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PE3IOME

AxtyanbHicTtb. Octeoaptput (OA) € oAHMM 3 HaWNOLUMPEHILUNX 3aXBOPHOBaHb
OMOPHO-PYX0BOro anapary. 3rigHo i3 CTaTUCTUYHUMW AAHUMW Han4yacTile npyu Lbomy
3axXBOPIOBaHHI ypaxylTbCs Benuki cyrmobu, nepepycim KomiHHi. Ha cborogHi icHye
barato nornagiB Ha mexaHiamy po3sutky OA, LIO MPOTAroM BXe TpuBanoro 4acy
€ npegmMeTom AMcKycin. BBaxaeTbcs, wo B OcHOBI po3BUTKY OA NexuTb XpOHiYHe
NPOAYKTUBHE 3ananeHHs 3 Aerpajauicelo CTPYKTyp cyrrmoboBoro xpsiia, npoTeorni-
KaHiB, bparMeHTiB, IO NOTPanMsATb Yy MOPOXHUHY cyrnoba, sike CynpOBOMKYETLCH
iX (paroumMTo3oM nenkouuTamun i3 BUBINIBHEHHSIM MeAiaTopiB 3ananeHHs, i3oco-
ManbHUX epMeHTIB. Y pe3ynbTaTi 3amnyckaeTbCsi Kackaj npos3ananbHUX LMTOKIHIB,
L0 MOCUIIOIOTL AereHepaTuBHI npouecy y cyrnoboBoMy Xpsilli. BuBYEHHS uMx 4nH-
HWKIB € aKkTyanbHMM [Ans AiarHOCTMKM CTagin aereHepadii i po3pobku naTtoreHe-
TnyHoi Tepanii OA.

MeTa po60TK — BMBYMTM NATOreHETUYHWUIA BNIMB MeAiaTopiB 3ananeHHs Ha po3BUTOK
BTOPMHHOIO OCTE0APTPUTY 3anexHo Bif cTagii aereHepaldii cyrmob6oBoro xpsia.
Marepianu Ta metoau. NpoBeaeHo gocnigxeHHst 117 xBopux Bikom Big 19 go 45 po-
KiB, siki nepebyBanu Ha cTtauioHapHoMy nikyBaHHi y Artz Klinic (M. XapkiB) 3 npuBoay
BTOpHHOro OA koniHHoro cyrnob6a. [liarHo3 BctaHosnoBanu 3rigHo 3 MixHapoga-
Hoto knacudikauieto xBopobu 10-ro nepernsgy (MKX-10) — M18.1. KoHTponbHy rpyny
cknann 25 3gopoBux obposonbuiB. [ns BU3HAYeHHS cTagii AereHepaTtuBHUX 3MiH
BMKOPVCTOBYBanu knacudikadito MixxHapogHoro ToBapuctea 3 BuB4eHHA OA (OARSI),
AKka Buainsie 4 cragii ypaxeHHs cyrnoboBoro xpsiwa Big o6’emy (%) pereHepatus-
HUX 3MiH: 1 — < 10%; 2 — 10-25%; 3 — 25-50%; 4 — > 50%. [Ans ineHTndikauii cragin-
HOCTI 3ananbHOro mpouecy Bu3Havanu piBeHb Meiatopa rictamiHy y LiMiCHIN KpoBi
(3rigHO 3 NPUAHATUMUK MeToaukamu). PiBeHb ayToaHTWTIN OO rictamiHy, remonisary,
rianypoHiaasi, citoremarnoTuHiHY, rianypoHOBOI KMCMOTKW, XOHAPOITUHCYNbdaTy, rena-
pVIHY BM3Hayanu LUNSXOM 3aCTOCYBaHHA HedenoMeTpuyHOi peakuii YaH'e 3 Kinbkic-
HVM BU3HA4YeHHAM aHTuTIn y moamdikauii H.M. Knemnapcekoi. OTpumaHi pesynbsratu
CTaTUCTUYHO 0BpOoBNANUCs i3 BU3HAYEHHSIM CepedHbOCTaTUCTUYHOI BENUYMHK Ta i
noxunoku. [10CTOBIPHICTb OTPUMaHMX pe3ynbTaTiB BU3Ha4Yanu 3a kputepiem CTblogeHTa.
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AAS UMTYBAHHS:

PesynbraTtu Ta ix 06roBopeHHsi. BcTaHOBMEHO, WO Y XBOPMX 3 1-M Ta 2-M CTyneHeMm
Aerpagauii cyrnoboBoro xpsilia, Bu3Havanocs NiABULLEHHS TicTaMiHy B LinicHiN
KPOBi Ta ayToaHTWUTIN, IO XapakTepu3yBaro ekcygaTMBHO-ansTepaTuBHy ¢asy 3ana-
neHHsl, a npu 3-my Ta 4-my cTyneHi Aerpagauii cyrnoboBoro xpsilia Mu AiarHocTy-
Banu 3HWXKEHHS ricTaMiHy, IO BKa3yBano Ha nepemukaHHs Ha nponicdepaTvBHy dasy
3ananeHHs y Takux nauieHTiB. [lokasaHo, WO MNiOBMLUEHHSI PIBHA ayTOaHTUTIN
00 remonisarty, rianypoHigasu, rianypoHoBOi KMCNOTU, XOHAPOITUHCYNbdaTy, renapuHy
XapaKkTepu3ye HapOCTaHHS ayTOIMyHHOrO KOMMOHeHTa. [ligBulieHWi piBeHb ayTo-
aHTUTIN OO0 diToremarnioTMHIHY BKasye Ha nNepeBadkHy peakLuilo rinepyyTnmBocCTi
NOBINBHOTO TUMY, NPOAYKUii edEeKTOPHUMM KMiTUHaMKU npo3ananbHUX LUTOKIHIB
y xBopux Ha 3-Tio Ta 4-Ty cragito (25-50%) perpapauii cyrnobosoro xpswa. Lii aaHi
[aloTb  MOXIMBICTb  PO3LIMPUTU  iMyHOZIArHOCTUKY Ta pPO3pOobUTU NaTOreHeTUYHi
nigxoAu Ao NikyBaHHA AAHOTO KOHTUHTEHTY XBOPUX.

BucHoBku. [ins imyHogiarHocTuku BTOpuHHOro OA y XBOpUX pO3pobreHo imyHo-
AiarHOCTUYHMIM KOMMMEKC 3a piBHEM riCTaMiHy Ta ayTOaHTUTIN 4O HbOrO, WO O03BOSE
JiarHocTyBaTu eKkcydaTUBHO-ansTepaTMBHY CTafilo, a 3a piBHEM ayToaHTuTin Ao
remonizarty, ®rA, rianypoHOBOi KMCMOTWU, XOHAPOITUHCYNbdATy, renapuHy CTBOPIO-
€TbCA MOXIMBICTb OKPECNUTU MaTOreHETUYHI OCOGMMBOCTI PO3BUTKY MPOOYKTUBHOI
cTapii XpoHIYHOro 3ananeHHs Ta AereHepadii cyrmoboBoro xpsila Ta po3pobutu
naToreHeTu4Hi nigxoamu Tepanii 4o BTopuHHoro OA.

lony6 O.1., Bonobyesa O.B., YepHycbkun B.I., lNeTsaro IB., CongateHko |.B. MNaToreHeTnyHMI BNNMB MeaiaTopis 3a-
naneHHs1 Ha PO3BUTOK BTOPUHHOTO OCTE0APTPUTY 3anexHo Bif cTadii AereHepauii cyrnoboBoro xpsia. KapasiHcbkul
imyHonoeiyHul xypHan. 2024. T. 7, Ne 2 (14). C. 111-121. DOI: https://doi.org/10.26565/3083-5615-2024-14-01
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ABSTRACT

Background. Osteoarthritis (OA) is one of the most common diseases of the mus-
culoskeletal system. According to statistical data, this disease most often affects
large joints, especially knee joints. To date, there are many views on the mecha-
nisms of the development of OA, which has been the subject of debate for a long time.
It is believed that the development of OA is based on chronic productive inflamma-
tion with degradation of articular cartilage structures, proteoglycans, fragments that
enter the joint cavity, which is accompanied by their phagocytosis by leukocytes with
the release of inflammatory mediators and lysosomal enzymes. As a result, a cascade
of pro-inflammatory cytokines is triggered, intensifying degenerative processes in
articular cartilage. The study of these factors is relevant for the diagnosis of the stages
of degeneration and the development of pathogenetic therapy for OA.

Purpose — is to study the pathogenetic influence of inflammatory mediators in patients
on the development of secondary osteoarthritis depending on the stage of articular
cartilage degeneration.

Materials and Methods. A study was conducted in 117 patients aged 19 to 45 years
who were undergoing inpatient treatment at Artz Klinic in Kharkiv for secondary OA
of the knee joint. The diagnosis was established according to the International
Classification of Diseases of the 10th revision — M18.1. The control group consisted
of 25 healthy volunteers. To determine the stage of degenerative changes, the
classification of the International Society for the Study of OA (OARSI) was used, which
distinguishes 4 stages of articular cartilage damage from the volume (%) of degene-
rative changes: 1 — < 10%; 2 — 10-25%; 3 — 25-50%; 4 — > 50%. To identify the stage
of the inflammatory process, the level of the histamine mediator in whole blood
was determined (according to accepted methods). The level of autoantibodies to
histamine, hemolysate, hyaluronidase, phytohemagglutinin, hyaluronic acid, chondro-
itin sulfate, and heparin was determined by using the Ouanier nephelometric reaction
with quantitative determination of antibodies as modified by N.M. Klemparska.
The obtained results were statistically processed with the determination of the average
statistical value and its error. The reliability of the obtained results was determined
according to the Student’s criterion.

Results. It was established that in patients with 1st and 2nd degree of articular
cartilage degradation, an increase in histamine in whole blood and autoantibodies
was determined, which characterized the exudative-alterative phase of inflammation,
and in patients with 3rd and 4th degree of articular cartilage degradation, we diagno-
sed a decrease in histamine, which indicated on the switch to the proliferative phase
of inflammation in such patients. It is shown that an increase in the level of auto-
antibodies to hemolysate, hyaluronidase, hyaluronic acid, chondroitin sulfate, and
heparin characterizes the increase of the autoimmune component. The increased
level of autoantibodies to phytohemagglutinin indicates a predominant reaction of
slow-type hypersensitivity, production of proinflammatory cytokines by effector cells
in patients with stage 3 and 4 (25-50%) of articular cartilage degradation. These data
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provide an opportunity to expand immunodiagnostics and develop pathogenetic
approaches to the treatment of this contingent of patients.

Conclusions. For the immunodiagnosis of secondary OA in patients, an immuno-
diagnostic complex has been developed based on the level of histamine and auto-
antibodies to him, which allows diagnosing the alternative-exudative stage, and
based on the level of autoantibodies to hemolysate, PHA, hyaluronic acid, chondro-
itin sulfate, heparin, it is possible to outline the pathogenetic features of the develop-
ment of the productive stage chronic inflammation and degeneration of articular
cartilage and develop pathogenetic approaches to therapy for secondary OA.
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BCTYN

BtopuHHui octeoaptput (OA) 3anmae ofHe 3 npo-
BIOHWX MiCUb Yy CTPYKTYpi AereHepaTUBHO-ANCTPOdIYHMX
3axBoptoBaHb cyrnobis [3, 10, 11, 14]. PeHTreHonorivHi
0BCTEXEHHS, @ TakoX ayToncis nokasanu, wo 3 30-piy-
HOro BiKy 36inMbLUYETHCA KiNbKICTb AUCTPOMIYHUX MNOpY-
WeHb y cyrnobax. B eTionoriyHomy nnaHi neBHe 3Ha4YeHHS
Bidirpae naToreHHa Ta YMOBHOMAaTOreHHa Mikpodropa,
sIka Mae XiMiYHO OAHOTMMNHY GyAoBY 3 KMITUHHO-TKaHWH-
HUMW CTPYKTypamu CcyrnoboBoro xpsila Ta CMHOBIarNbHOT
o6onoHkM Ta niMdoreHHo abo remaToreHHO NPOHMWKae
B CMHOBIanbHy PiguHy, WO NPU3BOANTb A0 PO3BUTKY CUHO-
BianbHOro 3ananeHHs i MepekKmnoYeHHs NaTonoriYHoro
npouecy Ha ayToiMyHHY OCHOBY [2].

Mpobrnema ayToiMyHHOro npouecy Yy naToreHesi
BTOpuHHOrO OA aKkTUBHO BMBYaETLCA. PynHyBaHHSA Ma-
TpUKCy cyrnoboBOro xpsiia, 3o0Kpema KonareHy Ta npo-
TeornikaHis, NpuW3BOAUTbL [0 YTBOPEHHSA bparmMeHTiB
KMNITUHHUX MeMOpaH, WO NoTpannsloTb Yy MOPOXHUHY
cyrnoba. B pesynerarti BigbyBaeTbca ix dparoumTos nen-
KouMTamMu i3 BMBINbHEHHSIM MefiaTopiB  3ananeHHs,
nisocomanbHux cepmeHTiB [3, 4, 9]. AyTOIMYHHUIA KOM-
MOHEHT Bifirpae KNto4YoBY Porib Y PO3BUTKY SK NEPBUHHUX,
TaK i BTOPUHHMX 3ananbHUX MpoueciB y cyrnobosin
NMOPOXHWHI. Y npouec 3any4yarTbCsl iIMyHOKOMMNETEHTHI
KNiTMHK, Wwo G6epyTb yyacTb y chopmyBaHHi Ta nporpe-
CyBaHHi 3ananbHUX Ta [JdereHepaTUBHO-OUCTPOMIYHNX
3MiH ycix KOMMOHeHTiB cyrnoba [2, 9, 12]. XpoHi3auis
3ananbHoOro npouecy B cyrnobi Bege A0 NporpecyBaHHst
BXe BTOPWHHOI anbTepadii rianiHoBoro xpsiia, B pe-
3ynbTaTti SKOro dparMeHTU KonareHy i npoTteornikaHiB
noTpannsiioTb Y CUHOBIANbHY PiguHY, MNOCWNIOTL 3a-
nanbHy peakuito B cyrnobi i BegyTb 0O nepeBaaHHS
OEeCTPYKTUBHUX npoueciB y xpswi. Lle npussoguts Ao
ibpo3y cuHoBianbHOI MembBpaHu, NopyLUeHHs BMPOO-
MNEeHHS CUHOBIanNbHOI PiaMHK 1T B’A3KOCTI, NOripLUyOTHCS
peonoriyHi BNactTuBocCTi Ta MeTaboniyHi npouecu y cyr-
no6oBomy xpsili. AyTOIMyHHUIA Mpouec Yy CTPyKTypax
cyrno6oBoro xpsilia Ta CWHOBianbHOI OBOMOHKM 3amu-
Kae gereHepalito cyrnobosoro xpsia [4, 8].

OcTaHHiM 4YacoM 3HOBY 3pic iHTepeCc AoChigHWUKIB
00 BMBYEHHs BMICTY MefdiaTopiB 3ananeHHs B KpOBi
XBOpMX Ha BTOpUHHWUIA OA, OCKinbku BOHM BigoGpaxa-
I0Tb CTaH iIMyHOPEaKTMBHOCTI Ta CTaAifHICTb naTtonoriy-
HOro npouecy, NocnifoBHO NOEAHYIOYM NPOSIBU eKcyaa-
TUBHO-anNsTEPATUBHOMO i MIISIBO MOTOYHOIO XPOHIYHOrO
NPOAYKTUBHOIO 3ananeHHs, ocobnuBeicTio fkoro € cyb-
KNiHiYHWIA nepebir, Wo XapakTepusyeTbCs HeraTMBHUMM

INTRODUCTION

Secondary OA occupies one of the leading places
in the structure of degenerative-dystrophic joint disea-
ses [3, 10, 11, 14]. X-ray examinations, as well as an auto-
psy, showed that from the age of 30, the number of dystro-
phic disorders in the joints increases. From an etiological
point of view, pathogenic and opportunistic microflora
play a certain role, which has a chemically similar struc-
ture to the cell-tissue structures of the articular cartilage
and synovial membrane and lymphogenously or hema-
togenously penetrates into the synovial fluid, which
leads to the development of synovial inflammation
and the switching of the pathological process to an auto-
immune basis [2 ].

The problem of the autoimmune process in the patho-
genesis of secondary OA is actively studied. Destruction
of the articular cartilage matrix, in particular collagen
and proteoglycans, fragments of cell membranes ente-
ring the joint cavity. As a result, they are phagocytized
by leukocytes with the release of inflammatory media-
tors and lysosomal enzymes [3, 4, 9]. The autoimmune
component plays a key role in the development of both
primary and secondary inflammatory processes in the
joint cavity. The process involves immunocompetent cells
that participate in the formation and progression of
inflammatory and degenerative-dystrophic changes in all
components of the joint [2, 9, 12]. The chronicity of the
inflammatory process in the joint leads to the progression
of already secondary alteration of hyaline cartilage, with
the breakdown of which fragments of collagen and
proteoglycans enter the synovial fluid, intensify the in-
flammatory reaction in the joint and lead to the predomi-
nance of destructive processes in the cartilage. This leads
to fibrosis of the synovial membrane, violation of the pro-
duction of synovial fluid and its viscosity, the rheological
properties and metabolic processes in the articular
cartilage deteriorate. The autoimmune process in the
structures of articular cartilage and synovial membrane
closes the degeneration of articular cartilage [4, 8].

Recently, the interest of researchers in studying the
content of inflammatory mediators in the blood of pati-
ents with secondary OA has increased again, because
they reflect the state of immunoreactivity and the sta-
ging of the pathological process, consistently combining
the manifestation of exudative-alterative and sluggishly
ongoing chronic productive inflammation, the feature
of which is the subclinical course, which is characterized
by negative changes in local and systemic immunity in
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3MiHaMu y MiCLLeBOMY Ta CUCTEMHOMY iMYHITETi y AJaHOro
KOHTUHreHTy xBopux. [pedcTaBnsioTb iHTepec Megia-
TOpW 3ananeHHsa (Hacamnepen rictamiH), WO perynto-
I0TbCS CUCTEMOIO afeHinatumknasn — LAMO®) [1, 2].

Meta po6oTM — BUMBYMTU NATOrEHETUYHMIA BNNUB
MediaTopiB 3anarneHHst y XBOPUX Ha pPO3BUTOK BTO-
puHHoro OA 3anexHo Big cragii gereHepadii cyrnobo-
BOro XpsiLia.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Hamun obcTtexxeHo 117 xBopux Bikom 19-45 pokis, siki
nepebyBanun Ha cTauioHapHoMy nikyBaHHi y Artz Klinic
(m. XapkiB) 3 npuBogy 3arocTpeHHs BTopuHHOro OA
KOMiHHMX cyrno6iB. MpoBIAHMMMK KNiHIYHUMKU O3HaKamu
6ynu aptpanrii (Mpyn xoAi, cnycky 3i cxoAis, nigcuniosa-
n1csa BBeYepi Ta yHoYi), XpPyCKOTiHHA y cyrnobax, 3rnaa-
XEHICTb KOHTYpiB CyrnobiB, 3MEeHLUeHHs amnniTyam
pyxiB. [iarHo3 BcTaHoBnoBanu 3rigHo 3 MixxHapogHow
knacudikauieto xBopobu 10-ro nepernsgy — M18.1.
KoHTponbHy rpyny cknanu 25 3nopoBux 4o6poBobLUIB.

MauieHTn 6ynn noiHpopMoBaHi Woao uinen gocnia-
XKEHHS Ta Haganu ceoto 3rofy. [ocnimxeHHs NpoBegeHo
3 ypaxyBaHHSIM OCHOBHMX MOMOXEHb i BiANOBIOHO eTny-
HUM Ta MoparnbHO-MpaBoBuM BuMoram CtaTtycy YkpaiH-
CbKoi acouiauii 3 6ioetukn Ta Hopmam GCP i GLP, npuH-
umnam enbciHCbKOT geknapadii npas noguHn, KoHseHUit
Paan €Bponu npo npaea noguHu i 6iomeanumHu.

[na Bu3HaveHHA cTagii gereHepatuBHUX 3MiH YCiM
nauieHTaMm NpOBOAUNM PEHTIEHOMNOriYHe Ta YnbTPas3By-
KOBe [OOCMIIKEHHA YypaxeHux cyrnobis. [Ans aHanisy
OTPUMaHUX O3HAK BUKOPWUCTOBYBanu knacudikadito Mix-
HapogHoro ToBapuctBa 3 BuBdeHHs OA (OARSI), ska
BUAOINse 4 cTagii ypaxeHHs cyrnoboBoro xpswa Big
o6’emy (%) pereHepatMBHuX 3MiH: 1 — < 10%; 2 — 10—
25%; 3 — 25-50%; 4 — > 50%.

[Ons igeHTudikauii ctaginHOCTI 3ananbHOro npowecy
BCTAHOBIOBANU piBEHb MefiaTopiB 3ananeHHa — ricta-
MiHYy MeTOAOM pafioiMyHOMNOr4YHOro aHaniay.

Hocnigxysanu piBeHb ayTOaHTUTIN OO ricTamiHy,
remoni3aTty, rianypoHigasu, ditoremarnoTuHiHy (OrA),
XOHAPOITUH cynbdarty, renapuHy i3 3acToCyBaHHAM He-
henoMeTpmnYHOi peakuii YaH'e 3 KinbKiCHUM BM3HAYeH-
HAM aHTUTIN Yy moaudikauii H.M. Knemnapcbkoi [6, 7].
AK aHTUreH 3acTtocoByBanu npenapaTtu, SAKi oiliHO
3apeecTpoBaHi B YKpaiHi: po34nH ricTaMiHy Aauvrigpo-
xnopugy 0,01%, rianypoHigasa y nopoLuKy Ans po3quHy
ans iv'ekuin 64 O[l, XxoHOPOITMH cynbdaTt po3duH Ang
iH'ekuii 100 mr/mn, renapmH 5000 MO/mn, po3unH iTo-
remMarnioTuHiHy y gosi 40 mkr/mn, niodinisoBaHuin remo-
nisat nacbkoi Kposi. [Ons oTpMMaHHSA MOCNIAOBHUX
po3BedeHHb nisaty epuTtpouuTiB aHTureny Big 1:30 go
1:15360 KONMOPUMETPUYHUM METOAOM BEHO3HY KpPOB
B 006csa3i 5 Mn LeHTpUdyryoTb i3 noganbLIMM BiZoKpeM-
NEHHAM MnasmMu Ta AoAdaBaHHA (Pi3ioNoriYHOr0 PO3YMHY
Ta 2,5 mn anturedy (0,1 mn). Y Bunagky, siKLWo oTpumaHa
KpuBa mae «nnato» abo «niku» — ayToaHTWTIna BBa-

this contingent of patients. Inflammatory mediators are
of interest (primarily histamine, which are regulated
by the adenylate clasase system — cAMP). A decrease
in the activity of cAMP against the background of a vio-
lation of the viscosity of the joint fluid and a violation of
the metabolism of the cellular structures of the articular
cartilage and synovial membrane leads to a decrease
in the cells of cAMP, which leads to an increased release
of inflammatory mediators by effector cells that are in
the synovial fluid in different periods of the disease
and characterize the stages degeneration of articular
cartilage [1, 2].

Objective — of the work is to study the pathogenetic
influence of inflammatory mediators in patients on the
development of secondary OA depending on the stage
of articular cartilage degeneration.

MATERIALS AND METHODS

We examined 117 patients aged 19 to 45 years who
were receiving inpatient treatment at Artz Klinic in Kharkiv
due to exacerbation of secondary OA of the knee joint,
which was manifested by persistent pain syndrome in
the affected joints. The leading clinical signs were arthral-
gias (when walking, going down stairs, increased in the
evening and at night), crunching in the joints, smoothing
of the contours of the joints, and a decrease in the ampli-
tude of movements. The diagnosis was established
according to the International Classification of Diseases
of the 10th revision — M18.1. The control group consisted
of 25 healthy volunteers.

Patients were informed about the objectives of the
study and gave their informed consent. The study was
conducted taking into account the main provisions and,
accordingly, the ethical and moral and legal require-
ments of the Status of the Ukrainian Bioethics Asso-
ciation and GCP and GLP norms, the principles of the
Helsinki Declaration of Human Rights, the Council of
Europe Convention on Human Rights and Biomedicine.

To determine the stage of degenerative changes,
all patients underwent X-ray and ultrasound examination
of the affected joints. The classification of the Interna-
tional Society for the Study of OA (OARSI) was used to
analyze the obtained signs, which distinguishes 4 stages
of articular cartlage damage from the volume (%)
of degenerative changes: 1- < 10%; 2 — 10-25%;
3 —25-50%; 4 — > 50%.

To identify the stages of the inflammatory process,
the level of inflammatory mediators: histamine was
determined by radioimmunological analysis.

The level of autoantibodies to histamine, hemolysate,
hyaluronidase, phytohemagglutinin (FHA), chondroitin
sulfate, and heparin was studied using the Ouanier
nephelometric reaction with quantitative determination of
antibodies in the modification of N.M. Klemparska [6, 7].
As an antigen, drugs officially registered in Ukraine
were used: 0.01% histamine dihydrochloride solution,
hyaluronidase in powder for injection solution 64 units,
chondroitin sulfate injection solution 100 mg/ml, heparin
5000 IU/ml, phytohemagglutinin solution at a dose of
40 pg/ml, lyophilized hemolysate of human blood.
To obtain serial dilutions of antigen erythrocyte lysate
from 1:30 to 1:15360 by the colorimetric method, venous
blood in a volume of 5 ml is centrifuged with subse-
quent separation of plasma and addition of physiological
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Kanucsa NpucyTHiMW. [ns KinbKiCHOrO BU3HAYeHHS ayTo-
AHTUTIN BMKOPWUCTOBYBanNuM matemMaTU4HWIA aHania oTpu-
MaHWX NpW KonopuMeTpii pe3ynbTaTiB 3a cneuianbHo
po3paxyHKoBo hopmynoto [6].

