeHHs i cBepOiX. Y XpOHiYHin dasi 3any-
vatoTbea Th1-, Th17- i Th22-kniTnHK, AKi BU3Ha4alOTb iIMyHHY reTepOreHHiCTb 3axBo-
ptoBaHHs. [ncbio3 mikpobiomy, 3okpema HaaMipHa KonoHisauis S. aureus, nornvonioe
Gap’epHy AncdyHKLito i1 3ananeHHs. CyKymnHiCTb LMX MexaHi3miB (oopMye eAMHY naTore-
HETUYHY Mepexy, LLIO NEXUTb B OCHOBI (heHOTMNOBOT BapiabenbHOCTI Ta pi3Hoi Bignosiai
Ha Tepanito.

BucHoBku. ATONiYHMI OepMaTUT € MOMireHHUM iMyHO3ananbHUM 3aXBOPIOBAHHAM,
Y PO3BUTKY SIKOTO NMOEAHYOTLCSI FTEHETUYHI, EMIreHETUYHI, IMYHHI Ta MIKpOBIOMHI YNHHUKN.
MornnbneHHs 3HaHb NPO Lji B3aEMO3B'sI3KM CTBOPIOE MiAIPYHTS AJ1si NepcoHanizoBaHoil
Tepanii, 30kpeMa 3actocyBaHHs iHribiTopis IL-4Ra, IL-13, IL-31R 1a JAK-STAT-LnsXYy.

MenbHuk T.B., MepwwnH M.JO., TBapkoBcbka A.A., TBapkoBcbka O.B. MonekynsipHO-reHeTUYHI Ta iMyHHi acnekTu
aTomniyHOro AepmaTuTy: CyvacHWid cTaH npobnemu. KapasiHcbkul iMyHomoeiyHul xypHan. 2025. T. 8. Ne 2(16).
C. 275-287. DOI: https://doi.org/10.26565/3083-5615-2025-16-07
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ABSTRACT

Background. Atopic dermatitis is a common chronic inflammatory skin disease with
an early onset, complex pathogenesis, and a substantial impact on patients’ quality
of life. Despite numerous studies, the mechanisms underlying its development remain
an active area of scientific investigation. The analysis of recent data on genetic, immune,
and microbiome factors enables a more detailed understanding of pathogenic pathways
and the identification of new therapeutic targets.

Purpose — to summarize current knowledge on the molecular, genetic, and immune
mechanisms of atopic dermatitis, with particular emphasis on the role of the epidermal
barrier and skin microbiome.

Materials and methods. A comprehensive search and analysis of more than
100 scientific publications indexed in PubMed and Scopus over the past six years were
performed. The review included clinical studies, systematic reviews, and meta-analyses
addressing the genetic, immunological, and microbiome-related aspects of atopic
dermatitis pathogenesis.

Results. The pathogenesis of atopic dermatitis involves a complex interplay between
genetic variations, immune dysregulation, and microbiome disturbances. Mutations
in the FLG gene and related defects of the epidermal barrier play a central role. Immune
alterations are characterized by a predominant Th2-mediated response with excessive
production of IL-4, IL-5, IL-13, and IL-31, which sustain chronic inflammation and pruritus.
In the chronic phase, Th1-, Th17-, and Th22-cells contribute to the immunological
heterogeneity of the disease. Microbial dysbiosis, particularly excessive colonization
by S. aureus, exacerbates barrier dysfunction and inflammation. The interaction of these
mechanisms forms an integrated pathogenic network underlying phenotypic variability
and differential therapeutic responses.

Conclusions. Atopic dermatitis is a polygenic immune-mediated disease driven
by genetic, epigenetic, immunological, and microbiome-related factors. Advancing
knowledge of these interconnections provides a foundation for personalized therapeutic
approaches, including the use of IL-4Ra, IL-13, IL-31R, and JAK-STAT pathway inhibitors.

Tvarkovska AA, Tvarkovska OV. Molecular-genetic and immune aspects

of atopic dermatitis: current state of the problem. Karazin Journal of Immunology. 2025;8(2(16)):275-287.

DOI: https://doi.org/10.26565/3083-5615-2025-16-07

BCTYN

AToniyHun gepmatut (A[l) — XpOHiYHe 3ananbHe
3aXBOPIOBAHHS  LLUKIPW, OCHOBHUMW MNpoOsiBAMU  SIKOTO
€ cBepbixX, 3ananeHHs Ta eKk3emaToigHi YypaXeHHs
3 nopyLleHHsIM DyHKLUii enigepmansHoro 6ap’epy [1, 3].
HaamipHuii cBepOix LKipy 3aBaXae NOBCSAKOEHHIN akTuB-
HOCTI, @ TaKoX CNPUYMHSIE NOPYLLEHHS CHY. Lle peumaunBy-
FOUMIA, XPOHIYHMIA, HEIH(EKLINHMIA 3ananbHUn epMaTos,
SKMA 3a3BUYail NPOSBMSIETLCS Y PaHHbOMY OUTUMHCTBI
(6nnsbko 60% Aaiten 3 AL MatoTb NPOSIBA 3aXBOPHOBAHHSA
NPOTAroM nepLUmnx 12 MicsILLiB XXUTTS) Ta MOXe nepeayBaTu
PO3BUTKY iHLUMX aTOMiYHMX PO3NafiB BKMOYHO 3 aCTMOIO,
anepriyHMM pUHITOM Ta XapyoBOKO aneprieto. Taka nocni-
[JOBHICTb PO3BUTKY anepriyHux 3axBoploBaHb oTpumana
Ha3By «anepriyHoro mapLy» abo «atonivyHoi Tpiagu» [2].
HasBHicTb gepmaTuTy y nepuli Micsaui Nicnst HAPOAXEHHSA
HEMOBMATU € BaroMum (HakToOpoM pusnky OpMyBaHHS
aTonivyHoi ceHcmbinizaLii NpPoTAroM NEepPLLOro PoKy XUTTS.

ATONIYHUIA aepmaTUT — Ue CKnagHe 3axBOPHBaHHSA
3 reTepPOreHHO0 KMiHiYHOI KapTUHOM, Yy NaToreHesi IKkoro
bepe yyactb 6e3niy akTopiB, WO NEepeTUHaKTLCS.
Lle myTauii enigepmanbHUX reHiB, AUCHYHKLUISA LUKIPHOMO
6ap’epy, NOPYLUEHHS IMYHITETY, 3MiHM ninigHOro cknagy
Ta MikpobHun aucbanaHc [1]. 3aBasku cy4acHUM Jocsr-
HEHHAM Ta Hayui, PO3YMiHHS MOMEKYNsSPHOI OCHOBU
aToniyHOro AepMaTuTy JO3BOMSE PO3AINUTA NOrO Ha PisHi
deHoTUnU. YucneHHi cknagHi 3MiHM Ha reHeTUYHOMY
PiBHi, Nopsi4 i3 3MiHAMX Ha piBHI BPOMXEHOro Ta agan-
TMBHOMO IMYHITETY, € OCHOBOK /NSl XapaKTepWUCTUKM
Pi3HNX peHOoTMNIB Ta eHOoTUNIB aTonmiyHOro AepmMaTuTy

INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin
disorder characterized by pruritus, inflammation, and
eczematous lesions associated with epidermal barrier
dysfunction [1, 3]. Excessive itching interferes with
daily activities and often leads to sleep disturbances.
AD is a recurrent, chronic, noninfectious inflammatory
dermatosis that typically manifests in early childhood,
with approximately 60% of affected children developing
symptoms within the first 12 months of life. The disease
may precede the development of other atopic conditions,
including asthma, allergic rhinitis, and food allergy. This
sequential progression of allergic disorders is known
as the «allergic march» or «atopic triad» [2]. The presence
of dermatitis in the first months of life is considered a major
risk factor for the development of atopic sensitization
during the first year.

Atopic dermatitis is a complex, heterogeneous
disease involving multiple interrelated factors in its
pathogenesis, including epidermal gene mutations, skin
barrier dysfunction, immune dysregulation, alterations
in lipid composition, and microbial imbalance [1].
Advances in molecular biology and immunology have
made it possible to distinguish different phenotypes of AD
based on underlying molecular mechanisms. Numerous
complex changes at the genetic level, together with
alterations in innate and adaptive immune pathways,
form the basis for defining the diverse phenotypes and
endotypes of atopic dermatitis and for developing novel
diagnostic and therapeutic approaches [2].
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Ta po3pobKM HOBUX AiarHOCTUYHUX Ta TepaneBTUYHMX
nigxopis [2].

MeTta po6oTtu — npoaHanisyBaTu cydacHi Teopii
BMHWUKHEHHS1 aTOMIYHOrO AepMatuTy 3 ypaxyBaHHsSM
HOBMX [daHWX MPO FeHETUYHi, iMyHOMoriyHi Ta Gap’epHi
MeXaHi3Mu 0ro po3BUTKY.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigXeHHs BWKOHaHO Yy dopmaTi HapaTUBHOro
OrNsifly HayKoBOi niTepaTypyu 3 METOK Yy3ararbHEHHSsI
Cy4yaCHMX [aHuX LWWOAO  MOMEKYNsIPHO-TEHETUYHUX,
iIMYHOMOriYHMX Ta MIKPOBIOMHMX MEXaHi3miB naToreHesy
aToniyHoro Aepmatuty. AHania nitepatypHux maxepen
30JMCHIOBanM 3 BUKOPUCTAHHSIM EMEKTPOHHUX HayKo-
MeTpuyHux 6a3 gaHux PubMed Ta Scopus 3a nepioa
2019-2025 pokis.

Mowyk npoBoaMnM i3 3acToCyBaHHSIM KOMOIHaLi
KrnovoBUX cniB i TepMiHiB: «atopic dermatitis», «geneticsy,
«filaggrin», «immune mechanisms», «Th2 inflammationy,
«cytokines», «skin barrier», «epigenetics», «microbiomey.
[o ornagy BkntoYanu ornsgosi CTaTTi, opuriHanbHi ekcre-
pVMeHTarbHi Ta KMiHiYHi oCNigXeHHs, onyonikoBaHi aHmil-
CbKOK MOBOH, LLO BiAnoBiganv MeTi Ta TeMatuli poboTtu.

Binbip oxepen 3aificHIOBaBCA Ha OCHOBI iX akTyarb-
HOCTi, HAyKOBOI 3HaYyLLOCTi Ta perneBaHTHOCTI 3asBNEHUM
acrnekTaMm naToreHesy artomniyHoro aepmatuty. AHania
niTepaTypu MaB SKiCHWUIA, ONUCOBO-aHamn TUMHUI XapakTep
i OyB CNpsAMOBaHU Ha BUSABIEHHS B3AaEMO3B’A3KIB MiXkK
FEHETUYHMMM MOPYLUEHHAMMU, IMYHHOW AuMcperynsuieto,
3MiHaMM WKipHoro Gap’epa Ta KhiHIYHMMK NposiBaMMU
3aXBOPIOBAHHSI.

PE3YABTATU TA X OBrOBOPEHHS

MaToreHes aToniyHoro gepmatuty (AL) 3anuwaeTbes
He OO0 KiHUA 3'dAcoBaHuMM. Hamu 6yno npoaHanizoBaHo
KiNbka OCHOBHMX MaTOTEHETUYHMX TEeOopii BUHWKHEHHSA
Ta nporpecyBaHHsi A[l cepep 0OCi6 pi3HOro BiKy. Y po3BUTKY
3axBOplOBaHHS 6epyTb y4yacTb TFEHETWYHi, EeKOMOriYHi
Ta iMyHonoriyHi chakTopu. Baxnuey ponb BigirpaloTb nopy-
WeHHs 6ap’epHoi yHKLii LWKipW, NOB’A3aHi 3 MyTauismu
abo 3HMXEHOI EeKCrpecielo reHa inarpuHy, kUi Kkogye
CMHTE3 CTpyKTypHOro 6inka, HeobxigHoro Ans copmy-
BaHHsA enigepmanbHoro 6ap’epy [4]. Kpim Toro, 3HayeHHs
MatoTb NOPYLLEHHS LLKIPHOTO iMYHITETY, 30Kpema 3cyB Y ik
Th2-onocepeakoBaHoi iMyHHOI BiAMOBIAl, @ TakoX BMUB
UYMHHWKIB 30BHILLHBOTO cepedoBua Ta  iHEKUIMHNX
areHTiB. ¥ natoreHesi A[] BaxxnvBy porb Bigirpae S. aureus,
KOIOHIT ikoro BMsABNsA0TL NpmbnusHo y 90% xsopux. MNMopy-
LLUEHHS BPOMPKEHOrO iIMYHITETY CNpusE NiABULLEHIN CXUnb-
HOCTi [0 GakTepianbHWX i BipyCHUX iHdEKUi. YucnerHi
CKNagHi 3MiHN Ha reHeTUYHOMY PiBHI, Y MOEAHaHHI 3 Nopy-
LUEHHAMW MEeXaHi3MiB afanTVBHOMO Ta BPOMKEHOrO iMYHi-
TETY, CTaHOBMATb OCHOBY (DOPMYBaHHSA Pi3HUX eHo-
TMNIB Ta €HOOTMNIB aTONIYHOro AepmMaTtuTy, Lo BiaKpuBae
MOXXIMBOCTi A1 CTBOPEHHSA HOBUX AiarHOCTUYHUX | Tepa-
neBTMYHUX MigxodiB [2]. TopylieHHs CTPYKTYpW LUKipW
np13BOaMTb A0 MiABULLEHOI TpaHcenigepManbHoi BTpaTu
BOOW, WO nornubrnioe cyxicTb i 3ananeHHsa. AHomanii
Mikpobiomy Lwkipy npu ALl pi3HOMaHITHI Ta 3MiHIOKOTLCA
3anexHo Big ha3n 3axBOPIOBaHHA — Y Nepiof, 3aroCTPeHHst
nepeBaxkae KOMOHi3auia S. aureus, a CTyMiHb KOMOHi3aLil
MOXe KopentoBaTu 3 TsKKicTio nepebiry ALl [5].

Objective — was to analyze current theories of atopic
dermatitis pathogenesis, taking into account recent
findings on the genetic, immunological, and barrier-
related mechanisms involved in its development.

MATERIALS AND METHODS

The study was conducted as a narrative review
of the scientific literature aimed at summarizing current
evidence on the molecular-genetic, immunological,
and microbiome-related mechanisms involved in the
pathogenesis of atopic dermatitis. The literature analysis
was performed using the electronic bibliographic
databases PubMed and Scopus, covering publications
from 2019 to 2025.

The search strategy employed combinations of the
following keywords and terms: «atopic dermatitisy,

«geneticsy, «filaggrin», «immune  mechanismsy,
«Th2 inflammation», «cytokines», «skin barriery,
«epigenetics», «microbiome». The review included

narrative and systematic reviews, as well as original
experimental and clinical studies published in English that
were relevant to the aim and scope of the study.

Sources were selected based on their scientific
relevance, significance, and consistency with the key
aspects of atopic dermatitis pathogenesis. The literature
analysis was qualitative and descriptive-analytical
in nature and focused on identifying interactions between
genetic alterations, immune dysregulation, skin barrier
dysfunction, and clinical manifestations of the disease.

RESULTS AND DISCUSSION

The pathogenesis of atopic dermatitis (AD) remains
incompletely understood. In this review, we analyzed
several major pathogenic theories describing the onset
and progression of AD among individuals of different
ages. Genetic, environmental, and immunological factors
are all involved in the disease development. A crucial role
is played by impairments in the skin barrier function, which
are associated with mutations or reduced expression
of the FLG gene encoding filaggrin — a structural protein
essential for the formation of the epidermal barrier [4].
In addition, disturbances of cutaneous immunity,
particularly the shift toward a Th2-mediated immune
response, as well as the influence of environmental and
infectious factors, are of great significance. S. aureus plays
an important role in AD pathogenesis, with its colonies
detected in approximately 90% of patients. Impaired
innate immunity contributes to increased susceptibility
to bacterial and viral infections. Numerous complex genetic
alterations, combined with dysfunctions in adaptive and
innate immune mechanisms, constitute the basis for the
formation of various phenotypes and endotypes of atopic
dermatitis, which opens new opportunities for diagnostic
and therapeutic strategies [2]. Structural damage to the
skin leads to increased transepidermal water loss,
aggravating xerosis and inflammation. Abnormalities
of the skin microbiome vary depending on the disease
phase — during exacerbation, S. aureus colonization
predominates, and the degree of colonization correlates
with disease severity [5].
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Takum 4MHOM, CyyacHi ysiIBMEHHA Mpo nartoreHes
aToniyHOro Aepmartuty po3rnsigatrTb Koro sik Garato-
hakTOpHWUIN MpOLEC, Y SKOMY B3AEMOAIOTb TEHETUYHI
nopyLleHHsl, AucdyHKUis enigepmanbHoro 6ap’epy,
iMyHomoriyHa aucperynsiis Ta aMiHuM Mikpobiomy LLKipw.

FEHETUKA TA ENIAEPMAAbHUI BAP’EP

Al € cnagkoBUM, MyNsTUGAKTOPHNM 3aXBOPIOBAHHSAM,
Yy PO3BUTKY $KOro MpPOBiAHY POMb Bidirpae B3aemMoAis
FEHETUYHOI CXUMNBbHOCTI Ta (PaKTOpiB HABKOMMWLLUHLOIO
cepeposuwa. MNignweHa yactota ALl y cim’six 3 aToniy-
H/MW 3aXBOPIOBAHHAMM (aCTMOIO, anepriyHnM PUHITOM,
Xap4OBOIO aneprieto) CBiAYNTb MPO 3HAYHWIN BHECOK crnaj-
koBocTi. Pusunk possutky Al y aiten 3poctae B 1,5 pasy,
SKWO oauH i3 GaTbkiB Mae aToniyHe 3axXBOPHBaHHS,
YTPUUi — SIKLLO OAWMH i3 6aTbKiB xBOpie came Ha ALl iy m'ATb
pasiB — Konu XBopitoTb 060€ 6aTbkiB [6, 7]. AHania MOHO3U-
FOTHWX Ta AN3UTOTHUX BNIM3HIOKIB TaKOX MiATBEPAXKYE reHe-
TUYHY OCHOBY: KOHKOpAAHTHiCTb Afl ctaHoBuTb 72—-86%
Y MOHO3UIOTHUX i nnwe 21-23% y amanrotHux nap [7].

[MoBHoreHoMHU nowyk acoujauin (GWAS) Bussus
noHaz 30 XpOMOCOMHWMX FTOKYCiB, LLO MICTSTb F€HU CXUIb-
HocTi go A[l. Lli reHn yMOBHO noainsAlTbCs Ha ABi rpynu:

1. TeHwn, WO koayTb CTPYKTYPHI Ta OyHKUIOHAmbHI
Ginku enigepmicy, 3okpema Ti, WO 3abe3nedvyoTb Uinic-
HiCTb LUKipHOrO 6ap’epy.

2. TeHun, Wo peryniolTb BPOMKEHY Ta aganTUBHY
iMyHHY BignoBigb.

HavBaxnueiwmM reHom, noe’s3aHumM i3 Bap’epHoto
dyHkuieto, € FLG, wo koaye 6inok cinarpuH, postaLuo-
BaHWI y koMnrekci enigepmaneHoi andepeHuiadii (EDC)
Ha xpomocomi 1g21. dinarpuH Bignosigae 3a arperadito
KepaTVHOBUX (pinameHTiB, (POPMyBaHHA POroBOro Liapy,
nigTPUMaHHA onTuManbeHoI rigpatauii Ta pH wkipm [8, 9].
MyTauii FLG, 3okpema R501X Ta 2282del4, npusso-
OsTb 0o aediumnty abo BigcyTHOCTI Ginka, Lo BUKNUKae
MOPYLLUEHHS LWKipHOro Gap’epy, CyXiCTb, NigBULLEHY
NMPOHUKHICTb ANsi anepreHiB i CXUNbHICTb A0 KOMoHi3auil
S. aureus. HasBHicTb myTauii FLG acouitoetbes 3 paHHiM
aebtoTom i Tskumm nepebirom A [10].

Kpim FLG, y natoreHesi ALl GepyTb y4yacTb reHw,
LLIO KOAYHOTb BINKM LWINbHUX MKKMITUHHUX 3'€AHaHb — Knay-
AvHn (CLDN), okkmtogmHm (OCLN) Ta iHWi KOMMOHEHTH,
AKi 3abesnevytoTb Gap’epHy YHKLiIO 3epHUCTOro Liapy
enigepmicy [11]. Ix nowiKomkeHHs Bede 40 BTPATM BOAU
yepes enigepmic i nomerwye MPOHUKHEHHS aHTUreHIB.
Hopartkoso onucaHo ponb reHie SPINKS (LEKT1), CMA1,
CST3, KLK-npoTeas, siki peryntotoTe 6anaHc mix npoteoni-
TUYHMMU (hepMEHTaMM Ta X iHriGiTopamMu y LUKIpi.

[o gpyroi rpynu HamexaTb reHu, Lo BU3Ha4alTb
CXWUMbHICTb A0 Th2-onocepenkoBaHUX IMYHHUX peakuii.
Cepen Hux —IL-4, IL-13, IL-31, IL-33, TSLP, STAT6, IL-4R,
IL-13R, TLR2, IRF2 ta FCER-1A. MigBnweHa ekcnpecis
untokiHiB IL-4 Ta IL-13 npurHiyye cuHTes dinarpuHy
B KepaTuMHouWTax, MOCWIoYM nopyLleHHs 6ap’epy [12].
Monimopdiamn peuentopis IL-4R Ta IL-13R nigsuwytoTs
YyTNMBICTb A0 T-xennepiB — Th2-curHanis i cnpusoTb
rinepnpoaykuii IgE. AkTuBaLisi TUMIYHOrO CTPOMAnbHOIO
nimcponoetuHy (TSLP) ta 1oro peuentopie (TSLPR,
IL-7R) iHiuitoe kackag, Wwo Beae 40 akTuBauii e03nHOdIniB
i XpOHi4HOro 3ananeHns [13].

HewopaeHi GWAS-gocnigXeHHs BUSBUNU  MNOTEH-
uinHo natoreHHi BapiaHTn NLRP10 (R243W) ta CCDC80,
AKi MOXYTb BMAMBATV HAa CUrHambHI LUMASAXM 3ananeHHsi
Ta anontosy [14]. BukopucTaHHs MynbTUOMIYHWUX NiAXOAIB
(noegHaHHA AaHWX reHOMY, enireHoMy Ta TPaHCKPUNTOMY)

Thus, current understanding of the pathogenesis
of atopic dermatitis considers it a multifactorial process
involving the interaction of genetic abnormalities,
epidermal barrier dysfunction, immune dysregulation, and
alterations in the skin microbiome.

GENETICS AND EPIDERMAL BARRIER

Atopic dermatitis is a hereditary, multifactorial disease
in which the interaction between genetic predisposition
and environmental factors plays a leading role. The high
frequency of AD in families with atopic disorders — such
as asthma, allergic rhinitis, and food allergy — confirms the
significant contribution of heredity. The risk of developing
AD in childrenincreases 1.5-fold if one parent has an atopic
disease, threefold if one parent has AD, and fivefold
if both parents are affected [6, 7]. Studies of monozygotic
and dizygotic twins also confirm the genetic basis of AD:
concordance rates are 72—86% in monozygotic twins and
only 21-23% in dizygotic pairs [7].

Genome-wide association studies (GWAS) have
identified more than 30 chromosomal loci containing
susceptibility genes for AD. These genes can be broadly
divided into two groups:

1. Genes encoding structural and functional epidermal
proteins responsible for maintaining the integrity of the
skin barrier.

2. Genes regulating innate and adaptive immune
responses.

The most important gene associated with the barrier
function is FLG, which encodes the protein filaggrin
located within the epidermal differentiation complex
(EDC) on chromosome 1qg21. Filaggrin is responsible
for aggregating keratin filaments, forming the stratum
corneum, and maintaining optimal hydration and pH of the
skin [8, 9]. FLG mutations, including R501X and 2282del4,
lead to protein deficiency or absence, resulting in barrier
dysfunction, xerosis, increased permeability to allergens,
and susceptibility to S. aureus colonization. The presence
of FLG mutations is associated with early disease onset
and more severe AD manifestations [10].

Besides FLG, other genes involved in AD pathogenesis
encode proteins of tight junctions — claudins (CLDN),
occludins (OCLN), and other components ensuring the
barrier function of the granular layer of the epidermis [11].
Their impairment leads to transepidermal water loss and
facilitates antigen penetration. Additional genes, such
as SPINK5 (LEKT1), CMA1, CST3, and KLK proteases,
regulate the balance between proteolytic enzymes and
their inhibitors in the skin.

The second group includes genes predisposing
to Th2-mediated immune responses, such as IL4,
IL13, IL31, IL33, TSLP, STAT6, IL4R, IL13R, TLR2,
IRF2, and FCER1A. Increased expression of IL-4 and
IL-13 suppresses filaggrin synthesis in keratinocytes,
further impairing the barrier [12]. Polymorphisms in IL4R
and IL13R receptors increase sensitivity to Th2 cytokine
signaling and promote IgE overproduction. Activation
of thymic stromal lymphopoietin (TSLP) and its receptors
(TSLPR, IL7R) initiates a cascade leading to eosinophil
activation and chronic inflammation [13].

Recent Genome-Wide Association Study (GWAS)
studies have identified potentially pathogenic variants such
as NLRP10 (R243W) and CCDC80, which may influence
inflammatory and apoptotic signaling pathways [14]. The
use of multi-omic approaches — integrating genomic,
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po3sonse rmublie 3po3yMiTM B3aEMOAI MiX Pi3HUMM
reHeTUYHUMU curHanamu. Po3paxyHoK NonireHHMUX OLiHOK
pusunky (PRS) npoaeMoHCTpyBaB NPOrHOCTUYHY LiHHICTb
anst nepenbadeHHs TshkkocTi nepebiry All, i3 koediui-
€HTaMu WwaHciB Ao 3,86 Ta BUCOKOK TOYHICTIO NPOrHO3Yy
(AUROC =0,88) [15].

Baxnuey ponb BifirpatoTb enireHeTUYHi 3MiHW, SKi
3MIHIOKOTb EKCMPECIto reHiB 6e3 moaudikaLii nocnigoBHOCTI
nesokcnpnboHykneiHoBoi kucnotu (OHK). MetuntoBaHHs
[OHK'y npomoTopHux ginsHkax reHis IL4R, TSLP, FCER1G
Ta FLG kopentoe 3 pusnkom possutky Al y paHHbLOMY
OUTUHCTBI. [NOMETUNIOBAHHA LIMX FEHIB acoLOeTbCS 3 iX
HaZMIpHO eKcnpecieto Ta nigsuLLeHoto Th2-akTuBadieto.
Kpim Toro, mMikpoPHK MOXyTb MOCTTpaHCKpUMLiNHO pery-
NOBaTN EKCMPECito reHiB, 3anyyveHux y natoreHes ALl, nig
BNMMBOM (paKTOPIB HABKOMULLHBOTO CEpPefoBMLLA, TakKMX
sIK Mikpobiom, anepreHn Ta 3abpyaHeHHs [16].

Takum  4MHOM, TreHeTuuHi dakTopn opMyTb
6a30By CXWMbHICTb A0 PO3BUTKY aToOMiYHOrO AepmaTuTy
LUNSIXOM MOeAHAaHHS NopyLUeHb enigepmarnbHoro 6ap’epy
Ta iMyHHOI perynsudii. MyTtauii cTpyKTypHUX Ginkis,
30KpemMa inarpvHy, CTBOPKOIOTb YMOBY ANS NigBULLEHOI
NMPOHUKHOCTI LWKipW, Todi Sk BapiaHTu reHis Th2-curHani-
3auii Ta enireHeTUYHI MoaudiKaLil BU3Ha4aloTb iIHTEHCUB-
HiCTb iMyHHOI Bignosigi. Came U nepBUHHA reHeTuyHa
[EeTepMIHOBAHICTb MOSICHIOE PaHHIN MoYaToK 3axBOpHo-
BaHHS!, Or0 XPOHIYHMI Nepedir i cxunbHicTb 40 GinbLu
TSDKKMX (POPM aTonivHOro AepMaTuTy.

IMYHOAOTIYHI ®AKTOPU

IMyHHa cucTema Bigirpae npoBigHy ponb y po3BUTKY
Ta niaTpumaHHi 3ananbHoro npouecy npu Afl. Lle 3axBo-
plOBaHHS (POPMYETLCA BHACMIQOK CKNagHOi B3aemogil
MeXaHi3MiB BPOMXKEHOro Ta adanTUBHOMO IMYHITETY,
Wo npu3BOoAMTb 00 (popmyBaHHA XpoHiyHoro Th2-go-
MIHaHTHOrO 3ananeHHsl, nopyLleHHs 6ap’epHoi pyHKuii
LUKipX Ta NigBULLIEHOT YyTNMBOCTI 40 anepreHis [17].