CartuctmyHy o6pobKky OoTpuMaHUX pesynsraTiB NpoBO-
ounu i3 BukopuctanHsaMm IBM SPSS  Statistics 22 i3
BM3HaAYEeHHAM abCoMnTHOT BeEMUUMHKM Ta Ti NOXMbKM
(M = m, abc.oa.). [OCTOBIpHICTb OTPUMaAHUX pe3ynbTaTis
BM3Ha4vanu 3a kputepiem CTblogeHTa.

PE3YABTATU TA IX OBFOBOPEHHS

B xopi npoBeaeHOro AocnimkeHHs1 BCTAHOBMEHO, LLO
nepLua cragia gereHepadii cyrno6osoro xpswa (8o 10%)
BM3Havanacs y 23 nauientiB (19,7%), gpyra ctagis
(10-25%) BusBnsanaca y 36 xsopux (30,7%), TpeTa cTa-
bia (25-50%) — y 34 nauieHTiB (29,1%), yeTBepTa (NoHaa
50%) —y 24 xBopux (20,5%).

Pistym wmepiaTopa 3ananeHHsa rictamiHy B UiNbHInA
KpoBi y nauieHTiB 3 BTopuHHUM OA ByB AOCTOBIpHO niA-
BULLIEHNM, MOPIBHAHO i3 rpynoto koHTtponto (p < 0,01),
HesanexHo Bi4 CTadiMHOCTI MNaToMoriyHOro npolecy.
AHanisytoun piBHi ricTaMiHy Ha pi3HMX CTagiax aereHe-
paTMBHOINO NPOLECY, MW BU3HAYUNW NEBHY AMHAMIKY
3cyBiB. Tak, nokasaHo, WO Hambinbll BUCOKI 3HAYEHHSs
fiarHocTyBanucss Ha nepuwin ctagii (p < 0,01), ski
MOCTYNOBO 3HWXYBanucs Ao YeTBepToi cTagii (tabn. 1).

solution and 2.5 ml of antigen (0.1 ml). If the obtained
curve has a «plateau» or «peaks» — autoantibodies were
considered to be present. For the quantitative determi-
nation of autoantibodies, a mathematical analysis of the
results obtained during colorimetry was used according to
a special calculation formula [6].

Statistical processing of the obtained results was
carried out using IBM SPSS Statistics 22 with the
determination of the absolute value and its error
(M £ m, absolute unit). The reliability of the obtained re-
sults was determined according to the Student’s criterion.

RESULTS AND DISCUSSION

In the course of the study, it was established that the
first stage of articular cartilage degeneration (up to 10%)
was determined in 23 patients (19.7%), the second stage
(10-25%) was detected in 36 patients (30.7%), the third
stage ( 25-50%) — in 34 patients (29.1%), the fourth
(more than 50%) in 24 patients (20.5%).

The levels of inflammatory mediator histamine in
whole blood in patients with secondary OA were signifi-
cantly increased compared to the control group (p < 0.01)
regardless of the stage of the pathological process.
Analyzing the levels of histamine at different stages of
the degenerative process, we determined certain dyna-
mics of shifts. Thus, it is shown that the highest values
were diagnosed at the first stage (p < 0.01), which
gradually decreased until the fourth stage (Table 1).

Ta6nuus 1. PiBeHb ricTaMiHy B LiNbHilA KPOBi y XBOPUX HA BTOPUHHUWI OCTEOapTPUT Y NEPIOAi 3aroCTpPeHHs
3anexHo Big ctagii 06’emy (%) gereHepalii cyrmo6oBoro xpsia, MKMOnb/f
Table 1. The level of histamine in whole blood in patients with secondary osteoarthritis in the period of exacerbation
depending on the volume stage (%) of articular cartilage degeneration, pmol/l

Cragisa ypaxxeHHs1 cyrnoboBoro xpsillia 3anexHo Big 06’emy (%) gereHepalii
300poBi AoHOPU The stage of articular cartilage damage depending on the volume of degeneration (%)
T:;i::‘c‘;'f Healthy donors | Cragis 1/ Stage 1 | Crapisn2/Stage 2 | Cragis 3/ Stage 3 | Cragis 4 / Stage 4
(<10%) (10-25%) (25-50%) (> 50%)
n=25 n=23 n=36 n=34 n=24
lMcTamin / Histamine 0,63+0,02* 3,24+0,03*" 2,1210,35* 1,93+0,23* 1,53+0,18*

lMpumimku:

* BiMIHHOCTi JOCTOBIpHi MOPIBHSAHO i3 rpynoto koHTposnto (p < 0,05);
V — BiAMIHHOCTi 4OCTOBIpHI i3 1-t0 cTagieto 3 4-10 ctagieto (p < 0,05).

Notes:

* differences are significant compared to healthy volunteers (p < 0.05);
v — differences are significant from stage 1 to stage 4 (p < 0.05).

Buxogsum 3 gaHux tabnuui 1, My QiRWNU BUCHOBKY,
wo 1-wa—2-ra cTagii gereHepaTUBHO-AECTPYKTUBHOMO
ypaxeHHs1 cyrnobiB Bignosigae ekcyaaTWBHO-anbTepa-
TUBHIN a3i XpoHiyHOro 3ananeHHs. Todi €K piBHi
rictamiHy Ha 3-i—4-i cTafil BKasyloTb Ha NepemMunkaHHA
naTonoriyHoro npouecy y nponicpepatuBHe 3ananeHHs
3a y4yacTio edekTopHuxX KniTuH. Bigomo, wo rictamiH
He TiNbkW 3anyckae peakuii rinepyyTnUBOCTI HeramHoro
TMNY, ane "W Mae iMyHOTPOMHYy filo, ChpsiMOBaHy Ha
T-nimdounTu-xennepu, WO MNPOSABNAETbCA B CTUMYIHO-
BaHHi aHTUTINOYTBOPIOOYNX KIITUH, SKi Y CBOKO 4yepry
ranbMytoTb abo niacunoTb iIMyHHY BigNoBigb.

HactynHum eTtanom Oyno KinbkicHe BU3HAYEHHS
ayToaHTUTIN Ao rictamiHy, remonidaty, ®lA, wo peani-
3yl0Tb CTafil XpoHiyHoro 3ananbHoro npouecy npu OA.
Mu BpaxoByBanu, WO Oyab-sIKUIA CTPECOBUIA areHT,
AIKWA BM3HA4Yae naToreHes 3axBOPIOBAaHHS, 3a YMOB

Based on the data in Table 1, we came to the con-
clusion that the 1-2 stages of degenerative-destructive
joint damage corresponds to the exudative-alterative
phase of chronic inflammation. While the levels of
histamine at stage 3—4 indicate the transition of the
pathological process to proliferative inflammation with
the participation of effector cells. It is known that hista-
mine not only trigger immediate hypersensitivity reactions,
but also have an immunotropic effect directed at helper
T-lymphocytes, which is manifested in the stimulation of
antibody-forming cells, which in turn inhibit or enhance
the immune response.

The next stage was the quantitative determination
of autoantibodies to histamine, hemolyzate, FGA, which
implement the stages of the chronic inflammatory pro-
cess in OA. We took into account that any stress
agent that determines the pathogenesis of the disease,
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aHTUreHHOCTi, NOBMHEH NOTpannsaTU Mig IMyHOMNOrYHUN

under the conditions of antigenicity, should fall under

KOHTpOIb opraHiamy (Tabn. 2).

the immunological control of the body (Table 2).

Ta6nuus 2. MNoka3HMKM KinbKiICHOr0 BU3HA4YEHHs ayTOaHTUTIN 4o MediaTopiB 3ananeHHs (M+m)
Yy XBOPUX Ha BTOPUHHWI OCTEOApPTPUT Y NEpIiOAi 3aroCTPEeHHs!

3anexHo Bia ctagii obesry (%) AereHepauii cyrnobosoro xpsa (X+Sx), ym. oa.

Table 2. Indicators of quantitative determination of autoantibodies to inflammatory mediators (M+m)

in patients with secondary osteoarthritis in the period of exacerbation

depending on the stage of volume (%) of degeneration of articular cartilage (X+Sx), conditional units

Cragisi ypaxxeHHs1 cyrnoboBoro xpsilia B 3anexHocTi Big 06’emy (%) gereHepadii
s 3|_,:|:lopoai poropu | The sfage of articular cartlla?]e damage dependmg on the volume of deg.eneratlon (%)
. ealthy donors | Crapis 1/ Stage 1 | Crapisi 2/ Stage 2 | Crapisi 3/ Stage 3 | Cragisi 1/ Stage 1
(<10%) (10-25%) (25-50%) (> 50%)
n=25 n=23 n=36 n=34 n=24
TicramiH / Histamine 0,07+0,02 0,34+0,03*" 0,39+0,03*" 0,21+0,02* 0,16+0,01**
Li“:ﬁ;';:;te 0,0420,01 0,14£0,02*° 0,180,03* 0,2840,04* 0,360,04*
OrA / FGA 0,04+0,01 0,13+0,01*P 0,19+0,03* 0,28+0,03*P 0,36+0,04*
lMpumimku:

* — p < 0,05 — BigMiHHOCTI MiX yciMa cTagisimu cyrnoboBoi AereHepalii i3 rpyno KOHTPOIo;
A — p < 0,05 — BigMiHHOCTI MiX 1-t0, 2-t0 cTagismMu cyrnoboBoi AereHepalii 3 4-t0 cTagieto;
D — p < 0,05 — BigMiHHOCTi Mix 3-t0, 4-t0 cTagismu cyrnoboBoi AereHepalii 3 1-to cTagieto.

Notes:

* — p < 0.05 — differences between all stages of joint degeneration with the control group;
A — p < 0.05 — differences between stages 1 and 2 of joint degeneration with stage 4;
D — p < 0.05 — differences between 3, 4 stages of joint degeneration with 1 stage.

[Moka3aHo, WO piBHI ayToaHTUTIN OO ricTamiHy npo-
rPEeCMBHO 3HWXKYBanuCb 3 MepLloi cTadil AereHepaTuB-
HOro npouecy [0 4eTBepToi, ane BCe OAHO 3Ha4yHO
nepeBULLYBanu MoKasHuku rpynu koHtponto (p < 0,05).
3 oTpuMaHux pesynesraTiB BUAHO, WO 1-wa—2-ra cragis
ypaxeHHs1 cyrnoboBoro xpsilia BiAnoBiAae ekcynaTuBHO-
ansTepatuBHin, a 3-Ta — 4-Ta cTagia — nponicepaTtuBHin
dasi XpoHIYHOro 3ananeHHs. Ha ue Bkasye piske 3HU-
XKEHHs1 BinbLU HiXX YABIYi BU3HAYEHNX NOKA3HUKIB Y XBOPUX
Ha Tpetii cTtagii (p < 0,05) nopiBHSAHO i3 nepLiot Ta
Opyroto. 3HWXKEHHsI MOKa3HUKa PiBHA ayToaHTWUTIN [0
rictamiHy y xBopux 3 3-t0 i 4-t0 cTagieto gereHepadil
cyrnoboBoro xpsila BKasye Ha 3MEHLUEHHsI MOro poni
B MaToreHesi Ta MepekstodeHHi NaTonoriyHoro npouecy
Ha nponicpepaTMBHY cTafilo, sika peanisyeTbcs 4vepes
nepeBaxaHHA peakuii rinepyyTnMBOCTI MOBINbHEHOrO
TUMNY Ta ayTOIMyHHWI KOMMOHEHT, LU0 MOCUIE Aere-
HepaTuBHI npouecu B cyrnoboBoMy Xpsili Yy [aHoro
KOHTUHIEHTY XBOPUX.

[OuHamika 3MiHM PpiBHIB ricTamiHy Ta ayToaHTWUTIN
[0 HbOro BigobpaxalTb CTafifHICTb PO3BUTKY XPOHiY-
HOrO MMABOrO MPOAYKTUBHOIrO 3ananexHs. [ictamiH
30aTHUA  MOAEMOBATM  aKTUBHICTb  iIMYHOKOMMNETEHTMX
KNiTUH, siKa 3anexuTb Big CcybnonsiyiiHoOi CTPyKTypwu
eheKTOpHMX KMiTWH, L0 BU3HAYalTb NaTOreHe3 3axBo-
ptoBaHHS, i Big NpeacTaBHULTBA HasiBHMX Ha iX membpaHi
peuenTopiB go rictamiHy [1]. TpuBanicTb ix BRnuBY
CNpusie  MEpPEeKIIOYEHHI0  eKCyAaTMBHO-anbTepaTUBHOI
cTagii Ha nponidepaTvBHY, aKTUBYIOUM edEeKTOpHI Kni-
TUHM B cyrno6oBiii piguHi i3 npogykuieto npo3ananbHux
LUMTOKIHIB, akTuBauil ayTOiMyHHOro KOMMOHEeHTa B K-
TUHHOTKAHWHHUX CTPYKTypax cyrnoboBoro xpswa Ta
CUHOBIanbHOT 0O0NOHKMN.

Mpu ubOMy npuBepTae yBary napanenbHe Hapoc-
TaHHSA ayTOIMyHHOrO KOMMOHEHTA Ha TPETIN Ta 4yeTBep-
Ti cTapgil AereHepaTMBHOMO npouecy, Ha WO BKasye
3pOCTaHHA 3Ha4YeHb ayToaHTUTIN A0 remonizaTy sk
YHiBEpCANbHOrO MOKa3HWKa, WO XapaKTepusye HasiB-

It was shown that the levels of autoantibodies to
histamine progressively decreased from the first stage
of the degenerative process to the fourth, but still sig-
nificantly exceeded the indicators of the control group
(p < 0.05). From the obtained results, it can be seen that
stage 1-2 of damage to articular cartilage corresponds
to the exudative-alterative stage, and stage 3-4 to the
proliferative phase of chronic inflammation. This is indi-
cated by a sharp decrease of more than 2 times the
determined indicators in patients at the third stage
(p < 0.05) compared to the first and second. A decrease
in the level of autoantibodies to these mediators in
patients with stage 3 and 4 degeneration of articular
cartilage indicates a reduction in their role in the patho-
genesis and a switch of the pathological process to
a proliferative stage, which is realized due to the pre-
dominance of delayed-type hypersensitivity reactions
and an autoimmune component that enhances degene-
rative processes in the articular cartilage. cartilage of
the successful contingent of patients.

The dynamics of changes in the levels of histamine
and autoantibodies to them are shown to reflect the
stages of development of chronic indolent productive
inflammation. Histamine is able to modulate the activity
of immunocompetent cells, which depends on the sub-
population structure of effector cells, which determine
the pathogenesis of the disease, and on the repre-
sentation of histamine receptors present on their
membrane [1]. The duration of their influence contributes
to the switching of the exudative-alterative stage to
the proliferative one by activating effector cells in the
joint fluid with the production of pro-inflammatory
cytokines, activation of the autoimmune component
in the cell-tissue structures of the joint cartilage and
synovial membrane.

At the same time, attention is drawn to the parallel
increase of the autoimmune component in the third
and fourth stages of the degenerative process, which
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HICTb ayToiMyHHOro npouecy B opraHiami. BigmiueHo
poctoBipHe (p < 0,05) nigBuULLEHHSI PiBHA ayTOaHTMUTIN
[0 remonisaTty y XBopux Ha 3-0 Ta 4-10 cTagiamu gereHe-
pauii cyrmo6oBoro xpsilia, NOpPIiBHSHO i3 MOYaTKOBUMM
JereHepaTtMBHO-ANCTPOMiYHMMKN npouecamn. AHanoriy-
Ha KapTuHa BU3HA4YaeTbCs i3 AMHAMIKOK TUTPIB ayTo-
aHTUTIin o ®rA, kMM € MapkepoM y4yacTi y natonoriy-
HOMY MpOLECi rinepyyTNMBOCTI NOBIMbLHOMO TUNY i Hecne-
undpivHuM ctumynsatopom T-nimcouuTie. NMokasaHo, Lo
HaiMeHWW TUTP ayToaHTuTin go ®rA Bu3HayaeTbCA
B rpyni xsopux 3 1-t0 Ta 2-10 cTagielo, a HanbinbLu
BMCOKI 3HA4YEHHs LbOro MOKa3HMKa [AiarHOCTYTbCS
Ha TpeTik-4yeTBepTii cTafil AereHepaTUBHOrO npolecy
y cyrnobosomy xpsui (p < 0,05).

BogHoyac BinbyBaeTbCcsl MiABULLEHHS aHTWUTIN OO
rianypoHOBOi KWCMOTW, Sika € MPEACTaBHUKOM KUCINX
Mykononicaxapuais. [lokasaHo, WO piBeHb ayTOaHTUTIN
0O rianypoHOBOI  KMCNOTM OOCTOBIPHO  NiABULLEHWIA
(p < 0,05) y xBopux 3 3-t0 i 4-t0 cTagieto gerpagadii
cyrno6osoro xpswa (> 50%), NopiBHSAHO 3 XBOpPUMM i3
1-t0 i 2-10 ctagieo (10-25%), wo moxe BKasyBaTu Ha
MopyLLEHHS B’A3KOCTi cyrnoboBoi piguHn (Tabn. 3).
Lle npunyweHHa noB’A3aHO i3 TUM, WO KUCAi MYKO-
nonicaxapvuau KniTMHHO-TKAHWHHUX CTPYKTYp cyrnobo-
BOro Xpsilla Ta CUHOBIaNbHOT OBGONOHKM CUIbHO rigpa-
ToBaHi. BoHn aBnsATb coboto xenenoaibHi, nunki abo
CNn3bKi PEYOBUMHM, WO ChyXaTb CBOEPIOHUM  MDKKIi-
TUHHUM «MacTUIIOM» i OZHOYacHO nabinbHUM UEeMeH-
TYlO4MM MaTepianom cyrnoboBoro xpsia Ta CUHOBianb-
Hoi 060noHkM [4].

is indicated by the increase in the values of autoanti-
bodies to hemolysate as a universal indicator charac-
terizing the presence of an autoimmune process in the
body. A significant (p < 0.05) increase in the level of
autoantibodies to hemolysate was noted in patients
at the 3rd and 4th stages of articular cartilage degene-
ration compared to the initial degenerative-dystrophic
processes. A similar picture is determined with the
dynamics of titers of autoantibodies to FHA, which is
a marker of participation in the pathological process of
slow-type hypersensitivity and a non-specific stimulator
of T-lymphocytes. It is shown that the lowest titer of
autoantibodies to FHA is determined in the group of
patients with stage 1 and 2, and the highest values
of this indicator are diagnosed at the third-fourth stage
of the degenerative process in articular cartilage (p<0.05).

At the same time, there is an increase in antibodies
to hyaluronic acid, which is a representative of acidic
mucopolysaccharides. It is shown that the level of auto-
antibodies to hyaluronic acid is significantly increased
(p < 0.05) in patients with stage 3 and 4 of articular
cartilage degradation (> 50%) compared to patients
with stage 1 and 2 (10-25%), which may indicate violation
of the viscosity of the joint fluid (Table 3). This assump-
tion is due to the fact that the acidic mucopolysaccha-
rides of the cell-tissue structures of articular cartilage
and the synovial membrane are highly hydrated.
They are jelly-like, sticky or slippery substances that
serve as a kind of intercellular «lubricant» and at the
same time a labile cementing material of articular
cartilage and synovial membrane [4].

Tabnuus 3. MNoka3HWKM KiNbKICHOr0 BU3HAYEHHS ayTOaHTMUTIN OO KUCNNX MyKoMnoricaxapuais
Yy XBOPUX Ha BTOPVMHHWIA OCTEOAPTPUT y Nepioai 3aroCTPEHHs!
3anexHo Bif cTagii obcary gerexnepaldii cyrnobosoro xpsia (X+Sx), ym. of.
Table 3. Indicators of quantitative determination of autoantibodies to acidic mucopolysaccharides
in patients with secondary osteoarthritis in the period of exacerbation
depending on the stage of the volume of articular cartilage degeneration (X+Sx), conditional units

Crapis ypaxeHHs cyrnoboBoro xpsia B 3anexHocTi Big 06’emy (%) AereHepaii
. 3pnoposi noHopw | The stage of articular cartilage damage depending on the volume of degeneration (%)
Ir?(;i‘;:‘g‘f Healthy donors | Crapjs 1/Stage 1 | Crapis 2/ Stage 2 | Crapis 3/ Stage 3 | Crapis 4 / Stage 4
(<10%) (10-25%) (25-50%) (>50%)
n=25 n=23 n=36 n=34 n=24
[ ianypoosa kucriora 0,030,01 0,1420,02* 0,1720,02* 0,27+0,03* 0,320,040
Hyaluronic acid
lanyporiasa 0,03+0,01 0,13£0,02*° 0,1740,03* 0,26£0,04*° 0,34£0,05*°
Hyaluronidase
XoHApOITUH 0,0410,01 0,1340,02* 0,1720,02* 0,26+0,03* 0,350,040
Chondroitin
lenapwvH / Heparin 0,04+0,01 0,12+0,03*P 0,17+0,03* 0,25+0,04*P 0,33+0,03*®

lMpumimku:
* p < 0,05 — BigMiHHOCTI MiX ycima cTagismu cyrnoboBoi fereHepaldii i3 rpynoto KOHTPOo;
A —p < 0,05 - BigMiHHOCTI MiX 1-10, 2-10 cTagiamm cyrnoboBoi AereHepadii 3 4-10 cTagieto;
D — p < 0,05 — BigMiHHOCTi MiX 3-10, 4-t0 cTagismu cyrnoboBoi AereHepalii 3 1-t0 cTagieto.
Notes:
* p<0.05 — differences between all stages of joint degeneration with the control group;
A —p < 0.05 - differences between stages 1 and 2 of joint degeneration with stage 4;
D — p < 0.05 — differences between 3, 4 stages of joint degeneration with 1 stage.

OpuHuueto GyaoBu rianypoHOBOI KUCMOTW, WO Mo-
BTOPHETLCS, CNYXWUTb AMcaxapuvi, SKUA CKragaeTbcs
i3 3anuwkis D-rniokypoHoBoi kucnotu i N-auetun-D-
rntoko3amiH [5], 3’egHaHux B (1—3) — 3B’a3kom (puc. 1).

The repeating structural unit of hyaluronic acid is
a disaccharide consisting of residues of D-glucuronic
acid and N-acetyl-D-glucosamine [5] connected by
a B (1—3) bond (Fig. 1).
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Puc. 1. MNoBTOptoBanbHa oanHNULIA rianypoHOBOI KMCNOTK Ta ii MOBHA XiMiYHa CTPyKTypa
Fig. 1. Hyaluronic acid repeating unit and its complete chemical structure

Ockinbku rianypoHoBa Kucnota € MiHiiHuM nornime-
poM, TO ii KapbOKCUMbHI TPynu MOBHICTIO iOHI30BaHi i,
omxe, pH-7,0 HecyTb HeratMBHui 3apsg. Tomy BOHa
po3YMHHa SK y BOfAi, TaK i B CyrnoboBili piguHi, B AKinA
BOHa YTBOPIOE OYXe B'sI3Ke CepefoBuLLE, LLIO MOXE NPU3BO-
OVTU J0 nopyLeHHA MeTaboniyHmx i TpodhivHMX Npouecis
y CyrnoboBOMY Xpsilli Ta CMHOBIanbHin obonoHui [4, 5].
®epmeHT rianypoHigasa katanisye rigponis B (1—3)
3B’A3KIB rianypoOHOBOI KUCIOTW, WO CYNPOBOMKYETHCS
3HWKEHHAM B’SI3KOCTi B CUHOBIAnbHIA pigvHi, 3aBOsku
YOMY KOHTPOIIOETBCA penapaTvBHa aKTMBHICTb CMOMyyd-
HOTK@HWHHUX CTPYKTYp CyrnoboBOro xpswa Ta CUHO-
BianbHOi 06onoHku. Noka3aHo, WO HapoCTaHHSA PiBHA
ayToaHTUTIN A0 rianypoHigasu mae goctosipHi (p < 0,05)
BiAMIHHOCTI y XBOpMX Ha 3-Tio — 4-Ty cTagito gereHepadii
cyrno6oBoro xpswa Big rpynu xBopux, y akux OA 3Ha-
XOAMTbCS Ha NepLUiN cTagii AeCTPYKTUBHOTO NPOLIECY.

IHWK1A Mykononicaxapug, WO 3HaxoauTbCsa y Cknagi
NO3aKmMiTUHHOI OCHOBHOI PEYOBUHM i KIMITUHHUX 0B0NMOHOK
cyrnoboBOro xpsia, Le XOHOPOITMH, SKUM 3a CBOEH
CTPYKTYPOK MalKe iOeHTUYHWUIA rianypoHOBIN KWUCMOTI,
€aVHa MOoro BiAMIHHICTb Monsrae B TOMY, WO 3aMiCTb
3anuwkiB N-auetun-D-rmoko3amiHy, BiH MiCTUTb 3anuLl-
kn D-ranaktosamiHy. XOHAPOITUH € MiHOPHUM KOMMO-
HEHTOM MO3aKNiTMHHOIO Martepiany, a Moro cipyaHokucri
ecipy — xoHApoiTMHCynbatr A Ta XOHOPOITUHCYIb-
dat C € OCHOBHUMU CTPYKTypamu CyrnoboBoro xpsia
Ta KiCTKOBOI TKaHuHu (puc. 2).

Since hyaluronic acid is a linear polymer, its carboxyl
groups are completely ionized and, therefore, pH-7.0
carry a negative charge. Therefore, it is soluble both in
water and in joint fluid, in which it forms a very viscous
environment, which can lead to disruption of meta-
bolic and trophic processes in joint cartilage and
synovial membrane [4, 5]. The enzyme hyaluronidase
catalyzes the hydrolysis of § (1—3) bonds of hyaluronic
acid, which is accompanied by a decrease in viscosity
in the synovial fluid, thanks to which the reparative
activity of the connective tissue structures of the articular
cartilage and synovial membrane is controlled. It is shown
that the increase in the level of autoantibodies to
hyaluronidase has significant (p < 0.05) differences in
patients with stage 3—4 degeneration of articular carti-
lage from the group of patients in whom OA is at the
first stage of the destructive process.

Another mucopolysaccharide found in the extra-
cellular matrix and cell membranes of articular cartilage
is chondroitin, which is almost identical in structure
to hyaluronic acid, the only difference being that instead
of N-acetyl-D-glucosamine residues, it contains D resi-
dues — galactosamine. Chondroitin is a minor com-
ponent of extracellular material, and its sulfuric acid
esters — chondroitin sulfate A and chondroitin sulfate C
are the main structures of articular cartilage and
bone tissue (Fig. 2).

COOH CH,0S0,H
COOH CH,0S0, H H A O\ o Ho = O _o—
H =0 HO = — — 0 K ! 4
L H O H N R n H H
OH 1 ' ; !
o . VT RN M H OH H NH-—COCH,4
H OH H NH--COCH,

Puc. 2. Ximiyna 6yaosa xoHApOITUH-6-cynbdat
Fig. 2. Chemical structure of chondroitin-6-sulfate

Takox, y no3akniTMHHOMY cepefoBuLLi cyrno6oBoro
Xpsilla Ta CuMHOoBianNbHOI 0BOMOHKN MICTUTLCS LWe OAMH
KMCnuin Mykononicaxapuvg, 6nusbkuin 3a GygoBoto 3 ria-
NYPOHOBOKO KUCIOTOK Ta XOHAPOITUH-6-CynbdaTtoMm —
ue renapuH [5] (puc. 3).

Also, the extracellular environment of the articular
cartilage and synovial membrane contains another
acidic mucopolysaccharide similar in structure to
hyaluronic acid and chondroitin-6-sulfate — this is hepa-
rin [5] (Fig. 3).

OpuwuriHanbHi 4oCnigpKeHHSs

118

Original research



KapasiHcbkui imyHonoriyHui xxypHan. 2024. T. 7. Ne 2(14). C. 111-121

Karazin Journal of Immunology. 2024;7(2(14)):111-121

ISSN 3083-5615 (Online)

COOH
H o "0 H H

CH,0S0,H
—0. H

P

H 1 b H 9
QJ\ OH H A L_.p_.~ 0H H -

NH-—-50,H

H 0S0,H H

COOH CH,080,H
H ) T O\‘ I"I H 4 e 0\. H
:// H ., < H \\\.
N OH H /L o_\_OH H A o—
H 0S0,H H NH—SO,H

Puc. 3. XimiyHa 6ynosa renapuHy
Fig. 3. Chemical structure of heparin

Bnu3sbka OygoBa remapvHy Ta XOHAPOITUHY 3a Ha-
WO JOYMKOK CTBOPIOE MOXIMBICTb NEPEXPECHOro
pearyBaHHs Ha OOHOTWUMHICTb XiMIYHOI  CTPYKTypW,
Ha wo Bkasye pgoctoBipHe (p < 0,05) HapocTaHHS piBHSA
ayTOaHTUTIN SK A0 XOHAPOITMHY, TaK i A0 renapuvHy
y xBopux 3 3-t0 Ta 4-t0 ctagigamm (25-50%) gereHepauii
cyrnoboBoro xpsia NoOpiBHAHO 3 XBOPUMU Ha 1-L1y cTa-
aito (< 10%) perpapauii cyrmoboBoro xpsia, Lo npu-
3BOONTbL [0 TMOPYLUEHHS PEOSIONiYHMX BNacTMBOCTEN
KPOBi Ta MIKpOLMPKYMsUii B cucTemi: cyrnmoboBuin xpsLy,
— CWHOBianbHa o0O0OMNoHKa — CWHOBianbHa pigvHa,
NOCUINIOYN AereHepaTuBHI 3MiHM Ta TPOiduHYy (DYHKLO
LUX KIMITUHHO-TKAHUHHUX CTPYKTYP.

3 npuBegeHux OOCNiMKEeHb BWAOHO, WO Mg BRu-
BOM MOLUKOAXKYBANbHNX €K30-eHOOreHHMX Ta iMyHO-
naTonoriyHnx pakTopiB Ha OAHY i3 CTPYKTYP KUCIUX
MyKononicaxapuiie nae nepexpecHo pearyiwuda Bigno-
Bidb iMYHHOI CWCTEMW OpraHiamy, MOCWIIOIYN ayTo-
iMyHHUA KOMMOHEHT Ta MPOrpecyBaHHsA OereHepaTuBHO-
OECTPYKTUBHUX MpoueciB y cyrnmoboBomy Xxpsui Ta
CVHOBIanbHiN 0BOMNOHL Y 4AHOTO KOHTUHIEHTY XBOPUX.

BUCHOBKHU

TakMuM 4MHOM, NpoBefeHe AOCNIMKEHHA MoKasano,
O Y KpOBi XBOPWUX Ha BTOPUMHHWUIA oOCTeoapTpuT 1-i
i 2-i ctapii (10—25%) pereHepauii cyrmoboBoro xpsa
BiA3Ha4YaeTbCA MNIABULLEHHA PiBHA ricTamiHy Ta ayTo-
aHTUTIN 4O HbOTO Ta HM3bKIM piBEHb ayTOaHTUTIN Ao PrA,
WO [JO3BONSAE AiarHoCTyBaTW eKCyaaTUBHO-anbTepa-
TUBHY CTaflit0 XPOHIYHOrO NPOAYKTMBHOTO 3ananeHHs.

3HWKEHHS piBHA FiCTaMiHy Ta ayTOQHTUTIN OO0 HbOrO
Ta BUCOKI piBHI ayToaHTuTIN 4o ®rA y KpoBi XBOopuX 3 3-t0
Ta 4-1o0 ctagieto (25-50%) pereHepadii cyrnoboBoro xps-
la, BKasye Ha nepeMuKkaHHs edeKTOPHMX KMiTUH Ha
NPOAYKTUBHY CTaZlild XPOHIYHOrO 3anarneHHsi, peanisosa-
Horo 4epes peakuii MT Ta ayToOiMyHHWUI KOMMOHEHT.

Mu nponoHyemMo [0 iIMYyHOAiIarHOCTUYHOIO KOMI-
neKcy OOCHNIMKEHHSA XBOPUX Ha OCTE0apTPUT BKIOYMTU
BU3HAYEHHA ayToaHTUTIN [0 remonisarty, gitorema-
TIOTUHIHY, TanypoHOBOI KUCMOTU, XOHAPOITUHCYNbdAaTy,
rianypoHigasu, renapuHy. Lle gossBonnte 3 BUCOKOH
AiarHOCTUYHOK TOYHICTHO BUSIBMATW MaTOreHeTUYHi 0cob-
NBOCTI PO3BUTKY XPOHIYHOTO MIISIBOrO MPOAYKTMBHOMO
3ananeHHsa y xBopux i3 3-t0 i 4-t0 cragiammn (25-50%)
AereHepadii cyrnoboBoro xpsia Ta po3poduT natoreHe-
TWUYHI Nigxoam oo Tepanii BTOPUHHOIO OCTE0apTpUTY.
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The close structure creates the possibility of cross-
reactivity to the homogeneity of the chemical structure,
as indicated by a significant (p < 0.05) increase in the
level of autoantibodies to both chondroitin and heparin
in patients with stage 3 and 4 (25-50%) of articular
cartilage degeneration compared to patients with
stage 1 (< 10%) degradation of articular cartilage, which
leads to a violation of the rheological properties of blood
and microcirculation in the system: articular cartilage —
synovial membrane — synovial fluid, increasing de-
generative changes and trophic function of these
cell-tissue structures.

From the above studies, it is clear that under the
influence of harmful exogenous and immunopatholo-
gical factors, a cross-reactive response of the body’s
immune system to one of the structures of acidic muco-
polysaccharides occurs, increasing the autoimmune
component and the progression of degenerative-
destructive processes in the articular cartilage and
synovial membrane in this contingent of patients.

CONCLUSIONS

Thus, the conducted research showed that In the
blood of patients with secondary osteoarthritis of the 1st
and 2nd stages (10-25%) of articular cartilage degene-
ration, there is an increase in the level of histamine and
autoantibodies to it and a low level of autoantibodies
to PHA, which allows diagnosing the exudative-altera-
tive stage of chronic productive inflammation.

Adecrease in the level of histamine and autoantibodies
to it and high levels of autoantibodies to FHA in the blood
of patients with stage 3 and 4 (25-50%) of articular car-
tilage degeneration indicates the switch of effector cells
to the productive stage of chronic inflammation realized
through HPT reactions and an autoimmune component.

We suggest that the determination of autoantibo-
dies to hemolysate, phytohemagglutinin, hyaluronic acid,
chondroitin sulfate, hyaluronidase, and heparin should
be included in the immuno-diagnostic research complex
of osteoarthritis patients. This will allow with high diag-
nostic accuracy to identify the pathogenetic features
of the development of chronic indolent productive inflam-
mation in patients with 3 and 4 stages (25-50%) of articu-
lar cartilage degeneration and to develop pathogenetic
approaches to the therapy of secondary osteoarthritis.
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HepcneK‘ruBM MOAQABbLUMX AOCAIAXEHD

lMpoBeneHe [OoOCNioKEHHS Mokas3ano, LWO BUSIBMEHI 3MiHK
GioreHHNX aMiHiB Ta ayTOaHTUTIM, € BaXNUBUM [OOMOBHEHHAM
0iarHOCTUYHOTO KOMMMEKCy, Le A03BONUTb MPOBOAMTU PaHHIO
iMyHOQliarHOCTMKY Ta po3pobuTy  iMyHOKOpUrytody —Tepanito
y NauieHTiB 3 BTOPUHHUM OCTEOAPTPUTOM.

KOoHdAIKT iHTEepecis

ABTOpU pyKOnuUcy CBIAOMO 3acBigyytoTb BiACYTHICTb paKTUYHOro
abo NOTEHUINHOro KOHMMIKTY iHTepeciB LWo[o pesynbraTiB
Liei poboTn 3 hapmaueBTUYHUMY KOMMaHISMK, BUPOGHMKaMU
BGioMeanyHMX NPUCTPOIB, IHWMMK OpraHi3alisamn, Yni NpoayKTy,
nocnyr, iHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HajaHux MatepianiB abo ski cnoHcopysanu
npoBeAeHi AOCIAXEHHS.
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Prospects for further research

The conducted study showed that the detected changes in
biogenic amines and autoantibodies are an important addition
to the diagnostic complex, which will allow early immunodiagno-
sis and the development of immunocorrective therapy in patients
with secondary osteoarthritis.
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KAlo4OBi cAoBa: PE3IOME

pak rpygHoi 3ano3u, iMyHHa BignoBigb, AKTyanbHIiCTb. B CTPyKTypi Cy4acCHWX OHKOMOFYHMX 3axBOPKOBaHb OAHIE i3
KNITUHHUIA  Ta TymopanbHUiA iIMYHITET,  akTyanbHUX Npobnem oHkomorii € pak rpygHoi 3ano3u (PI3), skuin nocigae apyre
Heoa'toBaHTHa nornixiMmioTepanis. MicLe ceped OHKOMOriYHOI naTornorii B ycboMy CBITi. He3Baxatoun Ha npodinakTuyHi
3axogM Ta ycnixu, Wo JocarHyTi y Tepanii PI3, piBeHb 3axBoptoBaHOCTi HEBMUHHO
3pocTae. AHani3 gaHux BcecBiTHbOI opraHisauii oxopoHu 3gopoB’st Aosi, wo Pr3
€ HannoLWMpPEHILLNM OHKOMOMYHUM 3aXBOPIOBAHHSAM Y CBITi. KinbKiCTb BTpayYeHnx pokis
3gopoBoro xuTTs (DALYS) xiHok i3 UMM fgiarHo3oM y CBIiTi nNepeBuLLye aHanoriYHuin
Omueraw Hamans MukonaieHa nokasHuK Byab-sIKOro iHWOro BuAy paky Y >xiHok. PI'3 3ycTpiyaeTbcsi B ycix KpaiHax
XapKiBCbKWA HaLliOHaNbHWA YHIBEPCUTET  cRiTy y %iHOK BY/Ab-IKOTO BiKY MICAS JOCSTHEHHS CTaTeBOi 3PINocTi, OAHAK Y CTapLIOMY
imeHi B.H. Kapa3iHa MiHiCTepCTBa OCBITU BiLli piBeHb 3aXBOPOBAHOCTI 3pOCTaE.

i Hayku YkpaiHu, kadeapa iHPeKUiiHNX  CyyacHe nikyBaHHs PI3 Ha CbOTOAHI 3anMWILAETHCA eTanHUM, GaraTOKOMMOHEHTHUM

AAfl KOpeCnOoHAEHLI:

xBOpO6 Ta KniHi4HOT iMyHorOril; npoLecoMm, sikui nepenbavae iHAMBIAYanbHWIA niaxia. Mpy MicLeso-nowmpeHomy Pr3
mangaH Csoboau, 6yd. 4, M. XapkiB,  ocHOBHMM CTaHOapToM € Heoap'toBaHTHa noniximiotepanis (HAXT). lNMpoBegeHHs
YkpaiHa, 61022; Heoa/ I0BaHTHOI CUCTEMHOI Tepanii A03BONSE iN ViVO BUSHAYUTM YYTAMBICTL MyXMMHM
e-mail: nat.otchenash@gmail.com [0 XiMiOTepaneBTUYHUX 3aCOBGiB, BUSIBUTM MPOFHO3YlOMi «MapKepu», «3MEHLLMTU»

CTa/iil0 OHKOMOMYHOMO MPOLIECY | BUKOHATK OpraHo3GepiransHe onepaTMBHe BTPYUaHHS
© Omyeraw H.M., y HaHoi kaTteropii xsBopux. OpHak, 3actocyBaHHs nonixiMmiotepanii (MXT) npu PIr3
lMombowmkit M.fO., 2024. MOXe NPWU3BOAMUTM [0 MOSIBU NOBIMHUX edekTiB, HAsBHICTL SIKUX 3anNeXuTb Bif TUMY

npenapary, 403u Ailo4oi pevyoBUHU, TpUBANOCTi MikyBaHHS i ocobnuBocTelr iMyHHOro
cTaTycy XBOpOro.

MeTa po60Tu — BMBYEHHSI Ta aHarni3 gaHuWx KNiTUHHOI Ta ryMopanbHOi NaHku imy-
HiTeTy y xBopux Ha PI'3 npu npoBegeHHi Kypcy Heoan'toBaHTHoI MXT, ski 3Haxoau-
nmcs Ha nikyBaHHi 'y KomyHanbHOMY HekoMmepuiHOMY nignpueMcTBi XapKiBCbKOI
obnacHoi pagn «O6nacHuUii LLeHTP OHKOOrii».

Matepianu Ta MeToau. IMyHonoriyHe gocnigxeHHst 6yno npoeegeHo y 46 xBopux Ha
pak rpygHoi 3anosu Bikom 32—-58 pokis. CepefHin Bik nauieHTok cknas 44,8 + 12,4 poku.
KoHTponbHy rpyny cknanu 20 3popoBux oci6 6e3 03Hak siBHOI rOCTpOi Ta XPOHiYHOT
COMaTMYHOI naTonorii.

BusHayeHHs deHoTMNy NiMGOUMTIB KPOBi MPOBOAMIIOCA 32 AOMOMOrOK MPOTOYHOI
nasepHoi LUTOMETPii 3 BMKOpUCTaHHAM anapata FACS-Calibur (CLUA) ta MoHO-
KnoHanbHux aHTuTin (MAT). Ons ineHTudikauii Ha knitnHax CD3*, CD4*, CD8*, CD16",
CD20*, CD25*, CD8*CD28*, CD8'CD28~ BuKopuCTOBYBanu BigMNOBiAHI aHTWTINA,
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AAS LUTYBAHHS:

nomiveHi FITC. OAnsa igeHTundikauii B untonnasmi T-nimcountis IH®y (Th1-knituHm),
-4 (Th2-kniTnHn) TOPB1 (Th3-KNiTMHW) BUKOPWUCTOBYBANM MOHOKMOHAarbHI aHTUTINa
IH®y — PC-5, IJ1-4 — PE, TOPB — FITC (eBioscience, Beckman Caulter, R&D System).
Yci cragii nigrotoBkm npo6 ans nasepHoi uMTOnoopoMeTpii nNpoBoaunu 3rigHo
3 NpoToKonamu BUpOBHUKa.

HocnigxeHHs Byno npoBeaeHO y AMHaMIL NikyBaHHS Ao novatky 1-ro kypey (I nepioa),
nicnst 6-ro kypcy (Il nepion) HAXT. Matepianom ans pocnigxeHHst Gyna cupoaTka
KpoBi xBopux Ha PI'3, sika BMBYanacsa B guHaMiLi NikyBaHHS.

CTtaTuCTUYHY 0OpoGKY [AaHuX NPOBOAMNM 3 BUKOPUCTaHHAM MPOrpaMHOro nakerta
«Statistica 10.0 for Windows». [ns KoxHOro BapiauiiHoro psigy pospaxoByBanuv
cepeaHio apudmetuyHy (M), cepeaHe kKBagpaTuyHe BigxurneHHs (o), cepegHio NOMUIKY
cepeaHbOi  apudmeTnyHoi (m). [Ons BUSBNEHHSI BIipOrigHMX BigMIHHOCTEN BUMKO-
puctoByBanu t-kputepin CtblogeHTa. BigMmiHHOCTI BBaxkanu BiporigHMMM Mpu piBHi
3HayeHb p < 0,05.

Pesynbratn Ta ix o6roBopeHHs. [py ouiHUi BigHOCHOro BMICTy cybnonynsuiiHoro
cknagy nimcountiB y xBopux Ha PI3 po nouatky npoBegeHHss HAXT BusiBneHo
nponidepadito T-kniTH 3a paxyHok nigsuweHoro Bmicty CD3*, CD4*, CD8*-kniTuH.
Po3snopin xsopux 3a BigHOocHMM BMicToM CD16+-kniTuH 6yB AOCWUTbH PIBHOMIPHUM.
BigHocHun BwmicT B-nimcouutie (CD20*-kniTvHn) y xBopux Ha PI3 po nodatky
npoeefeHHs HAMX 6y niasuweHum y 47,8%, mMaB HopmarnbHi 3HayeHHs y 43,5%
XBOPUX, 3HWXEHI NOKa3HUKK Byno BusiBneHo y 8,7%. Migeuwiexunin Bmict CD8*CD28*-kn,
% 6yno BusisneHo y 32,6% XBOpUX, HOpMarnbHi 3Ha4eHHS — Yy 37 %, 3HKEHHSI BiHOCHOIO
BMmicTy — y 30,4%.

OocnigpkeHHa BigHOcHoro BMicTy T-kniTuH 3 peHotunom CD8*CD28--kn, %,
BCTAHOBWMO MiABULLEHHS Y 21,7%, HopmanbHi piBHi — y 60,9%, 3HWKEHHs pIBHIB —
y 17,4% xBopux. Bmict CD25'-kn, % OyB nigBuweHum y 50%, HOpManbHi 3Ha-
YeHHs 3apeecTpoBaHO Yy 32,6%, 3HWKEHHs BigQHOCHOro BMICTY BusiBneHo y 17,4%.
MipBuweHHs cnieBigHoweHHst Th1/Th2 knitH 6yno BusineHo y 47,8%, y 34,8%
nokasHuk Th1/Th2 konuBaBcs y Mexax KOHTPONbHUX 3HayeHb, y 17,4% Oyno BusB-
NEHO 3HWXEHHS AAaHOro MoKasHuKa.

OocnimpkeHHa BigHocHoro BMmicTy CD3*-knituH nicna  3aBepweHHs kypcy HAXT
y xBopux Ha PI'3 o3Bonuno BusaBMTY NepeBuULLIEHHS MOKa3HWKIB BIQHOCHO HOPMarbHUX
3HaveHb Y 26,1%, y 21,7% NOKa3HWKWN KONMBANWUCb Y MeXaX KOHTPOMbHUX 3Ha4eHb,
a B 52,2% BCTaAHOBMEHO 3HWXEHHSI MoKasHuka. BigHocHun Bmict CD4*-knitH %
BMSIBUBCA BULLUMM 3@ HOpMarbHi nokasHukn y 21,7%, y mexax Hopmu — y 23,9%,
6yB 3HWxeHUM Yy 54,4%. Micns 3aBepweHHs kypcy HAMX y 13% peecTpyBaBcs
nigsuweHnin Bmict CD8*-kniTuH %, HOpMarnbHi 3HayeHHst Gyno BusiBreHo y 26,1%,
3HWKEHHS piBHA Yy 60,9% xBOpUX.

OocnimpkeHHa BigHocHoro BmicTy CD16*-kniTMH BUSBUNO MiaBWLLEHI pPiBHI JaHOro
nokasHuka y 19,6%, HopmanbHi piBHi y 17,4%, 3HWXeHi piBHi — y 63% XBOPUX.
BigHocHui Bmict CD20*-knituH 6yB BUWMM y 19,6%, HOpManbHi 3HavyeHHs Oynu
BusiBneHi y 10,8%, 3HmxeHi — y 69,6% xsopux. lMigBULLEHHA Ta HOPManbHWN BMICT
CD8*CD28*-kn, 6ynu BUsiBNEHi B OQHaAKOBOI YaCTUHW XBOPWUX, 3HWDKEHI MOKa3HUKU
BusiBNeHo y 47,8%. Bmict CD8*CD28-kn BusiBUBCS 36inblueHum y 17,4%, HopMarnbHi
3Ha4YeHHs y 26,1%, 3HMxeHHs — y 56,5% xBopux. Po3nodin xBopux 3a nokasHukamm
BigHocHoro BmicTy CD25*-kniTuH BMABMB NiABULLEHHS piBHIB Yy 23,9%, HOpManbHi
3Ha4YeHHA Y 17,4%, 3HWKeHHS piBHIB Y 58,7%.

HocnigpxeHHs cnieBigHoweHHs Th1/Th2 kniTMH BMABMNO 36iNblUeHHS MoKasHUKa
y 21,7%, HopmanbHi 3Ha4eHHs Y 26,1%, 3HUXeHi 3HavYeHHs — Y 52,2% XBOpUX.
BucHoBku. lNpu npoBedeHHi Heoad'toBaHTHOI noniximiotepanii y xBopux Ha PI3
OOCHIAKEHHS1 CTaHy KMITUHHOIO Ta rymMopanbHOro iMyHITETY A03BOMNWMO BCTaHOBUTU
BiporigHe 3MeHLUEeHHS BiGHOCHOTO BMICTY OCHOBHMX MOKa3HWKIB iMyHOrpamu.
3MEHLIeHHS1  BiQHOCHOTO BMICTY OCHOBHMX KMaciB iIMyHOKOMMEHEHTHUX  KIiTWH
noTpebye AMHaMIYHOrO CMOCTEPEXEHHS Ta KOpeKLUii ycknagHeHb, NOB’s13aHMX 3 iMyHO-
CYNPEecUBHUMW CTaHaMu, siki BUKMUKaHI xiMioTepaneBTuYHUMYK 3acobamu, WO 3acTo-
CoByOTbCA Npu npoeaeHHi HAMX.

MpakTuyHe BMKOPUCTaHHS AaHUX MOKa3HWKIB MOXe OyTW 3acCTOCOBAHO Y MpaKTUYHIN
AisNbHOCTI XiMioTepaneBTiB, OHKOMOTIB Ta KIiHIYHWUX iIMyHOMNOrIB.

Otyenaw H.M., MotbomkiH M.KO. JocnigxeHHs1 CcTaHy KMiTMHHOIO Ta rymMoparibHOro iMyHITETY y XBOPWX Ha pak
rpyAHOI 3ano3u npu nNpoBedeHHi Heoad'toBaHTHOI ximioTepanii. KapasiHcbkuli iMyHonoaiyHul xypHan. 2024. T. 7,
Ne 2 (14). C. 122-132. DOI: https://doi.org/10.26565/3083-5615-2024-14-02
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ABSTRACT

Background. Among modern oncological diseases, breast cancer (BC) is one of the
most pressing issues in oncology, ranking second among oncological pathologies
worldwide. Despite preventive measures and the successes achieved in BC therapy,
the incidence rate continues to rise. An analysis of World Health Organization data
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has shown that BC is the most common cancer globally. The number of disability-
adjusted life years (DALYs) lost by women with this diagnosis exceeds that for any
other type of cancer in women. BC is found in all countries and affects women of
any age after reaching sexual maturity, though the incidence rate increases with age.
Current treatment for BC remains a stepwise, multi-component process that requires
an individualized approach. In cases of locally advanced BC, the primary standard
is neoadjuvant polychemotherapy (NACT). Neoadjuvant systemic therapy allows for
in vivo determination of tumor sensitivity to chemotherapeutic agents, the iden-
tification of predictive «markers», the «downgrading» of the cancer stage, and
organ-preserving surgical interventions for this patient category. However, the use
of polychemotherapy (PCT) in BC can lead to side effects, the occurrence of
which depends on the type of drug, dose of the active substance, treatment duration,
and the immune status of the patient.

Purpose — the study aimed to investigate and analyze data on the cellular and
humoral immunity in BC patients undergoing neoadjuvant PCT who were treated
at the KNP «Regional oncology center».