KepatuHountn, €Ki TpaguuiiHO BBaXxarTbCHA NuLLE
CTPYKTYPHUMM KiITUHaMK enigepMmicy, Hacnpaedi € akTue-
H/MK Yy4yacHVKamu iMyHHOI BignoBidi. BoHu ekcnpecyioTb
natepH-po3nisHaBanbHi peuentopu (PRR), 3okpema TLR2,
TLR4, NOD1 i NOD2, wo 3a6e3nevytoTe po3nizHaBaHHS
natoreHis [18]. Y XxBopux Ha aToniyHU AepMaTUT 3HDKEHA
ekcnpecia TLR2 obmexye npoTuBipycHUIA Ta aHTMbaKkTepi-
anbHU 3aXMCT, CNPUSAIOYM KOMNOHI3aLii S. aureus Ta po3BuUTKY
BTOPMHHOIO 3ananeHHs. Y BigMoBiAb Ha YLUKOMKEHHSA
enigepmarnbHoro 6ap’epy KepaTMHOLMTN CEKPETYIOTb HU3KY
eniTenianbHUX UATOKIHIB — TUMIYHWIA CTPOMAanbHUM NiMdo-
noetuH (TSLP), IL-25 i IL-33, ki 3anyckatoTb kackag iMyHHOT
aktuBadii. Lli megiatopu cTMmMyniolTb BpOMKEHi niMdo-
iAHi kNiTuHK 2-ro Tuny (ILC2), peHapuTHi KNITMHX Ta TyYHi
KMNiTWUHKW, WO npu3sBoautb Ao npoaykuii IL-4, IL-5 i IL-13 Ta
noganbLoi andpepeHuiadii Th2-nimcoumTie. Tak copmy-
eTbca IgE-onocepeakoBaHa peakuis, XapaktepHa Ans
aToniyHnx 3axBoptoBaHb [19].

Th2-gomiHaHTHa iMyHHa BIAMNOBIAb € LIEHTpanbHOK
NaHKoK naTtoreHesy aTonivyHoro gepmatuty. AKTUBOBaHI
Th2-nimcpountn npogykytots IL-4, IL-5, IL-13 Ta IL-31,
SKi CTUMYNIOTb Knac-switch B-nimdoumnTis go cuHTesy
IgE, nigBuLyloTb ekcnpecito Monekyn agresii Ta cnpwu-
SA0Tb  €03VHOMINbHIN  iHiNbTpayii  wkipn. LMToKiHM
IL-4 i IL-13 pogaTkoBO MPUrHiYYOTb CUHTE3 BinkiB LuKip-
Horo 6ap’epy — dinarpuHy, iHBOMIOKPUHY Ta FOPUKPUHY,
O MOCUMIOKTb CYXICTb LUKIPW i CTBOPIOOTb YMOBU AN
NPOHVKHEHHS anepreHis [20, 21]. Takum ynHom, Th2-ono-
cepefKoBaHe 3ananeHHs He nuwe nNigTPUMYeE iMyHHY

epigenomic, and transcriptomic data — enables a deeper
understanding of the interactions between various genetic
signals. Polygenic risk score (PRS) analysis demonstrated
predictive value for disease severity, with odds ratios up to
3.86 and high predictive accuracy (AUROC = 0.88) [15].

Epigenetic modifications also play a crucial role
by altering gene expression without changing DNA
sequences. DNA methylation in promoter regions of IL4R,
TSLP, FCER1G, and FLG correlates with the risk of early-
onset AD. Hypomethylation of these genes is associated
with their overexpression and enhanced Th2 activation.
Moreover, microRNAs can post-transcriptionally regulate
the expression of genes involved in AD pathogenesis,
under environmental influences such as the microbiome,
allergens, and pollution [16].

Thus, genetic factors establish the fundamental
susceptibility to the development of atopic dermatitis
through a combination of epidermal barrier impairment
and immune regulatory abnormalities. Mutations
in structural proteins, particularly filaggrin, create
conditions for increased skin permeability, whereas
variants in genes involved in Th2 signaling pathways and
epigenetic modifications determine the magnitude of the
immune response. This primary genetic predisposition
explains the early onset of the disease, its chronic course,
and the increased risk of more severe clinical phenotypes
of atopic dermatitis.

IMMUNOLOGICAL FACTORS

The immune system plays a central role in the initiation
and maintenance of inflammation in atopic dermatitis.
The disease arises as a result of a complex interaction
between innate and adaptive immune mechanisms,
leading to chronic Th2-dominant inflammation, skin barrier
disruption, and heightened allergen sensitivity [17].

Keratinocytes, traditionally considered only structural
epidermal cells, are now recognized as active participants
in immune responses. They express pattern recognition
receptors (PRRs), including TLR2, TLR4, NOD1, and
NOD2, which detect microbial patterns [18]. In patients
with AD, decreased TLR2 expression weakens antiviral
and antibacterial defense, promoting S. aureus
colonization and secondary inflammation. In response
to epidermal barrier damage, keratinocytes secrete
epithelial cytokines — thymic stromal lymphopoietin
(TSLP), interleukin-25 (IL-25), and interleukin-33 (IL-33) —
which initiate cascades of immune activation. These
mediators stimulate type 2 innate lymphoid cells (ILC2s),
dendritic cells, and mast cells, inducing the production
of IL-4, IL-5, and IL-13 and the subsequent differentiation
of Th2 lymphocytes. This process forms the IgE-mediated
immune reaction typical of atopic diseases [19].

The Th2-dominant immune response is the
central mechanism in AD pathogenesis. Activated
Th2 lymphocytes produce IL-4, IL-5, IL-13, and IL-31,
which promote class switching of B lymphocytes toward
IgE synthesis, increase adhesion molecule expression,
and facilitate eosinophilic infiltration of the skin. IL-4 and
IL-13 further inhibit the synthesis of barrier proteins —
filaggrin, involucrin, and loricrin — aggravating skin
dryness and allowing allergen penetration [20, 21]. Thus,
Th2-mediated inflammation not only sustains immune
reactivity but also deepens structural epidermal damage,
forming a self-perpetuating «inside-out» mechanism.
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peaKkTUBHICTb, @ W MOrnmubnioe CTPYKTYPHI NOpPYLUEHHS
enigepmicy, OpMyIUM 3aMKHeHe Koro «inside-out»
MexaHiamy. BaxnueBum megiatopom KniHiYHMX NposiBiB
€ IL-31, akun B3aemogie 3 peuenTopamv Ha CEHCOPHUX
HeMpoHax i BUKIUKAE IHTEHCUBHUIA CBEPOIX — NPOBIAHWI
CYMMTOM 3axXBOPIOBaHHs [22].

Y XpOHiuHin ¢asi 3ananbHOro NpoLecy akTUBYOTbCHA
iHWi cy6nonynsuii T-nimgouutisa — Th1, Th17 ta Th22.
Th1-knituHn npopykytoTe IFN-y, gkuin cnpuse nixeridi-
Kauii Ta rinepkeparosy. Th17-nimdounTtn yepes cekpeLito
IL-17A1 IL-22 cTumyntooTh nponidepauito kepaTMHOUUTIB
Ta peKpyTyBaHHA HenTpodiniB, HOPMYyHUN MPOMIKHUMN
deHoTUN MK aToniyHum AepmaTuTom i ncopiasom [23].
Th22-nimcountn, y cBOK uyepry, npogykywTb L-22,
Lo nocuntoe rinepnnasito enigepmicy. Lli amiHm ceigyats
Npo iMYHOMNOrYHY reTepPOoreHHICTb aToniYHOro AepMaTuTy,
konu cnieeBigHoweHHs Th2, Th1, Th17 i Th22-signo-
Bigen 3anexuTb Big CTafil 3aXBOPHOBaHHS, BiKy nauieHTa
Ta reHeTn4YHUX ocobnueocTen [24].

Okpim T-nimcpounTiB, y 3ananbHUA NpoLEeC akTUBHO
3anydeHi OeHApuTHI  KniTuHuM  JlaHrepraHca, €o03uHO-
dinu, orpsigHi knitHKW, 6a3odinm Ta iHWi edeKTopHi
enemeHTn [25]. OeHapuTHi KNiTMHK 3B’A3yt0Tb IgE Yyepes
peuentopn  FceRIl, cnpusatoum  aHTUreH-npeseHTauil
Ta aktmBauii Th2-nimcoumTis. OrpagHi knitTnHW Ta 6a3o-
inu BUBINBHAIOTL riCTaMiH, TpunTasy, npocTarnaHavHU
1 IL-31, nocuntotoun cBepbixx i HAbPsIK TkaHMH. Eo3nHodinm
CeKkpeTytoTb TokCcuuHi 6inkn (MBP, ECP), siki yLUKOmXYIOTb
TKaHWHW N NiGTPUMYOTb XPOHIYHE 3ananeHHsi. BpomxeHi
nimdoigHi knitnHn apyroro Tuny (ILC2), aktneosaHi TSLP,
IL-25 i IL-33, npogykytotb IL-5 i IL-13 HesanexHO Bif
T-kniTMHHOT BiANOBIgj, WO 3abesneyye paHHio hasy 3ana-
neHHs [26, 27]. HoBi focniokeHHs TakoX AEeMOHCTPYTh
yyactb MAIT-knituH i NKT-nimcoumTiB y perynsuii uutoki-
HOBOrO NPOCInto B LUKIPi, WO BiAKpUBaE NepcnekTmem Ans
iMyHOMOZYrtoBarnbHUX NiaxoA4is y Tepanii [28].

MornnbneHe po3yMiHHSA LIMTOKIHOBMUX KackadiB garno
3MOry po3pobutn HM3Ky GionoriyHnx npenapartis, cnps-
MOBaHMX Ha BNOKYBaHHS KIMIOYOBUX IMyHHMX LUnsXiB [29].
AHTUTINa npotn peuentopa IL-4Ra (ayninymab) ogHo-
YacHO npurHidyoTe IL-4- Ta |L-13-3anexHi curHanbHi
MexaHi3amu, WO 3MeHLWye 3ananeHHs i cBepbix.
Y KniHIYHUX [OOCnigXeHHsX nepebyBatoTb TaKOX iHribi-
Topu IL-31R (Hemonisymab), TSLP, IL-13 (TpanokiHymab),
a TakoX mani monekynu, ski 6nokytotb JAK-STAT-cur-
Hanisauito — yHiBepcanbHUIA LWNSAX BHYTPILLUHBbOKMITUHHOT
nepegadvi umtokiHoBmx curHanis [30, 31].

IMyHOMOriYHI  MexaHi3Mn BUCTYyNaKTb  KIOYOBOK
NaHKol, Yepe3 sKy reHEeTUYHO 3YMOBMEHi MOpPYLUEHHSI
TpaHCOPMYIOTbCA Y KIiHIYHI  MPOSIBM  aToOMiYyHOro
gepmatuty. Th2-gomiHaHTHe 3ananeHHsi, iHilinoBaHe
eniTenianbHAMM  UUTOKIHAMW Ta MiATPUMYBaHe KMiTW-
HaMWM BPOMKEHOro W afanTMBHOIO IMYHITETY, He nuLe
cnpusie cuHTesy IgE Ta eosnHodinbHIM iHdINsTpauil, ane
1 6e3nocepeaHbO BNMBAE Ha eKCNpecito Ginkis LWKipHOro
6ap’epy. Y XpoHiuHin dasi 3anyyeHHs Th1, Th17 i Th22-
KMNiTUH 3yMOBIOE CTPYKTYPHI 3MiHM enigepMmicy Ta KriHiYHy
BapiabenbHicTb Nepebiry 3axBopioBaHHS, LLO NigKPeCcnoe
iMyHOMOriYHY reTeporeHHICTb aTonivYHOro AepMaTuTy.

MIKPOBIOM
MikpobioTa LUKipM € CKNagHO eKOCUCTEMOI, A0 SIKOT
HanexaTb OakTepii, rpubku, Bipycu Ta HaWNpOCTILLi
opraHiamm [32, 33]. i akicHUi i KinbKicHUI cknag € iHau-
BidyanbHUM i BU3HAYAETLCA YWCMEHHVMU YMHHUKAMWU —
TOBLLMHOIO LLKipK, TeMNepaTypoto, BOMOriCTH, piBHeM pH,

IL-31 serves as an important mediator of clinical symptoms
by interacting with sensory neurons and inducing severe
pruritus — the hallmark feature of AD [22].

In the chronic phase of inflammation, additional T-cell
subsets — Th1, Th17, and Th22 — become activated.
Th1 cells produce IFN-y, which contributes to lichenification
and hyperkeratosis. Th17 lymphocytes secrete IL-17A and
IL-22, stimulating keratinocyte proliferation and neutrophil
recruitment, forming an intermediate phenotype between
AD and psoriasis [23]. Th22 lymphocytes produce IL-22,
which enhances epidermal hyperplasia. These changes
highlight the immunological heterogeneity of AD, where
the balance of Th2, Th1, Th17, and Th22 responses
depends on disease stage, patient age, and genetic
background [24].

Other immune cells, including Langerhans cells,
eosinophils, mast cells, basophils, and other effector
elements, are actively involved in the inflammatory
process[25]. Langerhans cellsbind IgE via FceRl receptors,
facilitating antigen presentation and Th2 activation.
Mast cells and basophils release histamine, tryptase,
prostaglandins, and IL-31, enhancing pruritus and tissue
edema. Eosinophils secrete toxic proteins such as major
basic protein (MBP) and eosinophil cationic protein (ECP),
causing tissue injury and sustaining chronic inflammation.

Type 2 innate lymphoid cells (ILC2s), activated
by TSLP, IL-25, and IL-33, produce IL-5 and
IL-13 independently of T-cell signaling, contributing
to early inflammation [26, 27]. Recent studies have also
demonstrated the role of mucosal-associated invariant
T (MAIT) cells and natural killer T (NKT) lymphocytes
in regulating the cytokine profile of the skin, offering new
perspectives for immunomodulatory therapy [28].

Deeper understanding of cytokine cascades has
facilitated the development of several biological agents
targeting key immune pathways [29]. Monoclonal
antibodies against IL-4Ra (dupilumab) simultaneously
block IL-4— and IL-13—-mediated signaling, reducing
inflammation and pruritus. Other agents currently under
investigation include IL-31R inhibitors (nemolizumab),
anti-TSLP antibodies, IL-13 inhibitors (tralokinumab), and
small-molecule drugs targeting the JAK-STAT signaling
pathway — a universal intracellular mechanism of cytokine
transmission [30, 31].

Immunological mechanisms represent a key link
through which genetically determined abnormalities
are translated into the clinical manifestations of atopic
dermatitis. Th2-dominant inflammation, initiated
by epithelial-derived cytokines and sustained by cells
of both the innate and adaptive immune systems, not only
promotes IgE synthesis and eosinophilic infiltration but
also directly affects the expression of proteins essential for
skin barrier integrity. In the chronic phase of the disease,
the involvement of Th1, Th17, and Th22 cells contributes
to structural alterations of the epidermis and clinical
variability, highlighting the immunological heterogeneity
of atopic dermatitis.

MICROBIOME
The skin microbiota represents a complex ecosystem
composed of bacteria, fungi, viruses, and protozoa [32, 33].
Its qualitative and quantitative composition is highly
individual and determined by multiple factors, including
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BMICTOM LUKIDHOTO carna, a TakoX aHaToOMiYHUMU
0COBMNMBOCTAMU Pi3HUX AINAHOK Tina. Y HOpMi MiKkpo-
biota nigTpumye 6Gap’epHy dyHKUilO enigepmicy, bepe
yyacTb y mMeTaboniyHnx npouecax, perynoe BpOMKEHUN
Ta HabyTun iMyHiTeT i 3abe3neyye KOMOHi3aLiHy peaunc-
TEHTHICTb 40 NaTOreHHNX MikpoopraHiamis [34].

MopyLueHHs piBHOBaru mikpobiomy (amcbios) € ogHUM
i3 KNOYoBMX (paKTOpiB naTtoreHesy aToniyHoro Aepma-
TMTy. Y nauieHTiB i3 Al cnoctepiraetbCs 3MEHLUEHHS
pisHOMaHITTA MikpobioTn Ta gucbanaHc Mk KoMeHcarnb-
HAMW W naToreHHUMKU MikpoopraHiamamu. HanbinbL
XapaKTEPHOI 03HAKO € 3HMKEHHS KiNbKOCTi KOMeHcanis
poais Streptococcus, Corynebacterium, Cutibacterium
i Tuny Proteobacteria npu ogHoYacHOMy 3GinbLUEHHI
KINbKOCTI npeacTaBHukiB poay Staphylococcus, 3okpema
S. aureus [35, 36, 37].

S. aureus € NpoBiAHMM MIKPOOPraHiaMom, NoB’A3aHNM
i3 natoreHesom A[l [38]. BiH KOMOHI3ye SK ypaxeHy,
Tak i HeypaxeHy LUKipy, Npy LUbOMY piBEHb KOMOHi3auii
KOpentoe 3 TAXKKICTIO KniHiYHuX nposisiB [39]. S. aureus
MPUKPINMIOETLCA [0 POroBOrO LWapy 4epe3 MoBepXHEBi
agresusHi 6inkn (CIfA, CIfB, FnBP, IsdA) Tta dopmye
Gionniskw, WO NepeLlkoaXkatoTb oro enimiHauii. Lii mexa-
HI3MU CNpUSAIOTb YLLKOOXKEHHIO enigepManbsHoro 6ap’epy,
aKkTMBauil KepaTUHOUMTIB | MOCWUMEHHIO 3ananbHOoro
npouecy [40, 41]. BakTepia npogyKkye LUMPOKUA CNEKTP
BipyneHTHUX dakTopiB, cepen SAkuX anbga-TOKCUH,
ctadpinokokoBuin 6inok A, eHTepoTokcuHu (A, B, C)
i TOKCMH CWHAPOMY TOKCcuyHOro woky (TSST-1) [42].
Lli cnonyku gitoTb sIK cynepaHTUreHu, akTuByouy nimdo-
uMTM Ta Makpodparn, CTUMyniouM npoaykuito IL-4,
IL-13, IL-31 i TSLP, wo dopmye Th2-3anexHy 3anansHy
Bignosigb Ta cBepbix [43]. IL-31, 30kpema, npurHivye
eKcrpecito  ginarpuHy Ta aHTUMIKpOOGHMX nenTuais,
we 6inbwe nocnabntotoun Gap’ep i NiACKMIOYN KOMOHI-
3auito S. aureus [44, 45].

Okpim S. aureus, 3Ha4eHHs MaloTb iHLWI MpeacTas-
HUKn poay Staphylococcus, 3okpema S. epidermidis Ta S.
hominis [46]. BoHn 3pgaTHi npoaykyBaTU aHTMMIKPOOHi
nentuan (kareniumauH, B-gedeHsvHn, PSM-y, PSM-3),
SIKi MPUrHidyOTL picT natoreHHux Gaktepin [47]. Oesiki
wramu S. epidermidis MOXyTb MaTh NPOTEKTOPHUIA €DEKT,
cnpusiodn  BigHOBREHH Gap’epy 4yepe3 AhR-3anexHi
WASXM cuUrHanisauii Ta CTUMynsUito FMHOKOKOPTUKOIOHOT
Bignosiai. MNpu ubomy HagMipHe OOMiHyBaHHA S. aureus
Ha TN 3MEHLUEHHS YMCENbHOCTI KOMEHCaniB € TUNOBUM
nig Yac 3aroctpeHb A[l, Togi sk y dasi pemicii MikpoGHe
pi3HOMaHITTA BigHOBMETbCA. KonoHizauia metuum-
niH-pesncTeHTHUMK wrtamamu S. aureus (MRSA) acoui-
I0ETBCA 3 HUXYUM MIKPOOHMM Pi3HOMAHITTAM i TSXYMM
KniHiYHUM nepebirom [48, 49, 50].

Kpim 6GakTepiin, y natoreHesi ALl ponb BigirpatoTb
rpubkn, 3okpema Malassezia spp. Y 3popoBux ocib
BOHW CTaHOBMSATb YaCTUHY HOPMAarnbHOI dropu, npoTe
npn ALl cnocTepiraeTbCs 3HWXKEHHS X YUCENbHOCTI
abo 3miHa BMAoBOro cknagy Ha kopuctb Cladosporium
un Aspergillus, wo moxe BigobpaxaT 3MiHU ninigHoro
cknagy wkipn [51, 52]. Okpemi Buan Malassezia, Taki
K M. globosa, npogykytoTb NpoTeaswu, 3aaTHi pyrHyBaTu
GionniBkn S. aureus, NOTEHLIAHO BUKOHYIOUM 3aXUCHY
dyHKuito [52].

MopyweHHss  MikpobioMy  LIKipM €  BaxnMBUM
(PaKTOpOM MiATPUMAHHS XPOHIYHOrO 3ananeHHs npu
aToniyHoOMy [epmaTtuTi Ta TICHO noB’dA3aHe 3 Aedek-
Tamn Gap’epHoi  PyHKUii 1 iIMYyHHOK AucCperynsuieto.
BHMXEHHST MIKPOBHOrO pPi3HOMaHITTA Ta [OOMiHYBaHHS

skin thickness, temperature, humidity, pH level, sebum
content, and anatomical location. Under physiological
conditions, the microbiota contributes to epidermal
barrier maintenance, participates in metabolic processes,
modulates both innate and adaptive immunity, and
provides colonization resistance against pathogenic
microorganisms [34].

Disruption of this equilibrium — dysbiosis — is one of the
key mechanisms involved in the pathogenesis of atopic
dermatitis. Patients with AD exhibit a reduction in microbial
diversity and an imbalance between commensal and
pathogenic microorganisms. The most characteristic finding
is a decrease in commensal genera such as Streptococcus,
Corynebacterium, Cutibacterium, and members of the
phylum Proteobacteria, alongside an overgrowth of S.
species, particularly S. aureus [35, 36, 37].

S. aureusisthe predominant microorganism associated
with AD pathogenesis [38]. It colonizes both lesional and
non-lesional skin, with colonization levels correlating
directly with clinical severity [39]. S. aureus adheres to the
stratum corneum through surface adhesion proteins (CIfA,
CIfB, FnBP, IsdA) and forms biofilms that hinder bacterial
clearance. These mechanisms contribute to epidermal
barrier damage, keratinocyte activation, and amplification
of inflammatory responses [40, 41]. The bacterium
produces a wide range of virulence factors, including
a-toxin, staphylococcal protein A, enterotoxins (A, B, C),
and toxic shock syndrome toxin-1 (TSST-1) [42]. These
molecules act as superantigens, activating lymphocytes
and macrophages and stimulating IL-4, IL-13, IL-31, and
TSLP production, which drive Th2-mediated inflammation
and pruritus [43].

IL-31, in particular, suppresses the expression
of filaggrin and antimicrobial peptides, further
compromising the barrier and promoting S. aureus
colonization [44, 45].

Besides S. aureus, other S. species such as S.
epidermidis and S. hominis play an important role [46].
These bacteria can produce antimicrobial peptides
(cathelicidin, B-defensins, PSM-y, PSM-8) that inhibit the
growth of pathogenic species [47]. Certain strains of S.
epidermidis may exert protective effects by promoting
barrier recovery through AhR-dependent signaling
and stimulating glucocorticoid responses. Conversely,
excessive dominance of S. aureus accompanied
by a decline in commensal abundance is typical during
AD exacerbations, whereas microbial diversity is restored
during remission. Colonization with methicillin-resistant
S. aureus (MRSA) is associated with reduced microbial
diversity and a more severe clinical course [48, 49, 50].

In addition to bacteria, fungi also contribute to AD
pathogenesis — particularly Malassezia species. In healthy
individuals, Malassezia is part of the normal skin flora;
however, in AD, a decrease in its abundance or a shift
toward other fungal genera such as Cladosporium
or Aspergillus is observed, possibly reflecting alterations
in the lipid composition of the skin [51, 52]. Certain
Malassezia species, such as M. globosa, produce
proteases capable of degrading S. aureus biofilms,
potentially exerting a protective effect [52].

Disruption of the skin microbiome is an important
factor in the maintenance of chronic inflammation
in atopic dermatitis and is closely associated with barrier
dysfunction and immune dysregulation. Reduced microbial
diversity and the predominance of Staphylococcus aureus
exacerbate epidermal damage, activate keratinocytes,
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Staphylococcus aureus NOCUNIOIOTb YLLKOOXEHHS eniaep-
MiCy, aKTUBYIOTb KepaTuHouUTM Ta Th2-3anexHi iMyHHi
WnAsaxy, OPMyHUYM MO3UTUBHUA  3BOPOTHUM  3B’A30K
MiX Auchio3om i 3ananeHHsM. TakuM YMHOM, MIKpO-
6iom BUCTYNae He MacvBHUM HaCMiOKOM 3axXBOPHBaHHS,
a aKTUBHWM Yy4aCHMKOM WMOro matoreHesy, WO BiAKpuBae
nepcnekTMBM Ansi HOBUX TepaneBTUYHUX CTpaTerin.

BUCHOBKHU

ATOMIYHMI AepMaTUT € CKnagHUM MyrnbTUAaKTOPHUM
3aXBOPHOBAHHSM, Yy NaToreHesi sIKoro B3aEMOZiloTb reHe-
TWYHi, iMyHOMoOriYHi, 6ap’epHi Ta MIKPOBIOMHI YMHHKKN.
MposigHy ponb BigirpaloTb MyTaLii reHis, wo 3abesne-
YyloTb LinicHIiCTb enigepmanbHoro 6ap’epy (nepegycim
FLG, SPINK5, CLDN1), a Takox reHeTudHi Bapiauii,
noe’sizaHi 3 Th2-onocepenkoBaHOK iIMYHHOK BiAMOBIAAH0
(IL4, IL13, TSLP, STAT6 Towo). Li 3MiHM 3ymoBntolOTH
nopyLueHHs1 6ap’epHOi OYHKLI, CyXiCTb LUKipW, MigBULLEHY
NMPOHUKHICTb ANS anepreHiB i CXUIMbHICTb A0 KOMOHi3auil
S. aureus. TlopylweHHsa perynsuii BpogkeHoro 1 apan-
TUBHOrO IMYHITETY, 30Kpema aktueauia Th2-nimpouunTiB
i Hagnpogykuis IL-4, IL-5, IL-13 Ta IL-31, nigTpumytotb
XPOHiYHe 3anarneHHs, cBepbixX i CTPYKTYpHI 3MiHW enigepmicy.

MikpoGHUIn ancbios, ocobnmnBo HagMipHa KOMOHi3aLis
S. aureus, OpMye 3aMKHEHe KOMO MK 3ananeHHaAM
i ©Gap’epHol0 AucdyHKUie, nornmubnioum  nepebir
XBOpoOW. Mpu LbOMY 3MEHLUEHHSI Pi3HOMaHITTA KOMEH-
carnbHoi MiKpobioTK Ta NopyLUeHHS B3aeMofii Mix GakTe-
pianbHUMK i rPMOKOBMMMK MpeACcTaBHUKAMU MikpobioMy
€ BaXITMBVMW YNHHMKaAMW TSXKKOCTI Ta XpOHisauii npouecy.

CyuyacHi JocnigXeHHs AEMOHCTPYHOTb, LU0 aToMiYHWNA
OepmatuT He € €OVMHUM 3axBOPHOBaHHSAM, a paflle
CMeKTpOM eHOTUMNIB i eHaoTuMiB, SAKi BiApi3HATLCS
reHeTu4YHMM npodpinemM, LUMTOKIHOBUM CcepefoBULLEM
Ta peakuieto Ha nikyBaHHs. Lle BigkpuBae nepcnekTnsm
Ons nepcoHanisaoBaHoi MeAULUNHN — BU3HAYEHHS iHOMBI-
OyanbHux GiomapkepiB pu3nKy, MPOrHo3yBaHHs BiAnoBiai
Ha Tepanito Ta BMbopy LinboBux GionoriyHMx npenaparis.
Yxe cborofHi epekTUBHICTb JoBeaeHo Ansi GriokaTopiB
IL-4Ra, IL-13 Ta IL-31R, a noganbLwi gocnigxeHHs JAK-iH-
ribiTopiB i MiKpOOHMX Tepaniln BigKpMBalOTb HOBI MOXITN-
BOCTi KOHTPOJIO 3anarneHHs Ta BigHOBMNEHHs 6ap’epy.

Taknum YnHoM, noganbLUNA NPOrpec y BUBYEHHI naTo-
reHesy aToniyHoro AepmaTtuTy 3anexuTb Big iHTerpauil
FEHETUYHMX, IMYHOINOMYHMX | MIKPOBIOMHMX OOCHIOKEHD.
Takui Nigxia AO3BONMUTbL NepenTn Big eMnipU4HOro miky-
BaHHA [0 TOYKOBMX, MNATOrEHETUYHO OBI'PYHTOBAHMX
TepaneBTUYHUX PIlLEeHb | MOKPaLUNTU AKICTb XUTTS naui-
eHTiB 3 ALl.
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and enhance Th2-dependent immune pathways,
creating a positive feedback loop between dysbiosis and
inflammation. Therefore, the skin microbiome should
be regarded not merely as a secondary consequence of the
disease but as an active contributor to its pathogenesis,
offering potential targets for novel therapeutic strategies.

CONCLUSIONS

Atopic dermatitis is a complex multifactorial disorder
in which genetic, immunological, barrier-related, and
microbiome-associated factors interact synergistically. The
leading role belongs to mutations in genes responsible for
epidermal integrity — primarily FLG, SPINK5, and CLDN1 —
as well as to genetic variants linked with Th2-mediated
immune responses (IL4, IL13, TSLP, STAT6, and others).
These molecular alterations result in barrier dysfunction,
xerosis, increased permeability to allergens, and enhanced
susceptibility to S. aureus colonization. Dysregulation
of innate and adaptive immunity — particularly activation
of Th2 lymphocytes and overproduction of IL-4, IL-5, IL-13,
and IL-31 — sustains chronic inflammation, pruritus, and
structural epidermal remodeling.

Microbial dysbiosis, especially excessive
S. aureus colonization, forms a self-perpetuating cycle
between inflammation and barrier dysfunction, further
exacerbating disease progression. Concurrently, the
reduction in commensal microbial diversity and disruption
of bacterial-fungal interactions are key determinants
of disease chronicity and severity.