Materials and Methods. An immunological study was conducted on 46 BC patients
aged 32-58 years, with an average age of 44.8 + 12.4 years. The control group
consisted of 20 healthy individuals without signs of acute or chronic somatic
pathology. The phenotype of blood lymphocytes was determined by flow cytometry
using a FACS-Calibur device (USA) and monoclonal antibodies (MAbs).
Antibodies labeled with FITC were used to identify CD3*, CD4*, CD8*, CD16*, CD20",
CD25*, CD8*CD28*, CD8*CD28- on the cells. Monoclonal antibodies INFy — PC-5,
IL-4 — PE, TGFB — FITC (eBioscience, Beckman Coulter, R&D System) were used
to identify INFy (Th1 cells), IL-4 (Th2 cells), and TGFB1 (Th3 cells) in T-lymphocytes.
All sample preparation steps for laser cytometry were conducted according to
the manufacturer’s protocols.

The study was carried out during the treatment, before the start of the first course
(Period 1) and after the sixth course (Period IlI) of NACT. The material for the study
was the serum of BC patients, analyzed dynamically during treatment.

Statistical data processing was performed using the «Statistica 10.0 for Windows»
software package. For each data set, the mean (M), standard deviation (c), and
standard error of the mean (m) were calculated. Student's t-test was used to
identify significant differences, considered reliable at p < 0.05.

Results. When evaluating the relative content of lymphocyte subpopulation com-
position in breast cancer patients prior to the start of neoadjuvant chemotherapy
(NACT), a proliferation of T-cells was observed due to an increased content of
CD3*, CD4*, and CD8* cells. The distribution of patients by the relative content
of CD16* cells was quite uniform. The relative content of B-lymphocytes
(CD20* cells) in breast cancer patients before NACT was elevated in 47.8%, had
normal values in 43.5% of patients, and decreased values were found in 8.7%.
An increased content of CD8+CD28+ cells, % was found in 32.6%, normal values were
found in 37% of patients, and a decrease in relative content was observed in 30.4%.
The study of the relative content of T-cells with the CD8*CD28  phenotype, %,
showed an increase in 21.7%, normal levels in 60.9%, and a decrease in 17.4%.
The content of CD25+ cells, % was elevated in 50%, normal values were recorded
in 32.6%, and a decrease in relative content was observed in 17.4%. An increase
in the Th1/Th2 cell ratio was found in 47.8%, in 34.8% the Th1/Th2 index remained
within control values, and a decrease in this index was found in 17.4%.

The study of the relative content of CD3+ cells after completing the course of NACT
in breast cancer patients revealed an increase in values above the normal range
in 26.1%, in 21.7% values were within control limits, and a decrease was noted
in 52.2%. The relative content of CD4* cells % was higher than normal in 21.7%,
within normal limits in 23.9%, and reduced in 54.4%. After completing the course
of NACT, an increased content of CD8* cells % was registered in 13%, normal
values were found in 26.1%, and a decrease in level was observed in 60.9%.

The study of the relative content of CD16* cells revealed elevated levels in 19.6%,
normal levels in 17.4%, and decreased levels in 63%. The relative content of
CD20* cells was higher in 19.6%, normal values were found in 10.8%, and reduced
in 69.6% of patients. Increased and normal content of CD8*CD28* cells was found
in equal parts of patients, while decreased values were found in 47.8%. The content
of CD8*CD28- cells showed an increase in 17.4%, normal values in 26.1%, and
a decrease in 56.5%. The distribution of patients by the relative content of CD25*
cells revealed an increase in 23.9%, normal values in 17.4%, and a decrease in 58.7%.
The study of the Th1/Th2 cell ratio showed an increase in 21.7%, normal values
in 26.1%, and decreased values in 52.2%.

Conclusions. The study of cellular and humoral immunity in BC patients undergoing
neoadjuvant PCT revealed a significant decrease in the relative content of major
immunogram parameters. The reduction in the relative content of the main classes
of immune-competent cells requires dynamic monitoring and correction of compli-
cations associated with immunosuppressive conditions induced by chemothera-
peutic agents used in NACT. The practical use of these indicators can be applied
by chemotherapists, oncologists, and clinical immunologists.
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BCTYN

OpHieto i3 akTyanbHUX Npobrnem y CTPYKTYpi OHKO-
NOriYHMX 3aXBOPIOBaHb € pak rpyaHoi 3anosu (PIr3), akun
nocigae ogHe i3 NpPOBIOHUX MiCLb cepen OHKOMOTiYHMX
3aXBOPOBaHb y BCbOMY CBITi [1]. BeaymoBHO, cyyacHi npo-
dinakTnyHi 3axoam Ta ycnixu, Wo JocarnyTi y Tepanii PI'3,
€ e(PEKTUBHNMU, OHAK PiBEHb 3aXBOPIOBAHOCTI Ha AaHy
OHKOIMOriYHY MaTonorito XapakTepu3yeTbCA TEeHAEHLIE
00 HeBNUHHOIO 3pocTaHH4 [1, 2]. CtatucTrka 3axsoploBa-
HocTi Ha PI'3 y 2023 poui B CBITi CBigYNTb, WO Maxe Yy
2,3 MIH XiHOK Byno giarHOCTOBaHO AaHy naTonorito, npu
uboMy cepep Hux 666 103 netanbHux Bunagkis [1, 3].
3a nonepegHiMn ouiHkamyM HauioHanbHOro IHCTUTYTY
paKy OpiEHTOBHA KiNbKiCTb HOBMX Bunagkis PI3 Tinbku
y CLLA y 2024 poui 6yae 3apeectpoBaHa y 310720 xiHOK
i NnpnbnnaHo 42250 ocib nompyTb Big Uiei xBopobu [4, 5].
3a gaHumn HauioHanbHoro peectpy paky y 2020 poui B
YkpaiHi 3apeectpoBaHo 12824 sunagku PI3 (12736 xiH-
kv Ta 88 vonosikis), a 4998 oci6 nomepnu BHaAcnifokK Liel
Hepyrn (4960 xiHok i 38 yomnoBikiB) — 6e3 ypaxyBaHHA
naHnx [oHeupkoi, JlyraHcbkoi obnacten, AP Kpum Ta
M. CeBacTtononb. To6To Ha KoxHi 10 HOBMX BMNaakiB 3a-
XBOpIoBaHHA B YkpaiHi peecTpytoTb 3 cmepTi Big Hboro [6].
PI'3 sycTpivyaeTbcsa y BCix kpaiHax CBiTY Yy XiHOK OyAb-
SIKOrO BiKy MiCns AOCATHEHHs1 CTaTeBOi 3pinocTi, ogHaK y
CTapLUOMYy BiLi piBeHb 3aXBOPHOBaHOCTI 3pocTae [1, 4, 6].

Cnig 3as3Hauntv, Wwo nikyBaHHa PI3 Ha cborogHi
NUWIAETLCA eTanHuMM, 6araToOKOMMOHEHTHUM MPOLIECOM,
Ak nepepbavae iHOuBIQyanbHUMI MiOXig4 OO KOXHOro
nauieHTa. OCHOBHUM CTaHAAPTOM Mpu fiKyBaHHi MiCLIeBO-
nowwvpeHoro PI'3 € Heoag’toBaHTHa noniximioTepanisa
(HAXT). NpoBeaeHHA Heoa toBaHTHOI CUCTEMHOI Tepanii
[O03BONSE iN ViVO BU3HAYUTU YYTNMBICTb NYXMUHW OO Xi-
MioTepaneBTMYHMX 3acobiB, BUSBUTU NPOrHO3YoYi «map-
Kepu», «3MEHLUUTUY» CTadild OHKOMOrYHOro npouecy
i BMKOHaTU opraHo3bepiranbHe onepaTtuBHe BTPyYaHHA
y AaHoi kateropii xsopux [7-9].

OpHak, 3acTtocyBaHHA noniximiotepanii (MXT) npwu
PIr3 moxe npussBoautn [0 nosiBu MnobivyHUX edpekTi.,
HasiBHICTb AKUX 3anexuTb Bi4 Tuny npenapaty, A03u
Li0Y0i pevyoBMHW, TPUBANOCTI NiKyBaHHA i ocobnueocTewn
iMyHHoro ctatycy xsopoi [10-11]. HawvinowwmpeHiwmnmn
i3 MOXNMBUX NOBIYHNX ePeKTiB € NOCTXiMioTEpaneBTUYHa
anoneujs, PO3BUTOK TSHKKOrO BMPA3KOBOrO CTOMATUTY,
BTpaTa anetuty abo 3miHa macu Tina, HyaoTa i 6noBoTa,
OiapenHUn CMHAPOM, MOPYLUEHHS KOTHITUBHOT (OYHKLUIT,
noniHeriponarii, NPUrHiMeHHst PYHKLii KPOBOTBOPEHHHS Ta
6arato iHwwux. MobiyHi edektn MXT MOXYTb NpU3BECTU
00 NOSIBN TSXKKUX IMYHOCYNPECUMBHUX CTaHiB, SKi, B CBOIO
yepry, acouiioBaHi 3 pO3BMTKOM BTOPUHHUX BakTepianb-
HUX iHEKLiN, KPOBOTEY, BUpaxeHoi aHemii [12, 13].

Meta pob60OoTM — BUMBYEHHA Ta aHania gaHux no-
Ka3HWKIiB KNITMHHOI Ta rymopanbHOi NaHku iMyHITeTYy
y xBopux Ha PI'3 npu npoBefdeHHi Kypcy Heoad toBaHT-
HOi noniximioTepanii, Sk 3HaXoAuUNWUCs Ha niKyBaHHI
y KomyHanbHOMy HekomepuiHOMYy nignpuemcTsi Xap-
KiBCbKOi 06nacHoi pagn «ObnacHW LEHTP OHKOMOTii».

Karazin

Journal of Immunology. 2024;7(2(14)):122-132. DOI:

INTRODUCTION

One of the pressing issues within the structure of
oncological diseases is breast cancer (BC), which ranks
among the leading types of cancer worldwide [1].
Undoubtedly, modern preventive measures and the
progress achieved in BC therapy are effective; however,
the incidence rate of this oncological condition continues
to show an upward trend [1, 2]. Statistics for 2023 indi-
cate that nearly 2.3 milion women worldwide were
diagnosed with BC, with 666,103 resulting deaths [1, 3].
Preliminary estimates by the National Cancer Institute
project that in the United States alone, approximately
310,720 new cases of BC will be recorded in 2024, with
around 42,250 deaths from the disease [4, 5]. According
to the National Cancer Registry, in 2020, Ukraine regis-
tered 12,824 cases of BC (12,736 women and 88 men),
with 4,998 deaths (4,960 women and 38 men) — exclu-
ding data from Donetsk, Luhansk regions, the Autono-
mous Republic of Crimea, and the city of Sevastopol.
This equates to three deaths for every 10 new cases
diagnosed in Ukraine [6]. BC is found in all countries
and affects women of any age post-puberty, with
incidence rates increasing with age [1, 4, 6].

It should be noted that BC treatment remains
a phased, multi-component process that requires
an individualized approach for each patient. The main
standard for treating locally advanced BC is neoadjuvant
polychemotherapy (NACT). Neoadjuvant systemic the-
rapy allows for in vivo assessment of tumor sensitivity to
chemotherapeutic agents, the identification of predictive
«markers», reduction of the cancer stage, and organ-
preserving surgery for this category of patients [7-9].

However, the use of polychemotherapy (PCT) in BC
can lead to side effects, which depend on the type of
drug, dosage of the active substance, duration of treat-
ment, and the patient's immune status [10—11]. The most
common side effects include post-chemotherapy alope-
cia, severe ulcerative stomatitis, loss of appetite or
weight changes, nausea and vomiting, diarrhea, cogni-
tive dysfunction, polyneuropathies, suppression of
hematopoiesis, and many others. The side effects of
PCT can result in severe immunosuppressive states,
which, in turn, are associated with secondary bacterial
infections, bleeding, and significant anemia [12, 13].

Objective — the study involved the examination and
analysis of cellular and humoral immunity indicators
in breast cancer (BC) patients undergoing a course of
neoadjuvant polychemotherapy, who were being treated
at the KNP «Regional oncology center».

OpuwuriHanbHi 4oCnigpKeHHSs

125

Original research


https://doi.org/10.26565/3083-5615-2024-14-02

KapasiHcbkui imyHomnoriyHui xxypHan. 2024. T. 7. Ne 2(14). C. 122—-132

Karazin Journal of Immunology. 2024;7(2(14)):122-132

ISSN 3083-5615 (Online)

MATEPIAAU TA METOAU AOCAIAXXEHHSA

JocnigkeHHa BMKOHAHO Ha KniHiYHIN Gasi kadegpu
iHbeKUinHMX xBOpob Ta KMiHiYHOT iMyHOnorii Mean4Horo
hakynsTeTy XapKiBCbKOro HauioHanbHOro yHiBepcuteTy
imeHi B.H. KapasiHa MinHicTepctBa OCBITM | Hayku
Ykpainn — KomyHamnbHOro HekomepLifHOro nignpuem-
cTBa XapkiBCbkoi obnacHoi pagun «O6nacHun UeHTp
oHkonorii» (ampekTop Jluxman B.M.)

Y pocnigxeHHs Oyno Bknio4veHo 46 xiHok 3 IIA Ta
lIB cragiamu (T1-3NO-3MO ctagji) PI3. BknioueHHs
nauieHTiB A0 nporpamu OBCTEeXEeHHA Ta nikyBaHHSA
nposoaunocsa nicns  nigTBepaXeHHs giarHosy Pr3.
MauieHTkam, 3rigHO 3i cTaHgapTamu, Gyno npusHavyeHo
KypC nepegonepauinHoi ximiotepanii 3a cxemoto AC
(nokcopybiumH 60 mr/m?, eHgokcaH 600 mMr/M? oguH pa3
y 2 abo 3 TwxHi, 4 Kypcw, nicnsa uiei cxemu — naknitakcen
175 mr/m? ogyH pa3 y 3 TwxkHi, 4 BBedeHHs). Iig vac
OOCNIAXEHHA OOTpUMYBanucsa nonoxeHb [enbCiHCbKOI
Oeknapauii BcecBiTHbOT MegnuHoi acouiadii [14].

OocnigxeHHa iMyHHOro ctatycy Oyno npoBedeHo
y 46 xBopux Ha PI'3 Bikom 32-58 pokis. CepefHin Bik
nauieHTok ckrnagas 44,8 + 12,4 poku.

KoHTponbHy rpyny cknanu 20 3goposux ocib 6e3s
03Hak SiBHOI naTonori.

CtaH cuctemHoi iMyHHOI BignoBigi 6yB oOUiHEeHWI
3a nonynsauiitHUM Ta CyGKNiTUHHUM CTaHOM nimdouuTis
nepudpepnyHoi  kpoBsi. [ocnigxkeHHs ©Oyno nposedeHo
y OuHamiui nikyBaHHs go no4atky 1-ro kypcy (I nepioa),
nicna 6-ro kypcy (Il nepiog) HAXT. Matepianom ans
pocnigkeHHs 6yna cuposaTtka KpoBi xBopux Ha PI3,
ska Oyna pocnigpxkeHa B AvHamiui nikyBaHHA. KpoB ans
aocnigxeHb 3abupanu HaTwe i3 NiKTbOBOi BEHU Y Kifb-
kocTi 10 Mn y cTepunbHy Npobipky Tuny «Enengopd».

BusHayeHHs deHoTuny nimdounTis KpoBi npoBoau-
nocs 3a [JOMOMOrol MPOTOYHOI Ma3epHOi LMTOMETPIl
3 BuKopucTaHHam anapata FACS-Calibur (CLUA) Ta
MOHOKNoHaneHnx aHtutin (MAT). [Onsa igeHTudikauii
Ha knitTnHax CD3*, CD4*, CD8*, CD16*, CD20*, CD25*,
CD8*CD28*, CD8*CD28- BukopucTtoByBanu BignoBigHi
aHTuTina nomiveHi FITC. nga ineHTudpikauii 8 yutonnas-
Mi T-nimcpountis IH®Y (Th1-knitunHn), I11-4 (Th2-kniTuHW)
TOPB1  (Th3-kniTMHW)  BMKOPUCTOBYBaNM  MOHOKIO-
HanbHi aHTuTina IH®y — PC-5, IJ1-4 — PE, TP — FITC
(eBioscience, Beckman Caulter, R&D System). Yci cTagii
nigrotoBkn npo6 Ana nasepHoi  LUTOdoopoMeTpil
nNpoBOAWNM 3riAHO 3 NpOoTOKonamu BUpobHuka [15, 16].

CratuctnyHy obpobky AaHuX MPOBOAMIN 3 BUKOPUC-
TaHHAM nporpamHoro naketa «Statistica 10.0 for
Windows». [na KoxHOro BapiauiiHOro psigy pospaxo-
ByBanu cepegHio apudmeTnyHy (M), cepenHe ksappa-
TUYHe BIOXUNEHHS (c), cepedHlo MOMUNKY CepeaHbol
apudmeTnyHoi (m). [na BUSBNEHHSA BipOrigHWUX BiOMIH-
HocTen BukopucToByBanu t-kputepin CTelogeHTa. Biamin-
HOCTi BBaX<anu BiporigHMMmn npu piBHi 3Ha4veHb p < 0,05.

PE3YABTATU TA IX OBFOBOPEHHS

HocnigkeHHa ©6yno npoBedeHO 3 METOK  OLiHKK
CMUCTEMHUX Ta AMHAMIYHMX NOPYLUEHb iIMYHHUX MOKa3HW-
KiB, NoB’a3aHux 3 npoBefeHHAM HAXT y xBopux Ha PI'3.

Mpu npoBegeHHi HAXT y xBopux Ha PI3 y pisHux
nepiogax CrnocTepexeHHs abCconioTHa KinbKiCTb Nenko-
unTiB Ta nimdoumnTie nepudepnyHOi KpoBi He Biapis-

MATERIALS AND METHODS

The study was conducted at the clinical base of the
Department of Infectious Diseases and Clinical Immuno-
logy of the Medical Faculty at V.N. Karazin Kharkiv
National University of the Ministry of Education and
Science of Ukraine, in conjunction with the Communal
non-profit enterprise of the Kharkiv Regional Council
«Regional oncology center» (Director: V.M. Likhman).

The study included 46 women with stage IIA and 11IB
breast cancer (T1-3NO-3MO stages). Inclusion of pati-
ents in the examination and treatment program was -

out after confirming the diagnosis of breast cancer.

According to the standards, patients were prescribed
a course of preoperative chemotherapy following the AC
regimen (doxorubicin 60 mg/m?, cyclophosphamide
600 mg/m? once every 2 or 3 weeks for 4 cycles;
followed by paclitaxel 175 mg/m? once every 3 weeks
for 4 administrations). The study adhered to the
provisions of the Helsinki Declaration of the World
Medical Association [14].

The immune status assessment was conducted
in 46 women with breast cancer aged 32 to 58 years,
with a mean age of 44.8 + 12.4 years. The control
group consisted of 20 healthy individuals without
obvious pathology.

The status of the systemic immune response was
evaluated based on the population and subcellular
state of peripheral blood lymphocytes. The study was
conducted dynamically throughout treatment, before
the first course (Phase |) and after the sixth course
(Phase Il) of NACT. The material for the study was serum
from breast cancer patients, which was assessed
dynamically during treatment. Blood samples for analy-
sis were collected in the morning from the antecubital
vein in a volume of 10 ml into a sterile Eppendorf tube.

Lymphocyte phenotyping in blood was performed
using flow cytometry with a FACS-Calibur (USA) and
monoclonal antibodies (MABs). FITC-labeled antibodies
were used to identify CD3*, CD4*, CD8*, CD16*, CD20",
CD25*, CD8*CD28*, and CD8*CD28- cells. To identify
INFy (Th1 cells), IL-4 (Th2 cells), and TGFB1 (Th3 cells)
in the cytoplasm of T-lymphocytes, monoclonal antibo-
dies INFy—PC-5, IL-4—PE, and TGFB-FITC (eBioscience,
Beckman Coulter, R&D System) were utilized. All stages
of sample preparation for laser cytofluorometry were con-
ducted according to the manufacturer’s protocols [15, 16].

Statistical data processing was performed using
the «Statistica 10.0 for Windows» software package.
For each variation series, the mean (M), standard
deviation (o), and standard error of the mean (m) were
calculated. Significant differences were assessed using
the Student's t-test, with differences considered signi-
ficant at p < 0.05.

RESULTS AND DISCUSSION

The study was conducted to evaluate the systemic
and dynamic changes in immune parameters associa-
ted with the administration of neoadjuvant chemotherapy
(NACT) in patients with breast cancer (BC).

During NACT in breast cancer patients at various
observation periods, the absolute counts of leukocytes
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HAnaca CTaTUMCTUYHO BiporigHo i cknagana 5,48 + 1,81
Ta 2,45 £ 1,82 x 10%n nNpoTW KOHTPOSNbHUX 3HaYeHb —
535 + 1,47 x 10%n (p > 0,05) ta 2,74 + 0,63 i
1,62 £ 0,78 x 10%n npotun 2,78 + 0,19 x 10%n (p > 0,05).

BigHocHuin Bmict CD3*-kn, % y xBopux Ha PI3 go
nposeneHHs HATX He maB BiporigHMX BigMIHHOCTEN Mo-
PIBHAHO 3 KOHTPOSIbHMMW MOKa3HWkamn — 66,48 + 3,8
npotn 69,67 + 4,51 kn, % (p > 0,05), ogHak y Il nepioai
BigHocHWI BMicT CD3*-kn, % 3meHwyBaBcay 1,3 1a 1,4 pa-
31 Ta BiOPi3HABCA CTAaTUCTMYHO BIpOrigHO MOPIBHAHO 3
nokasHMKamMn KOHTPOSbHOI rpynu Ta A0 Mno4vaTky npo-
BegeHHs MXT i cknagas — 49,2 + 4,81 kn, % (p < 0,01).

Bmict CD4*-kn, % po nodvatky npoBegeHHs HAXT
TaKoX He BiOpi3HABCA Bi, KOHTPOMNbHUX 3HAYEHb i CKNna-
paB 41,58 + 3,07 npotn 42,4 + 1,39 kn, % (p > 0,05).
Ha mMoMeHT 3akiHyeHHs nikyBaHHS nokasHuky CD4*-kn,
% 3HWKyBanNuca Ta XapakTepuayBanucs BiporigHUMu
BIOMIHHOCTAMMW Big MOKAa3HMWKIB KOHTPOMIO Ta A0 noyaTtky
nposeaeHHa Tepanii — 30,1 £ 4,08 kn, % (p < 0,01).

AHanoriyHa TeHAeHUis xapakTepusyBana i BigHOC-
Hun BmicT CD8*-kn, %, Ski € rmikonpoTeiHamu, Lo BUABNS-
I0TbCsl Ha noBepxHi T-nimdouuntie Ta 6epyTb akTUBHY
yyacTb Y po3ni3HaBaHHi aHTUFeHHUX NENTUAIB Y KOHTEKC-
Ti 3 MONeKkynamy rorioBHOr0 KOMMMEKCY FCTOCYMICHOCTI
| knacy. lNMokasHukn CD8*-kn, % He Bigpi3HANUCHL CTa-
TUCTMYHO BIPOMAHO MK MOKa3HMKAMW  KOHTPONbHUX
3HayeHb Ta y | nepioai 29,7 + 1,81 npotun 24,26 + 2,75 kn,
% (p > 0,05). Y gpyromy nepiogi ctaTucTu4Ha Biporia-
HicTb Oyna Big3Ha4YeHa MiXK KOHTPONbHUMMW MOKa3HM-
kamn 19,8 + 2,42 npotn 29,7 + 1,81 kn, % (p < 0,001).

OocnigxeHHs BigHocHoro BmicTy CD16*-kn, %, kun €
MemMOpaHHUM peLenTopoM, LLO Bigirpae OCHOBHY porib B
aHTUTINO3aneXHiN KNiTUHHIN uuToTOKCMYHOCTI, Y Il nepi-
odi Big3Ha4yaBCcs CTATMCTUYHO BIpOrigHO SAK 3 MOKa3HU-
KaMun KOHTPONbHOI rpynu, TaK i nokasHwkamu | nepiogy
i cknagas 12,79 + 0,6 npotun 14,64 + 0,49 kn, % (p < 0,05)
Ta 12,79 £ 0,6 npotun 15,77 + 0,8 kn, % (p < 0,01).

BigHocHun Bmict CD20+-kn, % y xBopux Ha PI3
no npoeeaeHHa HATX cknagas 14,82 £+ 1,1 kn, % He Big-
Pi3HAKYMCL BIPOriQHICTIO 3 MOKa3HWKaAMW KOHTPOSbHOI
rpynm (p > 0,05). Ha MoMeHT 3akiH4eHHs Tepanii Big-
HocHui BmicT CD20+-kn, % cknagas 9,17 £ 1,8 kn, %, Wwo
Oyno HUXKYE KOHTPONbHUX 3HAYEHb Ta 4O NoyaTky Tepanii
B 1,5 pasu (p < 0,05) Ta 1,6 pasu (p < 0,01).

MokasHukn BigHocHoro Bmicty CD8+CD28+-kn, % xa-
pakTepusyBanucs TeHAEHLIE 40 3MEHLLEHHS Npy NpoBe-
neHHi HAXT, Ta He BigpisHanNuca CTaTUCTUYHO BiporigHO
y rpynax nopiBHAHHSA Ta KOHTPONbHUMMW 3HAYEHHSAMMU.

OpHak BigHocHuI BMicT CD8+CD28~-kn, % vy Il nepioai
Bifpi3HSABCA CTATUCTUYHOK BIPOrigHICTIO MiX nepiogamm
Ta NokKasHuMKaMu KOHTPOMbHOI rpynu i cknagas 8,4 + 0,5
npotn 5,5+ 0,4 kn, % y | nepioai (p <0,001) Ta 5,3 £ 0,3 kN,
% y KoHTponbHin rpyni (p < 0,001).

LocniopkeHHs cnieeiaHoweHHs CD8*CD28*/CD8*CD28-
He BUSIBUIIO CTaTUCTMYHOI BipOrigHOCTI MiXXK KOHTPOSbHM-
MU 3HaYEHHSAMW Ta NoKasHMKaMKu nepioaiB 4OCHioKEHHS.

BigHocHui BmicT CD25%-kn, %, siknid € Ginkom i3 rpynu
OndepeHUIiHUX aHTUreHiB newvkounTiB Ta € a-cyboau-
HuUUeto peuentopa iHTepnenkiHy 2 (IL-2Ra) npu auHa-
MIYHOMY CMOCTEPEXEHHI XapaKTepu3yBaBCS 3MEHLUEH-
HAM npu npoBegeHHi HAXT, He Bigpi3HAUYMCL cTaTUC-
TUYHOK BIPOriQHICTIO MOPIBHAHO 3 MOKa3HWKaMW KOHT-
ponbHOi rpynn (p > 0,05), ogHak Mix nepiogamu Ui
MOKa3HMKN  BIiOPI3HANUCA CTaTUCTUMYHO | cknaganu
17,42 + 1,2 npotn 12,38 + 1,79 kn, %, (p < 0,05).

and lymphocytes in peripheral blood did not show
statistically significant differences, measuring 5.48 + 1.81
and 2.45 £ 1.82 x 10°%L compared to control values of

5.35 + 1.47 x 10%L (p > 0.05) and 2.74 + 0.63 and
1.62 + 0.78 x 10%L compared to 2.78 + 0.19 x 10°L
(p > 0.05).

The relative content of CD3* cells, % in breast cancer
patients before NACT did not show significant differen-
ces compared to control values — 66.48 + 3.8 versus
69.67 + 4.51 cells, % (p > 0.05); however, in Phase Il,
the relative content of CD3* cells decreased by 1.3
to 1.4 times and was statistically significant compared
to the control group and before chemotherapy, mea-
suring 49.2 + 4.81 cells, % (p < 0.01).

The content of CD4* cells, % before the start of
NACT also did not differ from control values and was
41.58 + 3.07 versus 42.4 + 1.39 cells, % (p > 0.05).
At the end of treatment, the CD4+ cell percentage
decreased and showed statistically significant diffe-
rences from both control values and prior to therapy —
30.1 £ 4.08 cells, % (p < 0.01).

A similar trend was observed in the relative content
of CD8* cells, %, which are glycoproteins found on
the surface of T-lymphocytes and actively participate
in recognizing antigenic peptides in conjunction with
class | major histocompatibility complex molecules.
The CD8* cell percentages did not differ statistically
between control values and in Phase |, measuring
29.7 + 1.81 versus 24.26 + 2.75 cells, % (p > 0.05).
In Phase Il, a statistically significant difference was
noted between control values of 19.8 + 2.42 versus
29.7 + 1.81 cells, % (p < 0.001).

The study of the relative content of CD16* cells, %,
which is a membrane receptor playing a key role in
antibody-dependent cellular cytotoxicity, showed statis-
tically significant differences in Phase Il compared to both
the control group and Phase |, measuring 12.79 + 0.6
versus 14.64 + 0.49 cells, % (p < 0.05) and 12.79 + 0.6
versus 15.77 + 0.8 cells, % (p < 0.01).

The relative content of CD20* cells, % in breast cancer
patients before NACT was 14.82 + 1.1 cells, %, not diffe-
ring significantly from the control group (p > 0.05).
At the end of therapy, the relative content of CD20* cells,
% was 9.17 = 1.8 cells, %, which was lower than the
control values and before therapy by 1.5 times (p < 0.05)
and 1.6 times (p < 0.01).

The relative content of CD8*CD28"* cells, % showed
a tendency to decrease during NACT and did not differ
statistically in comparison groups and control values.
However, the relative content of CD8*CD28- cells, % in
Phase |l differed statistically between periods and
compared to the control group, measuring 8.4 + 0.5
versus 5.5 + 0.4 cells, % in Phase | (p < 0.001) and
5.3 £ 0.3 cells, % in the control group (p < 0.001).

The analysis of the ratio of CD8*CD28*/CD8*CD28~
did not reveal statistical significance between control
values and study period measures. The relative content
of CD25" cells, %, a protein from the group of differen-
tiation antigens of leukocytes and the a-subunit of
the interleukin-2 receptor (IL-2Ra), during dynamic
observation showed a decrease during NACT without
statistically significant differences compared to control
group values (p > 0.05); however, the measurements
between periods were statistically different, measuring
17.42 £ 1.2 versus 12.38 + 1.79 cells, % (p < 0.05).
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[OuHamiuHe cnocTepexeHHA  BiQHOCHOrO  BMICTY
Th1 (IH®y*), % Q[osBonMNo BCTAHOBUTU BIACYTHICTb
CTaTUCTUYHOI BIPOriQHOCTI MK KOHTPOMbHUMU 3HaYeH-
HsIMU Ta nepiogamu cnocTepexeHHs (p > 0,05).

Cnig 3a3HaunTK, WO BigHOCHMIA BMICT Th2 (I11-4+), %
y Il nepiogi BiApPI3HABCS CTATUCTUYHO MK NOKa3HMKaMu
| nepiogy Ta KOHTPOMbHWMM 3HAYEHHAMM, LLO CKna-
pano 6,5 + 2,38 npotn 11,9 + 1,12 -kn, %, (p < 0,05)
Ta 12,3+ 1,4 kn, %, (p < 0,05).

CnieBigHoweHHss Th1/Th2 Takox He Mano Biporia-
HUX BiOMIHHOCTEM MK nepiogamMmm Ta MOKa3HUKaMu
KOHTPONLHOI rpynu.

Posnoagin BigHOCHOrO BMICTY MNOKa3HWKIB iMyHOrpa-
MK cepeg rpynu xBopux Ha PI3 y | nepiogi BigHocHO
HOpMarnbHWX 3Ha4YeHb NpeacTaBneHun Ha puc. 1.

B maskueHHa/increase;

B wopma/norm;

Dynamic observation of the relative content of
Th1 (IFNy*), % indicated no statistical significance
between control values and observation periods
(p > 0.05). It should be noted that the relative content
of Th2 (IL-4*), % in Phase Il differed statistically from
Phase | and control values, measuring 6.5 + 2.38 versus
11.9 £ 1.12 cells, % (p < 0.05) and 12.3 £+ 1.4 cells, %
(p < 0.05).

The Th1/Th2 ratio also showed no significant diffe-
rences between periods and control group values.
The distribution of the relative content of immune pro-
file indicators among breast cancer patients in Phase
| compared to normal values is presented in Figure 1.

30 40 20 60

B aummeHHs/decrease;

Puc. 1. Po3nogin BmicTy cybnonynsiuiiHoro cknagy nimdouuTis y xBopux Ha PI'3 y | nepiogi (n = 46)
Fig. 1. Distribution of the subpopulation composition of lymphocytes in patients with breast cancer in Phase | (n = 46)

Mpy ouiHui cybnonynsuiiHoro cknagy nimdouunTis
y xBopux Ha PI'3 go nodvatky nposegeHHs HAXT Busie-
neHo nponidepadito T-kNiTUH 3a paxyHOK MiABULLEHOTO
BmicTy CD3*, CD4*, CD8+-kniTuH.

Tak, nigBuweHHa BigHocHoro BMmicTy CD3*-kniTuH
6yno BusBneHo y 25 nauieHTiB, wo cknano 54,3%,
HopManbHi 3HayeHHs CD3*-knitTmH 6yno BWSABNEHO Yy
30,5% (14 xBOpUX), 3HMKEHHS BiJHOCHOTO BMICTY AaHOro
nokasHuka byno BusiBneHo B 15,2% (7 xBopwux).

OocnigxeHHs BigHocHoro BMicTy CD4*-kniTuH y XBO-
pux Ha PI3 y | nepioai Ao novatky nposefeHHs HAXT
BMSIBUIO NiOBULLEHHS BMICTY y 22 xBopux (47,8%), HOp-
MarnbHi 3Ha4YeHHs 6yno BusieneHo y 17 nauieHTiB (37%),
3HWKEHHS BMICTY —y 7 xBopux (15,2%).

BigHocHui BmicT CD8*-kniTvH xapaktepuaysascs nij-
BULLEHHAM Y 37% (17 XBOpPWX), HOPMarbHi 3Ha4eHHS Mo-
Ka3Huka 6yno BussneHo y 34,8% (16 xBopux), 3HUKEHWI
BMicT CD8*-kniTnH BusBneHo y 28,3% (13 xBopux).

Posnogin xBopux 3a BigHocHuMm BMmicToM CD16*-
KNiTUH, SKUA € MemMbpaHHUM peLenTopoM, WO Bigirpae
ponb B aHTUTINO3aNeXHih KNITUHHIA LUTOTOKCUYHOCTI
OyB [JOCUTb PpiBHOMIpHUM. [ligBULLEHHS BigHOCHOrO
BMiCTy 6yno BusineHo y 16 xBopux (34,8%), HopmanbHi
nokasHWkM 3HadeHb BusiBNeHo y 18 xBopux (39,1%),
3HWDKEHHS BMICTY BusiBneHo y 12 (26,1%) xBopux.

Upon assessing the subpopulation composition of
lymphocytes in patients with breast cancer prior to the
initiation of neoadjuvant chemotherapy (NACT), T-cell
proliferation was observed, characterized by increased
levels of CD3*, CD4*, and CD8* cells. Specifically, an ele-
vated relative content of CD3* cells was found in 25 pa-
tients (54.3%), with normal levels in 14 patients (30.5%),
and decreased levels in 7 patients (15.2%).

The relative content of CD4* cells before the com-
mencement of NACT indicated an increase in 22 pati-
ents (47.8%), normal values in 17 patients (37%), and
a decrease in 7 patients (15.2%). The relative content
of CD8" cells showed an increase in 17 patients (37%),
normal values in 16 patients (34.8%), and decreased
levels in 13 patients (28.3%).

The distribution of patients based on the relative
content of CD16* cells, which are membrane receptors
crucial for antibody-dependent cell-mediated cytotoxicity,
was relatively uniform: an increase was noted in 16 pa-
tients (34.8%), normal levels in 18 patients (39.1%),
and a decrease in 12 patients (26.1%).

The relative content of B lymphocytes (CD20* cells)
in patients with breast cancer before NACT showed
an increase in 22 patients (47.8%), normal values in
20 patients (43.5%), and a decrease in 4 patients (8.7%).
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BigHocHuin  BmicT  B-nimdouuTtie  (CD20*-kniTnHN)
y xBopux Ha PI'3 go nmouatky npoegeHHs HAIMX 6yB
niasveHum y 22 xBopux (47,8%), MaB HopmarbHi 3Ha-
yYeHHa y 20 oci6 (43,5%), 3HWXKeHHI nokasHuku Oyno
BUSIBNEHO y 4 xBopux (8,7%).

MigBuweHi 3HavyeHHs CD8*CD28*-kn, % 6yno BusB-
neHo y 15 xsopux (32,6%), HopmanbeHi — y 17 xBopux
(37%), 3HwxeHHs BigHOcHoro BMmicty — y 14 (30,4%)
xBopux Ha PI'3.

[ocnigXeHHa BiAHOCHOrO BMICTY T-KNiTUH 3 goeHo-
Tunom CD8*CD28-kn, %, WO € reTeporeHHoto cybnony-
nauielo KNituH, YHKLIA SKMX KONMUBAETLCA Bif, iIMYHO-
CynpecuBHOI A0 eeKTopHOI nokasano, Wo NigBULLEeHHS
piBHiB BCTaHoBneHo y 21,7% (10 xBopwx), HOpmarbHi
nokasHukn BusiBneHo y 60,9% (28 XxBOpWX), 3HWKEHHSI
piBHiB BUsiBNeHo y 17,4% (8 xBopux).

Bmict CD25*-kn, % ©6yB nigBuwieHUM Yy 23 XBOpMX
(50%), HopManbHi 3Ha4YeHHs1 3apeecTpoBaHo Yy 15 xBo-
pux (32,6%), 3HWXKEHHS BIGHOCHOrO BMICTY BUWSIBIEHO
y 8 xBopux (17,4%).

MigBuweHHs cniBeigHoweHHst Th1/Th2 knitvH Gyno
BUsIBNEHO Yy 22 xBopux (47,8%), y 16 xBopux (34,8%)
nokasHuk Th1/Th2 konuBaBCA Yy MeXax KOHTPOMbHUX
3HayeHb, y 8 xBopux (17,4%) Gyno BUSBNEHO 3HWXKEHHSI
[AaHOro nokasHuka.

Pesynbtat gocnimxeHHs BiAHOCHOrO BMICTY MOKas-
HWKIB iMyHOrpamu y xBopux Ha PI'3 y Il nepioai BigHocHO
HOpMarnbHKX 3Ha4YeHb MOAaHo Ha puc. 2.

B nigekueHHa/increase;

B wopma/norm;

Increased levels of CD8"CD28" cells were observed
in 15 patients (32.6%), with normal values in 17 pati-
ents (37%) and decreased levels in 14 patients (30.4%).
The study of relative content of CD8+CD28- T-cells,
a heterogeneous subpopulation of cells with func-
tions ranging from immunosuppressive to effector,
showed increased levels in 10 patients (21.7%), normal
levels in 28 patients (60.9%), and decreased levels in
8 patients (17.4%).

The content of CD25* cells was elevated in 23 pa-
tients (50%), normal levels were recorded in 15 patients
(32.6%), and decreased relative content was noted in
8 patients (17.4%).

An increased Th1/Th2 cell ratio was found in 22 pa-
tients (47.8%), while the Th1/Th2 ratio remained within
normal values in 16 patients (34.8%), and a decrease
was noted in 8 patients (17.4%).

The study's results on the relative content of immune
parameters in patients with breast cancer during
Phase Il indicate significant alterations in immune
profiles following NACT (fig. 2).

B auumeHHsdecrease;

Puc. 2. Po3nogin BmicTy cybnonynsuiiHoro cknagy nimdouutis y xBopux Ha PI3 y Il nepiogi (n = 46)
Fig. 2. Distribution of lymphocyte subpopulation content in patients with breast cancer in phase Il (n = 46)

DocnigxeHHst BigHocHoro BMmicty CD3*-kniTuH nicnsi
3aBepLueHHs kypcy HAXT y xBopux Ha PI'3 possonuno
BUSIBUTW NEpEBULLEHHSA NOKa3HWKIB BiAHOCHO HOpMarnb-
HMX 3HadveHb y 12 xBopux (26,1%), y 10 xBopux (21,7%)
MOKa3HUKN KOMMUBANMUChb Y MeXax KOHTPOSbHUX 3HaYeHb,
a y 24 xsopux (52,2%) BCTaHOBMEHO 3HWKEHHS NoKas-
HVKa NOPIBHAHO 3 HOPMArbHNUMM PIBHAMMW.

BigHocHu BmicT CD4*-knituH % BUSAIBUBCS BULLIUM
3a HopManbHi nokasHukn y 10 xBopux (21,7%), konusascst
y Mexax HopMmu Y 11 nauienTiB (23,9%), OyB 3HWKEHUMMU
y 25 xBopwux (54,4%).

The study of the relative content of CD16* cells
revealed increased levels in 9 patients with breast
cancer (19.6%), normal levels were found in 8 pati-
ents (17.4%), and decreased levels were observed in
29 patients (63%).

The relative content of CD20* cells was also higher
than the control values in 9 patients with breast cancer
(19.6%), normal values were found in 5 patients (10.8%),
and decreased levels were found in 32 patients (69.6%).

An increase in the content of CD8*CD28" cells was
observed in 12 patients (26.1%), with the same number
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Tinekn y 6 xsopux Ha PI3 (13%) nicna 3asep-
weHHa kypcy HAIMX peectpyBaBcsi NiABULLEHWUA BMICT
CD8*-kniTuH %, HOpManbHi 3Ha4eHHs Oyno BUSIBNEHO
y 12 xBopux (26,1%), 3HWKeHHS piBHS Byno BusBNIEHO
y 28 xBopux (60,9%).

OocnigxeHHa  BigHocHoro BMicTy CD16*-kniTuH,
BUSIBUMO MiABULLEHI PiBHI 4aHOro nokasHuka y 9 XBopux
Ha PIr3 (19,6%), HopmanbHi piBHi Oyno BUWSIBNEHO
y 8 xBopux (17,4%), 3HWKEHHA piBHIB Oyrno BusBIEHO
y 29 xBopux (63%).

BigHocHuin Bmict CD20*-knituH 6yB  BUWIMM  3a
KOHTPOSbHi 3Ha4YeHHs Takox y 9 xBopux Ha PI3 (19,6%),
HOpMarnbHi 3HaYeHHs 6ynu BusiBneHo y 5 xsopux (10,8%),
3HW>KEHI piBHI Oynu BusBneHi y 32 xsopux (69,6%).

MigBuweHHs Bmicty CD8*CD28*-kn, 6yno BUSIBNEHO
y 12 xBopux (26,1%), Taka X KinbkiCTb XBOpUX BUABREHa
3 HOPManbHUMWN 3HAYEHHSIMU, 3HUXKEHI MOKA3HWKN BUSIB-
neHo y 22 xsopux (47,8%).

AHani3 po3noainy nokasHWKIB BiAHOCHO HOPManbHUX
3HayeHb npu gocnigpxkeHHi Bmicty CD8*CD28- kn BusiBnB
36inbweHHs BMicTy y 8 xBopux (17,4%), HopmanbHi
3Ha4YeHHs BusBneHo y 12 xBopux (26,1%), 3HWKEHHS
NoKasHWKIB BUSIBNEHO Y 26 xBopuX (56,5%).

Poanoain xBopux 3a nokasHvkamMu BiAHOCHOIO BMICTY
CD25*-kniTuH BUSABUB MNiABULLIEHHST piBHIB Yy 11 XBO-
pux (23,9%), HopManbHi 3Ha4yeHHs y 8 xBopux (17,4%),
3HWXEHHS piBHIB Y 27 xBopuX (58,7%).

OocnigxeHHs cnieigHoweHHA Th1/Th2 kniTnH y xBo-
pux Ha PI'3 nicna 3aBeplieHHs HAXT BusiBuno 306inb-
WweHHA nokasHuka y 10 xsopux (21,7%), HopmarnbHi
3HayYeHHs y 12 xBopux (26,1%), 3HWKEHi 3HaYEeHHs
y 24 xBopux (52,2%).

Takum 4uHOM, aHania AuHaMikM iIMyHHUX MNOKas-
HUKiB y xBopux Ha PI'3 npu nposegeHHi HAXT posso-
NMB BUSIBUTU 3Ha4YHE 3MEHLUEHHS BIOHOCHOTO BMICTY
iIMyHOKOMMNETEHTHUX  KNiTUH, WO 3YMOBMEHO iMYHO-
cynpecuBHUM edpeKkToM XimioTepanii Ta ii Hacnigkis.

BUCHOBKHU

lMpn npoBedeHHi Heoan'toBaHTHOI noniximioTepanii
y xBopux Ha PI'3 pocnigXeHHs cTaHy KniTUHHOrO Ta
rymoparnbHOro iMyHIiTETY [A03BOMWIIO BCTAHOBWUTU BipoO-
rigHe 3MEeHLUEHHS BiJHOCHOrO BMICTy OCHOBHMX MOKas-
HWKIB iIMyHOrpamu.

3MeHLUEHHS BiOHOCHOrO BMICTY OCHOBHMX Kracis
iIMYHOKOMMEHEHTHUX KIMITUH NoTpebye AMHaMi4yHoro cno-
CTEepeXeHHA Ta KopekKuil ycknagHeHb, MOB'A3aHUX 3
iIMyHOCYNpPECUBHUMWN CTaHaMmW, $SKi  BUKMMKaHI  XiMio-
TepaneBTUYHUMK 3acobamu, L0 3aCTOCOBYHTbCA MNpuU
nposeneHHi HAIMX.

MpakTnyHe BMKOPUCTaAHHS AaHMX MOKa3HUKIB MOxe
OyTn 3acTocoBaHO Yy [AiNbHOCTI  XimioTepanesTis,
OHKOMOriB Ta KMiHIYHUX iIMYHOOTiB.
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of patients showing normal values, while decreased
levels were found in 22 patients (47.8%).

The analysis of the distribution of values relative
to normal values for CD8*CD28- cells showed an incre-
ase in content in 8 patients (17.4%), normal values
were found in 12 patients (26.1%), and decreased levels
were found in 26 patients (56.5%).

The distribution of patients according to the relative
content of CD25* cells revealed increased levels in
11 patients (23.9%), normal values in 8 patients (17.4%),
and decreased levels in 27 patients (58.7%).

The study of the Th1/Th2 cell ratio in patients with
breast cancer after completing NAHT showed an increase
in the ratio in 10 patients (21.7%), normal values in
12 patients (26.1%), and decreased values in 24 pati-
ents (52.2%).

Thus, the analysis of the dynamics of immune
indicators in patients with breast cancer undergoing
NAHT revealed a significant decrease in the relative
content of immune-competent cells, which is attributed
to the immunosuppressive effects of the chemotherapy
being administered and its consequences.

CONCLUSIONS

In patients with breast cancer undergoing neoadju-
vant polychemotherapy, the study of the state of cellular
and humoral immunity revealed a significant decrease
in the relative content of key immune indicators.

The reduction in the relative content of major classes
of immune-competent cells requires dynamic monito-
ring and correction of complications related to immuno-
suppressive conditions caused by the chemothera-
peutic agents used during neoadjuvant chemotherapy.

The practical application of these indicators can be
utilized in the clinical practice of oncologists, chemo-
therapy specialists and clinical immunologists.
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Prospects for further research

Disorders associated with changes in the immune status
of breast cancer patients undergoing neoadjuvant polychemo-
therapy require further study to prevent negative outcomes
and complications associated with the toxic and immuno-
suppressive effects of this category of drugs. Therefore, research
on monitoring immune profile indicators and their correction
to prevent complications during ongoing therapy is highly
relevant and promising.
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octeoaptputy (OA) Barome 3HaAYeHHs1 HaAAETbCHA MPOAYKTaM MEPEKUCHOTO OKMC-
HeHHa ninigie (MOJT) Ta iX TOKCMKO-AECTPYKTUBHWI BMMMB Ha KMiTUHHO-TKAHWHHI
CTPYKTYpu cyrnobosoro xpsiwia. Kpim Toro, mawTb Micue 3MiHM membpaHHux Oinkis
Ta NOBEPXHEBUX NiNiAiB, NOTEHUianiB KNiTMH Ta MKKNITUHHUX 3B’A3KiB, SKi xapakTepu-
3yl0Tb paHHio dasy aktusauii npouecis MNOJ1 3anexHo Big cTagii 06’emy AereHepauii
KMITUHHO-TKAHUHHUX CTPYTKTYP Ta NPOrpecyBaHHIO XPOHIYHOMO MIISIBOMPOrpecytHoro
3ananeHHs cyrnobiB Ta NepeknioYeHHA Ha akTuBaLuiio KiHueBux npogykTis MOJ —
manoHosoro Adianbaerigy (MOA), wo npuBoauTb A0 PO3BUTKY ayTOIMYHHOrO KOMI-
NeKCy Yy AAHOrO KOHTUHIEHTY XBOPUX.

Meta pobotu — BuB4nTU 3MiHK MNOJT B naTtoreHesi xBopunx Ha BTOPUHHMI OA 3anexHo
Big cTagii 06’eMy gereHepadii cyrnoboBoro xpsia.