Recent studies demonstrate that atopic dermatitis
should not be regarded as a single disease entity but
rather as a spectrum of phenotypes and endotypes
differing in genetic profiles, cytokine milieus, and
therapeutic responses. This concept lays the foundation for
personalized medicine — identifying individual biomarkers
of risk, predicting treatment outcomes, and selecting
targeted biological agents. Currently, biologics targeting
IL-4Ra, IL-13, and IL-31R have demonstrated clinical
efficacy, while further investigation of JAK inhibitors and
microbiome-based therapies offers new opportunities for
controlling inflammation and restoring the epidermal barrier.

Hence, future progress in understanding the
pathogenesis of atopic dermatitis depends on the
integration of genetic, immunological, and microbiome
research. Such an approach will enable the transition from
empirical management toward precise, pathogenetically
driven therapeutic strategies, ultimately improving the
quality of life for patients with AD.
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OBMEXEHHA AOCAIAXKEHHS

ABTOpU PYKOMWUCY CBIAOMO 3a3Ha4vatoTb, L0 OOMEXEHHS LibOro
HapaTMBHOIO Ornsidy 3yMOBIEHI MOnepefHbO  BU3HAYEHUMU
paMKaMu TeMaTMKK, YacoBUX MEX aHamnisy Ta TWMiB BKIOYEHUX
nybnikauin, a TakoX AOCTYMHICTIO peneBaHTHUX Axkepen. MNowy-
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PubMed i Scopus y mexax Bu3HadyeHOro nepiogy iHgekcadii.
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MOBHICTIO  BUKIIOYUTU  MNIOBULLEHUA PU3KK  YyrepeKeHOCTi,
a MiXgocnigHvUbKa reTeporeHHIiCTb MiaxodiB A0 OUHKU reHe-
TUYHMX, IMYHOMOTYHUX i MIKPOBIOMHUX MOKa3HWKIB YCKNaAHIE
NOpIBHSAHHICTb peaynbraTiB. Lle obmexye MOXNMBICTb KinbKic-
HOTO y3aranbHEeHHS1 faHUX | 3HUXKY€E eKCTPanonsuito oTpyMaHux
BVCHOBKIB Ha iHLUI Monynsuii Ta KniHivyHi dheHoTMnM aTomniyHoro
aepmatuty. [Ina miHimisauii noTeHuinHuX Axkepen cuctemMaTuyHoi
noxubky BUKOPUCTOBYBaNM PO3LUMPEHi KOMOiHaLi KIo4oBUX
CniB i NOriYHMX onepaTopiB, a TaKOX KPUTUYHUIA SKICHUI aHani3
niTepatypy 3 ypaxyBaHHSIM aKTyanbHOCTi Ta HayKOBOi 3Hauyy-
LLOCTi oKepern.

MepcnekTMBM NOAAABLLUMX AOCAIAXEHD

[MepcnekTMBHMM HaNpPsSMaMmn NoAanbLUNX AOCHIAXKEHD €:

— po3WnpyBaHHA MYNBTUOMIYHUX B32EMOZIN MK FeHOMOM,
enireHOMOM, TPaHCKPWMTOMOM i MIKpOBiOMOM LUKipU ANns CTBO-
PEHHS KOMMNEeKCHMX mogenen natoreHesy Afl;

— ideHTudikauia HoBux GiomapkepiB ANst paHHBOI AiarHOCTUKK
Ta NPOrHO3yBaHHS TSHXKKOCTI nepebiry;

— BVBYEHHS BNMMBY €MireHETUYHMX 3MiH Mig BNAMBOM chakTopis
HaBKOMWLLHBLOIO CepefoBHLLa, 30kpema 3abpyaHeHHs, AieTu
Ta MiKpobHoro cknagay;

— pospobka UinboBMX iMyHOMOAYmMOBANbHUX Tepanin 3 MiHi-
ManbHUMK NOBiYHMMK edbekTamu;

— BMPOBafXeHHS MiKpOBiOMHO-OpIiEHTOBAHUX CTpaTerii, Crps-
MOBaHVX Ha BifHOBMEHHS BanaHCy MiX MaToreHHMMMU Ta KOMeH-
canbHUMM MiKpoopraHiamamm.
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Limitations of the study

The authors of the manuscript deliberately acknowledge that
the limitations of this narrative review are determined by the
predefined scope of the topic, the temporal boundaries of the
analysis, the types of included publications, as well as the
availability of relevant sources. The search strategy covered the
electronic bibliographic databases PubMed and Scopus within
a defined indexing period. The selected studies varied in design,
sample size, and methodological quality; in some publications,
an increased risk of bias cannot be completely excluded, while
interstudy heterogeneity in approaches to the assessment
of genetic, immunological, and microbiome-related parameters
complicates the comparability of the results. This limits the
possibility of quantitative data synthesis and reduces the
extrapolation of the obtained findings to other populations and
clinical phenotypes of atopic dermatitis. To minimize potential
sources of systematic bias, extended combinations of keywords
and logical operators were applied, along with a critical qualitative
analysis of the literature, taking into account the relevance and
scientific significance of the sources.

Prospects for further research

Promising directions for future research include:

— deciphering multi-omic interactions among the genome,
epigenome, transcriptome, and skin microbiome to develop
comprehensive models of AD pathogenesis;

— identifying novel biomarkers for early diagnosis and prediction
of disease severity;

— investigating the impact of environmentally induced epigenetic
modifications — particularly those associated with pollution, diet,
and microbial composition;

— developing targeted immunomodulatory therapies with minimal
adverse effects;

— implementing  microbiome-oriented  strategies  aimed
at restoring the balance between pathogenic and commensal
microorganisms.
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KoHdAIKT iHTepecis

ABTOpPU 3a51BNSAIOTL MPO BIACYTHICTb KOHMIKTY iHTEpECIB.

AOTPMMOHHSI €TUYHUX HOPM

ABTOPY pyKOnUCy CBiJOMO 3acBiA4yHOTh, LLO MNiArOTOBKA PYKOMUCY
3[ificHIOBanack BUKIMIOYHO Ha OCHOBI BigKpUTO onybnikoBaHMX
HayKkoBuX mxepen. Y poboTi He BUKOPUCTOBYBANWCb MEPCOHi-
ikoBaHi AaHi mauieHTiB, pe3ynsTaTi NEPBUHHUX KNiHIYHKMX abo
OOKMIHIYHMX AOCAiOXeHb. Y 3B’A3Ky 3 LM OTPUMaHHS CXBareHHs
KOMICIil 3 NUTaHb GioeTUKN He BMMaranoch. [JocniaKeHHs BUKO-
HaHe 3 JOTPUMAHHSAM MPUHLIMMIB HaNEeXHOI HayKoBOI MPaKTUKK
Ta BiQNOBIAHO A0 MiKHApPOOHWX €TUYHMX CTaHOapTiB, 30Kpema
pekomeHpauin  Komitety 3 nybnikauiiHoi etukn «COPE»
(Committee on Publication Ethics).

BUKOPUCTAHHS LUTYYHOrO iIHTEAEKTY

ABTOpY pyKONWCy CBIfOMO 3acBiAuytoTb, LUO Yy MpoLeci npoBe-
[eHHS JOCNiMKEHHS Ta NiAroTOBKM LibOro PyKOMMUCy He BUKOPUCTO-
BYBasM XXOAHUX iHCTPYMEHTIB abo cepBiciB reHepaTUBHOIO LUTYY-
HOTO iHTENEKTY AN BYKOHaHHS OyAb-AKuX 3aBAaHb, NeperniyeHnx
y TakcoHomii feneryBaHHs 3aBfaHb reHepaTVBHOMY LUTYYHOMY
iHTenekty «GAIDeT» (Generative Artificial Intelligence Delegation
Taxonomy, 2025 p.). Yci etann pobotn — Big koHUenTyanisauii
[0 hiHanbHOro pefaryBaHHA — BUKOHaHI 6e3 3anyyeHHsi reHepa-
TUBHOTO LUTYYHOIO iHTENEKTY, BUKIMIOYHO aBTOPaMMU.

MepBuHHI AaHi Ta MaTepiaAn

ABTOpU pyKOMMCy CBIAOMO 3acBiAYyHOTb, O NepBUHHA MeAnYHa
OoKkymeHTaUist (icTopii XxBopobu, aMBynaTopHi kKapTku, MPOTOKONM
obcTexeHb, pesynbraTi NabopaTopHUX Ta iHCTPYMEHTanbHUX
OOCMiMKEHb KOHKPETHUX NaLeHTIB) Ta cTaTUCTUYHI 6a3n aaHmnx
y poboTi He BUKOpUCTOBYBanucs. YCi TBEPKEHHS Ta y3arasb-
HEHHS MigKpiNneHi NocunaHHAMK Ha nepliopxepena, AOCTYMHi
y BigkputoMy AocTyni abo yepes HaykoBi 6ibnioTeuHi pecypcu.
[opatkoBi MaTepianu, Lo cTocyTbCst MpoLecy BiAbopy axepen
un getanisauii metogonorii aHanisy, MoxyTb B6yTu HagaHi aBTo-
POM-KOPECMOHAEHTOM 3@ OBr'PyHTOBaHUM 3anMTOM.
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PE3IOME

AxTyanbHicTb. CBOe€4acHe BCTaHOBMIEHHSI [AiarHO3y Mae BaXuMBE 3HaYeHHs Ansi
SKOCTI XWUTTSI NauieHTa Ta nonepeaxye Cepro3sHi YCKNagHEHHs i3 ypaxyBaHHSAM HasiB-
HoCTi komopbigHoro nepebiry Kinbkox 3axBoptoBaHb y NauieHTa. MNonpu NeBHy CXOXiCTb
onucaHux naTonorii, iXHiN nepebir y AeboTi 3aXxBOpOBaHHSA Mae XapakTepHi BigMiH-
HOCTI, siKi NOBMHHI ByTW BpaxoBaHi Npu NpuaHa4eHHi Tepanii.

Binb y M'sizax moxe GyTv cnpuunHeHuin GaratbMa haktopamu, Moxe GyTU NPOsiBOM
Pi3HMX 3axBOpIOBaHb: BiA IHPEKUINHMX, €HAOKPUHOMOrYHUX, PEBMAaTONorM4yHNX Ta iH.
Mionartii MmatoTb NeBHi BIAMIHHOCTI NPW Pi3HMX NATONOriISAX Ta MOTiPLUYIOTb AKICTb XUTTHA
nauieHta. CBoevacHe BCTaAHOBMEHHS iarHO3y Mae BaXKMBE 3HAYEHHsi Ans nonepe-
[XXEHHSI CEepNO3HMX YCKNadHEeHb, 0COBNMBO i3 ypaxyBaHHsAM komopbigHoro nepebiry
KiNbKOX 3axBOptoBaHb y nauieHTa. [porHo3 woao npauesfaTtHoCTi € HECMIPUSTIIVBUAM.
3a3Buyait xBopi € iHBanigamu Il abo 1 | rpynu. AkicTb XUTTSA 3anexuTb Big cuctemaTny-
HOro TpUBanoro fikyBaHHS, ane B LifloMy NPOrHO3 HECTIPUATIINBUIA.

MeTta po6oTu — onucaTy KniHiYHWIA BUNAAoK 4ePMaTONONIMIO3UTY i3 aHTUCUHTETa3HUM
CYHOPOMOM Ha TAi riNOTMPEeOoIAHOI MionaTii Npu ayToiMyHHOMY TUPEOoIaUTI.

Marepianu Ta metoau. byno npoeegeHoO PeTPOCMNEKTUBHUI aHamni3 gaHux nauieHTa
3 koMop6igHUM nepebirom 4epmMaTononiMio3nTy 3 aHTUCUHTETA3HUM CUHAPOMOM Ha Tri
rinoTupeoigHoi mionatii. [ocnimkeHHs NPOBOANIOCH 3 BUKOPUCTAHHSIM TakMX MeTO4iB:
30MpaHHs ckapr Ta aHaMHe3y XBOPOro, AaHWX 06 eKTUBHOTO OrMsiAY, iHCTPYMEHTanbHMUX
i nabopaTopHNX METOAIB AOCHIAXEHHS, KOHCYNbTaL CyMiDKHUX cneLianicTiB (eHAoKpW-
Hormora, remartorora, racTpoeHTeporora).

Pesynsratn. OnucaHo KniHiYHWMA BUNAgoK nauieHTku I, 31 poky, 3 nepBUHHUMMU
nposieamy noniapTpuTty. MNoganbLii o6cTexkeHHs (BMCOKI piBHI kpeaTuHdocgokKiHa3M,
acnapTatamiHoTpaHcdepasn, anaHiHamiHoTpaHcdepasmn, kaninspockonii A403BOAMU
BCTAHOBWUTU OCTATOMHWUIA AiarHo3: 4epMaTononimio3unT i3 aHTUCUHTETa3HUM CUHAPOMOM
Ha Tni rinoTMpeoigHoi Mionartii Npy ayToiMyHHOMY TUpeoiauTi. BignosigHo 4o pekomeH-
Aauii AMepuKaHCbKOro Koreaxy peBMaTosnorii/€BponencbKoi nirm npotn pesMaTmuamy
Oyna npusHaveHa kombiHoBaHa Tepanisi (3amicHa Tepanis TMPEOIgHUMWU FOpMOHaMM
Ta MikodeHonaTty ModeTun), sika npueena Ao kniHiko-nabopaTopHoi pemicii Ta nokpa-
LEHHS AKOCTI XUTTS NaLieHTKN.

BucHoBku. KniHiyHnin BUNagok nigTBEpAKYE CKNAAHICTb Ta AEMOHCTPYE BaXKIMBICTb
BpaxyBaHHs1 koMopbigHoro nepebiry 3ananbHUX i eHOOKPUHHKUX MionaTiin. CBoevyacHa
KOMMMEeKCHa AiarHocTuka Ta NikyBaHHs 3abe3nevytoTb MOoKpaLleHHs KMiHIYHOro CTaHy
Ta AKOCTI XXUTTS nauieHTa.
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ABSTRACT

Background. Timely diagnosis is important for the patient’s quality of life and prevents
serious complications, taking into account the presence of comorbidities in the patient.
Despite certain similaritie

Muscle pain can be caused by many factors and can be a manifestation of various
diseases: infectious, endocrinological, rheumatological, etc. Myopathies have certain
differences in different pathologies and impair the patient's quality of life. Timely
diagnosis is important for preventing serious complications, especially considering the
comorbid course of several diseases in a patient. The prognosis for working capacity
is unfavorable. Usually, patients are disabled in group Il or even group |. Quality of life
depends on systematic long-term treatment. Overall, the prognosis is unfavorable.
Purpose — to describe a clinical case of dermatopolymyositis with antisynthetase
syndrome against the background of hypothyroid myopathy in autoimmune thyroiditis.
Materials and methods. A retrospective analysis of data from a patient with
comorbid dermatopolymyositis with antisynthetase syndrome against the background
of hypothyroid myopathy was performed. The study was conducted using the following
methods: collection of complaints and medical history of the patient, objective
examination data, instrumental and laboratory examination methods, consultations with
related specialists (endocrinologist, hematologist, gastroenterologist).

Results. A clinical case of a 31-year-old female patient with primary manifestations
of polyarthritis is described. Further examinations (high levels of Creatine Phosphokinase,
Aspartate Aminotransferase, alanine aminotransferasepositive autoantibodies, data
of electroneuromyography, capillaroscopy) The final diagnosis was dermatopolymyositis
with antisynthetase syndrome against a background of hypothyroid myopathy
in autoimmune thyroiditis. In accordance with the American College of Rheumatology /
European League Against Rheumatism recommendations, combination therapy (thyroid
hormone replacement therapy and mycophenolate mofetil) was prescribed, which led
to clinical and laboratory remission and improved the patient’s quality of life.
Conclusions. This clinical case confirms the complexity and demonstrates the
importance of considering the comorbid course of inflammatory and endocrine
myopathies. Timely comprehensive diagnosis and treatment ensure improvement in the
patient’s clinical condition and quality of life.

case of dermatopolimyositis with

antisynthetase syndrome and hypothyroid myopathy. Karazin Immunological Journal. 2025;8(2(16)):288-304.

DOI: https://doi.org/10.26565/3083-5615-2025-16-08

BCTYN

|pionatnyni 3ananbHi mionartii (I3M) — Le reTeporeHHa
rpyna CUCTEMHWX 3axBOPHOBaHb i3 YpaKeHHAM M'Si3iB,
O XapaKTepu3yeTbCA MOLUKOMKEHHSAM MONepeyHo-CMmy-
ractol MyckyrnaTypu, a B OKpeMux Bunagkax — i LWKIpHUX
nokpueiB. Lle 3ymoBnioe po3BUTOK M’'si30BOI CnabKoCTi,
nigBULLEHHS pPIBHA M's130BO-CneundiyHMX epMeHTiB
y KPOBI, NOSIBY O3HaK 3ananeHHs 3a pesynsratamu 6ioncii,
a TakoX PopMyBaHHSA creumndivyHol opraHHOT naTonorii.
3a BigCyTHOCTi CBOEYACHOIO NiKyBaHHS Taki 3MiHU MOXYTb
NPU3BOAUTU [0 ICTOTHOTO 3HWXKEHHS SIKOCTi XWUTTH naui-
€HTa Ta iHBanigusauii [1, 2].

PospisHaoTe  gepmatomiosnt  (OM)  (knacuyHui,
IOBEHINbHNI | amionaTtuyHmn), nonimioaut (MM) (knacuyHwuiA
Ta OBepnan-Mio3uT), HEKPOTMU3yBarnbHUIA ayTOIMyHHUI
miosuTt/mionatisa (HAM), cnopagnyHuii Mio3nT i3 BKIOYEH-
Hamu (CM3B). dudepeHuiiHa giarHocTuka cknagHa, ane
Mae 3HaYeHHs Ans NporHo3y Ta Bignosigi Ha Tepanito [3].

I3 nartoreHeTu4HOi ToukM 3opy, IBM € ayToimyH-
H/MMW 3axBOPKBaHHAMMU, LLO PO3BMBAKOTLCS BHACMIAOK
aHoMarnbHOI akTMBauil UUTOTOKCUYHMX T-nlimdoumnTis

INTRODUCTION

Idiopathic  inflammatory myopathies (IIM) are
a heterogeneous group of systemic diseases affecting
muscles, characterized by damage to striated muscles
and, in some cases, skin. This leads to the development
of muscle weakness, increased levels of muscle-specific
enzymes in the blood, signs of inflammation on biopsy,
and the formation of specific organ pathology. In the
absence of timely treatment, these changes can lead
to a significant reduction in the patient’s quality of life and
disability [1, 2].

There are several types of dermatomyositis (DM)
(classical, juvenile, and amyopathic), polymyositis (PM)
(classic and overlap myositis), necrotizing autoimmune
myositis/myopathy (NAM), and sporadic inclusion body
myositis (SIBM). Differential diagnosis is difficult but
important for prognosis and response to therapy [3].

From a pathogenetic point of view, IIM are autoimmune
diseases that develop as a result of abnormal activation
of cytotoxic T lymphocytes (CD8" cells) and macrophages
against muscle antigens. Extracellular expression
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(CD8* kniTuH) Ta Makpodaria NpoTy M’A130BUX aHTUrEHIB.
Baxnuey ponb Bigirpae Takox Mo3akniTMHHa ekcrnpecis
MOMNEKYN TOMOBHOIO KOMMIEKCY FCTOCYMICHOCTI Kracy
| (HLA-I) y ckeneTHux m’ai3ax, sika Npu3BOAUTb OO YLLUKO-
[PKEHHSI eHA0MIZIit0. Y chopMyBaHHi pabaomioniay krno4oBy
ponb BiAirpatoTb iHTEPMNENKIHN Ta hakTop HEKPO3Y MYXINH
(PHIM). Hanbinbw o6r'pyHTOBaAHOK Ha CbOrOAHI BBaXa-
€TbCS BIPYCHO-IMYHO-TEHETUYHA Teopis eTionaTtoreHesy
ISM. Ha ii kopucTb cBig4aTb BUSIBMEHHA LuUTOMnasma-
TUYHMX BKNIOYEHb (Hanpuknag, Hykneonpoteigis Bipycy
Kokcaki, Bipycy renatuty C TowO), reHeTnYHi aedekTn
(30kpema, MOopyLUEHHsI B reHi, WO Koaye APYrUi KOMMo-
HEHT KOMMIEMEHTY), HasBHICTb y NaLUi€HTIB aHTUHYyKne-
apHUX aHTWUTIN, FiNOKOMMNeMeHTeMil, a TakoX BMMVB
NeBHUX MeaWKaMEHTIB (rigpanasuH, iHriGiTopu aHriotTeH-
3MHNEepPEeTBOPOBaNbHOrO hepMeEHTY, CTaTuUHK) i NnapaHe-
ONNacTUYHUX MpoLECiB. 3axXBOPIOBAHHS PO3BMBAETLCS
yacTille y XiHOK, nepeBaxHo nicns 45 pokis [4].

Ha cborogHi ans piarHoctukm I3M  3acTocoByoTb
knacudikauinni kpuTepii, po3pobneHi y 2017 poui poboyoto
rpynoto AmepukaHcbkoro konemxky pesmaronoris (ACR)
Ta €Bponencekoi aHTMpesmatuyHol nirm (EULAR) [5].

KniHivho  IBM  xapakTepu3yloTbCa  MepeBaXKHUM
YPaxeHHsIM NpOoKCMManbHUX M’S30BUX rpyn. B okpemux
Bunagkax, 3okpema npu CM3B abo y 3agaBHeHWX
Ta HenikoBaHux ¢opmax MM, OM ta HAM, moxnuse
YPaxeHHsa AauctanbHux Mm’asiB. [laTtonorivHunm npouec
TaKOoX MOXe OXONMoBaTh po3rnHadi Wwui (CMMnToM «naga-
HOUOT ronoBm»), M’A31 FMOTKM (LLO 3yMOBIOE Ancdarito),
a y TSXKMX BUMagkax — AvxanbHy myckynatypy. lNosa-
M’A30Bi NposiBU 3ycTpivaloTeca npu Beix nigtunax I13M
i MOXYTb BKIOYaTW rapsiyuky, noniaptpanrii, dpeHomeH
PeliHo, a Takox ypaxeHHs1 cepusi (apuTMmii, LUNyHOYKOBA
ANCAYHKLIA) Ta nerexs [6, 7].

TUNOBMMMK LIKIPHMMK O3HaKaMu € epuTeEMaTO3HUN
POTOUYTNMBMIA BUCUMN HA LUWI, CAKHI i Nnevax (CMMNTOM
«Lwani»); nyprnypoBa nuubOBa epuTeMa 3 YpPaXXeHHsIM
noBiK (renioTPOnNHWUI BMCUM), LLO YaCTO CyNnPOBOAXYETLCH
nepiopbiTansHUM HabpsikoM; epuTemMaTo3Ho-Nanynbo3Ha
nixeHoigHa nyckarta Bucunka Hag cyrnobamu (nanynu
[oTTpOHA); MNOYEPBOHIHHA, nyLEHHs | rinepkeparTos
JopcanbHoi Ta BEHTpanbHOI MOBEPXHi PyK (CUMATOM «pyK
MexaHika»). PifLie Bucmn nokanisyeTbCs y 30Hi AeKonsTte
(V-3Hak) Ta gonoHb (3BOpoTHI nanynu FoTTpoHa). Joaart-
KOBi [epmaTornoriyHi NposiBU BKIOYAKTb PO3LUMPEHHSA
KaninapHuUX neTefnb Ha HIrTbOBOMY FOXi, HaBKOIOHir-
TbOBi TeneaHriekTasii, rinepTpodito KyTUKynu, iHpapKTn
HaBKOJIO HIrTbOBOro foXa, neTtexii, cityacte nisego,
rinepkepartos3, oToAepMaTuT, MaHikymniT. XapakTepHot
03HAKOK € YPaKEHHs1 OiNMsHIrTLOBOrO noXa Ta «pyKku
MexaHika» HanyacTille 3yCcTpivarTbCa MpU aHTUCUHTe-
TasHOMY CMHAPOMI, TAKOX YaCTM CUMMTOMOM € CUHAPOM
Penxo (puc. 1-10) [8].

BaxnvBmMM KniHiYHMM acnekToM € Te, Wwo Oyab-sike
CUCTEMHE 3aXBOPIOBAHHS MOXe CYNpOBOMKYBaTUCS
PO3BUTKOM iHLUIMX ayTOIMyHHMX npoueciB. Y KOHTEKCTi
pPeBMaTUYHMX 3aXBOPIOBaHb MOLUMPEHUM KOMOPOIgHUM
CTaHOM € ayTOIMYHHWM TUPEOIAWUT i3 PO3BUTKOM Trino-
dyHKUiT WwuTonogibHoi 3ano3u. Bigomo, wo Hu3ka eHao-
KPUHOMOTYHMX MOPYLUEHb AaCOLI0ETLCS 3 PO3BUTKOM
MionaTin, cepen AKMX HanxapakTepHIWOo € rinoTupeo-
igHa mionaria (F'TM). BoHa yacTo BUHUKaE Ha Tri NepBuH-
HOro (ayToiMyHHOro) rinoTMpeo3dy | [AiarHocTyeTbcs
y 30-80 % nauieHTiB i3 Li€to naTonorieto.

MauienT 3 MM 3a3BMYanm ckapxaTtbCsd Ha M’S30BY
cnabkictb abo cKyTicTb, TpuBany kpenartypy nicns

of class | major histocompatibility complex (HLA-I)
molecules in skeletal muscles also plays an important
role, leading to damage to the endomysium. Interleukins
and tumor necrosis factor (TNF) play a key role in the
formation of rhabdomyolysis. The most reasonable
theory of the etiopathogenesis of IIM today is the viral-
immune-genetic theory. It is supported by the detection
of cytoplasmic inclusions (e.g., Coxsackie virus
nucleoproteins, hepatitis C virus, etc.), genetic defects (in
particular, abnormalities in the gene encoding the second
component of complement), the presence of antinuclear
antibodies and hypocomplementemia in patients, as well
as the influence of certain medications (hydralazine,
angiotensin-converting enzyme inhibitors, statins) and
paraneoplastic processes. The disease develops more
often in women, mainly after the age of 45 [4].

Currently, classification criteria developed in 2017 by
a working group of the American College of Rheumatology
(ACR) and the European League Against Rheumatism
(EULAR) are used to diagnose FM [5].

Clinically, FM is characterized by predominant
involvement of proximal muscle groups. In some cases,
particularly in SIBM or in neglected and untreated forms
of PM, DM, and NAM, distal muscles may be affected. The
pathological process may also involve the neck extensors
(the «drooping head» symptom), the pharyngeal muscles
(causing dysphagia), and in severe cases, the respiratory
muscles. Extramuscular manifestations occur in all
subtypes of IIM and may include fever, polyarthralgia,
Raynaud’s phenomenon, as well as heart (arrhythmias,
ventricular dysfunction) and lung involvement [6, 7].

Typical skin symptoms include: erythematous
photosensitive rash on the neck, back, and shoulders
(the «shawl» symptom); purplish facial erythema with
eyelid involvement (heliotrope rash), often accompanied
by periorbital edema; erythematous-papular lichenoid
scaly rash over the joints (Gottron’s papules); redness,
peeling, and hyperkeratosis of the dorsal and ventral
surfaces of the hands (mechanic’s hands symptom).
Less commonly, the rash is localized in the décolleté area
(V-sign) and palms (reverse Gottron’s papules). Additional
dermatological manifestations include dilation of capillary
loops on the nail bed, periungual telangiectasia, cuticle
hypertrophy, infarcts around the nail bed, petechiae,
reticular livedo, hyperkeratosis, photodermatitis, and
panniculitis. A characteristic feature is damage to the nail
bed and «mechanic’s hands,» which are most common
in antisynthetase syndrome. Raynaud’s syndrome is also
a common symptom. (Fig. 1-10) [8].

An important clinical aspect is that any systemic
disease may be accompanied by the development of other
autoimmune processes. In the context of rheumatic
diseases, a common comorbid condition is autoimmune
thyroiditis with the development of thyroid hypofunction.
It is known that a number of endocrine disorders are
associated with the development of myopathies, the most
common of which is hypothyroid myopathy (HTM). It often
occurs against the background of primary (autoimmune)
hypothyroidism and is diagnosed in 30-80% of patients
with this pathology.