Marepianu Ta meToam. [locniaxeHHs nposefeHo y 117 xsopux Bikom Big 19 o 45 pokis,
ski nepebyBanu Ha ctauioHapHomy nikyBaHHi y Artz Klinic (M. XapkiB) Woao BTOPWH-
Horo OA. [iarHo3 OA BcTaHoBmoBaBcs 3rigHo 3 MKX-X. Yci xBopi 3rigHo 3 knacudi-
Kauito MixxHapogHoro ToapucTsa 3 BuB4eHHA OA (OARSI) 6ynu nogineri Ha 4 rpynu
3anexHo Bif CTapil ypaxeHHs cyrnobosoro xpsiwa ob'emy (%) AereHepaTtUBHUX
3miH: ctagis 1 (< 10%); cragia 2 (10-25%); ctagia 3 (25-50%); ctagis 4 (> 50%).
lMpoBeneHo cneuianbHi JOCMIMKEHHS i3 BM3HAYEHHAM pIiBHIB MEPBUHHMX OiEHOBUX
koH'toraHTiB (OK) i BTOpMHHMX KiHUeBMX npoaykTiB peakuii MOJI — manoHoBoro
Aianbaerigy y nnasmi, eputpounTax Ta CUMHOBIAmNbHIN PiAWHI, @ TakoX (EepPMEHTIB aHTu-
OKCMAAHTHOIO 3axuCTy: Katanasu, CynepoKCUAAUCMYTasu; rryTaTiOH3anexHoi aHTu-
OKCUAAHTHOI CUCTEMMU: [MyTaTiOHa, rryTaTioHnepokcuaasu, rmyTaTioHy-S-TpaHcdepasu.
Pe3ynbratn Ta ix obroBopeHHsi. OTpuMaHi gadi nigTBepaunu nigsueHHs MNOJI
Ta 3HWKEHHS (PEPMEHTIB aHTMOKCUAAHTHOIO 3aXWUCTy 3anexHo Bif CTyneHs AereHe-
pauii cyrnobosoro xpswa. BusHaveHo nigBuweHHs nepBuHHUX npoaykTis O],
a came [K y rpynax xsopux 3 1-10 Ta 2-t0 cTafieo Sk B nna3mi, epurpoumtax, Tak
i B CMHOBIanbHiIl piavHi, Ta ix Noganblue 3HWKEHHSA B rpynax XBopux i3 3-10 i 4-10 cTa-
A€o AereHepaTtnBHOTO NPoLeCy B CYrnoGOBOMY XpsLLi Ha TNi 3pOCTaHHSA PiBHIB KiHLie-
BMX (BTOPMHHUX) npoaykTiB, a came MIA. lNMokasaHi npoLuecn 3anyckarTb AECTPYKLIto
KNITUHHOTKAHWHHUX CTPYKTYp cyrnobosoro xpsiia. Ha ubomy coHi nporpecye genpe-
Cisi  rnyTaTiOH-3aneXHOi aHTMOKCUAAHTHOI cucTemu, OcobnMBO AEeMOHCTPaTUBHO
B rpynax xsopux 3-10 i 4-t0 cTagielo AereHepauii cyrnoboBoro xpsiia, nepesoasyn
XPOHIYHMI 3ananbHNUIA NPOLEC Ha ayTOIMYHHY OCHOBY Ta NMPUBOASAYM A0 anonTo3y.
BucHoBku. Y xBopux Ha BTOpuHHUI OA BM3Ha4Yanocs MiABULLEHHS MNEPBUHHUX
npogyktis MOJ — OK y rpynax xBopux i3 1-10 i 2-10 CTapi€o Ta KiHLUEBMX MPOAYKTiB
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AAS LUTYBAHHS:

MON — MOA B rpynax i3 3-t0 i 4-t0 cTagieto AereHepaTVBHOIO NpoLecy B Cyrno6oBoMy
XpALWi, B nnas3Mi KpoBi, epuTpoumuTax Ta CUHOBIanbHIN piguHi. Ha tni nigBuLieHHs
pieHsi MOJ1 BigGyBaeTbca 3puB cUCTEMU (DEPMEHTIB aHTUOKCUAAHTHOIO 3axUCTY,
SIKMA HapocTae B rpynax Big 2-1 o 4-i crtagii aereHepauii cyrno6oBoro xpsiwia, Lo
Npu3BOAWUTL [0 MPOrpecyBaHHsI XPOHIYHOrO 3ananeHHsl, NOCUNEHHS ayToiMyHHOro
KOMFMOHEHTa Ta anonTo3y KNiTUH CyrnoboBoro xpsiLa.
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XBOPUX Ha BTOPUHHWIA OCTEOApTPUT 3anexHo BiA cTapii o6’emy gereHepadii cyrnoboBoro xpsiwa. KapasiHcbkull
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ABSTRACT

Background. At the current stage of development, the problem of the pathogenesis
of secondary osteoarthritis (OA) is attributed to the products of lipid peroxidation (LPO)
and their toxic-destructive effect on the cellular tissue structures of articular cartilage.
In addition, there are changes in membrane proteins and surface lipids, cell poten-
tials and intercellular connections that characterize the early phase of activation
of LPO processes depending on the stage of the volume of cell-tissue degeneration
structures and progression of chronic sluggishly progressing inflammation of the
joints and switch to activation of the final products of POL — malondealdehyde, which
leads to the development of an autoimmune complex in this contingent of patients.
Purpose — is to study the changes in LPO in the pathogenesis of patients with secon-
dary OA depending on the stage of the volume of articular cartilage degeneration.
Materials and Methods. The study was conducted in 117 patients aged 19 to 45 years
who were undergoing inpatient treatment at Artz Klinic (Kharkov) for secondary OA.
The diagnosis of OA was established according to the IKX-X. All patients according
to the classification of the International Society for the Study of OA (OARSI) were
divided into 4 groups depending on the stage of damage to the articular cartilage
volume (%) of degenerative changes: stage 1 (< 10%); stage 2 (10-25%); stage 3
(25-50%); stage 4 (> 50%). Special studies were conducted to determine the
levels of: primary diene conjugates (DK) and secondary end products of the LPO
reaction — malondialdehyde (MDA) in plasma, erythrocytes and synovial fluid,
as well as enzymes of antioxidant protection: catalase, superoxide dismutase;
glutathione-dependent antioxidant system: glutathione, glutathione peroxidase,
glutathione — S-transferase.

Results. The obtained data confirmed an increase in LPO and a decrease in anti-
oxidant defense enzymes depending on the degree of articular cartilage degeneration.
An increase in primary lipid products, namely DK, was determined in groups of pati-
ents with stage 1 and 2 both in plasma, erythrocytes, and synovial fluid, and their
subsequent decrease in groups of patients with stage 3 and 4 of the degenerative
process in articular cartilage against the background of growth levels of final
(secondary) products, namely MDA. The shown processes trigger the destruction
of cellular tissue structures of articular cartilage. Against this background, depression
of the glutathione-dependent antioxidant system progresses, especially demonstrably
in groups of patients with stage 3 and 4 degeneration of articular cartilage, transferring
the chronic inflammatory process to an autoimmune basis and apoptosis.
Conclusions. In patients with secondary OA, an increase in the primary products
of LPO — DK was determined in the groups of patients with stage 1 and 2, and the
end products of LPO — MDA in the groups with stage 3 and 4 of the degenerative
process in articular cartilage in blood plasma, erythrocytes and synovial fluid. Against
the background of an increase in the level of lipids, there is a breakdown of the
enzyme system of antioxidant protection, which increases in groups from 2 to 4 stage
of articular cartilage degeneration, which leads to the progression of chronic
inflammation, strengthening of the autoimmune component, and apoptosis of
articular cartilage cells.

Golub OlI, Chernusky VH, Letiaho HV, Pavlikova KV. The role of lipid peroxidation in the pathogenesis of
patients with secondary osteoarthritis depending on the stage of the volume of articular cartilage degeneration.
Karazin Journal of Immunology. 2024;7(2(14)):133—148. DOI: https://doi.org/10.26565/3083-5615-2024-14-03

BCTYN

Mpobrnema BTOpuHHOrO octeoapTputy (OA) € ogHieto
i3 NPIOPUTETHUX Y 3aXBOPIOBAHHI OMOPHO-PYXOBOrO ana-

INTRODUCTION

The problem of secondary osteoarthritis (OA) is one
of the priority diseases of the musculoskeletal system
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paTty B Cy4acHii MeaumuuHi, ockinbkn OA € He Tinbku Yac-
TOK NaTomorield cepeq 3axBOPHOBaHb KiCTKOBO-M’S130BOT
cuctemMu, a N 3anmMae ofHe 3 nepLmnx Miclb Y CTPYKTYpi
MPUYMH CTiViKOI BTpaT npauesfaTHocTi [4].

HesBaxkaroum Ha BENUKY KinbKicTb pobiT, NpUCBAYEHNX
BMBYEHHIO MexaHi3amiB po3sutky OA, pgoci Garato nu-
TaHb MaTOrEHETUYHMX MeXaHi3MiB 3axBOPHOBaHHSA 3anu-
WaKTbCa A0 KiHUA He 3'scoBaHMMU. B ocTaHHi poku
6araTto aBTOpiB 3BEpPTalOTb yBary Ha y4acTb Yy PO3BUTKY
OA akTuBaUii npoueciB NEPEKNCHOr0 OKUCHEHHs ninigie,
O CYNPOBOMKYETbCA PO3BUTKOM  OKMCHIOBArbHOIO
ctpecy [3, 5, 9]. OgHak 3anuwaeTbCs HEBIZOMUM, $IK
BNNMBaKTb MNPOJYKTU MEPEKUCHOrO OKUCHEHHSA ninigis
Ha KMiTUHHO-TKAHUHHI CTPYKTypu cyrnoboBoro xpsiia
3anexHo Big ctagii ob’emy pgereHepadii cyrnobosoro
Xpsilla Ta MOPYLWEHHS aHTUOKCUAAHTHOro 3axucTy
Yy OAHOrO KOHTUHIEHTY XBOPWUX.

[MepekncHoro okUCHeHHs ninigiB 3asHaloTb B nepLuy
Yepry >KUPHOKMCIOTHI 3anuwku docdoninigis Gionoriy-
HUX MeMbpaH. MaTpukc membpaH cknagawTb docdo-
ninigun, siki po3TalLOBYOTLCS Y BUMAAI NepepmB4acToro
NOABINHOrO LIapy, B SIKOMY iX MOMsPHi (iOHHI) «ronosu»
cnpsiMoBaHi [0 BOOHOro cepefosuuia, TobTo A0 no-
BEPXOHb MeMbpaH, a HenomnspHi «XBOCTU» — BCEPEOUHY
MeMOpaH, Oe cepefoBulLle HenonsipHe Ta rigpodobHe.
Y Takomy OTOYeHHi docdoninigis «nnasaTb» MONEKy-
N1 iHTerpanbHUX Ta nepudepuydHnx Binkis. «bnykaHHa»
Monekyn MmemOpaHHux GinkiB BigOyBaeTbCa B pesynbrari
SIK KOPOTKOYACHMX, TaK i TPUBaNMX B3aEMOZIN; Npu LibOMY
oKpeMi BinKkoBi MOMNekynu po3MilLyTbCH  OOBIMbHUM
YnmHOM. KniTMHHI MeMOGpaHu BiOpI3HATLCS 3HAYHOM
CTPYKTYpHOIO Ta OioximiyHOW pisHOMaHiTHICTIO. [o ix
cknagy BxoasaTb pisHi minign (cdocdpatmaunxoniH, doc-
datnamnetaHonamid, docdarnaguncepuH, docdaTtu-
OUniHO3MTON, CiHrOMIENiH, KapaioniuMH, XOnecTepwuH,
Tpurniuepvamn Ta iH), Bid SKMX B OCHOBHOMY 3arnexarb
ismko-ximiuHi BnacTMeocTi MembpaH [6].

Tak, XonecTtepuH, pO3TaLUOBYHUMCb B OCOONUBMX
NPOMDKKAX MiXX HEHAaCUYEHVUMU XXUPHUMW KUCTIOTaMW, 3a-
6esnevye NNuHHICTE MeMb6paHu, 3anobirae kpuctanisa-
pUOHI  3anuwiKM BXOAATb A0 cKnagy rnikonpoTeigis
Ha noBepxHi KkniTnHK. OcobnuBoi yBaru 3acnyroBye
PO3MiLLlEHHs1 BINKiB y KNiTMHHMX MemOpaHax, Lo Hajae
3HAYHUA BNNMB Ha nepebir peakuin, siki KatanisyTbes
uummn Binkamn. Kpim Toro, iHogi Big nmonoxeHHs Oinka
B MeMOpaHi 3anexuTb HanpsiMOK peakuii, Lo Biadysa-
eTbes. Lle MoxyTb 6yTn Ginku-nepeHocHunku, To6T10 dhep-
MEeHTW, skKi, nepebyBatoum 3 ogHOro GOKy MeMOGpaHu
nig BAVMBOM KOHPOPMAUiMHMX 3MiH 3a paxyHOK KOH-
TaKTy i3 cybCcTpaToM, 3AIMCHIOTL akTUBHWUIA TpaHCMopT
cybcTpaty yepes meMmbpaHy.

Cnig nigkpecnuTu, Wo nonspHi «ronosu» docdonini-
[iB HEOQHAKOBI: OfHI MIiCTATE POCHOTUANNXONIH, APYTi —
docagieTaHonamiH, TpeTi — docdatuguncepuH. Ode-
BWAHO, Ui BIAMIHHOCTI MOB’A3aHi 3 pPonm UUX MOMNEKyn
B akTuBauii MeMOpaHHWX (EepMEHTIB NpUYOMy, MOX-
nmBo, Wo 6inku, siKi «nnaeatwTb» cepen docdoninigis,
NiATPUMYIOTECS B NEBHOMY MOMOXEHHI YMMOCh Ha 3pa-
30K «KOMipay, L0 CKMaJaeTbCcs 3 NEBHUX Monekyn ¢oc-
doninigis, HeobxiaHUX ANst pyHKLUIT dhepmeHTiB [6].

o noTyXHUX ¢pakTopiB, WO YLUKODKYIOTb KITITUHHI
MeMOpaHu, BiOHOCATbCA BiMbHI pagukanu, siki BUKIKW-
KaloTb Yy KNiTUHI HEKOHTPONbOBaHI peakuii, Lo npu3Bo-
OUTb OO0 3MiHW KOHdopMmauii Ta BENUYUHW MOIEKyr,
i BpewTi-pelT [0 NOopyLWeHHSA iX QyHKUii. Kpim Hux,
MOXYTb MOLUKOMKYBATUCS TakoX Oinku Ta ByrneeBoaw.

in modern medicine, as it is not only a frequent patho-
logy among diseases of the musculoskeletal system,
but also occupies one of the first places in the structure
of the causes of permanent disability [4 ].

Despite the large number of works devoted to the
study of the mechanisms of the development of OA,
many issues of the pathogenetic mechanisms of the
disease remain to be fully elucidated. In recent years,
a number of authors have drawn attention to the parti-
cipation in the development of OA of the activation of
lipid peroxidation processes, which is accompanied
by the development of oxidative stress [3, 5, 9]. However,
it remains unknown how the products of lipid peroxi-
dation affect the cell-tissue structures of articular
cartilage depending on the stage of the volume of
articular cartilage degeneration and the violation of
antioxidant protection in this contingent of patients.

Fatty acid residues of phospholipids of biological
membranes undergo lipid peroxidation in the first place.
The matrix of membranes consists of phospholipids,
which are arranged in the form of a discontinuous
double layer, in which their polar (ionic) «heads» are
directed towards the aqueous medium, i.e., to the sur-
faces of the membranes, and their non-polar «tails» —
inside the membranes, where the environment is
non-polar and hydrophobic. In this environment of
phospholipids, molecules of integral and peripheral
proteins «float». «Wandering» of membrane protein
molecules occurs as a result of both short-term and
long-term interactions; at the same time, individual
protein molecules are placed arbitrarily. Cell membranes
differ in significant structural and biochemical diversity.
They include various lipids (phosphatidylcholine, phos-
phatidylethanolamine, phosphatidylserine, phosphatidy-
linositol, sphingomyelin, cardiolysin, cholesterol, trigly-
cerides, etc.), on which the physicochemical properties
of membranes mainly depend [6].

Thus, cholesterol, located in special spaces between
unsaturated fatty acids, ensures fluidity of the mem-
brane, prevents its crystallization or transition into a gel.
Very diverse polysaccharide residues that are part of
glycoproteins on the cell surface. The location of proteins
in cell membranes deserves special attention, which
has a significant impact on the course of reactions cata-
lyzed by these proteins. In addition, sometimes the direc-
tion of the reaction that occurs depends on the position
of the protein in the membrane. These can be proteins —
carriers, that is, enzymes that, being on one side of
the membrane, under the influence of conformational
changes due to contact with the substrate, carry out
active transport of the substrate through the membrane.

It should be emphasized that the polar «heads» of
phospholipids are different: some contain phospho-
tidylcholine, others contain phosphadiethanolamine,
and others contain phosphatidylserine. Obviously, these
differences are related to the role of these molecules
in the activation of membrane enzymes, and it is
possible that proteins «floating» among phospholipids
are supported in a certain position by something like
a «collar», consisting of certain phospholipid molecules
necessary for the function enzymes [6].

Powerful factors that damage cell membranes
include free radicals, which cause uncontrolled reac-
tions in the cell, consisting in changing the conformation
and size of molecules, which leads to a violation of
their function. In addition to them, proteins and carbo-
hydrates can also be damaged. Radicals OHe, He
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Pagukanun OHe, He i HOO+ yTBOptOOTLCH 3 BOAM nNiA
Jieto pisHux dakTopiB (BUNPOMIHIOBAHHS, KaHLEPOreHw,
iHTOKCMKaujii i T.iH.). OCHOBHMUMM [Kepenamu BiNbHUX
pagvkanis B opraHiaM € KWUCeHb, SKUA 3aMicTb chopmu
0=0 moxe HabysaTn popmu pagukany O+—Os, npuyomy
B naTonorii MembpaH Benuke 3Ha4YeHHs Mae MOro pos-
UMHHICTb. Y HEenonapHoOMy cepefoBuLi, SKUM Yy KNiTUHI
€ nuwe membpaHa, KMCEeHb PO3YMHAETbCA B 7—8 pasiB
Kpalle, HX y MONspHi, TOMy came B MeMbpaHax Han-
YyacTille CnocTepiraeTbCsi OKUCHE MOLUKOMXEHHS Moni-
HEHACUYEHUX XUPHUX KUCIOT, BUKIMKAKOYM NaHLIOXKOK
peakuin, O 3MiHIOKTb CTPYKTYPY, @ MOTIM i (OYHKLit0
membpaH. Lli peakuii Ha3uBalTb NEPEKNUCHUM OKMC-
HeHHsM ninigie [6].

MepekucHe okucHenHs ninigis (MOJT) 6e3nepepsHO
BAOYBaETLCA B HOPMi Y BCiX TKAHWHAX XUBUX OpraHiamis
i NPY HU3bLKIN IHTEHCUBHOCTI € OAHWUM i3 TUMIB HOpManb-
HUX MeTaboniyHux npouecie. MOJ1 — XMTTEBO Baxnuea
naHka B perynsuii ninigHoro cknagy 6iomemb6paH i mem-
H6paHoyTpumytounx hepmeHTiB, 6epe ydacTb B peakuisx
OKMCHIOBanbHOro ocdopunioBaHHs, B perynsuii NPOHUK-
HOCTi TPaHCMOPTY PeYOBMH Yepe3 MemMOpaHy, B CUHTESI
npocTtarnaHavHiB, NenKoTpieHiB, TpoMbokcaHiB, npocTa-
LMKIiHIB LWBWOKOCTI KNITUHHOIO noginy, y garountosi [7].

3okpema, manoHoBun gianegering (MDA) Buknvkae
noniMepusadito KOMMNOHEHTIB MeMOpaH epuTpoumTIB,
3HWXKYOYM 0epOpPMOBaHICTb KMiTUH Ta HEeCnpusTIMBO
BiAOMBAETLCA Ha X YHKLUiOHAnNbHIA aKTMBHOCTI Ta
xuTTegianbHocTi [10]. BctaHoBneHo, wo MOJ1 3miHoe
CTPYKTYpY ninonpoTeifiB nnasmm KpoBi, Ki € OCHOBHOI
TPaHCMNOPTHOK (HOPMOIO  LIMPKYMIOYNX MinigiB HU3bKOI
Ta BMUCOKOI LLINbHOCTI, Ta 6epyTb y4acTb B OHOBIIEHHI Ta
dopmyBaHHi ninigHOro cnektpa membpaH epuTpouuTiB.
OcTaHHi He MalTb BMAacHOro cuHTesy OinkiB i ninigis,
BM3Ha4aloTb BMPOOMNEHHS UWTOKIHIB 3 Mpo3ananbHUMmu
BnactMBoCcTaAMM T-niMdoumntTamMun, perynorTb X LUTO-
TOKCUYHICTb LLOAO KMiTMH-MilleHen cyrnoboBoro xpsia
Ta CUHOBIanbHOI 0BOMOHKM, CTUMYIIOKYN peakuii rinep-
YYTNMBOCTI YNOBINbHEHOrO TUMY Ta @anoNTo3y KNiTUH.

Mpouecy 3anycky Ta po3sutky [OJ1 B opraHismi
npoTMaie cuctemMa 3axucty Big BinbHOpaguKanbHOI
gerpagauii ninigHoi ¢a3n membGpaH Ta ninonpoTeiHiB.
AHTUMOKCMOAHTM 3a MexaHi3MOM fii  po3noginsioTbes
Ha bepmeHTaTUBHI Ta HedepMeHTaTUBHI, LLO B3aEMO-
[iloTb 3 pagvkanamu, enimiHyroum ix i3 cuctemm [14].

[o depmeHTaTUBHOI CMCTEMU 3aXUCTY BIiOHOCATLCSH
cynepokeugamcmytasa (CO[l), rnyTtatioHnepokcuaasa
(M) ta katanasa. CO[ 3axonmnoe rigpoKCUNbHUA pa-
avkan (*OH), obepiraoum knituHy Big HanbinbLw TOK-
CMYHOro BNnMBY. [MyTaTioHnepokcuaasa BigHOBMIOE ne-
peknc BOAHIO Ta ninonepekncy 6e3 yTBOPEHHS BiNbHUX
pagukanis, i TUM camum oOpuBaE NaHLIOrOBUIA Xapak-
Tep peakuii. Katanasa pyrWHye nepekuc BOAHIO, LUO
YTBOPKOETBCA MPU OUCMYTaLii CyNepOKCUOHOIO aHioHy
Ta npu aepobHOMY OKWUCHEHHI BiAHOBMNEHUX dnaso-
npoteiHiB. Lli depmeHTn nepelukomxaloTb HagMipHOMY
HaKOMWYEHHIO B OpraHiaMi MANHW  aKTUBHUX opm
KACHIO Ta PO3BWUTKY NaTonoOriyHOi akTueauii BiNbHO-
pagukanbHOro okMCHeHHs ninigis [11, 12].

BHacnigok HedpepmeHTaTuBHoro wnsaxy MOJ nepe-
KMCW HagalTb HecneuudiyHuin BNAMB Ha MeTaboniam
knitnHn. OpHielo 3 npuuvH  gediunTty HedepmeHTa-
TUBHMX aHTUOKcMAaHTiB  (a-Tokodpepony, akopbary,
BiTamiHy C, CoQ10) € ix nigsuLieHa Butpara.

Meta po6otu — BuBuuTM 3MiHu MOJ1 y natoreHesi
XBOopux Ha BTOpuHHUIN OA 3anexHo Big crtagii o6’emy
JereHepadii cyrno6oBoro xpswa.

and NOO- are formed from water under the influence
of various factors (radiation, carcinogens, intoxica-
tion, etc.). The main sources of free radicals in the
body are oxygen, which instead of the O=0 form can
take the form of the O+—O- radical, and its solubility is
of great importance in the pathology of membranes.
In a non-polar environment, which is only a membrane
in the cell, oxygen dissolves 7-8 times better than in
a polar environment, so it is in the membranes that
oxidative damage to polyunsaturated fatty acids is most
often observed, causing a chain of reactions that change
the structure and then the function of the membranes.
These reactions are called lipid peroxidation [6].

Lipid peroxidation (LPO) occurs continuously normally
in all tissues of living organisms and at low intensity is
one of the types of normal metabolic processes.
POL is a vital link in the regulation of the lipid composi-
tion of biomembranes and membrane-retaining enzymes,
participates in oxidative phosphorylation reactions, in
the regulation of the permeability of the transport of sub-
stances through the membrane, in the synthesis of
prostaglandins, leukotrienes, thromboxanes, prostacyc-
lins, the rate of cell division, and in phagocytosis [7].

In particular, malondialdehyde (MDA) causes poly-
merization of erythrocyte membrane components,
reducing cell deformability and adversely affecting
their functional activity and vital activity [10]. It was estab-
lished that LPO changes the structure of blood plasma
lipoproteins, which are the main transport form of
circulating lipids of low and high density and participate
in the renewal and formation of the lipid spectrum of
erythrocyte membranes. They lack the ability to synthe-
size their own proteins and lipids and dictate the produc-
tion of proinflammatory cytokines by T-lymphocytes. They
also regulate these cells’ cytotoxicity toward the target
cells of articular cartilage and the synovial membrane,
stimulating delayed-type hypersensitivity reactions and
cell apoptosis.

The initiation and development of lipid peroxidation
(LPO) in the body is counteracted by a defense system
against free radical degradation of the lipid phase of
membranes and lipoproteins. Antioxidants, according to
their mechanism of action, are classified as either enzy-
matic or nonenzymatic; both types interact with radicals,
eliminating them from the system [14].

The enzymatic defense system includes superoxide
dismutase (SOD), glutathione peroxidase (GP), and
catalase. SOD sequesters the hydroxyl radical (*OH),
protecting the cell from its most toxic effects. Glutathione
peroxidase reduces hydrogen peroxide and lipid pero-
xide without generating free radicals, thereby interrupting
the chain reaction. Catalase decomposes hydrogen
peroxide produced during the dismutation of the super-
oxide anion and during the aerobic oxidation of reduced
flavoproteins. These enzymes prevent the excessive
accumulation of reactive oxygen species in the human
body and the pathological activation of free radical
lipid oxidation [11, 12].

As a result of the nonenzymatic pathway of LPO,
peroxides exert a nonspecific effect on cell metabolism.
One of the causes of a deficiency in nonenzymatic
antioxidants (a-tocopherol, ascorbate, vitamin C, CoQ10)
is their increased consumption.

Objective — to study the changes in LPO in the pathoge-
nesis of patients with secondary OA depending on the
stage of the volume of degeneration of the articular cartilage.
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MATEPIAAU TA METOAU AOCAIAXXEHHSA

Y pocnigxeHHi B3sinu yyactb 117 XBopux BikOM Bif
19 po 45 pokiB, siki nepebyBanu Ha nikysaHHi y Artz Klinic
(m. XapkiB) 3 npuBody BTOPWMHHOIO OCTEAPTPUTY KOTiH-
Horo cyrrnoba sik B Mepiofi 3aroCTpeHHsl, Tak i pemicil.
[iarHo3 BcTtaHoBnoBanu 3rigHo 3 MixHapogHo Knacu-
(ikauieto xsopobu 10-ro nepernsgy (MKX-10) — M18.1.
KoHTponbHy rpyny cknanu 25 3n0opoBux Jo6poBonbLiB.
Onsi BU3Ha4yeHHsi cTagii ypaxkeHHs1 cyrnmoboBoro xpsiia
Big 00'eMy [ereHepaTMBHUX 3MiH, BUKOPWUCTOBYBamnu
knacudikauito MixHapogHoro ToBapucTBa 3 BMBYEHHS
octeaptputy (OARSI). Buginero 4 cragii: 1 — < 10%;
2 —10-25%; 3 — 25-50%; 4 — > 50%.