Patients with  HTM usually complain of muscle
weakness or stiffness, prolonged stiffness after short-
term physical work, and cramps. This type of HTM
most often affects the shoulder and pelvic girdles and
the muscles of the proximal limbs. The musculature
in these patients is pronounced, due to constant muscle
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Puc. 1 Cumntom «wwiani»
Fig. 1 Symptom of «shal»

Puc. 2. Eputema 0bnmyys, nepiopbitanbHuin Habpsik
Fig. 2. Facial erythema and heliotropic rash with periorbital edema

¢

Puc. 3. lenioTponHuin Bucyn 3 nepiopbitanbHUM Habpsikom
Fig. 3. Facial erythema and heliotropic rash with periorbital edema

Puc. 4. Manynu lNotTpoHa
Fig. 4. Gottron’s papules

Puc. 5. Manynu lNotTpoHa
Fig. 5. Gottron’s papules

Pwuc. 6. 3BopoTHi nanynu MoTTpoHa
Fig. 6. Reverse Gottron’s papules

Puc. 7. YpaxeHHs GinsHirTboBoro noxa
Fig. 7. Lesions of the periungual bed

Puc. 8. «Pykn mexaHika»
Fig. 8. «Mechanic’s hands»

Puc. 9. CuHgpom PenHo: aHriocnactuyHa ctagis
Fig. 9. Raynaud’s syndrome: angiospastic stage

Puc. 10. Cungpom PeinHo, aHrionapanituyHa cragis
Fig. 10. Raynaud’s syndrome: angioparalytic stage
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KOPOTKOYacHOi isnyHoi poboTtu, kpamni. Lien tun MM
HanyacTille BpaXkae NrnevyoBuii Ta Ta3oBui MOSIC, MyCKyna-
TYpy NPOKCUManbHUX BiAAiNiB KiHLiBOK. Penbed myckyna-
TYPY Y UMX NALEHTIB BUP&XKEHU, 3yMOBIEHUIA MNOCTINHUM
CKOPOYEHHAM M’A3iB  Ta WOro  nceBaorinepTpodieto.
YacTilwe crnocTepiraeTbCs y XiHOK, MOXe BUHUKaTK B YCiX
BikoBuMx rpynax. [Ana N'MM xapakTepHe nigBuLLEHHS PiBHIB
KpeaTuHKiHa3n Ta iHWKX M’'SA30BUX (DEPMEHTIB, a enek-
TpoMmiorpadis AEMOHCTPYE PO3CifHI  HU3bKOAMMNITYAHi
noTeHLujianu pyxoB1X OAMHULL B ypaxeHnx M’'sidax. bioncia
M’S30BOI TKAHWHW BWSIBMSIE BOJIOKHA Pi3HOrO Kaniopy
3 nepeBaxaHHsAM aTpodii BOMOKOH | Tuny, 36inblUeHHsM
iHTepcTuUianbHOI CMOMYYHOI TKaHWHW, LO MOB’A3aHO
3 riNOTMPEO030M i HaKOMUYEHHSIM aHOMAarlbHOTO [MIKOreHy.

Kpim TOro, Ana nepBUHHOrO FiNOTUPEO3y XapaKTepHi
TUNOBI MOPYLUEHHS MinigHOro obMiHy, 30Kpema rinepxo-
NecTepUHeEMisi, sika 3yMOBMEHa MNpUrHiYeHHsIM kaTabo-
ni3amy xonecTepuHy, npu 36epexXeHHi HopMarbHOro PiBHS
ninonpoteiHis Bucokoi winsHocTi (NMBLL). CsoevacHe
NiKyBaHHS i3 3aCTOCYyBaHHAM TUPEOIAHNX FOPMOHIB Crpusie
iCTOTHOMY MOKPALLEHHIO KMiHIYHOro CTaHy Ta NOCTYMNoBil
perpecii natonoriyHux 3MmiH. [poTe kniHiyHa MaHidec-
Tauis 'TM moxe Oyt BapiabenbHow Ta 3anexuTb Big
ocobnmBocTel nepebiry OCHOBHOIO EHAOKPUHHOIO 3aXBO-
ptoBaHHs [9-11].

MeTa po6oTu — onucaTtu KniHiYHWIA BUNagok aepma-
TONOMIMIO3UTY i3 @aHTUCUHTETA3HMM CUHAPOMOM Ha Thi
rinoTMpeoigHOoI Mionartii Npu ayToiMyHHOMY TUPEOIAUTI.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Byrno npoBegeHo peTpocrnekTVBHUIA aHania  icTopil
xBopobu nauieHTku |., 31 poky, sika crnocTepiranacb B «OH
Kninik» 3 09.06.2023 p. no TenepilwHin Yac. MNposognnocb
3iCTaBnNeHHa KMiHiYHOT npeseHTauil i3 knacudikauinHumm
kpuTepiamm ACR/EULAR Big 2017 poky. OudpepeHuiniHumia
[JiarHo3 npoBoAMBCA 3 IHLIMMU CUCTEMHUMM 3aXBOPHOBaH-
HAMM CMOMYYHOI TKaHWHN (CUCTEMHUM YEPBOHVIM BOBYAKOM
(C4YB), xBopoboto LLerpeHa (XLU), peBMaToigHMM apTpuToM
(PA), cuctemHoto cknepopepmieto (CC), amiuaHum 3axBo-
ptoBaHHAM crnonyyHoi TkaHuHu (33CT), By3nvKoBMM Moni-
apTepuiToM) Ta BpaxoBaHi NPOsIBU MioNarTii, 3BaXarouu
Ha CynyTHIO eHOOKPWHOSNONIYHY MaTororito y AaHOT NauiEeHTKN.

[ocnigkeHHsi NpoBOAMIIoCh 3 BUKOPWUCTaHHAM TaKuX
MeTogiB: 36MpaHHsA ckapr Ta aHaMHe3y, aHNX 06 EKTUBHOIO
ornsAay, iHCTPYMEHTanbHUX (ynsTPa3ByKOBOMO AOCIIAKEHHS
OpraHiB YepeBHOI NMOPOXHMHW, Maroro Tasa, WMUTONoAioHoI
3ano03u, rpyaHoI 3arosu, cepLis, MiKTbOBOTro Cyrnoba; Komm'to-
TepHoi ToMorpadii Ta peHTreHorpadil opraHis rpyaHOT KNiTKu;
peHTreHorpacii K1CTi; enactorpadii; enekTpokapgiorpamu;
enekTpoHeripomiorpadii;  kaninspockonii;  cnipomeTpir)
i NnabopaTopHKX METOAIB [OCNIAKEHHS (3aranbHOro aHaniay
KpoBi Ta cedi; GioxiMiyHOro aHanisy KpoBi: BU3HAYEHHSA
piBHIB TpaHcdepas (acnapTar-/anaHiHamiHoTpaHcdepas,
ramarnyTamaramiHoTpaHcdepasm), KpeaTuHdocokiHazN,
6inipy6iHy (3aranbHOro, NPsIMOro, HENPSAMOro), 3aranbHOro
6inka, anbOyMiHy, CEHYOBWHW, KpEeaTUHiHY, CEHOBOI KUCIOTH,
nyXHoI chochaTasu, rMKo3u KpoBi; nifigorpamu; BiTaMmiHy
[; pisHiB TTI, T3, T4; C-peaktvBHOro Ginka, aHTUHyKne-
apHUX aHTUTIN, aHTWUTIN OO0 UMKMIYHOro LMTPYniHOBaHOMO
nenTuay, peBMaTtoifHoro oakTopa; MapKepiB BipyCHUX rena-
TUTIB; iMyHonoriyHmx MapkepiB IgG SS-A/Ro, U1-RNP, Jo-1,
CENP), KoHcynbTauii CyMikHUX creuianicTiB (eHOOKPUHO-
nora, remartonora, racTpoeHTeporora).

contraction and pseudohypertrophy. It is more common
in women, although it can occur in all age groups. HTM
is characterized by elevated levels of creatine kinase and
other muscle enzymes, and electromyography shows
scattered low-amplitude potentials of motor units in the
affected muscles. Muscle tissue biopsy reveals fibers
of varying caliber with a predominance of type | fiber
atrophy and an increase in interstitial connective tissue
associated with hypothyroidism and abnormal glycogen
accumulation.

In addition, primary hypothyroidism is characterized
by typical lipid metabolism disorders, in particular
hypercholesterolemia, which is caused by the suppression
of cholesterol catabolism, while maintaining normal levels
of high-density lipoproteins (HDL). Timely treatment with
thyroid hormones contributes to a significant improvement
in clinical condition and gradual regression of pathological
changes. However, the clinical manifestation of HMT can
be variable and depends on the characteristics of the
underlying endocrine disease [9-11].

Objective — to describe a clinical case of derma-
topolymyositis with antisynthetase syndrome against the
background of hypothyroid myopathy in autoimmune
thyroiditis.

MATERIALS AND METHODS OF RESEARCH

A retrospective analysis was performed of the medical
history of patient I., 31 years old, who was observed
at On Clinic from June 9, 2023, to the present. The clinical
presentation was compared with the 2017 ACR/EULAR
classification criteria. A differential diagnosis was made
with other systemic connective tissue diseases (systemic
lupus erythematosus (SLE), Sjogren’s syndrome (SS),
rheumatoid arthritis (RA), systemic scleroderma (SSc),
mixed connective tissue disease (MCTD), polyarteritis
nodosa) and manifestations of myopathy were taken
into account, given the concomitant endocrinological
pathology in this patient.

The study was conducted using the following
methods: collection of complaints and patient history,
objective examination data, instrumental examination
(ultrasound examination of the abdominal cavity, small
pelvis, thyroid gland, mammary gland, heart, elbow joint;
computed tomography and X-ray of the chest organs;
X-ray of the hand; elastography; electrocardiogram;
electroneuromyography; capillaroscopy; spirometry) and
laboratory methods (complete blood count and urinalysis;
blood biochemistry: determination of transferase levels
(aspartate/alanine aminotransferases, gamma-glutamate
aminotransferase), creatinkinase, bilirubin (total, direct,
indirect), total protein, albumin, urea, creatinine, uric
acid, alkaline phosphatase, blood glucose; lipid profile;
vitamin D; levels of TSH, T3, T4; C-reactive protein,
antinuclear antibodies, antibodies to cyclic citrullinated
peptide, rheumatoid factor; markers of viral hepatitis;
immunological markers 1gG  SS-A/Ro, U1-RNP,
Jo-1, CENP), consultations with related specialists
(endocrinologist, hematologist, gastroenterologist).
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PE3YABTATU

MepBMHHUMY NPOsSIBaMM 3aXBOPIOBAHHS Y NaLEHTKM .,
31 p., 6ynu 6inb, HabpsK y NNEYoBUX, MiKTLOBMX, MPOME-
HEeBO-3aM'AICTKOBMX, KOMiHHUX, TFOMINKOBOCTOMHUX, Mnec-
HO-ChanaHroeux, NPOKCUMMasbHMX MixkdbanaHroBmx
cyrnobax kuctei Ta cton, Ginblue y BpaHilwHi rognHn. binb
y M’'sizax TypOyBaB, nepeBaxHO, y MMe4oBOMY Ta Taso-
BOMY MOSICi, CTano BaxKo MigiiMaTi pyku Ta nigHimatuca
cxofamu (B KynbLUOBKX cyrnobax), a Takox, Micns KopoT-
KovacHoi rpu y Bonenbon Typbysana kpenatypa y m’sizax,
Oinb Ta Hanmpyra y pykax Ta Horax, iHoAi — MWMOBINbHI
CKOPOYEHHST OKPEMMX M’AI3iB FOMINOK i CTOMN [0 AEKINbKOX
CeKyHZ, TaKoX Bif3Hayana cnabkicTb y M’'sizax nepegnnivya
Ta rominok. BupaxeHa cnabkicTb Ta BTOMIIOBaHICTb, pOXe-
BO-TIPYMYHMWIA BUCKN Y HOCOryOHMX CKNnagkax, nepiognyHo
noGiniHHs Ta NOCMHIHHA NanbLiB kucTen (puc. 11, 12).

Puc. 11. Bucun Ha HocorybHux cknagkax
Ta ocepeaku rinepnirmeHTauii Ha Lkipi 0bnnyys
Fig. 11. Rash on the nasolabial folds and areas
of hyperpigmentation on the skin of the face

AHaMHECTMYHO MNOYaTOK 3aXBOPIOBAHHS BiAHOCUTb
0o no4vaTky XoBTHA 2022 poky, KONW nomitura nosisy
bono y MneyoBuX, MiKTbOBMX, MNPOMEHEBO-3aM'ACT-
KOBMX, KOMIHHUX, TOMIfIKOBOCTOMHMX, MfecHo-danaH-
roBMX Ta MpPOKCUMAInbHMX MikdanaHroBux cyrnodax
KMCTeW i cTon, BiQYYTTS PaHKOBOI CKYTOCTi, BMpa)eHol
3aranbHOI cnabdKocTi, WBMAKOI BTOMIOBAHOCTI. 3BepTa-
nacb Oo ciMelHoro fikapsi Ta peemarorora, npoBoaunach
andepeHuinHa giarHoctuka Mk OeOlTOM peakTUBHOIO
apTpUTY HE3'ICOBAHOrO reHesy, PEBMAaTOiAHUM apTpUTOM,
xBopoboto  Ctinna, CUCTEMHUMW  3aXBOPHOBAHHSAMMU
CMOMNy4YHOI TKaHWHW Ta CUHOPOMOM FNMXOMaHKU HEe3'sico-
BaHOro reHesy. llepBuHHO OyB BCTAHOBMNEHWI [AiarHo3:
peBMaToiAHUIA apTpuT, akTMBHA da3a BUCOKOTO CTYMNeHs
akTmBHocTi 3a DAS-28 5,4, cepoHeratuBHuii 3a PP Ta cepo-
no3nTneHuii 3a ACCP, 3 nepeBaXkHUM YpaxXeHHsIM piOHMX
cyrno6iB KUCTEN, NPOMEHEBO-3amn ICTKOBUX, Cyrnobis cTon,
KONiHHUX cyrno6is, peHTreHonoriyHo O cT., MNdC | cT.

MauieHTuibynonpoBeaeHo nabopaTtopHiMeToanaoCni-
DkeHHsi: C-peaktuBHuii 6inok (CPB) Big 07.12.2022 p.
8,29 mr/on (Hopma (N) 0-5), aHtTuctpentoniamH-O (ACJ10)
161 mO/mn (N < 200), pesmartoigHuii daktop (PP)
12,4 MO/mn (N < 14), NO3UTMBHI aHTWTINA OO UMKIIiY-
Horo uwuTtpyniHoBaHoro nentuay (ACCP) 9,65 Oa/mn
(N > 4); noautuBHi aHTUHykneapHi aHtutina (ANA) Big
13.12.2022 p. 3,7 (> 1,2 — NO3UTWBHI), NOBEPXHEBUI

RESULTS

The primary manifestations of the disease in patient I.,
31 years old, were pain and swelling in the shoulder, elbow,
wrist, knee, ankle, metatarsophalangeal, and proximal
interphalangeal joints of the hands and feet, more so in
the morning hours. Muscle pain was mainly felt in the
shoulder and pelvic girdles, it became difficult to raise her
arms and climb stairs (in the hip joints), and after a short
game of volleyball, she experienced muscle stiffness, pain,
and tension in her arms and legs, sometimes involuntary
contractions of individual muscles of the lower legs and feet
lasting up to several seconds, but also weakness in the
muscles of the forearms and lower legs. She experienced
pronounced weakness and fatigue, a pinkish-mustard rash
in the nasolabial folds, and periodic whitening and blue
discoloration of the fingers (Fig. 11, 12).

NG

Puc. 12. Bucun Ta ocepenku
rinepnirmeHTauii Ha LKipi Wwwi
Fig. 12. Rash areas of hyperpigmentation
on the skin of the neck

Anamnestically, the onset of the disease dates back
to early October 2022, when she noticed pain in the
shoulder, elbow, wrist, knee, ankle, metatarsophalangeal,
and proximal interphalangeal joints of the hands
and feet, a feeling of morning stiffness, pronounced
general weakness, and rapid fatigue. She consulted
her family doctor and a rheumatologist, who conducted
a differential diagnosis between the onset of reactive
arthritis of unknown origin, rheumatoid arthritis, Still's
disease, systemic connective tissue diseases, and fever
syndrome of unknown origin. The initial diagnosis was
rheumatoid arthritis, active phase, high activity according
to DAS-28 5.4, seronegative for RF and seropositive for
ACCP, with predominant involvement of the small joints
of the hands, wrists, feet, knee joints, radiographically
0 degrees, joint dysfunction grade |.

The patient underwent laboratory tests: C-reactive
protein (CRP) on December 7, 2022, was 8.29 mg/dL
(normal range (N) 0-5), antistreptolysin-O (ASLO) was
161 mU/mL (N < 200), rheumatoid factor (RF) 12.4 IU/mL
(N < 14), positive antibodies to cyclic citrullinated
peptide (ACCP) 9.65 U/mL (N > 4); positive antinuclear
antibodies (ANA) from 13.12.2022 3.7 (> 1.2 — positive),
hepatitis B surface antigen (HBsAg), hepatitis B core
antigen (HBcAg), antibodies to hepatitis C virus (HCV),
Wassermann reaction (RW) — negative. Chlamydia
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aHTureH Bipycy renatuty B (HBsAQ), sgoepHun aHTureH
Bipycy renatuty B (HBcAg), aHtutina go Bipycy rena-
tuty C (HCV), peakuis Baccepmana (RW) — HeraTuBHi.
Chlamydia trachomatis metogom nonimepasHoi naHuto-
roBoi peakuii (MNP) — He BusABNeHo. Y BGioxiMiyHOMY
aHanisi kposi Big 27.12.2022 p. piBeHb kpeaTnHdOCHOo-
kiHasn (K®K) 3978 Op/n (N: 26,0-192,0), acnapratami-
HoTpaHcdepasn (ACT) 179 Og/n (N: < 35), anaHiHami-
HoTpaHcdepasn (AINT) 222 Oa/n (N: < 35), ANA 1:3200
(N: < 1:100), Tun cCBITIHHA rpaHynapHUn. AHTUTING
[0 po34nHHOTO aHTUreHy A (SS-A)/Ro-aHTturenm (SS-A/Ro),
imyHornobyniH knacy G (IgG) 69 Og/mn., aHTUTINa
no puboHykneonpoteiHy U1 (U1-RNP), IgG 72 Oa/mn.,
aHTuTINa Ao rictnagnn-TPHK-cuHTeTasm (Jo-1),
IgG 95 Op/mn., aHTuTina go 6inkiB ueHTpomepu (CENP)
IgG 7 Og/mn (N: HeratusHi). [NakeT «[lMapasuTapHuiny Big
03.01.2023 p. HeratuBHWIA. [pPOBEAEHO IHCTPYMEHTArbHI
MeToau AiarHOCTUKW, 30Kpema, peHTreHorpadito kuctem
(21.12.2022 p.): o3Haku noniapTpuTy (peBmaToigHOro?)
I-1l cT. 0Box kucTel, Heepo3mBHa hopma; noniocteoap-
Tpo3 060X kucTen 3 kKicTonoaidHo nepebyaosoto. Komn'to-
TepHy Tomorpadito (KT) opraniB rpygHoi knitku (OlK)
(21.12.2022 p.): 6azanbHUn nHeBMOiOpO3, niMdaae-
Honatia naxeoBa. YnbTpassykoBe pocnigxeHHs (Y3[):
opraHiB YepeBHOI MopoxHWHKM (O4M) (16.11.2022 p.) —
O3HaKM KaningpHOi remMaHrioMyM mniBOI 4YacTKU MNeYiHKK,
He3HayHol remaTomeranii, nominy >OBYHOrO MiXypa;
opraHiB manoro Tasa (OMT) (09.01.2023 p.) — 6e3 nato-
Norii, cTaH BigNoBigae NPUtoMy KOMBIHOBaHMX OparnbHKX
KOHTpaLenTuBiB; WwuTonoaioHoi 3anosu (12.01.2023 p.) —
O3HaKM Andy3HOi HEeOAHOPIAHOCTI CTPYKTypW LUMTOMO-
AibHoi 3ano3n (Tupeoigut?). MauieHTka Oyna KOHCYnb-
TOBaHa  €HOOKPMHOMOIrOM,  BCT@HOBMEHO  AiarHo3
ayTOIMYHHOrO TMPEeoiaUTy 3 riNOTMPEOo30M, MPU3Ha4YeHO
3amicHy Tepanito L-TmpokcnHom 75 mr 1 pas Ha AdeHb
HaTlecepue Ta PEKOMEeHAOBaHO KOHTPOSlb TFOPMOHIB
wmTonoAibHoi 3ano3u B auHamiui (tTabn. 4).

3a paHvmu  esodaroractpogyogeHockonii (EPOC)
(25.01.2023 p.): o3Hakn hopmyBaHHSA KOB3HOI XiaTanbHOI
kvnu, esodarit B ¢t (LA), eputemaTtosHa ractpoayone-
Honartisi. 31.01.2023 p. 6yno noeTopHO nposefeHo Y3[
OUYl1, BMSABNEHO O3HaKW remMaHriomy nediHku, He3Ha4Ho
BMpaxeHoi renatomeranii, MOMIpHOI HEOAHOPIAHOCTI
CTPYKTYpW NapeHxiMy neviHku Ta nigLunyHKOBOI 3anoau,
noniny, NePeTSHKKN Ta NePErMHy XOBYHOTO Mixypa, 3Ha4yHa
NHeBMaTM3auis KULWKiBHMKA. MOKa3HMKM iMNyrnbCHO-XBK-
NboBOI enacTtomeTpii nedviHku Bignosigatote FO-F1 cTagii
ibpoasy. Y3 rpyaHmx 3anos (31.02.2023 p.) 3 o3Hakamu
(3miwaHoi) macTonartii; enactorpadis rpyaHux 3anos
6e3 natonorii. CnipomeTpisi (25.03.2023 p.) 6e3 nato-
norin. Enektpokapgiorpama (EKT) (25.03.2023 p.) putm
CVHYCOBWI, NPaBUIIbHUIN, YacToTa CepLeBMX CKOPOYEHb
(UCC) 88 3a xB., MopyLleHHs penonspusauii nisoro
wiryHouka (J1LL).

[iarHo3 PA 6yno sanuweHo 6e3 3miH. Byna npusHa-
YeHa Tepania: metoTpekcat y Aosi 10 mMr Ha TwxaeHb
Ta ¢onieBa kucnota 5 Mr Ha TwxAeHb. [lpuaHaveHo
nikyBaHHA — npoTu3ananbHa Tepania megporiom 16 mr
Ha [o0y. PekomeHOoBaHa KOHCynbTalisi racTpOeHTepo-
nora 3 ornsiay Ha Bucokui piseHb AINT Ta ACT y Gioximiu-
HOMY aHanisi KpoBi Bif 27.12.2022 p. p., CTPYKTYPHi 3MiHN
3a gaHvmu Y3[] Ta enactorpadii, Ta rematonora 3 ornsgy
Ha nimcageHonarito 3a gaHnmu KT OI'K Big 21.12.2022 p.
Ta HasiBHOCTI MeTaMienoumnTIiB Y KNiHIYHUX aHanidax Kpos.i
(13.12.2022 p., 25.01.2023 p.). KoHcynsTtoBaHa remato-
norom (02.07.2023 p.) — naTonorii He BUSBMNEHO.

trachomatis by polymerase chain reaction (PCR) — not
detected. In a biochemical blood test dated 12/27/2022,
creatinkinase (CK) level was 3978 U/L (N: 26.0-192.0),
aspartate aminotransferase (AST) was 179 U/L (N: < 35),
alanine aminotransferase (ALT) was 222 U/L (N: < 35),
ANAwas 1:3200 (N: < 1:100), and the type of fluorescence
was granular. Antibodies to soluble antigen A (SS-A)/Ro
antigens (SS-A/Ro), immunoglobulin class G (IgG)
69 U/ml, antibodies to ribonucleoprotein U1 (U1-RNP),
IgG 72 U/ml, antibodies to histidyl-tRNA synthetase
(Jo-1), 1IgG 95 U/ml, antibodies to centromere proteins
(CENP) 1gG 7 U/ml (N: negative). Parasitic package
dated 03.01.2023 negative. Instrumental diagnostic
methods were performed, in particular, X-ray of the
hands (21.12.2022): signs of polyarthritis (rheumatoid?)
-1l degree of both hands, non-erosive form;
polyosteoarthrosis  of both  hands with  cystic
remodeling. Computed tomography (CT) of the chest
organs (21.12.2022): basal pneumofibrosis, axillary
lymphadenopathy. Ultrasound examination (US): abdominal
organs (AO) (16.11.2022) — signs of capillary hemangioma
of the left lobe of the liver, slight hepatomegaly, gallbladder
polyp; pelvic organs (PCO) (09.01.2023) — no pathologies,
condition consistent with combined oral contraceptive use;
thyroid gland (12.01.2023) — signs of diffuse heterogeneity
of the thyroid gland structure (thyroiditis?). The patient
was consulted by an endocrinologist, diagnosed with
autoimmune thyroiditis with hypothyroidism, prescribed
replacement therapy with L-thyroxine 75 mg once a day
on an empty stomach, and recommended to monitor
thyroid hormones dynamically (Tab. 4.).

According to esophagogastroduodenoscopy (EFDS)
(January 25, 2023): signs of sliding hiatal hernia formation,
esophagitis B (LA), erythematous gastroduodenopathy.
On January 31, 2023 An ultrasound scan of the abdominal
cavity was repeated, revealing signs of liver hemangioma,
mild hepatomegaly, moderate heterogeneity of the liver
and pancreas parenchyma, polyp, constriction and kink
of the gallbladder, and significant pneumatization of the
intestine. The results of pulse wave elastometry of the
liver correspond to stage FO-F1 fibrosis. Ultrasound of the
mammary glands (February 31, 2023) showed signs
of (mixed) mastopathy; elastography of the mammary
glands showed no pathologies. Spirometry (March 25,
2023) without pathologies. Electrocardiogram (ECG)
(March 25, 2023) sinus rhythm, regular, heart rate (HR)
88 per minute, left ventricular (LV) repolarization disorder.

The RA diagnosis remained unchanged. Treatment
was prescribed: methotrexate at a dose of 10 mg per week
and folic acid at 5 mg per week. Anti-inflammatory therapy
with medrol 16 mg per day was prescribed. A consultation
with a gastroenterologist was recommended due to high
ALT and AST levels in the biochemical blood test dated
December 27, 2022, structural changes according
to ultrasound and elastography data, and a hematologist
due to lymphadenopathy according to CT data from
21.12.2022 and the presence of metamyelocytes
in clinical blood tests (13.12.2022, 25.01.2023). Consulted
by a hematologist (July 2, 2023) — no pathologies found.

At the end of April 2023, due to the ineffectiveness
of therapy, the rheumatologist replaced the treatment with
4 mg of medrol and 50 mg of azathioprine per day. The
patient was additionally consulted by a gastroenterologist
(liver biopsy recommended, exclusion of delta hepatitis,
and consultation with a geneticist to rule out hereditary
liver disease). An ultrasound of the heart was performed
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HanpukiHui kBiTHA 2023 p., 4Yepe3 HeedeKTMBHICTb
Tepanii, peBmartornorom 6yrno 3amiHeHo NnikyBaHHsS Ha Meapor
4 mr Ta a3ationpuH 50 Mr Ha goby. XBopa 6yna JoaaTkoBo
KOHCynbTOBaHa  racTpOEHTEPOSioroM  (peKoMeHAoBaHa
Gioncist NeYiHKW, BUKITIOYEHHS renaTuTy AerbTa Ta KOHCYSb-
Tauisi reHeTka 3 METOK BUKIMIOHEHHS! CMaAKOBOMO 3aXBO-
proBaHHs nediHkn). MpoeegeHo Y3[ cepus (22.04.2023 p.):
MOPOXHMHW Cepusl i KOPiHb aopTM He PO3LUMPEHI, LiNiHICTb
NnepeTnHoK 30epexeHa, MiHiManbHa nigknanaHHa peryp-
ritauis Ha TpUKycniganbHOMY KranaHi, iHWWA KnanaHHUA
anapat 6e3 ocobnMBOCTEN, CUCTONO-AiacToniyHa pyHKLis
miokapga J1LL He 3miHeHa; dppakuis Buknay 69 %.

HesBaxatounm Ha niKyBaHHS, CYTTEBOMO MOKPALLEHHS
CTaHy He cnocTepiranocs, y 38’a3Ky 3 Y/M naLieHTka 3BepHy-
nacs ons noganbLUoro 06CTEXEHHS Ta YTOYHEHHST [iarHoa3y.

I3 aHamMHe3y XuTTa BIiQOMO, WO BEHEpPUYHi 3axBO-
proBaHHs, TyGepKynbo3, BipyCHi renatutu — 3anepeuye.
AnepronoriyHnii aHamHe3 — He o6TskeHun. Lkignusi
3BMYKM — 3anepedye. CynyTHi 3aXBOPKOBAHHS: ayToi-
MYHHUI TUPEOoIiguT, FINOTUPEO03, XPOHIYHWWA TOH3WAIT,
MenaHoOpPMHUIN HEBYC, ANdY3Ha KiCTO3Ha macTonarisd,
OMUCKIHe3ist >KOBYOBMBIAHMX LUNSAXIB 3@ TiNOMOTOPHUM
TMNOM, MO )XOBYHOIO Mixypa.

Mig yac o6’ekTMBHOrO ornsdy 3aranbHWN CTaH nawj-
€HTKN BIiOHOCHO 3aA0BiflbHUN. KOHCTUTYLIMHO acTeHiYHoi
Tinobynosw. MNonoxeHHs akTueHe. CigoMicTb sicHa. LLKipHi
MOKPUBW: Yy AINSHU HOCOTYOHMX CKNagoK BU3HAYaETbCA
pOXeBO-rinepemMoBaHNi  (PO3€0NbO3HWIN) BUCUM; Ha LLKIpi
Wi ocepenku rinepnirmeHTadii. B iHWKMX ginsHkax wkipa
3BUYalHOrO 3abapBreHHs, MOMIPHOI BOMOrocTi, Typrop
Ta enacTuyHicTb 36epeskeHi. Crim3oBi 000MOHKM YUCTI, poXke-
BOrO KOMbOPY, CMHAPOM PeliHO BepxHix KiHLiBOK. Mepude-
pYYHi NiMcpaTnYHI By3nn He 36inbLueHi. KictkoBo-cyrrnobosa
i M'si30Ba CUCTEMU: M'SI3V KiHLIBOK PO3BUHYTI 4OCTaTHBO,
YyTnNMBI NpY Nanbnauii, YyTNUBICTb NpW Nanbnadii Ta pyci
y  NNevoBuX,  MiKTbOBUX, NpOMEHEBO-3a ICTKOBUX,
KOMiHHMX, FOMINIKOBOCTOMHMX cyrnobax. CepLeBo-cyanHHa
cucTemMa: TOHW cepus ACHI, 3BYYHI, pUTMiYHI. BuaHadaeTbea
Taxikapais. MynbC puUTMIYHWIA, 3300BINBHOMO HAMOBHEHHS
Ta Hanpyru, YacTtota nynecy signosigae YCC i ctaHoBUTb
108 ya./xB. ApTepiansHuii Tuck 113/71 mm pT. cT. [inxansHa
cucTemMa: rpyaHa knitka npasunbHoi oopmMu. [NepKkyTopHO —
SICHUI NereHeBuin 3ByK. AyCKynbTaTVBHO — OWXaHHS Be3u-
KynspHe, xpunis Hemae. Yactota gnxanbHux pyxis — 17 3a
xB. TpaBHa cucTemMa: Si3MK BOSIOTWIA, OOKNadeHwn Ginvm
HanbOTOM Yy KopeHsl. XKMBIT CUMETPUYHMI, Npu nanbnauii
M’SIKUWA, YyTIMBUIA B eniracTpanbHin Ta MiBii 34YXBUHHIN
AinaHui. Medinka He nanbnyetbes. CenesiHka He nanbmny-
eTbcs. CTyn — ocpopmneHnn, 6e3 NaTonoriYHMX AOMILLIOK.
CeuvoBunyckaHHsl — BinbHe, 6e3bonicHe, B AOCTaTHIN Kifb-
kocTi. MepudepnyHi Habpsiku BiACYTHI.

3 ypaxyBaHHAM CKapr XBOPOi, [[aHUX aHamHesy
XBOPOOW Ta XUTTS, AaHUX nonepeaHix obcTexeHb, nadi-
€HTLi Oyno npusHayeHo Ta npoBefeHe [00OCTEXEeHHS:
KniHiYHMM aHani3 kpos.i (13.07.2023 p.): gaHi HaBegeHi
B Tabn. 1; GioxiMiyHuiA aHani3 kposi (12.07.2023 p.): AaHi
HaBefdeHo B Tabn. 2; ninigorpama (13.07.2023 p.): paHi
HaBegeHo B Tabn. 3; KOHTPOMb FOPMOHIB LLMTONOAIOHOT
3anosu (TTI, T3, T4 Big 07.07.23 p.): gaHi B 1abn. 4.
MposepeHo EHMI™ (16.06.2023 p.): nig 4yac npoBeaeHHs
ronyactoi EHMI  cnoHTaHHOI aKkTMBHOCTI BUSIBNEHO
He Byno, 3 HWXHIX KiHLiBOK amnniTtyga, Tpusanicte MAO
B Mexax Hopmu, casu MOO Bulie HOpMKU, 3 BEPXHIX
KiHUiBOK amnniTyaa, Tpusanicte MO Buwe Hopmun, dasu
MOO nigBuWeHi, WO MOXe CBIigYMTM MpO MNEPBUHHO-
M’s13€BUI NpoLec.

(April 22, 2023): the heart chambers and aortic root were
notenlarged, the integrity of the septa was preserved, there
was minimal subvalvular regurgitation on the tricuspid
valve, other valve apparatus without abnormalities,
systolic-diastolic function of the LV myocardium
unchanged; ejection fraction 69%.

Despite treatment, no significant improvement in the
condition was observed, in connection with which the
patient sought further examination and clarification of the
diagnosis.

From his medical history, it is known that he denies
having any sexually transmitted diseases, tuberculosis,
or viral hepatitis. He has no history of allergies. She denies
any harmful habits. Concomitant diseases: autoimmune
thyroiditis, hypothyroidism, chronic tonsillitis, melanocytic
nevus, diffuse cystic mastopathy, hypomotor biliary tract
dyskinesia, gallbladder polyp.

During the physical examination, the patient’s general
condition is relatively satisfactory. Constitutionally asthenic
physique. Active position. Consciousness is clear. Skin:
pink-hyperemic (rosacea) rash is determined in the
nasolabial folds; hyperpigmentation foci on the skin
of the neck. In other areas, the skin is of normal color,
moderate moisture, turgor and elasticity are preserved.
Mucous membranes are clean, pink in color, Raynaud’s
syndrome of the upper extremities. Peripheral lymph
nodes are not enlarged. Bone, joint, and muscle systems:
the muscles of the extremities are sufficiently developed,
sensitive to palpation, with sensitivity to palpation and
movement in the shoulder, elbow, wrist, knee, and ankle
joints. Cardiovascular system: heart sounds are clear,
loud, rhythmic. Tachycardia is determined. The pulse
is rhythmic, with satisfactory filling and tension, the pulse
rate corresponds to the heart rate and is 108 beats/
min. Blood pressure 113/71 mmHg. Respiratory system:
chest is of normal shape. Percussion — clear pulmonary
sound. Auscultation — vesicular breathing, no rales.
Respiratory rate — 17 per minute. Digestive system:
tongue is moist, coated with white plaque at the root.
Abdomen is symmetrical, soft on palpation, sensitive
in the epigastric and left iliac regions. The liver is not
palpable. The spleen is not palpable. Stool is formed,
without pathological impurities. Urination is free, painless,
and sulfficient. There is no peripheral edema.

Taking into account the patient’'s complaints, medical
and personal history, and previous examination data,
the patient was prescribed and underwent additional
examinations: clinical blood test (July 13, 2023):
data are presented in Table 1; biochemical blood test
(July 12, 2023): data are presented in Table 2; lipid profile
(July 13, 2023): data are presented in Table 3; thyroid
hormone control (TTG, T3, T4 from July 7, 2023): data are
presented in Table 4. ENMG performed (June 16, 2023):
no spontaneous activity was detected during needle
ENMG, from the lower extremities, the amplitude and
duration of the PDO were within normal limits, the PDO
phases were above normal, from the upper extremities,
the amplitude and duration of the PDO were above
normal, the PDO phases were elevated, which may
indicate a primary muscular process.

Capillaroscopy was also performed (June 16, 2023):
scleroderma-like pattern, sludge phenomenon, signs
of venous stasis (Fig. 13).
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Takox byna BuKkoHaHa kaninsipockonis (16.06.2023 p.):
cknepogepmMonoaibHuin natepH, cragk-peHOMEH, 03HaKK
BEHO3HOro 3actoto (puc. 13).

a

B Cc

Puc. 13. [ani kaninspockonii: (a) cknepoaepmonoaibHuin natepH, (B) cragX-eHoMeH, (C) 03HaKn BEHO3HOro 3aCTOK
Fig. 13. Capillaroscopy data: (a) sclerodermoid pattern, (a) sludge phenomenon, (c) signs of venous stasis

Ha nigctaBi onucaHOi KMiHIYHOT KapTWUHW, OaHUX
[OOATKOBUX METOAIB  OOCNIAKEHHs,, nauieHTui 6yno
BCT@HOBMEHO fdiarHo3: «lgiomatnuHun  pepmatono-
nNiMio3nT 3 ypaxeHHam M’as3iB (nonimiosnt, EMI Big
16.06.2023 p.), rinepnirMmeHTauis HocorybHuX cknagok,
cumToM [OTTpoHa), cyauH (cuHapom PenHo, Kaninsapoc-
konis Big 16.06.2023 p.), cyrnoGie (noniapTpuT, pPeHT-
reHonoriyHo 0 ct., NMPC 0-1 cT1.), BUcokun piseHb KOK
(11289 Og/n), NAr (1139 Oa/n), ACT (446 Oga/n), ANT
(245 Ogp/n), imyHHUMKN heHomeHamm (ANA 1:3200, aHTuK-
Tina lg G, Og/mn: Jo-1 95, SS-A 69, U1-RNP 72, CENP 7)
3 aHTUCUHTETa3HUM cuHapoMoMm (12,2 6ana). CynyTHin
AiarHo3: AyTOIMYHHWI TUPEOIANT, FNOTUPEO03. XPOHIYHUIA
TOH3UNIT, pemicis.

Bioncito BupilleHo He NpoBOAWTU, OCKINbKX NS BCTa-
HOBMEHHS AiarHo3y AOCTaTHbO [AaHuX 3a KpuTepiamu
[iarHOCTMKK Ta BiACYTHICTb 3rogn Ha NpoBeAeHHs npoLie-
Aypv nauieHToMm.

Tepanito megponom Oyno NPoOBXKEHO i3 NOCTYNOBUM
3MEHLUEHHAM 4031 3 16 Mr Ha AeHb 40 4 Mr Ha OeHb
3 MOBHOK BiAMIHOI Ha CbOAHILUHIN OEHb, 3aCTOCOBAHO
popartkoBo Modpetuny mikogeHonat 3000 Mr Ha AeHb,
SKWA  3rodoM 3MeHWWnM A0 NiATpUMYyBanbHOi A03K1
1500 Mr Ha oeHb, amnoguniH 2,5 Mr Ha aeHb Ta iBabpaauH
no 5 Mr 2 pasu Ha AeHb.

Y T1abn. 1 HapaHO pesynbTaTy KMiHIYHOrO aHanisy
KpOBi y AuHaMILi (3 HagaHux nauieHTkor). CnocTtepiraemo
3MEHLLEHHS KiNbKOCTi NerkouuTiB 40 HOPMarnbHUX NOKas-
HukiB, LLOE, 6ynu enisogu nosiu y nepudepunyHii KpoBi
MeTaMienouuTie, ane BigMiHa nonepeaHbLOro npenapary
npussena [0 Hopmanisauii nokasHukiB. Takox Oynu
eni30au Nerkoro CTyneHsi 3anisoaedilLnTHOI aHeMi.

Based on the clinical picture described and the
data from additional examination methods, the patient
was diagnosed with idiopathic dermatopolymyositis
with muscle involvement (polymyositis, EMG dated
16.06.2023), hyperpigmentation of the nasolabial
folds, Gottron’s sign), vessels (Raynaud’s syndrome,
capillaroscopy dated 16.06.2023), joints (polyarthritis,
radiographically 0 degree, PFS grade 0-1), high levels
of CK (11289 U/L), LDH (1139 U/L), AST (446 UIL),
ALT (245 U/L), immune phenomena (ANA 1:3200,
Ig G antibodies, U/mL: Jo-1 95, SS-A 69, U1-RNP 72,
CENP 7) with antisynthetase syndrome (12.2 points).
Concomitant  diagnosis:  Autoimmune  thyroiditis,
hypothyroidism. Chronic tonsillitis, remission.

It was decided not to perform a biopsy, since the data
according to the diagnostic criteria and the patient’s refusal
to consent to the procedure were sufficient to establish
the diagnosis.

Medrol therapy was continued with a gradual
reduction in dose from 16 mg per day to 4 mg per day with
complete discontinuation to date, and additional mofetil
mycophenolate 3000 mg per day was administered,
which was subsequently reduced to a maintenance dose
of 1500 mg per day, amlodipine 2.5 mg per day, and
ivabradine 5 mg twice a day.

Table 1 shows the results of clinical blood tests over
time (provided by the patient). We observe a decrease
in the number of leukocytes to normal levels, ESR,
there were episodes of metamyelocytes appearing
in peripheral blood, but discontinuation of the previous
drug led to normalization of the indicators. There were
also episodes of mild iron deficiency anemia.

Ta6nuus 1. Pe3ynstati KNiHIYHOrO aHani3y KpoBi B AMHaMIL
Table 1. Results of clinical blood tests over time

MokasHuk Oa/n 2022 2023 2024 2025 Hopma Op/n
Parameter 13.12 25.01 28.06]18.04[13.07[06.05[08.07[02.09[16.12[14.04| reference range

Epurpounti Op/n 4,61 4,67 4,50 | 4,19 | 4,66 | 4,36 | 4,57 | 4,10 | 4,56 | 4.61 |3,7-4,7x10™20p/n
Erythrocytes
Femornobin Op/n 128 130 126 | 122 | 128 | 120 | 124 | 117 | 127 | 130 | 120-140 rOg/n
Hemoglobin
CepenHili 06’em
eputpouvty On/n 89,9 81 871 | 85 |87,8| 77 | 83,8 |84,9|87,3(843| 80-100cn
Mean corpuscular
volume
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CepenHs
KOHLIEHTpaUis
remornoGity Op/n 27,8 27,8 27,8 (292 | 275|275 (27,1 | 285 | 27,9 | 32,3 27-31nr
Mean corpuscular
hemoglobin
Nedikouuty Op/n 13,1 14,7 8,52 | 7,3 |10,46| 4,36 | 5,47 | 4,99 | 8,74 | 7,28 |4,0-9,0x 10°0g/n
Leukocytes
. 72,0 (metamieno-
. . 74 (2% metamieno- | o
Heitpodinu Om/n | -\ ooy, | W 1% 00N | gy ol 608 | 57,8 | 596 | 47,7 | 52,3 | 53.9 | 50,6 |  47,0-72,0%
Neutrophils metamyelocytes
metamyelocytes)) 1%)
(]
Eosurodinu On/n 2 2,6 24 | 212022 |25/|26]19]29 0-5%
Eosinophils
Basodinu Op/n 0 0,4 070608 07|07 |08]07|09]| 00-10%
Basophils
Timchouvrn Op/n 22 19,6 229|294 | 244|274 | 384 | 335|349 |36,1|  19-37%
Lymphocytes
Motouuru Op/n 2 5,4 72 69|84 [101]93 10886 | 92 3-11%
Monocytes
9,
TpomGouyTy Op/n 339 335 258 | 203 | 377 | 274 | 305 | 285 | 388 | 354 |190-400x10°0a/n
Platelets nOa/nL
LLOE Oa/n
Erythrocyte 1-15 mmOpa/nrop
sedimentation 20 26 e S 23 10 13 13 21 21 Op/n mmOp/nh
rate (ESR)

PiBeHb CPBE 3meHwyBaBcs: 07.12.2022 p. maemo CPB
8,29 mr/gn. (0-5), 22.03.2023 p. — 10,14, 18.04.2023 p. —

6,48, 02.12.2024 p. — 2,7,

14.04.2025 p. — 2,55.
3a pesynsratamm BioximMidHMX [OCnigpKeHb Maemo
3MmeLueHHsa pisHa KOK, JIOIL ACT, ANIT go HopmanbHMX
NoKasHMKIB, €ni3ognMyHo cnoctepiraecs nigniom pisHa IMT
25.01.2023 p. (nig 4Yac npuinomy asationpuHy) (tabn. 2).

16.12.2024 p. — 1,38,

The CRP level decreased: on December 7, 2022,
we have a CRP of 8.29 mg/dL (0-5), on March 22, 2023 —
10.14, on April 18, 2023 — 6.48, on 02.12.2024 — 2.7, on
16.12.2024 — 1.38, on 14.04.2025 — 2.55.

According to the results of biochemical studies, we have
adecrease in the levels of CPK, LDH, AST, and ALT to normal
values, with an episodic increase in GGT on January 25,
2023 (during azathioprine administration) (Table 2).

Tabnuus 2. Pe3ynstati GioxiMiuHUX AOCHiIXEHD
Table 2. Biochemical test results

MNokasHuKn 2022 2023 2024 2025 HopMa
Parameter 15.12(27.12|25.01| 28.06 |07.07 [12.07|24.07 |06.05|08.07|02.09 | 16.12 | 14.04 |reference range
KoK ~ |3e78| - | 11289 |e381|5587 3713 | 20 | 47 | 35 | 27 | 20 [200-19200an
CK /UL
nar 135,0-
LDH - - - 1139 929 | 788 | 624 | 255 | 154 | 127 133 128 214.0 Op/n / UIL
Saranetu Oinok | _ | 739 | g38 | 745 | - [762|791|703| - |782| 747 | 73, | 000°87.07n
Total protein g/L
ATbOywmiK ~ |399|302| 402 | - |414|418|406| - |458]| 456 | 433 | 30°6207n
Albumin g/L
ANT / ALT 223 | 222 | 131 245 277 | 223 | 166 | 17,5 - - 6 7 <35 0g/n/U/L
ACT /AST 284 | 179 | 117 446 254 | 242 | 179 | 19,0 - - 14 11 <350p/n/U/L
Binipy6iH
(3aransHUA-nNpAMNIA— 7,14-| 8,34- YR 9,05- | 5,87- | 6,22- e l7eoalegnq| 983-139-
HenpsimMuia) / - | 2,78-|1,71- 6’5325’34 4,18-12,61-11,80-| - 852;16 7’?1%’8 5’%%’1 8,44 mkmonb/n /
Bilirubin (total— 4,36 | 6,73 ’ 4,87 | 3,26 | 4,42 ’ ’ ’ pumol/L
direct—indirect)
CedoBuHa 2,76~
- - 3,64 4,54 - 3,91 | 4,02 - - 4,5 21 3.1 8,07 mmonb/n /
Urea
mmol/L
KpeaTuHiH 44,0-
peatut - - | 627 | 383 - | 406 (399 | - - 58 — 53 | 80,0 mkmonb/n /
Creatinine
umol/L
T 5,0-36,0 Oa/n
GGT - 6 122 3 5 5 4,8 - 5,6 6 3 UL
35,0-104,0;
ne 9,83-1,39-
ALP - 52 70 39 - 40 37 90 78 78 64 52 8,44 MKkMONb/T /
umol/L
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142,30—
Cewosakucnora | _ | _ | 35 | 349 — | 320|350 | 300 | — | 268 | 236 | 250 |339,2 mkmons/n
Uric acid
/ pmol/L
MMioko3a 41—
— | - |347]| 466 — |481|507| - |500]|49 | 458 | 501 |589mvonsin/
Glucose mmol/L

BiasHayanacb no3auTMBHA OMHaMika MOKa3HWUKIB nini-
Jorpamuv Ha Tri yCMilHOro fikyBaHHSi OCHOBHOMO 3aXBO-
ptoBaHHs (Tabn. 3).

Positive dynamics of lipid profile indicators were
observed against the background of successful treatment
of the underlying disease (Table 3).

Tabnuusa 3. InHamika noka3HuKiB NinigHoro npodinto
Table 3. Dynamics of lipid profile indicator

Tlinigorpama 2023 2024 2025 Hopwma
Lipid profile [25.01|28.06|13.07 | 24.07 | 06.05|08.07 | 16.12 | 14.04 Normal range
XonecTepuH 743 | 577 | 624 | 5.48 | 383 | 5.06 | 475 | 4.76 < 5,0 mmonb/n BIACYTHICTb pU3nKy
Cholesterol mmol/L No risk
TPUIMIUEPUAN | 3 65 | 539 | 286 | 2,3 | 0,84 | 1,23 | 1,22 | 1,55 < 2,26 mmon/n
Triglycerides ’ ’ ’ ’ ’ ’ ’ ’ mmol/L
nnBLy . L
HDL 1,09 | 0,96 | 0,96 | 1,12 | 0,94 | 1,26 | 1,18 | 1,12 < 1,15 Bucokui pusuk High risk
JINHLY, 380 | 314 | 327 | 2,89 | 1,92 | 3.43 | 324 | 314 2,59-3,34 mmonb/n BULLe or.lemaanoro piBHSA
LDL mmol/L Above optimal level
JINOHLLL 0,26-1,00 mmonb/n
VLDL 2,54 | 1,68 | 2,01 | 1,47 | 0,97 | 0,37 | 0,33 | 0,50 mmol/L
KKQ 5,82 | 5,04 | 5551 | 3,89 | 3,07 | 3,02 | 3,03 | 3,25 <3,0

MauieHTka npogoBxyBana NikyBaHHA Yy €HOOKPUHO-
nora 3 npueody ayTOIMyHHOro TUpeoiguTy 3 rinoTupe-
030M, Ha cborofgHi 3actocoye L-TupokcuH 50 mkr 1 pas
Ha OeHb HaTwecepue Ta Koperye piBeHb BiTamiHy D
(tabn. 4). PiBeHb BiTamiHy D (Hr/mn; < 20 HUW3bKUR
piBeHb, 20-29 HepocTaTHIN piBeHb, > 30 [gocTaTHIn
piBeHb): 15.12.2022 p. — 2,73 Hr/mn, 23.03.2023 p. —
36,1; 02.09.2024 p. 53,5; 19.03.2025 p. — 51,2. Takox
Bin 06.05.2024 p., 08.07.2024 p., 02.09.2024 p.,
19.03.2025 p. HOpMaribHi 3HaYEHHS NOKa3HWKIB Koaryno-
rpamu, napaTropMoHy, KanbLito Ta dpocdopy.

The patient continued treatment with an endocrinologist
for autoimmune thyroiditis with hypothyroidism. She
currently takes 50 mcg of L-thyroxine once a day on an
empty stomach and adjusts her vitamin D levels (Table 4).
Vitamin D level (ng/ml; < 20 low level, 20—-29 insufficient
level, > 30 sufficient level): 15.12.2022 — 25.73 ng/ml,
23.03.2023 — 36.1; September 2, 2024 — 53.5; March 19,
2025 — 51.2. Also, from May 6, 2024, July 8, 2024,
September 2, 2024, and March 19, 2025, normal values
of coagulogram, parathyroid hormone, calcium, and
phosphorus.

Ta6nuus 4. [luHamika nokasHukiB GyHKLIT WUTOoNoAiGHOT 3ano3u
Table 4. Dynamics of thyroid function indicators

TTr T3 BinbHUI T4 BinbHUN
TTG T3 Free T4 Free
19.03.2025 3,38 3,01 1,14
29.10.2024 6,90 2,68 0,943
27.05.2024 0,13 2,22 0,62
07.07.2023 2,12 - 1,17
18.04.2023 9,70 - 1,40
22.03.2023 11,01 - 1,59
28.02.2023 10,90 - 1,65
01.01.2023 10,10 54 1,32
Hopma 0,2-3,5 mkOpg/mn 2,3-4,2 nr/mn 0,61-1,47 wr/gn
Normal range 0,2-3,5 pu/mL 2,3-4,2 pg/ml 0,61-1,47 ng/dI
Tutpn ANA 3Hu3unucb: 16.12.2024 p. 1:1000 (Tvn ANA titers decreased: December 16, 2024,

CBITIHHSA rpaHyNspPHURA)

TakoX BMKOHyBaBCH 3arafibHU aHami3 cedi, Wo He
nokasyBaB NMaTonoriYHUX BiAXWUMEHb.

[MauieHTui 3a nepiog cnocTepexeHHsA NPOBOANSUCE:

Y3[] opraHiB manoro Tasa 05.02.2024 p., Y3[ wuTo-
noai6Hoi 3ano3un 01.05.2024 p., EKI 03.04.2024 p., Y31
rpyoHux 3anos 17.05.2024 p., ¥Y3[ Hupok 01.11.2024 p.,
KT Ok 20.12.2023 p. — 6e3 3miH NopiBHSAAHO 3 NonepeaHiM

1:1000 (granular fluorescence type).

A general urine analysis was also performed, which
showed no pathological abnormalities.

During the observation period, the patient underwent:
ultrasound of the pelvic organs on February 5, 2024,
ultrasound of the thyroid gland on May 1, 2024,
ECG on April 3, 2024, ultrasound of the mammary
glands on May 17, 2024 , ultrasound of the kidneys
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obcTexeHHsM. 29.11.2024 p. npoBefeHa peHTreHorpadist
OrlK, ge natonoriyHmMx 3MiH He BUSIBIIEHO.

Y¥3[ nisoro niktboBoro cyrnoba 01.05.2024 Y3-03-
Hakym He3Ha4yHO BUPaXKEHOro ekcyaaTuBHO-Mponidepa-
TUBHOTO CWHOBIITY Ta BypcuTy, TEHAMHITY, EniKOHAUNITY,
no4aTkoBMX NPOSIBIB OCTE0ApPTPO3y IiBOro NiKTbOBOIO
cyrnoba.

[Moka3HukK cnipomMeTpii He nokasanu CyTTEBUX BiaXu-
neHb (Tabn. 5).

on 01.11.2024, CT scan of the chest on 20.12.2023 —
no changes compared to the previous examination. On
29.11.2024, an X-ray of the chest was performed, where
no pathological changes were found.

Ultrasound of the left elbow joint on May 1,
2024 Ultrasound signs of mild exudative-proliferative
synovitis and bursitis, tendinitis, epicondylitis, initial
manifestations of osteoarthritis of the left elbow joint

Spirometry indicators did not show significant
deviations (Table 5).

Tabnuus 5. MNMokasHuky cnipomeTpil
Table 5. Spirometry parameters

PEF/ FEV1/ | FEV1%/
Rara 1 eve | per [FeF2s75 | FYC! | Pred. |FEF2575| eVt | FEVA% |FEF25:5| Pred. | Pred. | FEF25:5
Date Pred (%) o Pred. (%) o o
(%) (%) (%)
25.03.2022 | 2,69 | 5,27 3,11 73 74 78 2,51 93 4,92 79 112 1,67
20.12.2023 | 2,53 | 5,84 3,16 70 83 80 2,41 95 5,20 76 114 2,14
17.12.2024 | 2,86 | 4,51 3,16 79 64 80 2,65 93 4,31 84 111 1,78
Takox  MOBTOPHO  MNPOBEAEHO  Kaninspockonito Capillaroscopy was also repeated on May 10, 2024:
10.05.2024 p.: CKIepoaepMonoaibHun natepH, sclerodermiform pattern, sludge phenomenon, signs

crnamx-eHoMeH, O3HaKn BEHO3HOro 3actoto. bes Hera-
TUBHOI AMHaMiku (puc. 14).

of venous stasis. No negative dynamics (Fig. 14).

a

c

Puc. 14. [laHi kaninsipockonii: (a) cknepoaepMonoaibHuid natepH, (B) cnamx-peHoMeH, (C) 03Hakn BEHO3HOTo 3acToo
Fig. 14. Capillaroscopy data: (a) sclerodermoid pattern, (8) sludge phenomenon, (c) signs of venous stasis

3a pik (17.04.2025 p.) noBTOpPUNM KaninspocKonito:
O3HaKkM BEHO3HOro 3acTol, 3HaYHWW crnamK-heHOMeH
(puc. 15).

A year later (April 17, 2025), capillaroscopy was
repeated: signs of venous stasis, significant sludge
phenomenon (Fig. 15).

Puc. 15. [laHi kaninapockonii: 03Haku BEHO3HOIO 3aCTO
Fig. 15. Capillaroscopy data: signs of venous stasis
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3a pesynsratamu nostopHoi EHMI Big 16.04.2025 p.
nig yac nposeaeHHs ronyactoi EHMI™ cnoHTaHHOI akTuB-
HOCTi BMABNEHO He Byno, BiAMiYanoch 3HWXEHHSI amnni-
Tyam MAO Ha BepxHix KiHUiBKax Ta nigsuweHHs a3 Mo
Ha BEPXHiX Ta HUXHIX KiHUiBKaX, WO CBiAYMTb NpO Monin-
LLIEHHA CTaHy NauieHTKW.

OBrOBOPEHHA

[NpeactaBneHnn Hamu KniHiYHWA BUnNagok OAM 3 'TM
BUPIBHAETLCA MHOXMHHICTIO KMiHIYHUX MposiBiB — nepe-
Ba)XHO NMpOKCUManbHa M’'si30Ba CnabKiCTb 3 KpenaTypoto
nicna He3Ha4yHoro isMYHOro HaBaHTaXKEHHA Ta, 3pigka,
Kpamni NUTOK, MOMiapTpUT, ocepenkn rinepnirMmeHTauii
WKipn, cumntoM [OTTpoHa, cuHApoMm PenHo, cyxui
Kawenb, cybdebpuniteT. KniHiyHi nposiBu npuTamaHHi
nepesaxHo ansa I3M T1a nposisu 'MM. MNepebir 3axBopto-
BaHHSA OyB Onvxye OO0 TSXKKOro, Mpu aHTUCUHTETa3HOMY
CVMHOPOMi BUWHWKaKOTb YCKNaAHEHHS 3a TUMNOM ToCTpoi
avritanbHoi iwemii, sk onucaHo y koner C.A. Tpurorika,
1.FO. lNonosauy (puc. 16) [15].

According to the results of a repeat ENMG on
16.04.2025, no spontaneous activity was detected during
needle ENMG, a decrease in PDO amplitude in the upper
limbs and an increase in PDO phases in the upper and
lower limbs were noted, indicating an improvement in the
patient’s condition.

DISCUSSION

The clinical case of DM with GTM presented by us
is distinguished by a variety of clinical manifestations —
mainly proximal muscle weakness with crepitus after
minor physical exertion and, occasionally, calf cramps,
polyarthritis, areas of skin hyperpigmentation, Gottron’s
sign, Raynaud’s syndrome, dry cough, and low-grade
fever. The clinical manifestations are mainly characteristic
of ICM and GTM manifestations. Also, the course of the
disease was closer to severe, with antisynthetase
syndrome causing complications such as acute digital
ischemia, as described by colleagues S.A. Tripolka and
I.Yu. Golovach (Fig. 16) [15].

Puc. 16. locTpa guritanbHa iwemis
Fig. 16. Acute digital ischemia

KniHiyHi nposiBu, oTpumaHi pesynstati naboparopii:
Bucokmin piBeHb K®K (11289 Opg/n), NAr (1139 Oga/n),
ACT (446 Og/n), ANT (245 Op/n), imyHHi peHomeHn (ANA
1:3200,aHTnTinalg G, Oa/mn: Jo-195,SS-A69,U1-RNP72,
CENP 7); paHi iHcTpymeHTanbHuX gocnimkeHb: EHMI:
HasiBHICTb  MEPBUHHOrO  MOMIMIO3UTY;  Kaninspockonmii:
ckrnepogepmMonogioHui naTepH, cnagpx-peHoMeH,
03HakW BEHO3HOI0 3aCTO [03BOSNUIIM OCTAaTOMHO BCTAHO-
BUTW AiarHo3 3ananbHoi mionarii, Bukntoumswun PA, OM,
CC, XL, 33CT [10-14]. AHtuTina go rictnamn-TPHK-
cuHTeTasm (aHTndo-1) Mio3nT-cneundivHi Ta € KkpuTEpiEM
npiarHoctukm [13, 14]. MarHiTHo-pe3oHaHCcHa Tomorpadis
(MPT), sk meTop Bidyanisauii 4ns ouiHkM akTuBHocTi I3M
i BMbopy micua Gioncii, gk i Gioncia He npoBoaunucs,
OCKifTbKM KpUTEpIiB AN AiarHOCTUKM gocTtatHbo [13, 16].