Ouinky [MOJT 3pincHioBanu LWNAXOM BU3HAYEHHSA
y nnasmi, epuTpoumTax Ta CUHOBIamNbHIN PigVHI NEpBUH-
HUX fieHoBux koH'toratiB (OK) Ta BTOPMHHMX KiHLEBUX
npoaykTis peakuii [OJ1— manoHoBoro gianbaerigy (MOA).
Bmict K BM3Hayanu cnekTpoOTOMETPUYHO pPi3HULED
ONTUYHOI LWiNBbHOCTI MiX AOCNIAHO i KOHTPONBHOK NPO-
6amu npu AoBXWHI xBuni 232 HM. BusHaudenHs MOA
npoBoAunu peakuieto 3 TiobapbiTyposoto kucnoTtoto [1, 2].

CtaH aHTUOKCUAAHTHOIO 3axUCTy BW3HaYanu 3a
aKTMBHICTIO hepMeHTIB. AKTMBHICTb KaTanasum — ChekT-
POPOTOMETPMYHO NpU OOBXWUHI xBuni 410 HM 3rigHO
3 ONMCaHUM METOAOM, 3aCHOBaHUM Ha 3[4aTHOCTI nepe-
KUCY BOOHIO YTBOPKOBATW i3 consiMu monibaeHy CTiKui
3a6apBneHnin KOMMMEKC; CynepokCuaamcMyTasm — MeTo-
Aom iMyHodepmeHTHoro aHanidy (IPA) 3a gonomororo
TecT-cuctem ipmn «Bender MedSystems» (ABcTpist).
[myTaTioH-3anexHy aHTUOKCUAAHTHY CUCTEMY B Nnasmi,
epuTpouMTax Ta CUHOBIamNbHIA PigvHi BUBYanNn: BU3Ha-
YeHHa rnyTtaTioHy (GSH) 3a KonbOpoBOK peakuieio 3
5,5-guTiobic-2-HiTpo6eH30MHO K1cnoTot (peareHT Enni-
MaHa) 3 YTBOPEHHSIM CMOSYKU, sika Mae MakcUMyM MOrnu-
HaHHA npu 412 HM. AKTUBHICTb rnyTaTiOHNepokcMaasn
(TOH) BM3Ha4anu 3a LWBWAKICTIO OKUCHEHHS BigAHOBME-
HOrO rMyTaTioOHy Y NPUCYTHOCTI rigponepekmcy TPETUHHOMO
OyTuny. AKTMBHICTb rnyTaTioH-S-TpaHcdepasu (I'ST)
BU3HA4anu 3a LWBKUAKICTIO peakuii depMeHTaTUBHOro
yTBOpeHHs GS-2,4-AMHiTpobeH30ony B peakuii BigHOB-
NEeHoro rnyTaTioHy 3 1-xnop-2,4-auHiTpobeHsonom [1, 2].

KpoB anst GioxiMiyHMX Ta iMyHOMOriYHMX [ocnia-
XKeHb Opanu BpaHLi, HaCTymHOro AHS nicnst Hagxon-
XXEHHS1 XBOpPOro Ao cTauioHapy, Yyepe3 12—18 roauH nicna
xi. 3abip npoBogunu 3 nNiKTbOBOI BEHW CENiKOHUPO-
BaHOK rONnkot, B o6'emi 5 Mn y crepunbHy npobGipky
Tuny «Enengopd».

CaTtnctuyHy 06pobKy OTpUMaHUX pesynbraTiB NpoBO-
ounu i3 BukopuctanHsam IBM SPSS Statistics 22 i3 Bu3Ha-
YeHHsIM abcontoTHOT BenuymnHK Ta ii noxmbkn (M + m,
abc.on.). JocToBIpHICTL OTPMMaHKX pesynbTaTiB BU3Ha-
yanu 3a kputepiem CTblogeHTa.

MauieHTn Gynu iHcopmoBaHi wWodo uinew pocnia-
XXEeHHs1 Ta Hagasanu cBoto NoiHpopmoBaHy 3roay. [ocnia-
)KEHHSI MPOBEAEHO 3 YypaxyBaHHsIM OCHOBHWX MOJO-
XeHb | BignNoOBiAHO €TUYHMM Ta MoparnbHO-NPaBOBUM
Bumoram CrtaTycy YkpaiHcbkoi acouiauii 3 6ioeTuku
Ta Hopmam GCP i GLP, npuHuunam [enbCiHCbKOT
peknapauii npas noguHu, KoneeHuii Pagn €sponn
npo npasa NanHK | GiomeanumHN.

MATERIALS AND METHODS

A study was conducted in 117 patients aged 19 to 45
who were being treated at the Artz Klinic in Kharkiv
regarding secondary osteoarthritis of the knee joint
both in the period of exacerbation and remission.
The diagnosis was established according to the Interna-
tional Classification of Diseases of the 10th revision
(ICD-10) — M18.1. The control group consisted of 25
healthy volunteers. The classification of the International
Society for the Study of Osteoarthritis (OARSI) was used
to determine the stage of articular cartilage damage from
the volume of degenerative changes. There are 4 stages:
1-<10%; 2 — 10-25%; 3 — 25-50%; 4 — > 50%.

Lipid peroxidation (LPO) processes were evaluated
by determining primary diene conjugates (DK) and
secondary end products of the LPO-malondialdehyde
(MDA) reaction in plasma, erythrocytes, and synovial
fluid. The content (DC) was determined spectrophoto-
metrically by the difference in optical density between
the experimental and control samples at a wavelength
of 232 nm. Determination of malondialdehyde (MDA)
was carried out by reactions with thiobarbituric acid [1, 2].

The state of antioxidant protection was judged by the
activity of enzymes: catalase was performed spectro-
photometrically at a wavelength of 410 nm according to
the described method based on the ability of hydrogen
peroxide to form a stable colored complex with molybde-
num salts [1, 2]. Superoxide dismutase was determined
by enzyme-linked immunosorbent assay (ELISA) using
test systems from Bender MedSystems (Austria) [1, 2].
Glutathione — a dependent antioxidant system in plasma,
erythrocytes and synovial fluid was studied: determi-
nation of glutathione (GSH) by color reaction with
5,5-dithiobis-(2-nitrobenzoic) acid (Elliman’s reagent)
with the formation of a compound with an absorption
maximum at 412 nm [1, 2]. The activity of glutathione
peroxidase (GON) was determined by the rate of
oxidation of reduced glutathione in the presence of
tertiary butyl hydroperoxide. The activity of glutathione-
S-transferase (GST) was determined by the reaction rate
of the enzymatic formation of GS-2,4-dinitrobenzene
and the reaction of reduced glutathione with 1-chloro-
2,4-dinitrobenzene [1, 2].

Blood for biochemical and immunological studies was
taken in the morning, the next day after the patient was
admitted to the hospital, 12-18 hours after eating.
Sampling was carried out from the ulnar vein with
a siliconized needle, in a volume of 5 ml into a sterile
Eppendorf tube.

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

Patients were informed about the objectives of the
study and gave their informed consent. 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.
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PE3YABTATU TA IX OBFOBOPEHHS

Pesynbtatn pocnigxeHb nokasanu, WO Yy XBOPUX
Ha BTOpuHHUIA OA BigbyBalTbCS CyTTEBI NOPYLUEHHS
meTaboniamy ninigie sik y nnasmi Kpoei, B eputpoumTax,
Tak i B CMHOBIaNbHiIN pigunHi. Bubip eputpouuTis, sik o4HOrO
3 o6’ekTiB gocnigxeHHs npu BTopuHHOMY OA, 3ymoBne-
HWIA ix ponnto B agcop6buii 6ionorivHo akTMBHUX PEYOBUH,
perynsuii iHTEHCUMBHOCTI 3ananbHOi peakuii B raciHHi
MON, crab6inisauii nisocomanbHMx MembpaH 3aBasku
HasiBHOCTI B HMX LMUTOMNNAa3mMaTU4HUX aHTUOKCUAOAHTIB
(BMAineHHsa npu remonisi ryTaTioHy, Nnepokcuaasu, kata-
nasu, po34nHeHoro remornobiHy, CO[ Ta iHw.). BctaHoB-
NeHo, WO B Nepiodi 3aroCTPeHHs y XBOPUX Ha BTOPUHHUIN
OA BigbyBaeTbcsa goctoBipHa aktmBauis MNOJ1 Ha piBHi
KMNITUHHUX MeMOpaH 3a MOKa3HWKOM MEePBUHHMX MpPO-
OYKTiB y BUrNSAi 4iEHOBUX KOH’toraTiB.

Ak BMOHO 3 gaHux Tabnuui 1 y rpyni xsopux 1-i Ta
2-i ctagii pereHepauii cyrnoboBoro xpsia BigsHava-
€TbCA MNIOBWLLEHHA PiBHA NepBUHHUX npogykTie OS]
AieHoBUX KoH’toraTiB y nna3mi kposi y 4,1-4,6 paasy,
MOPIBHAHO 3 MOKa3HWKaMu Yy rpyni 300poBUX AOHOPIB.
Y rpynax XBOpuX 3 HApOCTaHHAM CTyneHs aereHepauii
cyrnoboBoro xpsiwa 3-i Ta 4-i cragii Big3HavaeTbes
3HMWKeHHa piBHa [K y nnasmi kposi y 2,1-2,6 pasy,
MOPIBHAHO 3 MOKa3HWKaMu Yy rpyni 300OpoBUX AOHOPIB,
Tay 2,2 pa3y NopiBHSHO 3 rpynoto xeopux 1-i Ta 4-i ctagii
JereHepalii cyrnoboBoro xpsiia.

RESULTS AND DISCUSSION

Research results showed that patients with secondary
OA have significant lipid metabolism disorders in blood
plasma, erythrocytes, and synovial fluid. The choice of
erythrocytes as one of the objects of research in secon-
dary OA is due to their role in the adsorption of biologi-
cally active substances, regulation of the intensity of the
inflammatory reaction in extinguishing POL, stabilization
of lysosomal membranes due to the presence of cyto-
plasmic antioxidants in them (the release of glutathione,
peroxidase, catalase, dissolved hemoglobin during
hemolysis, SOD, etc.). It was established that in the
period of exacerbation in patients with secondary OA,
there is a reliable activation of LPO at the level of cell
membranes according to the indicator of primary pro-
ducts in the form of diene conjugates (DC).

As can be seen from the data in the table 1, in the
group of patients with stage 1 and stage 2 degeneration
of articular cartilage, there is an increase in the level of
primary LPO products of diene conjugates (DC) in the
blood plasma by 4.1-4.6 times compared to the indica-
tors in the group of healthy donors. In the groups of
patients with an increasing degree of articular cartilage
degeneration of stages 3 and 4, a decrease in the level
of DC in the blood plasma was noted by 2.1-2.6 times
compared to the indicators in the group of healthy donors
and by 2.2 times compared to the group of patients
with stages 1 and 4 of degeneration articular cartilage.

Tabnuusa 1. BmicT gieHoBMx KoH’toraTiB y nna3mi KpoBi, epuTpoLMTax Ta CMHOBIanNbHIN piguHI
XBOPMX Ha BTOPVHHWIA OCTE0ApTPpUT y Nepiodi 3aroCTPEHHs 3anexHo Biag ctagii o6’emy gereHepadii cyrmobosoro xpswa, (M £ m)
Table 1. The content of diene conjugates in blood plasma, erythrocytes and synovial fluid of patients with secondary osteoarthritis
in the period of exacerbation depending on the stage of the volume of articular cartilage degeneration, (M + m)

Crapis o6’emy gereHepadii . )
. ) CwuHoBianbHa pigunHa,
CyrnoboBoro xpsiLua KinbkicTb xBopux | [Mna3ma kpoBi, Mkmonb/mn | EputpoumnTn, MKMonb/n
- ) MMOSb/N
Volume stage of articular | Number patients Blood plasma, ymol/ml Erythrocytes, pmol/l . .
) . Synovial fluid, mmol/l
cartilage degeneration
Crapis 1/ Stage 1 o - o
(<10%) 23 35,2+0,62 41,5+0,75 27,9+1,12
Crapis 2 / Stage 2 o . .
(10-25%) 36 31,7+0,84 38,9+0,62 24,4+0,98
Crapist 3/ Stage 3 . . .
(25-50%) 34 19,6+0,86 25,6+0,76 16,9+0,53
Cragia 4 / Stage 4 o . N
(> 50%) 24 15,8+0,54 19,2+0,37 12,1+0,48
SAOPOBI A0HOPU 25 7,5:0,63 12,6+0,34 8,40,52
Healthy donors

Mpumimku:

* BiAMIHHOCTi JOCTOBIpHi MOPIBHSAHO 3i 30opoBuMK goHopamu (p < 0,001);
o — BiAMIHHOCTi IOCTOBIpHi MiX NMokasHukamu y rpynax 3 1-to i 2-to ctagieto 3 4-to ctagieto (p < 0,01).

Notes:

* reliability differences compared to healthy donors (p < 0.001);

o — significant differences between indicators in groups 1 and 2 stage with stage 4 (p < 0.01).

B eputpoumTtax Big3HauyaeTbca nigBuwieHHs [OK
y 3,0-3,2 pasy y rpynax xsopux 3 1-0 Ta 2-10 cTagieto
Tay 1,5-2 pasy y rpynax 3 3-t0 1a 4-t0 ctagieto, NopiBHAHO
3 MOKa3HWKaMy 300pOBUX [OHOpIB, Ta y 2,2 pasy —
MOPIBHSAHO 3 rpynoto xBopux 1-i Ta 4-i cTagii gereHepadii
cyrno6oBoro xpswa.

Y cuHOBianbHIN pigvHi, gka aBnsie coboto aianisart
nna3mu KpoBi, Mae Micue nigsuieHHs OK y rpyni xopumx
3 1-10 Ta 2-10 cTagiero y 2,8-3,3 pasy, y NOPiBHSHHI 3 MOKa3-
HVYKamMu Tpynu 340poBUX AOHOpiB, Ta y 1,4—2,0 pasy
y rpyni xBopux 3 3-00 Ta 4-10 cragielo AereHepauii

In erythrocytes, there is a 3.0-3.2 times increase
in DC in the groups of patients with stage 1 and 2 and
by 1.5-2 times in groups with stages 3 and 4 compared
to the indicators of healthy donors and by 2.2 times
compared to the group of patients 1 and 4 stages of
articular cartilage degeneration.

In the synovial fluid, which is a dialysate of blood
plasma, there is an increase in DC in the group of pati-
ents 1 and 2 stage by 2.8-3.3 times compared to the
indicators of the group of healthy donors and by
1.4-2.0 times in the group of patients 3 and stage 4
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cyrnoboBoro xpsiLla, Ta y 2,3 pasy NopiBHAHO 3 rpynow
xBopux 1-i Ta 4-i cTagii.

Ak BMOHO 3 OTPUMaHWX AaHux Y rpynax XBOPUX
3 HapoCTaHHAM CTyneHs pJereHepauii cyrno6osoro
xpswa 3 3-10 i 4-10 cTagielo BiA3HAYaETbCA 3HMKEHHS
nepBuHHMX npoayktis [OK, wWo mMoxnuBo nos’si3aHe
3 NOCUMNEHHAM NPOLUECiB AgereHepauii KNiTMHHO-TKAHWUH-
HUX CTPYKTYp CyrnoGoBOro xpsiia, BUCHAXEHHSIM nep-
BUHHUX npoaykTiB K i nepemMukaHHAM naTonori4yHoro
npouecy Ha KiHUeBi MpogyKTW, KOH’toratu nomniHeHacu-
YEHUX XKUPHUX KWUCNOT, Aianbherigis, WO BigHOCATHCSA
0o BTOpuHHMX npoaykTie [1OJ1 — manoHoBui Adianb-
nerig (tabn. 2).

of articular cartlage degeneration and 2.3 times
compared to the group of patients stage 1 and stage 4.

As can be seen from the obtained data, in the groups
of patients with an increasing degree of degeneration
of articular cartilage stage 3 and 4, there is a decrease
in the primary products of DK, which is apparently
connected with the strengthening of the processes
of degeneration of cellular tissue structures of articular
cartilage, the depletion of primary products of DK and
the switching of the pathological process to the end
products of con jugates of polyunsaturated fatty acids,
dialdehydes, which belong to the secondary products
of POL-malon dialdehyde (MDA) tabl. 2.

Tabnuusa 2. BmicT manoHoBoro gianbaerigy y nnasmi KpoBi, eputpoumuTax Ta CUHOBIanbHIn piguHi
XBOPMX Ha BTOPMHHWI OCTE0ApTPUT y NEpioAi 3aroCTPEeHHs 3anexHO Bif ctagii o6’emy gereHepadii cyrmobosoro xpsiwa, (M £ m)
Table 2. The content of malondialdehyde in blood plasma, erythrocytes and synovial fluid of patients with secondary osteoarthritis
in the period of exacerbation depending on the stage of the amount of articular cartilage degeneration, (M + m)

Cragist 06’emy gereHepaldlii c . .
. . WHOBianbHa pigvHa,
cyrnoboBoro xpsia Kinbkictb xBopux | nasma kposi, Mkmonb/mMn | EputpoumTn, MKMOnb/n
: ) MMOnb/n
Volume stage of articular | Number patients Blood plasma, ymol/ml Erythrocytes, pmol/l . )
: . Synovial fluid, mmol/l
cartilage degeneration
Crapia 1/ Stage 1 « " o
(<10%) 23 11,3+0,54 19,5+0,63 4,6+0,48
Cragis 2 / Stage 2 . " .
(10-25%) 36 16,3+0,87 34,6+0,82 8,3+0,58
Crapis 3/ Stage 3 " . "
(25-50%) 34 19,8+1,12 39,4+0,58 11,440,62
Crapis 4 / Stage 4 *a *a *a
(> 50%) 24 24,5+1,16 43,2+0,46 14,310,74
A 25 6,12+0,56 14,240,49 2,340,38
Healthy donors

Mpumimku:

* BiAMIHHOCTI JOCTOBIpHi MOPIBHSAHO 3i 30opoBuMK goHopamu (p < 0,001);
o — BiAMIHHOCTi JOCTOBIpHi MiXk NMoka3Hukamu y rpynax 3 1-to i 2-to ctagieto 3 4-to cragieto (p < 0,01).

Notes:

* reliability differences compared to healthy donors (p < 0.001);

o — significant differences between indicators in groups 1 and 2 stage with stage 4 (p < 0.01).

Mpu HapocTaHHi cTyneHa pgereHepauii cyrno6o-
BOrO Xpsilla y xBopux Ha BTOpuHHMA OA mae wmicue
nigsuwweHHs MOA B nnasmi kposi B rpyni xsopux 3 1-10
Ta 2-t0 ctagieto B 1,8-2,6 paay, i B 3,2—4,0 pasy B rpyni
xBopux 3 3-10 i 4-10 cTagieto gereHepaduii cyrnobosoro
XpsiLa WoaAo NOKasHWKIB rpyny 340POBUX AOHOPIB.

B eputpounTtax xBopux Ha BTOpuHHWUIA OA Big3Hadva-
eTbes nigsuweHHa MOA y xBopux Ha 1-wy Ta 2-ry cTagito
B 1,4-2,4 pa3y Ta 2,7-3,0 pasy y xBopux y rpynax 3 3-to
Ta 4-10 cTagieto gereHepadii cyrnoboBoro xpsuwa, nopis-
HSIHO 3 MOKa3HWKamu rpynu 340POBUX AOHOPIB .

Y CUHOBIanbHIA piavHi BiA3HA4YaeTbCA MiABULLIEHHA
MIOA y rpyni xBopwux 3 1-to Ta 2-t0 ctagieto y 2,0-3,5 pasy
a y rpyni xsopux 3 3-10 Ta 4-to0 cragieto y 4,9-6,1 paay,
poctosipHo (p < 0,05) BigpisHA4YMCh Big rpynu 3g0po-
BMX [JOHOPIB.

OTpuvMaHi AaHi nokasanu, Lo y XBOPUX Ha BTOPUHHWN
OA 3 3-10 i 4-t0 cragieto gereHepauii cyrnmoboBoro
xpsiwia goctoBipHo (p < 0,05) nmigBuweHnn piseHe MOA
B Mria3mi, eputpounTax Ta CMHOBIanbHIN PianHI BIGHOCHO
rpynu xsopux 3 1-10 i 2-10 cTagieto i 30O0poBUX AOHOPIB,
WO BKa3y€ Ha MOCUNEHHS [OECTPYKTMBHMXi NpoLeciB
KNITUHHO-TKAHWHHMX ~ CTPYKTyp  cyrnoboBoro  xpswa
i cMHoBianbHoi 06onoHkn. OcobnueicTio MAA € NOro Mox-
NYBICTb YTBOPIOBATW pi3Hi apgayktn, Taki gk MOA-nisanH
Ta MOA-rmiuvH, a agaykt Ginka MOA-auetanbgerin
NOCUIMOE ayTOIMYHHWUIA KOMMOHEHT 3axBOPHOBAHHA 3a

As the degree of articular cartilage degeneration
increases in patients with secondary OA, there is an in-
crease in MDA in the blood plasma in the group of
patients with stage 1 and 2 by 1.8-2.6 times and by
3.2-4.0 times in the group of patients with stage 3 and 4
degeneration of articular cartilage in relation to the
indicators of the group of healthy donors.

In erythrocytes of patients with secondary OA, there
is an increase in MDA in patients with stage 1 and 2
by 1.4-2.4 times and by 2.7-3.0 times in patients with
stage 3 and stage 4 of articular cartilage degeneration
compared to the indicators of the healthy group donors.

In the synovial fluid, there was an increase in MDA
in the group of patients of the 1st and 2nd degree by
2.0-3.5 times, and in the group of patients of the 3rd
and 4th degree by 4.9-6.1 times, significantly (p < 0.05)
differing from the group healthy donors.

The obtained data showed that in patients with
secondary OA with 3 and 4 degrees of articular cartilage
degeneration, the level of MDA in plasma, erythrocytes,
and synovial fluid was significantly (p < 0.05) higher
than in the group of patients with 1 and 2 degrees and
healthy donors, which indicates on destructive processes
of cell-tissue structures of articular cartilage and synovial
membrane, which intensify. A feature of MDA is its ability
to react by forming various adducts, such as MDA-lysine
and MDA-glycine, and the MDA-acetaldehyde protein
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paxyHOK BUPOONEHHSI ayTOaHTUTIN sIK Ha KiHLEBI NpoaykK-
TW OKWUCHEHHS MinigiB, Tak i HA CeKBeCTPOBaHi KNiTUHHO-
TKaHWHHI KOMMOHEHTM CyrnoboBoro xpsia.

Y rpynax xsopux Ha BTOpUHHUMIN OA 3 3-10 i 4-i10
cTagito aereHepadii cyrnoboBoro xpsilia iHTeHcudikauis
npouecis MOJ Mmoxe 6yTn BUKNMKAHA HU3KOK MPUYUH:

1) nocMneHHsIM akTUBHOCTI (pepMeHTIB, Bianosiganb-
HWX 3@ YTBOPEHHA Nepekucis niniais;

2) 36inbLUeHHsIM KinbkocTi iHiuiaTopis MOJT;

3) 3HWXKEHHAM aKTMBHOCTI aHTUOKCUAAHTHUX dep-
MEHTIB «3axuUCTy», SKi pyhHyl0Tb abo 3anobiratioTb yTBO-
peHHto MOJI.

Cnig 3a3HaunTK, sika 6 He Byna npuyMHa NOCUNEHHS
MO, 3miHa WBKMAKOCTI OKUCHEHHS ninigie nepebysae
y TiCHOMY B3a€EMO3B’sI3Ky 3i 3HWKEHHSIM KOHUEeHTpauii
GioaHTUOKCcMAaHTIB. Taka cuTyauis npu3BoauTb [0
3MiHM cknagy ninigie KNitTMHHUX MeMOpaH, 3MEHLLUEHHSI
NNUHHOCTI NinigHoT da3n MemMbGpaHW, sika CTae XXOpCT-
Kilwot. B pesynbraTti 3HMXKEHHS aKTUBHOCTI MeMOpaH-
HUX epMmeHTiB, edekTopamm HAKMX € ninign, Wwo
nerko OKuCHIOIOTbCA (pocdaTmamneraHonamid, doc-
datmauncepuH, gochaTuamniHo3uT), 3MIHIOETbLCA YyT-
NUBICTb KNITUH cyrnoboBoro xpswa A0 Aii CUrHanbHUX
PEYOBUH TOPMOHanbHOI Ta  HEepBOBOI  perynsuii,
CTBOPIOKOYM YMOBW BUXody KniTuH B anonto3 [9, 10, 14].

ToMmy HaCTyMHWM eTanom OOCHIMKEHHS CTano BU3Ha-
YEHHS1 aHTMOKCUMAAHTHUX (DEPMEHTIB Yy rpynax XBOpUX
Ha BTOpUHHUI OA B Nepioai 3aroCTpPeHHs.

[o depMeHTIB aHTMOKCMOAHTHOIO 3aXUCTY HanexuTb
KaTanasa — (PepMeHT, Lo NoKanidyeTbCs B NEPOKCUCO-
Max KniTuvH, 3okpema i cyrnobosoro xpsiwa. Hainbinbwa
KOHLUEHTpauis KkaTanasu BUSIBNEHA B epuUTpouMTax.
Katanasa Hanexuts A0 ¢epMeHTIB, ki TpuBanun
nepiog Yacy 36epiratoTb CBOK BUCOKY aKTUBHICTb, 34aTHI
po3knagatM MNepekuc BOOHIO Ha BOAYy Ta KUCEHb
(2H,0,—2H,0+0,) 6e3 yTBOpPEHHA BiNbHNUX pagukanis.
KaTtanasa 3gatHa iHribysaTu ninonepekucu Ta 3anobiratu
NEPBMHHMM TOKCMYHMM BMAMBaM BifbHUX pagukanis
Ha KNiTMHHO-TKAHWHHI CTPYKTYpU Cyrno6oBoro xpsiLua.