[ns nikyBaHHA nauieHTLi 6yB Npu3HayeHnn Hanedek-
TMBHILWMN i3 3acobiB nikyBaHHA [ANM — rnmiokoKopTMKocTe-
poign (FKC), 3okpema, MeTunnpenHisornoH. JlikyBaHHA
TM ckoperoBaHo €HOOKPUHOMOroM. 3acToCOBYBaHi
paHilwe meToTpekcaT Ta asaTtionpuH Oynu HeedekTuB-
HUMKW. TOMY BUPpILLEHO po3noyvaTh Tepanito MiKkodeHo-
natom modpetuny Ao 3 TMcAY Mr Ha AeHb. Posrnsga-
nacs MOXNMBICTb 3aCTOCYBaHHsSi BHYTPILLHbOBEHHOIO
BBeLeHHS iMyHornobyniHiB, 3acTocyBaHHA puUTykcumaoy,

Clinical manifestations, laboratory results: high levels
of CPK (11,289 U/L), LDH (1,139 U/L), AST (446 U/L),
ALT (245 U/L), immune phenomena (ANA 1:3200,
Ig G antibodies, U/mL: Jo-1 95, SS-A 69, U1-RNP 72,
CENP 7); data from instrumental studies: ENMG:
presence of primary polymyositis; capillaroscopy:
scleroderma-like pattern, sludge phenomenon, signs
of venous stasis allowed to finally establish the diagnosis
of inflammatory myopathy, excluding RA, DM, SS, HS,
ZZST [10-14]. Antibodies to histidyl-tRNA synthetase
(anti-Jo-1) are myositis-specific and are a diagnostic
criterion [13, 14]. Magnetic resonance imaging (MRI),
as a visualization method for assessing DMPA activity
and selecting a biopsy site, as well as biopsy [13, 16],
were not performed because the diagnostic criteria were
sufficient.

For treatment, the patient was prescribed the most
effective treatment for DPM — glucocorticosteroids (GCS),
in particular, methylprednisolone. Treatment with GTM
was adjusted by an endocrinologist. The previously used
methotrexate and azathioprine were ineffective. Therefore,
it was decided to start therapy with mycophenolate
mofetil at 3,000 mg per day. The possibility of intravenous
administration of immunoglobulins, rituximab, and
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umknodpocdamigy [17-21]. Ta BubpaHa Tepanis 4oO3BO-
nuna Ha cborogHi BigmoBuTucsa Big MNKC, 3ameHwnTn o3y
mikodpeHonaty modetnny go 1500 mr Ha goby, npodos-
XUTU Tepanito amnoguniHom Ta OpaBaguHOM, eHpo-
KPUHONOroM 3MeHWweHo [o03y L-TupokcuHy go 50 mkr
Ha 000y npu OOCSrHEeHHi KniHiko-nabopaTopHoi pemicii
Ta OTPUMMAaHHi 3Ha4yHO Kpawwmx pesynbraTie 3a EHMI
Ta Kaningpockonii.

BUCHOBKHU

3HaHHS KMiHIYHOT KAapTUHKN, CBOEYACHe BCTAHOBMEHHS
fiarHosy, BMGip MpaBunbHOI Tepanii gyxe BaXnuei Ang
BEeJEHHs MaLieHTa Ha LWniaxy OO peMici 3aXBOPHBaHHS,
NpodinakTMKN ycknagHeHb, MNOMMWeHHA SKOCTI XUTTH
nauieHta. udepeHuianbHnin giarHo3 € BKpan BaXXnmemm
0N AiarHOCTUKKM, NiKyBaHHSA Ta NPOrHO3y 3axXBOPHOBAHHS,
0cobn1Bo npu koMopObigHOMY nepebiry i3 iHWKMMK 3axBo-
PHOBAHHAMU: MOMPU CXOXICTb KIiHIYHOI KapTuHu [TM
mionatii Ta MM y MaHidecTHIn dopMi, € NeBHI BaXnuBi
BIOMIHHOCTi, O [03BONAKTL CNpsMyBaTV 3ycunns
CYMDKHUX cheLianicTiB Ana BUPILLEHHS Tepanii naujieHTa,
OTPUMaHHA peMicii 3axBOpPHOBaHb, YMM MOKPALLYETLCSH
AKICTb XUTTS NaLiEHTIB.

Takox 3aBXau BapTo 3BaXaTu Ha Te, L0 Ceponosu-
TUBHICTb MepexpecHa, MOXe CynpoBOAXYyBaTU PO3BUTOK
PA, OM, CYB, CCL, XLU. HasBHicTb no3antneHux PP Ta
ACCP moxe 6yTn npu ycix LMX 3aXBOPHOBaHHAM, CreLu-
divHi ANA MOXyTb OyTU HE NpU OQHOMY 3aXBOPHOBaHHS.
Takox moxnueicte OVERLAP-cuHopomy — B LbOMY
Bunagky PA Tta [OM 3 pogatkoBMM  HallapyBaHHSM
Hacnigkis AlT, ane y nauieHTKM nepeBaxaB M'A3eBUiA
6inb, TOMy Cyrno6oBui cMHAPOM OyB PO3LHEHWIA B CTPYK-
Typi MM. BignosigHo giarHo3 I3M [o03BONMMB NpU3HaunTK
npaBuIbHe NikyBaHHSA 3 NO3NTUBHUM edpekTom. [1nsa cBoe-
YacCHOI [iarHOCTMKM BIQNOBIQHO OO0 MiDKHapOOHWUX CTaH-
paptiB noTpidHo BuKkoHyBaTn MPT Ta Gioncito M’'si3iB ans
NPUCKOPEHHS LUBUAKOCTI BCTAHOBIEHHS AiarHoay.

B Hawomy Bunagky nauieHTka Ha CbOrogHi Mavxe
Hemae ckapr, il npaue3aaTHiCTb Ta SKICTb XUTTS BigHOB-
neHo. NpoaoBXKyeEMO CMOCTEPEXEHHS, MiKyBaHHS.
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cyclophosphamide was considered [17—-21]. The selected
therapy has made it possible to discontinue GCS, reduce
the dose of mycophenolate mofetil to 1,500 mg per day,
continue therapy with amlodipine and bravadin, and the
endocrinologist reduced the dose of L-thyroxine to 50 mcg
per day upon achieving clinical and laboratory remission
and obtaining significantly better results on ENMG
and capillaroscopy.

CONCLUSIONS

Knowledge of the clinical picture, timely diagnosis,
and selection of the right treatment are very important
for managing the patient on the path to remission,
preventing complications, and improving the patient’s
quality of life. Differential diagnosis is extremely important
for the diagnosis, treatment, and prognosis of the
disease, especially in cases of comorbidity with other
diseases: despite the similarity of the clinical picture
of GTM myopathy and PM in its manifest form, there are
certain important differences that allow related specialists
to focus their efforts on treating the patient and achieving
remission of the disease, thereby improving the patient’s
quality of life.

Itis also importantto always consider that seropositivity
is cross-reactive and may accompany the development
of RA, DM, SLE, SSD, and HSD. Positive RF and ASCR
may be present in all of these diseases, while specific
ANA may not be present in any one disease. There is also
the possibility of OVERLAP syndrome — in this case,
RA and DM with additional AIT consequences, but the
patient had predominantly muscle pain, so joint syndrome
was considered in the structure of PM. Accordingly,
the diagnosis of ICM allowed for the prescription of the
correct treatment with a positive effect. For timely
diagnosis in accordance with international standards,
MRI and muscle biopsy should be performed to speed
up the diagnosis.

In our case, the patient currently has almost
no complaints, and her working capacity and quality of life
have been restored. We continue to monitor and treat her.
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Limitations of the study

The authors of the manuscript acknowledge that the presented
study has limitations due to its design and implementation. The
size and composition of the sample [selected clinical cases]
limit the accuracy of estimates and the transferability of results,
given the peculiarities of patient routing and healthcare practices
in Ukraine. The retrospective nature of the assessment does
not allow for causal conclusions and carries the risk of selection
bias. To minimize these effects, the work was conducted
in accordance with standardized protocols. The generalizability
of the conclusions is limited by the context; confirmation
requires prospective multicenter studies, reasonable power
calculations, external validation, and adherence to Good
Clinical Practice (GCP).
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I'IepcneK'rm;u MOAQAbLUUX AOCAIAXEHD

[Mpu I3M ta 'MTM mionartisx y Ae6ioTi 3axXBOptOBaHHA CMOCTEPi-
racTbCsA 3Ha4yHa NOAIGHICTL KMiHIYHUX NposiBiB i NabopaTopHUx
NMOKa3HWKIB, LLO YCKNaAHIOE MPOBEOEHHS PaHHbOI AndepeHLi-
anbHOI AiarHocTukn. Ocobnmeo, sKWO ue komopbigHun nepebir:
Ha Tni nikyBaHHA AlT He Byno JOCArHyTO KniHiko-nabopaTopHOi
pemicii, y nauieHTkn 6ynm oTpyMaHi mioaut-cneuundidHi aHTuTina.
BpaxyBaBLuun yci kniHiYHi, nabopaTopHi, iIHCTPyMeHTanbHi AaHi,
cnocTepiratodM NauieHTKy pas3oM i3 CyMpKHUMK crieuianictamu
Oynn oTpMMaHi CyTTEBI AOCATHEHHS Y NiKyBaHHI nauieHTkn. Haw
BMNAAOK — Le OfHe HaragyBaHHS NpO CBOEYaCHY AiarHOCTUKY
Ta 06i3HaHiCTb Woao komopbigHoro nepebiry peBmaTonoriyHol
Ta eHOOKPUHHOI NaTonorii, NPOAOBXEHHSI BUBYEHHSI NaToreHesy
ONs BU3HAYEHHS1 HOBUX Linew Ansa Tepanii, NoninweHHs giarHoc-
TUYHUX NMiAXOAIB Ta 3MEHLLEHHS BApTOCTi 06CTEXEHb.

KoHdAIKT iHTepecis

ABTOPY PyKONMUCY CBIAOMO 3acBiA4vy0Tb BiACYTHICTb (haKTUYHOIO
abo MOTeHLINHOro KOHMMIKTY iHTEepeciB LWOAO pe3ynbraTiB Ljiei
po6oTu 3 Byap SKMMK opraHisauismmu abo npuBaTHUMK ocobamu.
BukopucTaHi chotorpadpii BnacHMX KniHiYHWX BUNaaKis.

AOTPUMOHHSA €TUMHUX HOPM

ABTOpU pyKONMCY CBiJOMO 3aCBiAYYIOTb, LLIO AOCHIAPKEHHS MPOBO-
OUNOoCb 3 BUKOPWUCTAHHAM [OaHUX MEPBUMHHOI MeOWUYHOT OOKY-
MeHTaUii Ta BKMYANo KMiHiYHI CNOCTEPEXEHHS 3a NaLieHTOM.
Yci npouenypw npoBefeHi BiANOBIAHO OO €TUYHWUX CTaHAapTiB
lenbciHcbKOi Aeknapauii BcecBiTHBOT MeamyHOi acouiauii npo
E€TUYHI NPUHLMNU NPOBEAEHHS HAaYKOBUX MEOUYHMX OOCMioKEHb
3a y4yacTio MoavHW, OMPEKTUBM EBPOMENCLKOrO TOBapuUCTBa
86/609 npo y4acTb nogern y Meguko-6ionorivHnx JoCniaKeHHsX,
a Takox Hakasy MiHicTepcTBa oxopoHu 3n0poB’s YkpaiHu Ne 690
Big 23.09.2009 p.

IHpopMOBaHa 3roga Ha BUKOPWUCTAHHSA  KMIHIYHWMX — JaHUX
y HaykoBux LUinax ©Oyna p[obpoBinbHO HagaHa nauieHToM
Ta niaTBEpAXXeHa MiANUcaHHAM BigMNOBIOHOTO AOKYMeEHTa.

BMKOpMCTOHHSI LWITYy4YHOro iHTeAeKTy

ABTOpU pyKONMUCy CBIAOMO 3acBigvyloTb, WO Y Mpoueci npose-
[OEHHS1 [OCMIAXKEHHs Ta MiAroToBKU LbOro PYKOMUCY HEe BUKO-
pUCTOBYBanM >XOOHWUX IHCTPYMeEHTIB abo cepBiciB reHepaTus-
HOTO LUTYYHOrO iHTENeKTy ANs BUKOHaHHA Oyab-SKWX 3aBAaHb,
nepenivyeHnx y TakCOHOMIi AeneryBaHHsi 3aBAaHb reHepaTuB-
HOMY wWTy4HOMY iHTenekTy «GAIDeT» (Generative Artificial
Intelligence Delegation Taxonomy, 2025 p.). Yci eTanu po6oTtu —
Bi, KOHUenTyanisauii 4o diHanbHOro pegaryBaHHsi — BUKOHaHi
6e3 3any4yeHHs reHepaTMBHOTO LUTYYHOTO iHTENEKTY, BUKIOYHO
aBTopamu. Lis aeknapauis He NOLMPIOETLCA Ha BUKOPUCTaHHS
6a3oBMX IHCTPYMEHTIB nepeBipkM rpamatuku, opdorpadii
4 0hOPMIIEHHS NOCUNAHb.

MepBUHHI AQHI Ta MaTepiaAun

ABTOpU pyKOMUCy CBiAOMO 3acBiAuytoTb, IO y pOBOTI BUKOPU-
CTaHO pesynbTaTv BracHUX KMiHIYHUX OOCHifKeHb, LWo Oynu
cucTeMaTtusoBaHi Ta npoaHani3oBaHi asTtopamu. [lepBUHHI
OaHi BKMOYaloTh y3aranbHeHi NokasHWKM nauieHTiB, nabopa-
TOPHI pesynsTati, NPOTOKOMNM Ta OTPUMAaHI KifnbKiCHI Xxapaktepu-
cTukn. Bci maTepianu 36epexeHi B apxiBi 4OCNIOHULBKOT rpynu
Ta MOXyTb OyTV HagaHi 3a oOrpyHTOBaHVWM 3anUTOM [0 aBTO-
pa-KopecrnoHAeHTa, 3 ypaxyBaHHSIM BWUMOM KOHMIAEHUINHOCTI
Ta €TUYHUX HOPM.

Prospects for further research

In the case of ICM and GTM myopathies, there are quite
a few points of contact at the onset of the disease, similar
clinical pictures, and laboratory data, which make it difficult
to immediately make a differential diagnosis. This is especially
true in cases of comorbidity: despite treatment with AIT, clinical
and laboratory remission was not achieved, and the patient
developed myositis-specific antibodies. Taking into account all
clinical, laboratory, and instrumental data, and observing the
patient together with related specialists, significant achievements
were made in the treatment of our patient. Our case is another
reminder of the importance of timely diagnosis and awareness
of the comorbid course of rheumatological and endocrine
pathology, continued study of pathogenesis to identify new
targets for therapy, improvement of diagnostic approaches, and
reduction of the cost of examinations.
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PE3IOME

AxTyanbHicTb. CMHAPOM XOPCTKOI LUKIpW € BKpan PigKICHUM reHETUYHO 3yMOBIEHUM
3aXBOPIOBAHHSIM CMOMYYHOI TKaHWHKU, WO XapaKTepu3yeTbCsi NMPOrpecyyunM yLuinb-
HEHHSIM LUKipW Ta NOTpebye NpoBeAeHHs CkNnaaHol AndepeHLiiHOi AiarHoCTuKK 3 ayTo-
iMyHHOO naTtonorieto. bpak iHopmaLii npo nepebir xBopobu y Aiten, obMexeHicTb
[OOCTYMHUX METOAIB NiKyBaHHA Ta HEBW3HAYEHICTb MPOrHO3y 3yMOBMIOTb BUCOKY
KNiHIYHY 3HaYYLLICTb KOXXHOIO peTernibHO OMMCaHOro BUMaaKy.

Meta po60oTM — MpeacTaBUTU YHIKanbHWUA KNiHIYHWIA BUNAAoOK CUHAPOMY >KOPCTKOI
LIKIipW Y ANTUHM B YKpaiHi 3 AeTanbHUM aHani3aoM KniHiYHUX NPOSBIB, IHCTPYMEHTanbHUX
Ta nabopaTtopHNX MeTOAIB AOCNIAKEHHS, AUdEepeHLINHOI AiarHOCTMKM Ta e(PEKTUBHOCTI
NpoBeAEeHOro NiKyBaHHS.

Martepiann Ta Metogu. [lpoBedeHO pPETPOCMEKTUBHUIA aHani3 CrocTepexeHHs
32 CEeMUPIYHO AUTMHOK 3 NPOrPECYYUM YLLINBbHEHHSIM LLUKIPY Ta 0BMEXEHHSIM pyXru-
BOCTi. [1Ins BCTAHOBMEHHS AiarHo3y BUKOPUCTOBYBaNMCS kiiHiko-aHaMHECTUYHI Ta nabo-
paTopHi AaHi, pe3ynsrati iHCTPYMEHTanbHOro, riCTOMOrYHOro Ta iMyHOriCTOXiMIYHOIO
[LOCHiAXKEHHS.

PesynbraTu. Y nauieHTa BUSIBNEHO TUMOBI NPOSIBU CUHOPOMY XOPCTKOI LIKipW: Andy3He
YLWINbHEHHS LWKipY, 0OMEXeHHs1 pyXiB, (hOPMyBaHHSI KOHTPAKTYp, aCUMETPI0 KiHLIBOK
Ta nopyLleHHs xoam 6e3 o3Hak cucteMHoro 3ananeHnHs. MPT nigTBepauno nokanisadito
YypaxkeHHsi B Mexax LUKipy 6e3 ypakeHHs dacLiii Ta BHYTPILLHIX OpraHiB; ricTonoriyHo
i0eHTUIKOBAHO YLUINbHEHHS Ta CTPYKTYPHY Ae30praHisauito KonareHOBWMX BOSIOKOH,
rinepkepato3 Ta ¢ibpo3. MNpoBeaeHo AMdepeHLiiHMIA AjarHo3 i3 CUCTEMHOK CKIle-
poaepmMieto, €03nHOMINbHUM acLiiToOM Ta iHWNMK CKNepo3yoyrMn AepMonaTiaMu.
MpoTusananbHa Ta uMTocTaTUYHa Tepanisi BUsiBUnacs HeeekTUBHOL, ToAi Sk peabini-
TaUuinHi 3ax04n CNpUsANY YaCTKOBOMY MOMIMWEHHI0 (DYHKLOHANbHOMO CTaHy nauieHTa.
BucHoBku. NpeacraBneHunii BUNagoK nigkpecnioe CKNagHiCTb AiarHOCTUKM CUHOPOMY
YKOPCTKOI LLUKIpW, HEOBXiAHICTb BUKMHOYEHHS iHLUMX CKrepoaepMonomibHUX 3axBopro-
BaHb. 3 ornsgy Ha obMexeHy edeKkTUBHICTb MeaMKaMEHTO3HOro NiKyBaHHS, (isnyHa
peabiniTauisi € KNYOBMM KOMMOHEHTOM BEAEHHS TaKMX NaLieHTiB.

InbueHko C.l., ®diankoBcbka A.O., Makositdyk O.A., IBaHycb C.I. YHikanbHWiA KMiHIYHUIA BUNAOOK CUHAPOMY
XKOPCTKOI LWKIpW Yy AuTUHW B YkpaiHi. KapasiHcekul imyHonoeidHul xypHan. 2025. T. 8. Ne 2(16). C. 305-316.
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ABSTRACT

Background. Stiff skin syndrome is an extremely rare genetically determinated
connective tissue disorder characterized by progressive skin induration and requiring
complex differential diagnosis with autoimmune pathology. The lack of information
about the disease course in children, the limited availability of treatment options,
and the uncertain prognosis determine the high clinical significance of each carefully
documented case.

Purpose —to present a unique clinical case of stiff skin syndrome in a child in Ukraine with
a detailed analysis of clinical manifestations, instrumental and laboratory investigations,
differential diagnosis, and the effectiveness of the administered treatment.

Materials and Methods. A retrospective analysis of a 7-year-old child with progressive
skin induration and limited mobility was performed. Diagnosis was established using
clinical and anamnestic data, laboratory findings, and the results of instrumental,
histological, and immunohistochemical examinations.

Results. The patient showed typical manifestations of stiff skin syndrome including diffuse
skin induration, limited movements, contracture formation, limb asymmetry and gait
disturbance without signs of systemic inflammation. MRI confirmed that the lesions were
confined to the skin, without involvement of the fascia or internal organs. Histologically,
thickening and structural disorganization of collagen fibers, hyperkeratosis, and fibrosis
were identified. Differential diagnosis was performed to distinguish the condition from
systemic scleroderma, eosinophilic fasciitis, and other sclerosing dermopathies. Anti-
inflammatory and cytostatic therapy were ineffective, while rehabilitation measures
contributed to partial improvement in the patient’s functional status.

Conclusions. The presented case highlights the complexity of diagnosing stiff skin
syndrome and the necessity of excluding other scleroderma-like diseases. Given the
limited effectiveness of pharmacological treatment, physical rehabilitation is a key

component in the management of such patients.

For citation:
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Karazin Journal of Immunology. 2025;8(2(16)):305-316. DOI: https://doi.org/10.26565/3083-5615-2025-16-09

BCTYN

CwuHppom xopcTkoi wkipyn (CXKLW), Takox Bigomun
K BpoOMKeHa dacuianbHa auctpodia abo cuHopom
«KaM’sHOI  NIOOUHWMY», € PIOKICHUM, MOBIMbHO nporpe-
CYOYMM, TEHETUYHO 3YMOBMEHWM  3aXBOPIOBaHHAM
CMOMyYHOI TKaHWHK, Bnepwe onucaHum y 1971 poui
Esterly i McKusic [1, 2]. CXKLU mae neBHi cninbHi pucu
3i ckrepogepMield Ta XxapakTepusyeTbCs HesananbHUM
hibpo3om LWKipn, NIAWKIPHOT KMITKOBUHM N M’S30BOI
dacuii, Wwo npn3BoanTb A0 YLNMbHEHHS LWKIpW Ta nopy-
LUEHHA PYXNMBOCTI CyrnobiB 3a BiACYTHOCTI ypaKeHHS
BicLlepanbHUX OpraHiB Ta IMYHOMOrMYHUX MOPYLUEHb.
Y 6asax gaHux PubMed, Embase ta Medline 3a nepiog
3 2000 no 2024 pik 3aranom 6yno onucaHo 138 Bunaakis
CXKLW y gitew [3].

CXKILLU opHakoBO Bpaxkae OCiIO YOMOBIYOI Ta XIHOYOI
cTaTti, a OOTSHKEeHUN CiMernHUA aHaMHe3 BUSBMNAETHLCH
y 30 % nauieHTiB. lNaTtoreHe3 LbOro 3axBOPHOBAHHS
poHepnasHa 6yB Hesigomun [4]. MNpoTe Loeys Ta cniBasT.
BUSIBUNW, LLO BCi OOCTEXEHI XBOPI Manu MyTauito B reHi
GibpuniHy-1 (FBN1). Ller Ginok, Wo Takox MyTOBaHWUN
y nauieHTiB i3 cuHgpomom MapdhaHa, ronoBHUM YMHOM
bepe yyactb y opMyBaHHi Mikpodibpun (YTBOPEHUX
3 nonimepiB ibpwuniny), ski pasoM 3 enacTMHOM YTBO-
pIOKOTb  enacTuyHi BonokHa. Lia myTauia npussBoauTb
[0 HeopraHi3oBaHOro HaKoOMMYEeHHst Mikpodibpun y oepmi,
LLIO MOXKHa CcrocTepiraTu nig Yac enekTPOHHOIT MiKpOCKOMii.
Lli HakomMyeHHA BUKNMKaKOTb aHoMarbHY akTuBaLito
iHWOT MOmneKkynM — TpaHcdopMmyBanbHOro dakropa
pocty (TGF-B), WwWo Mae 34aTHICTb CNPUATY BiAKNaAeHH0
konareHy B pAepmi. MNigBnweHHs pisHa TGF-B y naui-
eHTiB i3 CXKLU npu3BoguTb A0 HaAMIpPHOro BigkNageHHs

INTRODUCTION

Stiff skin syndrome (SSS), also known as congenital
fascial dystrophy or «stone man» syndrome, is a rare,
slowly progressive, genetically determined connective
tissue disorder, first described in 1971 by Esterly
and McKusic [1, 2]. SSS shares certain features with
scleroderma and is characterized by non-inflammatory
fibrosis of the skin, subcutaneous tissue and muscle fascia,
leading to skin induration and impaired joint mobility in the
absence of visceral organ involvement or immunological
abnormalities. According to the PubMed, Embase and
Medline databases a total of 138 cases of SSS in children
have been described between 2000 and 2024 [3].

SSS equally affects males and females. Also, a positive
family history is found in 30% of patients.The pathogenesis
of this disease was unknown until recently [4]. However,
Loeys et al. found that all examined patients had
a mutation in the fibrillin-1 gene (FBN1). This protein which
is also mutated in patients with Marfan syndrome is mainly
involved in the formation of microfibrils (formed from fibrillin
polymers) that, together with elastin, form elastic fibers.
This mutation leads to the disorganized accumulation
of microfibrils in the dermis, which can be observed
by electron microscopy. These accumulations cause
abnormal activation of another molecule—transforming
growth factor (TGF-B1)—which has the ability to promote
collagen deposition in the dermis. Increased levels
of TGF-B1 in SSS patients lead to excessive collagen
deposition in the deeper layers of the dermis, subcutaneous
cellular tissue, and muscle fascia [5].

The first clinical manifestations of SSS usually appear
from birth or in early childhood and are characterized
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KonareHy B rmubLumnx wapax Aepmu, nigLukipHoT KIiTUHHOT
TKaHWHW Ta M’30BOI dhacuii [5].

Mepuwi kniniyHi npossn CXKLU 3a3Buyan 3'9BNSAOTHCS
3 MOMEHTY HapomxeHHsi abo B paHHbOMY OWUTUHCTBI
Ta XapaKkTepu3yloTbCs KaM'SHUCTO-TBEPAOH, TOBCTOK
wkipoto. Mpn CXKLW HanuacTilwe BpaatoTbCH LiMNSHKU,
Garati Ha dhacuii, 3okpema cigHuui, cterHa Ta nnevi [1].
Y NoogvHOKMX BMNagkax MoBigoOMIANOCs Npo YpaxeHHst
o4ver. MeHL nowmpeHi 3HaxigKkv BKMOYaTb rinepTprxos,
rinepnirMeHTaLito B ypaXKeHUX AingHKax, a TakoX HasB-
HICTb MIAWKIPHMX BY3NWKIB Ha AMCTanbHWUX panaHrax
nanbuis. PurigHicTb LWKipy Moxe npussBecTn A0 iMMO-
Ginizauii cyrno6iB i yTBOpeHHS1 KOHTpakTyp, 0ocobrnmeo
BENnuKMx cyrnobis, WO MNpM3BOAUTL [0 XapaKTepHol
NOPAO03HOI NOCTaBM 3i 3rMHAHHSAM CTErOH i KOriH, @ TaKoX
BUMVHAHHAM XMBOTA. TakoX y NauieHTiB MOXe crocTte-
piratuca 3aguvuika Ta pecTPUKTUBHI BEHTUNSAUINHI nopy-
LUEHHS (PYHKLIT ANXaHHA BHAcNigok OOMEXeHHs eKcKypcil
rPyaHOI KNiTKW, ane ue He MOB’S13aHO 3 YPaXEHHSIM
BicLlepanbHNX OpraHiB, iMyHOMOMYHUMU BiOXVUNEHHAMU
Yn ypaxKeHHaMm cyauH [6].

3anexHo Bif KNiHIYHMX NPOsBIB 3aXBOPIOBAHHSA MOAj-
nsTb Ha ABa BuAM: MNOLUMPEHe Ta CcermeHTapHe [7].
CermeHTapHi CXKLLU yacTiwe 3ycTpivyaeTbes B OCIO iHOYOT
CTaTi Ta XapakTepu3yeTbCs MNepeBaXHO OAHOBIYHO
CEerMeHTapHOK Nokanisauieto, Ginblw ni3gHiM BikOM MaHi-
decTauii i MeHW BupaxeHUMN yHKLIIOHANbHUMK 0bMe-
weHHsamu [3, 8]. Mowwmpennn CXKL He mae reHaepHoro
OOMiHYBaHHSI Ta XapakTepusyeTbCsi MOMITHUM ABOGIHHUM
YPaKEHHSIM, BinbLL paHHIM NOYATKOM Ta TSHKKMM nepebirom,
Bpakae cyrnobw i3 GinbL obMexxeHUM gianasoHoM pyxis [9].

[na BCTaHOBNEHHs [AiarHo3dy Benuvke 3HayeHHs
MalTb He TINbKM KIiHIYHI NpOsIBM, @ N MIKPOCKOMiYHi
Aani. Mikpockonis BusiBnse nponidpepadito KonareHoBoi
TKaHWHK, 0coBnMBO B M’S130Bi dhacLii Ta NigLLKipHIA KniT-
KOBWVHI, X04a € NOBIJOMIEHHS NPO BUNAAKN, KOMNK ypaxa-
€TbCA NULLIE peTuKynspHa gepma. Baxnueo 3asHaunTy,
LLIO 3any4YeHHst M'130B0i dhacLii He € NiarpyHTaM ANns BCTa-
HoBneHHs giarHody [10]. TepmiH «BpogxeHa hacuiansHa
anctpodis» 6yB 3anponoHoBaHWI B OpUriHanbHOMY Onuci
posnagy, OCKifnbK/ BUSIBNEHO, WO acuia ypaxeHa y BCix
nauieHTiB 3 uum giarHosom [4]. OgHak He BCi BMMagKw,
JiarHoCTOBaHi 3 TOro Yacy, manu gacujianbHe 3any4eHHs.
HanxapakTepHiwmm pesynstatoM MiKpOCKonil, Lo BKa3ye
Ha CXKLLU, € He CTinbkn MicLe HaaNULLIKY KonareHy, CKinbku
MOro po3TallyBaHHS y BUMSAI «pewiTkuy». [HwmMmn Trno-
BMMUW O3HaKamu € BiACYTHICTb 3ananbHoro iHdinsTparty
Ta HasiBHICTb MyUMHY. FK CermMeHTapHumn, Tak i nowm-
perun CXKILL, matoTb CXOXi AiarHOCTUYHI ricTONaTONOriYHi
ocobnwueocTi [6, 9].

JlikyBaHHs nauieHTiB i3 CXKLLU € cknagHum 3aBAaHHS,
OCKifnbKM Ha CbOroAHI BiACYTHI CTaHAApPTU30BaHi pEKOMEH-
Jauii Wwoao BeAeHHs Takmnx nauieHTiB. 3 ornsgy Ha pigkic-
HICTb LbOr0 3axBOPIOBAHHS Ta CXOXICTb WMOro LUKIPHUX
nposiBiB 4O CKrepoaepMii, 3Ha4yHa YacTvHa nauieHTiB nig
Yac MEepPBUHHUX KOHCYMbTAUin Yy AUTAYUX PEBMAaTONOriB
OTPUMYE NOMUITKOBWI AiarHo3, LLO NPU3BOAUTbL A0 NpUsHa-
YeHHs1 iMyHocynpecuBHOI Tepanii. [poTe, sk nokasyTb
OOCTIIKEHHS!, NPU3HAYEHHs MiCLEeBMX Ta CUCTEMHUX
MIOKOKOPTUKOCTEPOIdiB,  UMTOCTaTuUKiB, doToTepanii,
BBELEHHS iIMyHOrnobyniHiB MalTb eMMipUYHUIA XapakTep
Ta He JalTb No3NTUBHUX pesynbraTis [1, 6, 10]. Y nite-
paTypi TakoX OnucaHi MnooAMHOKI crnpobu BUKOpU-
CTaHHS aHTUGIOPOTUYHKX MpenaparTiB, WO BNIMBaKTb
Ha curHanbHi wnsaxm TGF-B ta I1-17 (3okpema mikode-
HornaTty ModheTuny, o3apTaHy Ta cekykiHymaby) 3 MeTot

by stony-hard, thick skin. The buttocks, thighs and
shoulders are the most affected areas, and in rare cases
eye involvement has been reported [1]. Less common
findings include hypertrichosis, hyperpigmentation in the
affected areas, and the presence of subcutaneous
nodules on the distal phalanges of the fingers. Skin
rigidity can lead to joint immobilization and the formation
of contractures, especially of large joints, resulting
in a characteristic lordotic posture with flexion of the hips
and knees, as well as protrusion of the abdomen. Patients
may also experience shortness of breath and restrictive
ventilatory dysfunction due to restricted chest excursion,
but this is not associated with visceral organ involvement,
immunological abnormalities or vascular damage [6].

Depending on the clinical manifestations, the disease
is divided into two types: generalized and segmental [7].
Segmental SSS is more common in females and
is characterized by predominantly unilateral segmental
localization, a later age of manifestation and less
pronounced functional limitations [3, 8]. Generalized
SSS shows no gender dominance and is characterized
by noticeable bilateral involvement, earlier onset and
severe course, affecting the joints with a more restricted
range of motion [9].

Microscopic data in addition to clinical manifestations
are of great importance for establishing the diagnosis.
Microscopy reveals the proliferation of collagen tissue,
especially in the muscle fascia and subcutaneous tissue,
although there are reports of cases where only the
reticular dermis is affected. It is important to note that
the involvement of the muscle fascia is not the basis for
establishing the diagnosis [10]. The term «congenital
fascial dystrophy» was proposed in the original description
of the disorder, as fascial involvement was observed in all
patients with this diagnosis [4]. However not all cases
reported subsequently demonstrated fascial involvement.
The most characteristic microscopic finding indicating SSS
is not merely the location of excess collagen, but rather
its arrangement in the form of a «lattice». Other typical
features are the absence of inflammatory infiltrate and the
presence of mucin. Both segmental and generalized SSS
have similar diagnostic histopathological features [6, 9].

Thetreatmentof patients with SSSis a challenging task,
as there are currently no standardized recommendations
for the management of such patients. Given the rarity
of this disease and the similarity of its skin manifestations
to scleroderma, a significant proportion of patients
receive a misdiagnosis during initial consultations with
pediatric rheumatologists, leading to the prescription
of immunosuppressive therapy. However, studies
show, that the administration of topical and systemic
glucocorticosteroids, cytostatics, phototherapy and
immunoglobulin administration is empirical and does
not yield positive results [1, 6, 10]. The literature also
describes isolated attempts to use antifibrotic drugs that
affect TGF-B and IL-17 signaling pathways (specifically
mycophenolate mofetil, losartan, and secukinumab)
to slow disease progression [11]. Nevertheless, these
treatment methods do not lead to the regression
of already formed skin lesions and contractures and
a convincing evidence base regarding their efficacy and
safety in SSS in pediatric practice is currently lacking.
At the same time, non-pharmacological treatment, such
as physiotherapy, proves to be important in the prevention
of muscle contractures and is capable of improving joint
mobility [1, 4, 6, 10].
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YNOBINbHEHHA NporpecyBaHHs 3axsoptoBaHHs [11]. MpoTte
OaHi MeToam NiKyBaHHS He NPU3BOAATL OO perpecy Bxe
ChOPMOBAHNX YPaKEHb LLKIPW Ta KOHTPAKTYp, a NepeKoH-
nvBa gokasoBa 6a3a wopao ix edpekTMBHOCTI Ta 6e3nekn
npn CXKL y negiaTpuyHi npakTuui Hapasi BiACYTHS.

B Ton xe yac HemeOMKaMeHTO3He IliKyBaHHSl, Take
AK isioTepanisi, BUABNSETLCS BAXNIMBUM Y NpodinakTmui
M’SI30BMX KOHTPAKTyp Ta 34aTHe MOKpaLuUTU pyXnMBICTb
cyrnob6is [1, 4, 6, 10].

Bpak iHdhopmalii npo nepebir xsopobu y aiten, obme-
XKEHICTb AOCTYMHUX METOAIB fiKyBaHHA Ta HeBU3Haye-
HICTb MPOrHO3Yy 3yMOBMOKOTbL BUCOKY KMiHIYHY 3HAYYLLICTb
KOXHOrO peTernibHO ONMcaHoro BUMagaky.

MeTa po60Tu — nNpeacTaBUTK YHIKaNbHWUIA KNiHIYHWIA
BMMNagoOK CUHAPOMY >XOPCTKOI LUKIpU Y AUTUHKU B YKpaiHi
3 geTanbHUM aHarmi3oM KhiHiYHUX MpOsBIB, iHCTPYMEH-
TanbHWX Ta NabopaTopHNX MeToAIB AOCNIAXKEHHS, aude-
PEeHUINHOI AiarHOCTMKM Ta e(eKTUBHOCTI NpoBeAEeHOro
niKyBaHHS.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Martepiann pocnigpkeHHs 6a3yBanucst Ha peTpoCnek-
TMBHOMY aHanisi KniHiYHOro CrocTepexXeHHs 3a AUTUHO
3 ¢heHotunomm nposieamu CXKLLU. [Ons BCTaHOBMEHHS
fjarHo3y  BMKOPUCTOBYBANUCS  KIiHiKO-aHaMHECTUYHi
OaHi, pesynsratv NnabopaTopHMX Ta iHCTPyMEHTanbHUX
METOAIB AocnimkeHHs. isvKkanbHi MeToau BKAOYanu
OLiHKY i3VYHOrO pPO3BUTKY, CTaHy LUKIpU Ta NigLuKip-
HO-XXMPOBOI  KNITKOBUHK, M'SI30BOTO  TOHycy, obcsary
aKTMBHUX Ta NACMBHUX PYXIiB y KiHLIBKaX, HAsBHICTb Yy HUX
KOHTpakTyp. JlabopaTopHi MeToamn, OKpiM CTaHOapTHUX
3aranbHOKIIHIYHMX Ta OioxiMiYyHMX aHanisiB, BKIOYanNu
JOCnimKeHHS  cneundiyHnX MapkepiB  peMoaentoBaHHSA
CMOMYYHOI TKaHWHWU, MIO3UTHOTO MPOINto Ta KOMMeKcHe
iMyHOMOriYHe TecTyBaHHSA. |HCTpyMeHTanbHa fAiarHoc-
TUKa BKHOYana ynbsTpa3ByKoOBE AOCHIAKEHHS BHYTPILLHIX
opraHiB Ta cyrnobiB, peHTreHorpadgito, enekTpomiorpadito,
MarHiTHo-pe3oHaHcHy Tomorpadito (MPT) M'SKMX TKaHWH,
Gioncito Ta ricTonoriyHe OOCNIMKEHHS LWKIpM Ta M'A3iB.
[liarHo3 BCTaHOBMEHO Ha NiACcTaBi MOro KNiHIYHMUX KpUTEPIiB
Ta AndepeHLUinHo-AiarHoCTUYHOTO aHaniay.

PE3YABTATU

Xnonuuk, 7 pokiB, OyB rocnitanisoBaHui 0o kapgio-
peBMaTonoriYHoro BigAineHHs 3i ckapramu Ha yLUiNbHEHHSA
LWKipY Ta NIALKIPHO-XMPOBOI KMNITKOBMHW Ha CiOHWLUAX,
CMWHI, CTerHax Ta BepxXHiX KiHLiBKax, 0OMeXeHHs pyxiB
B KiHLiBKax Ta MOPYLUEHHS XOaMW.

3 aHamMHe3y 3axBOpHOBaHHS BiAOMO, LLO YLUiNIbHEHHSA
Ta ByrpuCTICTb LKIpU 3'ABUNMUCA 3 MOMEHTY HapOOXKEHHS
Ha CigHWUUSX, SIKi MoYany NocTyrnoBO PO3MOBCHOAXKYBaTUCA
Ha HWXKHI KiHUIBKM OO KOMiHHOro cyrnoba, notim Ha cTtonu
Ta Ha CNWHY A0 HWXHBOTO Kpato NonaTtku, BEPXHi KiHLiBKM
00 kucten. Ha nepLluomy poui XWUTTS XMOMYMK cnoctepi-
raBcsi OpToNneaoM 3 NpMBOAY BKOPOYEHHS NPaBoi KiHLIBKM.
MoctynoBo novanu 3miHOBaTUCA Xoda (Tak 3BaHa
«KayumHa xoda») Ta mnocTaea (3'BMBCS CKOMio3 y rpya-
Homy BigAini xpebTa Ta rinepnopaos). byno BctaHoBNEeHO
fiarHo3 cknepogepma bylwike Ta po3noyarto nikyBaHHA
MeToTpekcaToM y [o3i 15 mr/mM?, a TakoX npoBedeHo
3 Kypcu nynbc-Tepanii METUNNPEAHI30NIOHOM 3 MiHi-
ManbHUM NO3UTUBHUM e(DEKTOM.

The lack of information about the course of the disease
in children, the limited availability of treatment methods
and the uncertain prognosis determine the high clinical
significance of every carefully described case.

Objective — is to present a unique clinical case
of stiff skin syndrome in a child in Ukraine with a detailed
analysis of clinical manifestations, instrumental and
laboratory research methods, differential diagnosis, and
the effectiveness of the performed treatment.

MATERIALS AND METHODS

The research materials were based on a retrospective
analysis of the clinical observation of a child with phenotypic
manifestations of SSS. Clinical and anamnestic data,
results of laboratory and instrumental research methods
were used to establish the diagnosis.

Physical examination included assessment of physical
development, condition of the skin and subcutaneous fat,
muscle tone, volume of active and passive movements
in the limbs and the presence of contractures. Laboratory
methods, in addition to standard general clinical and
biochemical analyses, included the study of specific
markers of connective tissue remodeling, myositis
profile and complex immunological testing. Instrumental
diagnostics included ultrasound examination of internal
organs and joints, radiography, electromyography,
magnetic resonance imaging (MRI) of soft tissues, biopsy,
and histological examination of the skin and muscles. The
diagnosis was established based on its clinical criteria
and differential diagnostic analysis.

RESULTS

A T7-year-old boy was hospitalized to the
cardiorheumatology  department  with  complaints
of induration of the skin and subcutaneous tissue on the
buttocks, back, thighs and upper limbs, limited movement
in the limbs, and gait disturbance.

The medical history indicates that induration and
bumpiness of the skin appeared from birth on the buttocks,
which gradually began to spread to the lower limbs up to
the knee joint, then to the feet and to the back up to the
lower edge of the scapula, and the upper limbs up to the
hands. In the first year of life the boy was observed by an
orthopedist due to shortening of the right limb. Gradually,
gait abnormalities (waddling gait) and postural changes
developed, including thoracic scoliosis and hyperlordosis.
In April, the diagnosis of Scleredema Buschke was
established and treatment with methotrexate at a dose
of 15 mg/m? was initiated along with three courses
of methylprednisolone pulse therapy, with minimal clinical
improvement.
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3 aHamHesy XUTTs BigoOMO, WO AMTUHA Hapoaunacs
Bi N'ATOI BariTHOCTI, Ha TNi 3arpo3n nepepuBaHHs,
3 MpuBOAY YOro MaTip OTpumyBana 3amiCHy Tepanito
nporecTepoHOM MPOTArOM BCbOro nepiogy BariTHOCTI;
Apyrux nonoris B TepmiHi rectauii 40 TuxHiB, 3 mMacoro
4200 r Ta goBxuHo Tina 53 cm. Xnonymk 3HaxoamnBcst
Ha rpyAHOMY BUrofoByBaHHI [0 6 MicauiB. 3 paHHLOro
BiKy cnoctepiranocs npucKopeHHs (i34HOro PO3BUTKY.
B 1 pik autuHa Baxuna 12 kr Ta mana OOBXMHY Tina
81 cm. MepeHeceHi xBOpoOU: rocTpi pecnipaTopHi 3axBo-
ptoBaHHs1, poTaBipycHa iHdeKLUiqa Ta BiTpsiHa Bicna. Bakuu-
HOBaHWI 3a rpadpikom npodpinakTnyHux Wwennexs. MNpoba
MaHTy B NOTOMHOMY poLi — HeraTueBHa. AneproaHamHes
Ta CNagKoBiCTb He 06TsKeHi. B aHamHesi Byno xipypriyHe
BTPYYaHHS 3 NpuBoay kpuntopxiamy: B 2022 poui — H13Be-
AeHHs Ta dikcauis npasoro sedka, B 2023 poui — niBoro
siedka. Xnonuuk nepebyBae Ha AMCNaHCEpPHOMY OOniKy
B €HOOKPUHOMOra 3 NPMBOAY MraHTU3My Ta OXUPIHHS.

OG’ekTMBHO npuW rocnitanisadii: 3aranbHWiA cTaH
OUTUHW CEePefHbOro CTYNEeHs TSHXKKOCTI. Xnonyuk rinep-
CTeHi4yHOI Tinobynosu: 3pict — 136 cm (+3,07 SD), maca
Tina — 36,5 kr (+2,7 SD), iHgekc macu Tina — 19,7 kr/m2.
®isnyHMM po3BUTOK Bignosigae 9 pokam. Xoga nopy-
lWeHa — «KauuHay, AUTUHA Kynbrae, obmexeHi pyxu
B BEPXHIX Ta HWXHIX KiHUiBKax. ACUMETPIS OOBXWUHU
HWDKHIX KIHLIBOK: npaBa KiHuiBKa KopoTwa 3a nisy. Bigmi-
YaeTbcs acumeTpis obBogy CTeroH: o6Big npasBoro
cterHa — 42,5 cwm, nisoro — 41,5 cm, a Takox Haxun Lui,
rinepnopgos nonepekoBoro Ta CKONio3 rpygo-nonepeko-
BOro Bigginy xpebra (puc.1).

LLkipa Ha cigHUUAX, cTerHax, NpoKcMMarnbHUX Bigainax
BEPXHIX | HMXKHIX KIHLIBOK, HVXHIA YacTuHi Tyny6a, none-
PEKOBO-KPWKOBOI  [iMSAHKM  yLWinNbHEHa, MiLUHO MoB’sa-
3aHa 3 nignernMMu TkaHuHamu, Gyrpucta, 6esbonicHa,

From the medical history it is known that the child was
born from the fifth pregnancy, which occurred against
the background of a threat of interruption, for which the
mother received progesterone replacement therapy
throughout the entire period of pregnancy; the second
birth at a gestation period of 40 weeks with a weight of
4200 g and a body length of 53 cm. The boy was breastfed
until 6 months. Accelerated physical development was
observed from an early age. At 1 year the child weighed
12 kg and had a body length of 81 cm. Past illnesses: acute
respiratory diseases, rotavirus infection, and chickenpox.
Vaccinated according to the schedule of preventive
vaccinations. Mantoux test in the current year is negative.
Allergic history and heredity are not burdened. There was
a surgical intervention for cryptorchidism in the history:
in 2022 — descent and fixation of the right testicle,
in 2023 — of the left testicle. The boy is under dispensary
observation by an endocrinologist for gigantism and obesity.

Objectively upon hospitalization: the general condition
of the child is of moderate severity. Gait is impaired —
waddling, the child limps, movements in the upper and
lower limbs are limited. Asymmetry of the length of the
lower limbs: the right limb is shorter than the left. Asymmetry
of the thigh circumference is noted: circumference of the
right thigh — 42.5 cm, left — 41.5 cm. Neck tilt, lumbar
hyperlordosis, and thoracolumbar scoliosis. The boy is of
hypersthenic physique: height — 136 cm (+3.07 SD),
weight — 36.5 kg (+2.7 SD), body mass index — 19.7 kg/m?.
Physical development corresponds to 9 years (Fig. 1.).

The skin on the buttocks, thighs, proximal parts
of the upper and lower limbs, lower part of the torso,
and lumbosacral region is indurated, tightly connected
to the underlying tissues, bumpy, painless, and the local
temperature is not changed (Fig. 2.). Hair and nails are

Puc. 1. linepnopgo3 nonepekoBoro Biaainy xpe6ta
Fig. 1. Lumbar hyperlordosis of the spine
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nokanbHa TemnepaTtypa He 3MiHeHa (puc. 2). Bonoccs
Ta HirTi He 3MiHeHi. Bugumi cnv3oBi 060MoHKM poXeBi,
BOMOri, YMCTi. A3nk obknageHui 6inum HansoToM. Murga-
nvKM HesbinblueHi, 6e3 HanboTiB. BigMiyaTbcs KOHTP-
aKkTypu 3 NOPYLEHHAM (YHKLii KOMIHHUX, FOMINKOBUX,
nneyoBMx cyrnobis, niBOro MNpPoOMeHeBO-3an’ACTKOBOrO
cyrnoba 3a paxyHOK YLUINbHEHHS LUKIpW, NiOLWKiPHO-XN-
POBOI KMITKOBUHM Ta M’A3iB. [lanbnyloTbca NOOAMHOKI
OpibHI nepudepunyHi nimdaTnyHi By3nu (LWWIAHI Ta nigLe-
nenHi), 6e3bonicHi, pyxnuBi, He cnasHi MiX coboto.
AyCKynbTaTUBHO B NEreHsAX AUXaHHSA BE3UKYNSIPHE, XpUnu
BiACYTHi, MEPKYTOPHO — SICHUN fereHeBuin 3BYK. TOHWU
cepust ryyHi, puTMidHI. XKuBIT 3gyTuiA, YyTIMBMIN HABKOIO
nynka Ta B eniracTpanbHii AinsHi, AOCTYNHWUIA MUBOKIN
nanbnadii. MNeviHka He BWXoAMTb 3 nig Kpakw npasoil
pebepHoi Ayru, cenesiHka He nanbnyeTbcsi. Bunopox-
HeHHs1 perynspHi, 6e3 naTonoriyHnx JOoMiwok, cdopmo-
BaHi. [liypes gocTaTHiii, ceqoBunyckaHHs 6esbonicHe.

not changed. Visible mucous membranes are pink, moist
and clean. The tongue is coated with a white film. Tonsils
are not enlarged, without plaques. Contractures are noted
with impaired function of the knee, ankle, shoulder joints,
and left radiocarpal joint due to induration of the skin,
subcutaneous fat, and muscles. Single small peripheral
lymph nodes (cervical and submandibular) are palpable,
painless, movable and not fused together. Auscultatory,
breath sounds in the lungs are vesicular, rales are absent,
percussively — clear lung sound. Heart sounds are loud,
rhythmic. The abdomen is bloated, sensitive around the
navel and in the epigastric region, accessible to deep
palpation. The liver does not extend beyond the edge
of the right costal arch, the spleen is not palpable. Stools
are regular without pathological admixtures and formed.
Diuresis is sufficient, urination is painless.

Puc. 2. YWinbHeHHs LWKipy NonepeKkoBO-KPWKOBOI AINSHKM 3 yTBOPEHHSAM MOMnenepyHnx cknagok
Fig. 2. Induration of the skin in the lumbosacral region with the formation of transverse folds

3a gaHumy nabopaTopHMX AOCHIAXEHb HEe BUSIBIIEHO
3anarnbHUX 3MiH Y 3aranibHOMY aHanisi KpoBi.

KpeatuHdpocdokiHaza — 43 Oa/n (N = 39-308 Oa/n),
25-rigpokcmsitTamin-[ — 15,52 Hr/mn (N = 30-50 Hr/mn).

MioautHuin npodine: Mi-2 aHtuTina IgG (mapkep igio-
naTtu4yHoro Miosmty) — HeratuBHumn, Ku (mMapkep noeg-
HaHHS cknepogepmii Ta nonimMiosnTy) — HeraTuBHWUWN,
komnnekc PM-Scl (mapkep cknepopepmii) — HeraTuBHWUIA;
rictnamn-TPHK-cuHtetasa (Jo-1) — HeratvmBHa; Tpeo-
HiN-TPHK-cuHTeTasa (PL-7) — norpaHudHa; ananin-tP-
HK-cuHtetasa (PL-12) — HeratuBHa; Ring-sanexHa
E3 nirasa (Ro-52) — HeratueHa; ANA, Scl-70 — 0,8 U/ml,
aHTuHykneapHi aHtutina (ANA) — HeraTuBHiI.

IMyHOnoriyHe JOCMifAXeHHS — B MeXax BiKOBOi HOpMU
(IgG =11,0 r/n, IgA = 0,34 r/n, IgM = 1,03 r/n).

AHTuTIina go ogHonaHutorooi AHK — 0,33 (Hopma),
aHTuTina go asonaHutorosoi AHK — 0,39 (Hopma).

EnekTtpokapgiorpama: putM CUHYCOBWIA, BEPTUKaNbHe
MONOXEHHS1 eneKTPUYHOI BiCi cepus, HenoBHa Onokaga
npasoi HixKu ny4ka lica.

Exokapgiorpadis: cuctoniyHa yHKUiS  Miokapaa
NiBOroO LWYyHOYKa He nopylleHa (dpakuis Bukmuay = 64 %).

3a gaHuMKn ynsTpasByKOBOIO AOCHIKEHHS OpraHis
YepeBHOI NMOPOXHUHW BUSIBMEHI O3HAKN peakTUBHUX 3MiH
napeHxiMu neviHku, renatocnineHomMeranii.

According to laboratory tests no inflammatory
changes were found in the complete blood count.
Creatine phosphokinase — 43 U/L (N = 39-308 UI/L),
25-hydroxyvitamin D — 15.52 ng/ml (N = 30-50 ng/ml).

Myositis  profile: Mi-2 antibodies 1gG (marker
of idiopathic myositis) — negative, Ku (marker of the
combination of scleroderma and polymyositis) — negative,
PM-Scl complex (marker of scleroderma) — negative;
histidyl-tRNA synthetase (Jo-1) — negative; threonyl-tRNA
synthetase (PL-7) — borderline; alanyl-tRNA synthetase
(PL-12) — negative; Ring-dependent E3 ligase (Ro-52) —
negative; ANA, Scl-70 — 0.8 U/ml, antinuclear antibodies
(ANA) — negative. Immunological study — within the age
norm (IgG = 11.0 g/L, IgA = 0.34 g/L, IgM = 1.03 g/L).
Antibodies to single-stranded DNA — 0.33 (normal),
antibodies to double-stranded DNA — 0.39 (normal).
Electrocardiogram: sinus rhythm, vertical position of the
electrical axis of the heart. Incomplete right bundle branch
block. Echocardiography: left ventricular myocardial
systolic function is not impaired (ejection fraction = 64%).

According to the ultrasound examination of the
abdominal, signs of reactive changes in the liver
parenchyma and hepatosplenomegaly were found.
Ultrasound examination of the joints revealed signs
of reduced cartilage height, exudative-proliferative
synovitis of the knee joints, and insignificant exudative
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YnbTpa3BykoBe OOCHIMKEHHS CyrnobiB BUSIBUMO O3HAKM
3HWKEHHA BMUCOTM XpALa, ekcyaaTuBHO-Nponidepatms-
HOrO CMHOBIITY KOMIHHMX CYrno6iB, HE3HAYHOrO eKkcyaaTuB-
HOMoO CWHOBIITY MPaBOro rominkoBoro cyrro6a. KynbLuosi
Ta NPOMEHEBO-3aM’ICTKOBI Cyrrnobu 6e3 NaTonoriyHnx 3miH.

3a pgaHumMu rmobanbHoi enekTpomiorpadii B obcTe-
XKEHUX M’f3ax  enekTpoHerpomiorpadivHi  natepHu,
XapakTepHi Ans nporpecyroyol  M’si30BOI  ANCTpOii,
He 3apeecTpoBaHi. CnocTepiraeTbCa 3HWXKEHHA amnni-
TYOW CKOPOYEHHS BEMNMKMX | Manux M’'s3iB 6e3 HasiBHOCTI
CMOHTAHHOI aKTUBHOCTI.

3a JaHUMKU pPEHTTeHOMNOrYHOro AOCHIAXEHHST KUCTI
KICTKOBUI BiKk AUTWUHM BignoBigae 7 pokam.

PeHTreHorpadis uyepena: Typeupka cignosuHa 6e3
NaTonoriYHMX 3MiH, KICTKOBO-TPaBMaTUYHUX Ta AECTPYK-
TUBHUX 3MiH HE BUSIBMEHO.

FicmonoziyHe OocnidXeHHs wWKipu ma Mm’s3ie:
enigepmic 3 nposiBamy rinepkeparosy, HasBHa kepa-
TMHOBa MikpokicTa. B 6asanbHomy Lapi Bigmiva-
€TbCSA HEPIBHOMIPHWUI Habpsik Ta ocepeakoBui (ibpos.
B noeepxHeBuX BigAinax Aepmun cnoctepiraeTbCs CKyaHa
nepmsackynsipHa  nimdorictiountapHa  iHdineTpauis.
B GinbLw rmubokux Bigginax AepmMu BU3HAYaOTbCS OELO
MOTOBLLUEHI KOnareHoBi BOJOKHA, MOMIK SIKMX HasiBHa
36inblieHa Kinbkictb ¢ibpobnacTis. MNoToBLeHi konare-
HOBi BOMOKHa MOLUMPIOTLCA B MiALIKIPHY XWUPOBY KIIiT-
KOBUHY, 3HAYHO HWXYe KiHLEeBUX BiadiniB NoToBMX 3anos.
Mpy 3abapereHHi KOMOiAHWMM 3ani3oM BK3HAYaETbCA
NMOMipHE HaKOMUYEHHST MYLIHY.

lpu npoeedeHHi iMyHO2icmoximiyHo20 [ocni-
OxeHHs CD34-no3nTnBHO 30epekeHi KNiTMHW BU3Ha4Yanmcs
B YCiX LWapax Aepmu, Lo Aano 3Mory BUKIOYUTM diarHo3
cknepoaepmii. Buasnanucsa nooguHoki, andysHo posTa-
wosaHi CD68-no3ntusHi Makpodarn. Y peakuii 3 aHTuTi-
namn OO rMagKkoM’aA30BOrO akTuHy-anbda Mno3WTUBHICTb
BiA3Hayanacs y CTiHKax CyauH Ta M’A3ax, WO NigHiMaloTb
Boroccsi. [icTonoriyHo B gocnimkyBaHomy GionTati M'si3a
crnocrepiranucsa  iHTepcTulianbHuiA  Habpsik,  AucTpodist
Ta ocepefkoBa rinepnnasis OKpeMux MIOUMTIB, a TaKoX
BOrHULLEBA NiMdoumTapHa iHinsTpauis ctpomu (puc.3).
Takum 4nHOM, onmcaHa MopdONoriYHa KapTuHa € xapak-
TEPHOIO ANs BpomkeHo! dacumansHoi aunctpodii (CXKLL).

synovitis of the right ankle joint. Hip and radiocarpal joints
were without pathological changes.

According to surface electromyography,
electroneuromyographic patterns characteristic
of progressive muscular dystrophy were not registered
in the examined muscles. A decrease in the amplitude
of contraction of large and small muscles is observed
without the presence of spontaneous activity.

According to X-ray examination of the hand, the child’s
bone age corresponds to 7 years. Skull radiography:
the sella turcica is without pathological changes, bone-
traumatic and destructive changes were not detected.

Histological examination of the skin and muscles:
the epidermis shows signs of hyperkeratosis, with
a keratin microcyst present. Uneven edema and focal
fibrosis are noted in the basal layer. Sparse perivascular
lymphohistiocytic infiltration is observed in the superficial
parts of the dermis. In the deeper layers of the dermis,
slightly thickened collagen fibers are determined,
among which a slightly increased number of fibroblasts
are present. Thickened collagen fibers extend into the
subcutaneous adipose tissue, significantly below the
terminal parts of the sweat glands. Moderate accumulation
of mucin is determined with colloidal iron staining.

During immunohistochemical examination with
CD34 antibodies: CD34-positive preserved cells are
observed in all layers of the dermis, which excludes the
diagnosis of scleroderma. Single diffusely located CD68-
positive macrophages are determined. When reacting
with antibodies to smooth muscle actin-alpha: the walls
of the vessels and the muscles that raise the hair were
positive for this marker.

Histologically in the examined muscle biopsy, interstitial
edema, dystrophy, and focal hyperplasia of individual
myocytes are noted. Focal lymphocytic infiltration of the
stroma (Fig. 3.).

Thus, such a morphological picture is characteristic
of congenital fascial dystrophy (SSS).

Puc. 3. Mpenapart rictonoriyHoro AocnigkeHHs Wkipy (rinepkepatos, Habpsik Ta ocepenkoBuin didbpos)
Fig. 3. Histological examination preparation of the skin (hyperkeratosis, edema and focal fibrosis)

3a gaHmmn MPT M’SIKMX TKaHWH CIOQHWUYHOI OiNaHKW
Ta CTEroH NiATBEPMKEHO AUMDY3HE YLiNbHEHHSA LWKipW
CIOHWYHOI OiNsIHKM Ta He BUSIBNIEHO O3HAaK eKCTpakyTaH-
HOro MOLUMPEHHS, 30KpeMa 3anyyeHHHsa dacuii cTerHa
Ta CigHUUb.

According to MRI of the soft tissues of the gluteal region
and thighs, diffuse induration of the skin of the gluteal
region was confirmed, and no signs of extracutaneous
spread, including the involvement of the fascia of the thigh
and buttocks were found.
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[undbepeHuinHnii giarHo3 NpoBOAUBCS MiXK FOBEHINBHOO
CUCTEMHOIO CKNepoaepmieto, cknepogepmoto  byuike,
CKIepoaepmMaTomiosnTomM, AncY3HUM e03UHOQINbHUM
dacumiToM Ta iHWUMKU CKNepoaepmMonoaibHMMKU 3axBo-
PrOBaHHSAMM.

lOBeHinbHa cucteMHa cknepoaepMis Ha  BiAMiHY
Bia CXKLU xapakTepu3yeTbCA BOTHULLEBUM YPaKEHHAM
WKipn 3 hOpMyBaHHAM remMipopm, HaSABHICTIO BOTHULL
rinep- i rinonirmeHTauii; creptum cuHgpomom PenHo,
CcyrnoboBvM CUMHOPOMOM 3 PO3BUTKOM KOHTPAKTYP;
BicLieparnbHOIO NaToNori€l0 3 HEBUPAXEHUMU KNiHIYHUMN
nposiBaMu, sika B OCHOBHOMY MPOSBASETLCA (PYHKLiO-
HanbHUMKU 3MiHamu 3 GOKy OpraHiB i cuctem; cepenHim
CTyneHeM aKTUMBHOCTI ayTOIMyHHOrO 3anarnbHoro npowecy
(rinoxpomMHa aHeMmisi, NiABULLEHHST LUBWMAKOCTI OCidaHHA
epuTpoLMTIB Ta TUTPY aHTUHYKNeapHuUX aHTutin) [12].

[Onsa cknepogepmn bBywike Ha BigmiHy Big CXLW
XapakTepHUi  panToBMW  NOYATOK, HKOMY Hepigko
nepeaye iHgekuis BEepxHiX AuxanbHUX LWNsxiB, iHOY-
paTMBHE YpPaXKEHHS TKaHWH LWKi, 0BnnM4ysi, BEpPXHbOro
BigAiNy rpyaen i3 4OMiHyBaHHAM NaToONoriYHOro npolecy
B NIALLKIPHIN KNiTKOBWHI [13].

CknepogepmatomiosnT — Le overlap-cuHgpom 3 o3Ha-
Kamun 0epmaTtoMio3uTy Ta CUCTEMHOI CKNepoaepMii, SKui
3a3BuYari NPOSABMSETLCA apTpanriaMu, apTpuTtom, CKre-
pPOLEPMOIOHNMU  YPaXKEHHSIMU  LUKIPU Ta OOMEXEHHSIM
cyrno6is. OcobnuBocTaAMU, LLO BiAPI3HSAOTL LIe CUHAPOM
Big CXKLL, € 03HakM ypaxeHHs M’'a3iB (NiABULLEHHS PiBHA
KpeaTnHdOoCcOokKiHa3M B cupoBaTLi KpOBi Ta aHOMarnbHa
enekTpomiorpadisi), HasiBHICTb ayTOAHTUTIN Ta MikpoaH-
rionaris [14].

OndbysHnin eosnHodinbHUA dacumiT Ha BigMiHY Big
CXL nposiBnsieTbcst 6oMto4MM Ta NPOrpecyroynM yLLinb-
HEHHSAM LUKIpW, 3a3BUYail OUCTanbHUX AINSHOK KiHLIBOK,
WO  TFiCTOMOMYHO  XapakTepu3yeTbCs  MOTOBLUEHHAM
M’S130B0I pacLii BHacnigok po3suTKy ¢ibposy Ta nepvsa-
CKYNAPHUX IHINBTPAaTIB, WO CKNagatoTbest 3 NiMAOigHNX,
nnasMaTuyHUX KNiTUH Ta TiCTIOUMTIB i3 HasiBHICTIO €03UHO-
iniB; 3rMHaNbHUMM KOHTPAKTypamu, LLO HepigKo nNpusBo-
O49Tb 0O HEBPOMOriYHOI CUMNTOMATUKM Yepe3 CTUCHEHHSA
HEepBOBMX BOMOKOH (Hampuknag CUHAPOM 3ar’siCTKOBOrO
KaHany); no4aTkoM 3axXBOPHOBaHHS Nicrns pis4HOro HaBaH-
TaXKeHHs!, HagMipHOi iHconsuii abo nepeoxonomKeHHs;
eosnHodinieto nepndepunyHoi kposi (Ao 50-60%), rinep-
ramarnobyniHemieto (8o 30%); LWBMOKMUM TepaneBTUHHUM
ebekToM Bi rMIOKOKOPTUKOIAHOI Tepanii [15].

TakMM 4MHOM, BpaxoBykuM ckapru Ha GesbornicHe
YLWiNbHEHHS Ta OyrpucTicTb LWKipW, NigLWKIPHO-KNMPOBOT
KNITKOBUHM Ha CigHWUSX, MpOKCUMMarnbHMX Bigginax
BEPXHIX i HVKHIX KiHLIBOK, HWXHIN YacTuHi Tynyba, none-
PEKOBO-KPUKOBOI OiNsIHKN; OOMEXEHHSI pyxiB B KiHLIiBKax
Ta MOPYLUEHHA XOOW; PaHHIM noyatok Ta MOCTynoBe
MporpecyBaHHs 3axBOPIOBAHHS; aCUMETPII0  [OBXUHM
HKHIX KiHUiBOK Ta oOBoAy CTEroH, Haxun Lwwui, rinep-
NOpA03 MOMepPeKoBOro Ta CKOMio3 rpyao-nonepekoBoro
Bioainy xpebTa; ynsTpa3ByKoBi 03HAKM CUHOBIITY KOMiHHMX
Ta NpaBoro roMinkoBoro cyrroGiB Npu BiACYTHOCTI O3HaK
ayTOIMYHHOrO 3ananbHOro MpoLuecy Ta ypaXxeHHA M’si3iB
(HopmanbHUIM piBeHb KpeaTHGOCHOKIHA3M B cupoBaTLi
KpOBi Ta HOpMarnbHa enekTpomMiorpaqis); HeePeKTUBHICTb
CUCTEMHOI TTIOKOKOPTUKOCTEPOIAHOI Ta LMTOCTaTUYHOI
Tepanii; XapakTepHi riCTOMOriYHi O3HaKu rinepkepaTosy
enigepmica, ibposy, nepuBackynsipHoi nimdoricTio-
UMTapHoOI iHINbTpaLii, NOTOBLLEHI KOrareHoBi BOMOKHA
B OepMi Ta B MiALUKIPHIA XXMPOBIA KNITKOBUHI, (peHOMeH
«MraBaktoyoro  KonareHy», AOWTUHI OyB  BUCTaBMEHWUIA

Differential diagnosis was carried out between
juvenile systemic scleroderma, Scleredema Buschke,
sclerodermatomyositis, diffuse eosinophilic fasciitis, and
other scleroderma-like diseases.

Juvenile systemic scleroderma, unlike SSS,
is characterized by focal skin lesions with the
formation of hemiforms, the presence of hyper- and
hypopigmentation; mild Raynaud’s syndrome, articular
syndrome with the development of contractures ; visceral
pathology with unexpressed clinical manifestations which
mainly manifests as functional changes from the side
of organs and systems; a moderate degree of activity
of the autoimmune inflammatory process (hypochromic
anemia, increased erythrocyte sedimentation rate and
antinuclear antibody titer) [12].

Scleredema Buschke, unlike SSS, is characterized
by sudden onset often preceded by an upper respiratory
tract infection, indurative tissue damage of the neck, face
and upper chest with the dominance of the pathological
process in the subcutaneous tissue [13].

Sclerodermatomyositis is an overlap syndrome with
signs of dermatomyositis and systemic scleroderma, which
usually manifests as arthralgia, arthritis, sclerodermoid
skin lesions, and joint limitation. Features that
distinguish this syndrome from SSS are signs of muscle
damage (increased serum creatine phosphokinase
level and abnormal electromyography), the presence
of autoantibodies, and microangiopathy [14].

Diffuse eosinophilic fasciitis, unlike SSS, manifests
as painful and progressive induration of the skin
usually of the distal parts of the limbs; histologically
characterized by thickening of the muscle fascia due
to the development of fibrosis and perivascular infiltrates
consisting of lymphoid, plasma cells and histiocytes with
the presence of eosinophils; flexural contractures which
often lead to neurological symptoms due to compression
of nerve fibers (e.g., carpal tunnel syndrome); onset of the
disease after physical exertion, excessive insolation
or hypothermia; peripheral blood eosinophilia (up to
50-60%), hypergammaglobulinemia (up to 30%); rapid
therapeutic effect from glucocorticoid therapy. [15].

Thus, considering the complaints of painless
induration and nodularity of the skin and subcutaneous
adipose tissue on the buttocks, proximal parts of the
upper and lower limbs, lower part of the torso, and
lumbosacral region; limited movement in the limbs and
gait disturbance; early onset and gradual progression
of the disease; asymmetry of the length of the lower limbs
and thigh circumference, neck tilt, lumbar hyperlordosis,
and thoracolumbar scoliosis; ultrasound signs of synovitis
of the knee and right ankle joints in the absence of signs
of autoimmune inflammatory process and muscle
damage (normal serum creatine phosphokinase level and
normal electromyography); ineffectiveness of systemic
glucocorticosteroid and cytostatic therapy; characteristic
histological signs of epidermal hyperkeratosis, fibrosis,
perivascular lymphohistiocytic infiltration, thickened
collagen fibers in the dermis and subcutaneous adipose
tissue and the «floating collagen» phenomenon , the
clinical diagnosis established for the child was: Congenital
progressive fascial dystrophy (SSS) with extracutaneous
lesions (arthritis of the knee, ankle, left radiocarpal joints,
flexural contracture of the elbow joints, left radiocarpal
joint). Lumbar lordosis of the spine.

The prescribed trial anti-inflammatory and cytostatic
therapy was ineffective in this patient, which is consistent
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KNiHiYHWMI giarHo3: BpoaeHa nporpecytoda daclianbHa
anctpodia (CXKLL) 3 nosaLukipHUMKN ypaxeHHAMN (apTpuT
KOMiHHMX, FOMINKOBUX, NiBOr0 NPOMEHEBO-3am’ iCTKOBOrO
cyrnobiB, 3rvHanbHa KOHTpaKTypa MikTbOBMX Cyrnobis).
TNoppo3 nonepekosoro Biaainy xpebTa.

MpusHaueHa npobHa npoTusananbHa Ta LUMUTOCTa-
TUYHa Tepania BuABMMNACb HeedEKTMBHOK Yy [aHoro
nauieHTa, WO Y3rofKyeTbCs 3 NiTepaTypHUMN OaHUMW.
[nTuHa oTpMmye cumnToMaTnyHe Ta disioTepaneBTnyHe
NiKyBaHHS, LLIO HE3HAYHO NOKPAaLLYE i AKICTb XUTTS.

OBrOBOPEHHA

MpencTtaBneHnin KNiHIYHWI BUNAAOK MOBHICTIO y3rod-
XYETbCHA 3 TUMOBO ONMUCAHUMW B MiTepaTypi xapakTepuc-
Tvkamu nowmpeHoro CXKLLU, 3okpema — paHHin gebtot
3aXBOPIOBAHHS, MOBIMbHO MPOrpecytde  «Kam'sHUCTE»
YWINbHEHHS  LWKIpW, nNepeBaXHe YpaXeHHs CigHWub,
NpoKcMManbHUX BiaAiniB KiHUiBoK i Tyny6a. HasBHicTb
nocTypanbHWX NopyLLUeHb (rinepnopaos, ckorios), acume-
TPii AOBXWHM KIHLIBOK Ta «KayMHOI» XOoOW Yy NpeacTas-
MEHOro naujeHTa € HacrigkoM BTOPWHHOIO 3aryyYeHHsi
OMOpPHO-PYXOBOrO anapary, Lo TakoX Heo4HOPa30oBO
onucyeanocst y AiTen i3 TSKKkMM nepebirom 3axBopio-
BaHHS. BaxnvBow AiarHOCTUYHOK O3HAKOK Yy [aHOro
nauieHTa € BiACYTHICTb O3HaK CUCTEMHOrO 3anareHHs,
iIMYHOMOTiYHMX MOpPYLUEHb Ta BiCLEPanbHOr0 ypaXkeHHs,
IO [03BOMUIIO BUKIOYUTA IOBEHIMbHY CUCTEMHY CKre-
poaepmito, OepmMaToMio3MT Ta iHWi cKnepogepMono-
DiOHi  3axBOptoBaHHA. HeraTuBHi pesynbratv  Mio3uT-
HOrO MNpPOinto, HOpMarnbHWA piBEHb CUPOBATKOBOI
KpeaTUHMOCHOKIHA3M Ta BIACYTHICTb XapaKTepHUX 3MiH
Ha enekTpomiorpacdpii AogaTKoBO NiATBEpAUNU BiACYT-
HICTb MEPBMHHOIO YpaXKeHHs M’A3iB, LIO € MPUHLMMNOBO
BaXXKNUBUM 151 ANEepPEHLINHOT AiarHOCTUKMN.

BupilwanbHe 3HayeHHs [OnS BCTaBMEHHSA AiarHosy
Mano MopdosoriYHe OOCHIIKEHHS, SKe BUABUNO TUMOBI
ricTonaTonoriyHi o3Haku (MOTOBLUEHHS Ta [Je3opraHi-
3allis KonareHoBMX BOFIOKOH Yy AepMi M NiALUKIpHIA KniT-
KOBWHI, HAKOMUYEHHS MYLIMHY Ta BiACYTHICTb BUPAXXEHOro
3ananbHoro iHiNeTpaTy), a Takox 36epexeHHs CD34-no-
3UTUBHUX AepMarnbHUX KITiTUH Npy iMyHOTCTOXiMIYHOMY
OOCTiAXKEHHI, WO A03BONUO BUKITHOYUTY CKNEpPodePMIto.

OcobnmBoi  yBary  3acnyroBye HeeeKTUBHICTb
iIMyHOCYNpecuBHOI Tepanii y npeacTtaBneHoro naudieHTa.
lMpusHayeHHs MeTOoTpeKkcaTy Ta CUCTEMHMX [TTHKOKOp-
TUKOCTEpPOIAiB He npuBeno [[O CYTTEBOrO KriHIYHOrO
MOKpaLLEHHS!, O MOBHICTIO Y3ro4XKyeTbCA 3 CyYacHUMMU
ysiBrneHHamMn npo natoreHe3 CXKLWU sk HesananbHoro
hibposyBanbHOro 3axsoptoBaHHs. IMogibHi AaHi HeogHo-
pas3oBO NOBIAOMMANMUCA B NiTepaTypi, Ae MiAKPeCroeTbCA
eMMipUYHUIA XapakTep 3acTOCyBaHHA AaHWX Npenaparis.
HaTtomicTb HemegukamMeHTO3HI MeToaun, 3okpemMa qoisiote-
panis Ta peabiniTauinHi 3axogu, HabyBaloTb KIHOYOBOIO
3HadeHHs [1, 4, 6, 10]. Y Halworo nauieHTa came CUMMTO-
MaTu4He NikyBaHHA Ta isvyHa peabinitauisa fo3Bonunu
YaCTKOBO MOKPALLMUTU PYXMMBICTb CYrmnobiB.

TakuMm 4YMHOM, nNpeacTaBrneHWU KhiHIYHUIA BUNAgoK
nigkpecnoe HeobxigHicTb paHHbOI AiarHocTukm CXKLL,
060B’s13k0BOr0 MOPCONOrivYHOro NiATBEPAKEHHS AiarHo3y
Ta YHWKHEHHSI HEOOI'PYHTOBaHOI  iMyHOCYNpeCcHBHOI
Tepanii. BpaxoByouu pifKiCHICTb 3aXBOPIOBAHHS, BiACYT-
HICTb CTaHOapTM30BaHMX MiaxoaiB 40 NiKyBaHHA Ta obme-
XKEHICTb JaHMX LoA0 A0BrOCTPOKOBOIO MPOrHO3Y, KOXEeH
peTenbHO 3aJ0KyMEHTOBaHUA BWNaAoOK Mae BUCOKY

with literature data. The child receives symptomatic and
physiotherapeutic treatment, which slightly improves the
quality of life.

DISCUSSION

The presented clinical case fully correlates with the
characteristics of generalized SSS typically described
in the literature, particularly the early disease onset, slowly
progressive «stony» skin induration, and predominant
involvement of the buttocks, proximal limbs, and torso.
The presence of postural abnormalities (hyperlordosis,
scoliosis), limb length asymmetry, and a «waddling» gait
in the presented patient is a consequence of secondary
involvement of the musculoskeletal system, which has
also been repeatedly described in children with a severe
course of the disease. A vital diagnostic feature in this
patient is the absence of signs of systemic inflammation,
immunological abnormalities, and visceral involvement,
which allowed for the exclusion of juvenile systemic
scleroderma, dermatomyositis, and other scleroderma-
like disorders. Negative results of the myositis profile,
normal levels of creatine phosphokinase, and the absence
of characteristic changes on electromyography further
confirmed the absence of primary muscle damage, which
is fundamentally important for differential diagnosis.

Morphologicalexaminationwasdecisiveforestablishing
the diagnosis, revealing typical histopathological signs
(thickening and disorganization of collagen fibers in the
dermis and subcutaneous tissue, mucin accumulation,
and the absence of a pronounced inflammatory infiltrate),
as well as the preservation of CD34-positive dermal cells
during immunohistochemical examination, which made
it possible to exclude scleroderma.

The ineffectiveness of immunosuppressive therapy
in the presented patient deserves special attention.
The administration of methotrexate and systemic
glucocorticosteroids did not lead to significant clinical
improvement, which is fully consistent with modern
concepts of SSS pathogenesis as a non-inflammatory
fibrotic disease. Similar data have been repeatedly reported
in the literature, emphasizing the empirical nature of the use
of these drugs. Instead, non-pharmacological methods,
particularly physiotherapy and rehabilitation measures,
take on key importance [1, 4, 6, 10]. In our patient it was
symptomatic treatment and physical rehabilitation that
allowed for partial improvement in joint mobility.

Thus, the presented clinical case highlights the need
for early diagnosis of SSS, mandatory morphological
confirmation of the diagnosis, and the avoidance
of unjustified immunosuppressive therapy. Given the
rarity of the disease, the lack of standardized treatment
approaches, and limited data on long-term prognosis, each
carefully documented case has high scientific and practical
value and contributes to a better understanding of this rare
fibrotic disease in children both in Ukraine and worldwide.
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HayKoBYy Ta NPaKTUYHY LiHHICTb i CNpusie KpaLoMy posy-
MiHHIO LbOro pigkicHoro ¢pibpo3yBanbHOro 3axBoptoBaHHS
y AiTen sk B YKpaiHi, Tak i B CBITi.

BUCHOBKHU

CWHAPOM KOPCTKOI LWKipU — Le piaKicCHUIA cUHAPOM
3 HEBIJOMOHO ETIONOriED Ta NATOreHe30M, Lo XapakTepu-
3YETLCSI MPOrPECYHUUM YLLNMBHEHHAM LUKIpW, 0CO6NMBO
Ha CTerHax, >XWBOTi Ta OOMEXEHHSM pyXiB KiHLiBOK.
Lle notpebye npoBedeHHs cknagHoi AndepeHUiiHOl
[iarHOCTMKN 3 ayTOIMYHHO NaTomnorieto.

[iarHocTvka MOBWMHHA TPYyHTYBaTUCA Ha CYKYMHOCTI
KNiHIYHMX O3HaK Ta pesynsraTtax ricTonoriYHOro n iMyHo-
ricTOXiMiYHOro JOCHigKEHHS rMMOOoKMX BionTaTiB LKipW.

EdbekTmBHOro nikyBaHHS LIbOro 3aXBOPKOBAHHSI MOKU
He icHye. [MpoTusananbHa Ta uMTOCTaTM4Ha Tepanisa
He € ecpekTuBHUMU. DisnyHa peabinitauisn, npodinakTuka
KOHTpaKTyp cyrnobiB Baxknvea ANs MOKPaLLEeHHS SIKOCTi
XUTTS NaLieHTIB i3 LMM CUHLOPOMOM.

[MepcnekTuBM NiKyBaHHS — Lie BUKOPUCTaHHS iMyHODi-
OMOriYHOI Tepanii 3 MOXIMBICTIO Ail Ha 3HMKEHHS CUTHa-
nisauii TGF-b1.
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CONCLUSIONS

Stiff skin syndrome is a rare syndrome with unknown
etiology and pathogenesis, characterized by progressive
skin induration, particularly on the thighs and abdomen,

and restricted limb movements. This necessitates
a complex differential diagnosis with autoimmune
pathologies.

Diagnosis must be based on a combination of clinical
manifestations and the results of histological and
immunohistochemical examinations of deep skin biopsies.

There is currently no effective treatment for this
disease. Anti-inflammatory and cytostatic therapies are
ineffective. Physical rehabilitation and the prevention
of joint contractures are crucial for improving the quality
of life of patients with this syndrome.

Future therapeutic perspectives include the use
of immunobiological therapy with the potential to reduce
TGF-B1 signaling.
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OBMEXEHHSA AOCAIAXKEHHS

[aHe pocnimkeHHs Mae Kinbka obmexeHb. Mo-neplue nauieHTy
He Oyno npoBeAeHO MOMEKYNSAPHO-TEHETUYHE [OOCHIMKEHHS,
30kpema cekBeHyBaHHA FBN1, yepe3 obmexeHy OOCTYMHICTb
uporo metogy B YkpaiHi. Mo-gpyre, TpmBanicTb nepiogy cnocre-
pPEeXeHHs 3a NaLieHTOM € He4OCTaTHLO AN OLiHKM JOBroCTpO-
KOBOTrO MPOrHo3y Ta BigdaneHnx pesynbrarTiB fikyBaHHS.

KOHAIKT iHTEepeciB

Bci aBTopn nopanu po pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHANIKTY iHTepeciB MixHapoaHOro KOMITETY peaak-
TopiB MeauyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pyKonucy CBiAoMO 3acBia-
UylOTb BIiACYTHICTb (hakTUYHOrO abo MOTEHUINHOrO KOHGMIKTY
iHTepeciB WoAO pe3ynbTaTiB Liei poboT 3 dapmaueBTUHHIMM
KOMMNaHigMK1, BMPOBHMKaMKU GiomMeanyYHUX MNPUCTPOIB, HLWMMU
opraHisauismu, 4vi NpoAaykTu, nocnyru, dpiHaHcoBa MiATPUMKa
MOXYTb ByTW NoB’A3aHi 3 NpeaMeToM HagaHux matepianis abo
SIKi CMOHCOpyBanv NpoBeAeHi AOCMIKEHHS.

AOTpMMOHHﬂ €TUYHUX HOPpM

ABTOPY pyKONUCy CBIAOMO 3aCBiAYYI0Tb, LLO AOCHIAXEHHS NPOBO-
ONNocb 3 BUKOPWUCTaAHHAM OaHUX MEPBUMHHOI MEeAUYHO! OOKY-
MEeHTaUii Ta BKMYano KNiHiYHi CNOCTEPEXEHHS 3a MaLieHTOM.
Yci npoueaypw npoBedeHi BIANOBIAHO A0 €TUYHWX CTaHAapTiB
lenbciHCcbKkOi Aeknapadii BcecBiTHbOI MeanyHoi acouiauii npo
€TUYHI NPUHLMMN NPOBEAEHHST HAYKOBUX MEeAWNYHUX OOCHigKEHb
3a yyacTio NogvHWU, OUPEKTMBM EBPOMNENCHKOro ToBapuCTBa
86/609 npo yyacTb nogern y MeamKo-6ionoriYHnX JOCHIMKEHHSX,
a Takox Hakady MiHicTepcTBa OXOpPOHWM 3A40pOB’'S YKpaiHu
Ne 690 Big 23.09.2009 p.

IHbopMoBaHa 3roga Ha BUKOPUCTAHHA  KMIHIYHUX  AaHMX
y HayKkoBuX Linsx 6yna gobposinbHo HagaHa 6aTtbkamu nawieHTa
Ta nigTBEpAXeHa NiannucaHHSaM BignoBigHOro AOKyMeHTa.
DocnimpxkeHHs cxBaneHe Kowmicielo 3 nuTaHb eTUKM Ta BioeTukn
KOMYHanbHOro HekomepuinHoro nignpuemcTea «Micbka 6Gara-
TonpodinbHa KniHiYHa nikapHA mMaTtepi Ta AUTUHK iMeHi npode-
copa M.®. PygHeBa» (Butsar 3 npotokony Ne 23/12/2025 sig
23 rpyaHst 2025 p.).

BUKOPUCTAHHS LUTYYHOrO iIHTEAEKTY

ABTOPY pyKOMNWUCY CBIAOMO 3acBiA4ylOTb BUKOPWUCTaHHSA iHCTPY-
MEHTIB reHepaTMBHOIO LUTYYHOrO iHTEneKkTy y npoueci nigro-
TOBKW LibOro pykonucy. BignosigHo no TakcoHomil aeneryBaHHs
3aBOaHb reHepaTMBHOMY LUTy4yHOMY iHTenekty «GAIDeT»
(Generative Atrtificial Intelligence Delegation Taxonomy),
2025 p.), 3a NOBHOro mMOACLKOrO Harnsgy Oyno JeneroBaHo
3aBAaHHA 3 BUMYMTYBaHHSA, peparyBaHHsA, Ta nepeknagy. [Ons
uporo BukopuctoByBaBcs ChatGPT-5 (OpenAl, Bepcisa Big
yepBHs 2025 p.). Yci pesynbratu, oTpuMMaHi 3a [OOMOMOro
LbOro iHCTpymeHTa, Bynu peTenbHO nepeBipeHi, BigpeaaroBaHi
Ta 3aTBepOKeHi aBTopaMu, SKi HecyTb MOBHY Bignosiganb-
HICTb 3@ 3MICT i BUCHOBKM nybnikaLii. IHCTpymMeHTU reHepaTms-
HOro LUTYYHOrO IHTENEeKTYy He 3a3HayalTbCA fK aBTopu Ta He
HecyTb BiAMNOBIAANbLHOCTI 3a KiHUEBI pesynstatu. Lis aeknapadis
He MOLUNPIOETLCS Ha BUKOPUCTaHHS 6a30BKX iHCTPYMEHTIB nepe-
BipKkv rpamaTuku, opdporpadii 4 oopMIeHHS NocunaHb.

Ukrainian Rheumatology Journal. 2023;91(1). (in Ukrainian). DOI:
https://doi.org/10.32471/rheumatology.2707-6970.91.17633

15. Holovach 1Y, Chipko TM, Diadyk OO, Mykhalchenko OM,
Udovychenko KO, Vershynina DV, et al. Clinical case of diffuse
eosinophilic fasciitis: clinical, radiological and histological correlations.
Ukrainian Rheumatology Journal. 2022;88. (in Ukrainian). DOI:
https://doi.org/10.32471/rheumatology.2707-6970.88.17040

Limitations of the study

This study has several limitations: molecular genetic testing,
specifically FBN1 sequencing, was not performed on the patient
due to the limited availability of this method in Ukraine; The
duration of the patient observation period is insufficient to assess
the long-term prognosis and remote treatment outcomes.
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