AK BUOHO 3 gaHuX Tabnuui 3 Mae micue 3HWKEHHS
KaTanasu B nnasmi KpoBi y rpyni xsopux 3 1-to Ta 2-to cTa-
gieto y 1,3—1,6 pasy o040 300poBuX AOHOPIB, @ y rpynax
3 3-10 Ta 4-to cTagieto y 2,1-3,7 pasy Loao piBHA NoKas-
HUKIB rpynu 300poBUX AOHOPIB. B eputpoumTax XBOpmx
Ha BTopuHHUI OA Big3HavaeTbca Aenpecis PepmeHTy
katanasu B rpynax 3 1-t0 i 2-to ctagieto B 1,2—1,3 pasy,
B rpynax 3 3-t0 i 4-to ctagieto B 2,0-2,7 pasy Woao piBHA
MOKa3HWKIB rpynu 340pOBMX AOHOpPIB. Y CUHOBIanNbHIN
piouHi, sika anpiopi aHanoriyHa nnasmi KpoBi, GinbLu
OEMOHCTpaTMBHE 3HMXKEHHS KaTanasu crnocTepiraerbcs
B rpynax xsopux 3-i i 4-i cTagii aereHepaduii cyrnobosoro
xpsiwia B 4,4—8,8 pasy, goctoBipHo (p < 0,05) BigpisHsito-
YnCb NnokasHuKamm B rpynax 3 1-t0 i 2-1o0 ctagieto B 1,5—
2,5 pa3y Ta piBHS MOKa3HWKIB rpynv 340pPOBMX OOHOPIB,
WO BKa3ye Ha 3HWKEHHS aHTUOKCUAAHTHOIO 3axucTy
cyrnoboBoro xpsilia, MNOCWMIoKYM  anonTo3  KNiTUHHO-
TKAHWHHUX CTPYKTYp XoHApouuTiB Ta iHaykuito TNF-a
€EeKTOPHMMW KNITUHAMK B CUHOBIanbHI PigunHi.

MOTY>XHUM TKAHUHHUM AHTUOKCUAAHTHUM hepmeH-
ToM € cynepokcugaucmyTtasza (COD), dka perynioe
piBEHb CYNepOoKCUAHMX aHioHiB O, KNiTUH Ta IXx aepobHuii
LUK KUTTEQIANBHOCTI. Y nidocomax rpaHynouuTis €
depmeHt HAD, HAD-®-okcvpasa, sika akTUBYETbCA B
npoueci daroyntoldy Ta KaTanisye npouec BifHOBMEHHS
MOMEKYISIPHOTO KMCHIO 3 YTBOPEHHSIM KUCHIO 3 HEMapHUM
enektpoHoM (O7). BHYTPILWHBOKNITUHHUI  PepMeHT

adduct enhances the autoimmune component of the
disease, due to the production of autoantibodies both
to the end products of lipid oxidation and to sequestered
cellular and tissue com-ponents articular cartilage.

In groups of patients with secondary OA 3 and 4 stage
of articular cartilage degeneration, the intensification of
LPO processes can be caused by a number of reasons:

1) increased activity of enzymes responsible for the
formation of lipid peroxides;

2) by increasing the number of initiators of POL;

3) a decrease in the activity of antioxidant «defense»
enzymes that destroy or prevent the formation of lipids.

It should be noted that whatever the reason for the
increase in LPO, the change in the rate of lipid oxidation
is closely related to the decrease in the concentration
of bioantioxidants. This situation leads to a change in the
lipid composition of cell membranes, a decrease in the
fluidity of the lipid phase of the membrane, which beco-
mes stiffer. As a result of a decrease in the activity of
membrane enzymes, the effectors of which are easily
oxidizing lipids (phosphatidylethanolamine, phosphati-
dylserine, phosphatidylinositol), the sensitivity of articular
cartilage cells to the action of signaling substances of
hormonal and nervous regulation changes, creating
conditions for cells to undergo apoptosis [9, 10, 14].

Therefore, the next stage of the study was the deter-
mination of antioxidant enzymes in groups of patients
with secondary OA during the exacerbation period.

Enzymes of antioxidant protection include catalase,
an enzyme localized in peroxisomes of cells, including
articular cartilage. The highest concentration of catalase
was found in erythrocytes. Catalase refers to enzymes
that retain their high activity for a long period of time,
capable of breaking down hydrogen peroxide into water
and oxygen (2H,0,—2H,0+0,) without the formation of
free radicals. Catalase is capable of inhibiting lipoperoxi-
des and preventing the primary toxic effects of free radi-
cals on cellular and tissue structures of articular cartilage.

As can be seen from the data in the table 3 there is
a decrease in catalase in the blood plasma in the group
of patients 1 and 2 stage by 1.3-1.6 times compared
to healthy donors, and in groups 3 and 4 by stage
2.1-3.7 times compared to the level of indicators of the
group of healthy donors. In erythrocytes of patients
with secondary OA, depression of the catalase enzyme
is noted in groups 1 and 2 stage 1.2-1.3 times, in
groups 3 and 4 stage 2.0-2.7 times compared to the
level of indicators of the group of healthy donors. In syno-
vial fluid, which a priori is similar to blood plasma,
a more demonstrative decrease in catalase is observed
in groups of patients with stage 3 and 4 of articular car-
tilage degeneration by 4.4-8.8 times reliably (p < 0.05),
differing in indicators in groups 1 and 2 by stage in
1.5-2.5 times and the level of indicators of the group
of healthy donors, which indicates a decrease in the
antioxidant protection of articular cartilage, increasing
apoptosis of cell-tissue structures of chondrocytes
and induction of TNF-a by effector cells in synovial fluid.

A powerful tissue antioxidant enzyme is superoxide
dismutase (COD), which regulates the level of super-
oxide anions O, in cells and their aerobic life cycle.
In the lysosomes of granulocytes, there is an enzyme
NAD, NAD-F-oxidase, which is activated in the process
of phagocytosis and catalyzes the process of reducing
molecular oxygen with the formation of oxygen with
an unpaired electron (O°). The intracellular enzyme
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cynepokcuaamcMmyTasa 3B’SI3ye Lel KUCEeHb 3 BOAHEM
i Npy UbOMY YTBOPOETBECA nepeknc BogHo (H,0,), skui
NoTiM PO3LLENnAETLCA KaTanasow Ta rMyTaTioOHNepoKCu-
Jasolo 3 yTBOpeHHsAM rigpokcuaHoro (HO-) Ta rigpo-
nepokcugHoro HO,” papgukanis, AKi  iHaKTUBYIOTb
rnyTaTioH [11, 12, 14].

Y xBopux Ha BTOpuHHWMIA OA B nepiogi 3aroCTpeHHs
BiA3Ha4YaeTbCca 3HWXKeHHs piBHa COD y nnasmi Kposi, y
rpyni xBopux 1-i Ta 2-i ctagii y 1,4—1,9 paay, a y rpyni xso-
pux 3-i Ta 4-i ctagii — 3,8—-6,6 pasy, goctosipHo (p < 0,05)
BiOPI3HAOYMCh BiO MNOKa3HWKIB PIiBHSA rpynu 300POBUX
OOHopiB, Ta B 4,7 pa3y — NOPIBHSHO 3 rpynoto XBopux Ta
cTagieto aereHepadii cyrno6osoro xpsiia (tabn. 4).

superoxide dismutase (COD) binds this oxygen to hydro-
gen and hydrogen peroxide (H,O,) is formed, which is
then cleaved by catalase and glutathione peroxidase
with the formation of hydroxide (HO-) and hydroperoxide
HO, radicals, which inactivate glutathione [11, 12, 14].
In patients with secondary OA in the period of exacer-
bation, a decrease in the level of COD in the blood plasma
was observed in the group of patients of the 1st and 2nd sta-
ges by 1.4-1.9 times, and in the group of patients of the 3rd
and 4th stages by 3.8-6.6 times reliably (p < 0.05) differing
from the indicators of the level of the group of healthy
donors and 4.7 times compared to the group of patients
and the stage of articular cartilage degeneration (table 4).

Ta6nuus 3. BmicT katanasu y nna3mi kposi, epuTpoLmMTax Ta CUHOBIanbHil piguHi
XBOPWX Ha BTOPWHHWI OCTE0apTPUT Y NEpIoAi 3aroCTPeHHs 3anexHo Bif ctagii 06’emy aereHepauii cyrnobosoro xpsiwa, (M £ m)
Table 3. Catalase content in blood plasma, erythrocytes and synovial fluid of patients with secondary osteoarthritis
in the period of exacerbation depending on the stage of the volume of articular cartilage degeneration, (M + m)

Cragis o6’emy gereHepadii c . .
- . MHOBianbHa piguHa,
cyrnoboBsoro xpsiLa KinbkicTb xBopux | nasma kpoBi, Mkmons/mMn | Eputpoumnti, Mkmons/n
- . MMonb/n
Volume stage of articular | Number patients Blood plasma, mccatal/l Erythrocytes, mg mmol/l . .
. : Synovial fluid, mccatal/l
cartilage degeneration

Cragisa 1/ Stage 1 o N .
(<10%) 23 19,6+0,67 53,2+2,14 5,8+0,43
Cragia 2 / Stage 2 o " .
(10-25%) 36 16,5+0,48 48,8+1,16 3,440,39
Crapis 3/ Stage 3 " " *
(25-50%) 34 12,3+0,52 33,1+£1,23 1,940,28
Cragis 4 / Stage 4 o o o
(> 50%) 24 7,2+0,39 24,1£1,12 0,9+0,07
Snoposi Aokopy 25 26,6+0,58 66,310,68 8,6+2,43
Healthy donors

Mpumimku:

* BiAMIHHOCTI JOCTOBIpHi MOPIBHSAHO 3i 3gopoBuMK goHopamu (p < 0,001);
o — BiAMIHHOCTi JOCTOBIpHi MiXX NMoka3Hukamu y rpynax 3 1-to i 2-1o ctagieto 3 4-to ctagieto (p < 0,01).

Notes:

* reliability differences compared to healthy donors (p < 0.001);

o — significant differences between indicators in groups 1 and 2 stage with stage 4 (p < 0.01).

Ta6nuus 4. BmicT cynepokcnaamcmyTasm y nna3mi KpoBsi, eputpoLmTax Ta CMHOBIanNbHIl pignHn
XBOPWX Ha BTOPMHHWI OCTE0apTPUT y NepIoAi 3aroCTPEeHHS 3anexHo Big ctagii 06’emy aereHepaduii cyrnobosoro xpsuwa, (M £ m)
Table 4. The content of superoxide dismutase in blood plasma, erythrocytes and synovial fluid of patients with secondary osteoarthritis
in the period of exacerbation depending on the stage of the volume of articular cartilage degeneration, (M + m)

CTapis o6’emy gereHepadii Mna3wma kposi, EputpouunTn, c . .
. . . . VHOBIanbHa pigvHa,
cyrno6oBsoro xpsLia KinbkicTb xBopux ym.og/mr binka oa/mr binka MKKaTan/n
Volume stage of articular | Number patients Blood plasma, Erythrocytes, . .
. : . ; . ) Synovial fluid, mccatal/l
cartilage degeneration um.units/mg squirrel um.units/mg squirrel

Crapisa 1/ Stage 1 . o .
(<10%) 23 8,8+0,92 56,8+3,4 4,2+0,76#
Cragis 2 / Stage 2 n un
(10-25%) 36 6,3+0,84 48,613,8 2,840,61
Crapis 3 / Stage 3 - . .
(25-50%) 34 3,2+0,68 35,4+2,3 1,610,43*#
Crapis 4 / Stage 4 *an *a *an
(> 50%) 24 1,840,39 24,9427 0,8+0,2
3A0posi AoHOpY 25 12,4+0,58 62,8+2,4 6,5:2,5
Healthy donors

lMpumimku:
* BiAMIHHOCTi NOPIBHSIHO 3i 3gopoBMMU goHopamu (p < 0,05);

o — BiAMIHHOCTI Mix nokasHukamu 1-i, 2-i Ta 4-i cTagisimu gereHepadii cyrnobosoro xpsiwa (p < 0,05);
A — BiAMIHHOCTI Mixk nokasHukamu 2-i Ta 4-i cTagisimu gereHepadii cyrnobosoro xpsiwa (p < 0,05);
# — BigMiHHOCTI Mix nokasHukamu 1-i Ta 3-i ctagisamu gereHepadii cyrno6osoro xpsa (p < 0,05).

Notes:
* differences compared to healthy donors (p < 0.05);

o — differences between indicators of 1, 2 and 4 stages of articular cartilage degeneration (p < 0.05);
A — differences between indicators of 2 and 4 stages of articular cartilage degeneration (p < 0.05);
# — differences between indicators of 1 and 3 stages of articular cartilage degeneration (p < 0.05).
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Pieenb COD B epuTtpouuTax Yy rpynax XBOpuX
3 1-10 Ta 2-t0 cTagil B nepiodi 3aroCTPEHHS 3HWXKEHUN
y 1,1-1,3 pasy, a y rpynax 3 3-t0 Ta 4-0 cragieio y
1,7-2,5 pasy Woao NokasHWKIB rpynn 30opoBuX AOHOPIB,
Tay 2,3 pasy — NOpiBHSIHO 3 rpynoto 3 1-t0 Ta 4-10 cTagieto.

Y cuHoBianbHin piguHi piBeHb COD 3HWXeHun y rpyni
XBopux i3 1-t0 Ta 2-to0 ctagieto B 1,5-2,3 pa3sy BigHOCHO
rpynu 340pOBUX OOHOPIB, Ta OEMOHCTPaATUBHO Yy rpynax
xBopux 3-i Ta 4-i ctagii gereHepadii cyrnoboBoro xpsia
y 4,0-7,3 pasy, goctosipHo (p < 0,05) BigpisHsitoumch Big
piBHS 300pOBUX AOHOPIB, Ta B 4,7 pa3y — MOPIBHSHO 3
rpynoto 1-i Ta 4-i ctagii gereHepadii cyrnoboBoro xpsiia.

3HmkeHHss COD y xBopux Ha BTOpuHHUIN OA y ne-
pioai 3arocTpeHHsi ranbmye iHribyBaHHst ninigHoi nep-
okcuaauii Ha cTagii akTMBaLuii KMCHIO Ta peakuito auc-
MyTauii aktTuBHux cpopm kucHio (ADK) y nepekuc BogHto,
niacunioymn npouecu aereHepadii cyrnoboBoro xpsia.
MigBuweHa npogykuis APK npusBoauMTb OO0 PO3BUTKY
OKWUCHIOBANbHOrO  CTpPecy, Lo MNOCWUMKE PO3BUTOK
JereHepaTnBHO-ANCTPOdIYHOIO npouecy Yy cyrnobax.
Hanbinblu BaXknMBOK CUCTEMOI, LUO iHribye pO3BUTOK
OKWCHOTO CTpecy Ta PO3BUTOK OereHepaTtuBHO-OUCTPO-
divHMx npouecie y cyrnobax, € rnyTaTioH-3anexHa
aHTMOKCMAAHTHa cucTema. [lo Hei BxogsaATb: rnyTa-
TioH (GSH), rnytatioHnepokcupgasa (IT10), rnyTaTioH-
S-TpaHcoepasa, rnyTatioH-pegykTasa (GR), rmytapeno-
keuHn (Grx) Tta nepokcupegokcuHn (Prx). OJaHa aHTu-
OoKCuAaHTHa cucTemMa MiATPUMYE KNITMHHO-TKAHUHHWUIA
romeocrta3 cyrnoboBoro xpsia Ta CUHOBianbHoi obo-
MNOHKM, a ii 3HWXKEHHS MOCUIIDE AereHepaTUBHO-AUCTPO-
divHi npouecn B cyrnobi, NiABULLYYM ayTOIMYHHWI
KOMMOHEHT Y AaHOrO KOHTUHIEHTY XBopux [8, 13].

mytation-Tpunentug  (L-y-rnyTtamin-L-uucTeinin-rni-
UMH) Mae aHTUOKCUAAHTHI BNacTMBOCTI, 3aBOSKU HasiB-
HocTi 3anuwky uucteiHy GSH HedepmeHTaTMBHO nerko
OKUCHIOETBCS  enekTpodineHuMKn  cnonykamm  A®K y
rnyTaTioH-aucynbdig (GSSG). Ak aHTUOKCMAaHT, rnyTa-
TIOH 3alMae LeHTparnbHe Micle B aHTUpaguKanbHOMY
Ta aHTMNEPEKUCHOMY 3axXMCTi KMiTUH cyrnoboBoro xpsiLua.
GSH edektuBHO HeWTpanisye BifbHi  pagukanu
(rippokeunbHi, NinigHi, nepokcuHiTputn Ta H,0,) Gesno-
cepefHbO Ta OMNOCEPEAKOBAHO LUMSAXOM (hepMeHTa-
TUBHUX peakKLin.

3HwxeHHs1 piBHs GSH npu3BoguTtb Ao aucbanaHcy
rNyTaTioOH-3aneXHoi aHTUOKCMAAHTHOI cUcTeMn y nnasmi
KpOBi, epuTpouuTax Ta CUHOBIANbHIA PiaVHI Y XBOPUX
3 pi3HMM CTyneHeM AereHepadii cyrnoboBoro xpsiLia.

AK BUAHO 3 gaHuX Tabnuui 5 Big3Ha4aeTbCA 3HUKEHHS
piBHs GSH y nnasmi KpoBi y rpynax xBopux 3 1-10 1a 2-t0
ctagieto y 1,3-1,8 pasy, a y rpynax xsopux 3 3-t0 1a 4-10
ctagieto y 3,8-6,6 pasy BiAHOCHO MOKa3HUKIB 300POBUX
JoHopiB, Ta y 4,9 pasy — MOPIBHAHO 3 IPyMo XBOPUX
3 1-10 Ta 4-t0 cTagieto aereHepalii cyrnoboBoro xpsiia.

B eputpouuTax y rpynax xsopux 3 1-to0 Ta 2-10 ctagieto
3HWKeHHa piBHA GSH BigsHavaeTbcs y 1,2-1,4 paay,
y rpynax xsopux 3 3-t0 Ta 4-t0 ctagieto — y 2,2-3,5 pasy
NOpIiBHSAHO 3 rpynoto XBopux 3 1-10 Ta 4-10 cTagieto aere-
HepalLii cyrnoboBoro xpswia. Y cMHoBianbHin piguHi xso-
pux 3 1-10 i 2-10 cTagieto 3HMKeHHs piBHS GSH Big3Ha4veHo
B 1,2-2,0 pasy, B rpynax xBopux 3 3-10 i 4-10 cTagieto —
B 3,2—4,5 pasy, NOpiBHAHO 3 rpyno 300poBUX AOHOPIB,
i B 3,7 pa3y — NOpiBHAHO 3 rpynot xBopux 3 1-10 Ta 4-t0
cTagieto gereHepalii cyrnoboBoro xpsia.

3HmxkeHHs piBHA GSH y xBopux Ha BTOpuHHMI OA
B nepiofi 3aroCTpeHHs npu3BoauTb [0 AucbanaHcy
rNyTaTiOH-3anexHoi aHTUOKCMAAHTHOI cucTtemMm opra-

The level of COD in erythrocytes in the groups of
patients with stage 1 and 2 during the exacerbation period
decreased by 1.1-1.3 times, and in the groups of stages
3 and 4 by 1.7-2.5 times compared to the indicators
of the group of healthy donors and in 2, 3 times compared
to group 1 and stage 4.

In the synovial fluid, the level of COD decreased in the
group of patients with stage 1 and 2 by 1.5-2.3 times that
of the group of healthy donors, and demonstrably in the
groups of patients with stage 3 and 4 of articular cartilage
degeneration by 4.0-7.3 times reliably (p < 0.05) differing
from the level of healthy donors and 4.7 times compared
to group 1 and 4 stage of articular degeneration cartilage.

A decrease in COD in patients with secondary OA in
the period of exacerbation inhibits the inhibition of lipid
peroxidation at the stage of oxygen activation and the
reaction of the dismutation of reactive oxygen species
(ROS) into hydrogen peroxide, enhancing the processes
of articular cartilage degeneration. Increased production
of ROS leads to the development of oxidative stress,
which increases the development of the degenerative-
dystrophic process in the joints. The most important
system that inhibits the development of oxidative stress
and the development of degenerative-dystrophic pro-
cesses in the joints is the glutathione-dependent anti-
oxidant system. It includes glutathione (GSH), glutathione
peroxidase (GPO), glutathione-S-transferase, glutathione
reductase (GR), glutaredoxins (Grx) and peroxiredoxins
(Prx). This antioxidant system supports cell-tissue homeo-
stasis of articular cartilage and synovial membrane,
and its decrease increases degenerative-dystrophic
processes in the joint, increasing the autoimmune
component in this contingent of patients [8, 13].

Glutathione-tripeptide  (L-y-glutamyl-L-cysteinyl-gly-
cine), which has antioxidant properties. Due to the pre-
sence of a cysteine residue, GSH is non-enzymatically
easily oxidized by electrophilic compounds (ROS) to glu-
tathione disulfide (GSSG). As an antioxidant, glutathione
plays a central role in the anti-radical and anti-peroxide
protection of articular cartilage cells. GSH effectively
neutralizes free radicals (hydroxyl, lipid, peroxynitrite and
H,O,) directly and indirectly through enzymatic reactions.

A decrease in the level of GSH leads to an imba-
lance of the glutathione-dependent antioxidant system in
blood plasma, erythrocytes, and synovial fluid in patients
with various degrees of articular cartilage degeneration.

As can be seen from the data in the table 5, there is
a decrease in the level of GSH in the blood plasma in
groups of patients with stage 1 and 2 by 1.3-1.8 times,
and in groups of patients with stage 3 and 4 by 3.8-6.6
times compared to the indicators of healthy donors and
in 4,9 times compared to the group of patients with
stage 1 and stage 4 of articular cartilage degeneration.

In erythrocytes in groups of patients with stage 1 and 2,
the level of GSH decreased by 1.2—-1.4 times, in groups
of patients with stage 3 and 4 by 2.2-3.5 times compared
to the group of patients with stage 1 and 4 of articular
cartilage degeneration . In the synovial fluid of patients
with stage 1 and 2, | note a decrease in the level of GSH
by 1.2—-2.0 times, in groups of patients with stage 3 and 4,
by 3.2—4.5 times compared to the group of healthy donors
and by 3.7 times in comparison with the group of patients
with stage 1 and 4 of articular cartilage degeneration.

A decrease in the level of GSH in patients with
secondary OA during the exacerbation period leads to
an imbalance of the glutathione-dependent antioxidant
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Hi3My, OPMYIOUM  PE3UCTEHTHICTL  OpraHiamy Jo
arpecuBHux akTopiB, WO BM3Ha4Yae CyOKMiHIYHMNA
nepebir 3axBOprOBaHHS.

system of the body, forming the body’s resistance to
aggressive factors, which determines the subclinical
course of the disease.

Tabnuua 5. BmicT rmyTaTioHy B nrna3mi KpoBi, eputpouuTax Ta CUMHOBIanbHii piguHi
xBopux Ha BTopuHHMI OA 'y nepiofi 3arocTpeHHs 3anexHo Bif cTagii 06’emy AereHepauii cyrnobosoro xpsia, (M £ m)
Table 5. Glutathione content in blood plasma, erythrocytes and synovial fluid of patients with secondary OA in the period
of exacerbation depending on the stage of the volume of articular cartilage degeneration, (M + m)

Cragia o6’emy aoereHepadii c . .
. . . VHOBIanbHa pigvHa,
cyrnoboBoro xpsiua Kinbkictb xBopux | [Mnasma kposi, MkMonb/mMn | EputpoumnTy, MKMOnb/n
! \ Mmonb/n
Volume stage of articular | Number patients Blood plasma, ymol/ml Erythrocytes, umol/l . .
. . Synovial fluid, mmol/l
cartilage degeneration
Crapis 1/ Stage 1 ” N o
(<10%) 23 6,240,62 10,1+0,54 3,4+0,74
Cragpis 2 / Stage 2 v . o
(10-25%) 36 4,5+0,35 8,6+0,49 2,140,63
Crapia 3/ Stage 3 n . fan
(25-50%) 34 2,1+0,28 5,4+0,62 1,340,38
Crapisa 4 / Stage 4 *an *an *an
(> 50%) 24 1,24£0,23 3,6+£0,43 0,940,38
Saoposi AoHopy 25 8,40,84 12,240,68 4,2+0,82
Healthy donors

lMpumimku:
* BiOMIHHOCTI NOpPiBHAHO 3i 3gopoBuMK goHopamu (p < 0,05);

o — BiAMIHHOCTI Mix nokasHukamu 1-i Ta 4-i cTagisamu gereHepadii cyrnobosoro xpswa (p < 0,05);
A — BiAMIHHOCTI MiX noka3Hukamu 4-i ctagii B rpyn i 2-i ctagieto 3 3-i ctagieto (p < 0,05);
V — BiAMIHHOCTI M nokasHukamm 1-i, 2-i Ta 4-1 ctagismu gereHepaldii cyrno6osoro xpsiwa (p < 0,05).

lMpumimku:
* BiOMIHHOCTI NOpPiBHAHO 3i 3gopoBuMK goHopamu (p < 0,05);

o — BiAMIHHOCTI Mix nokasHukamu 1-i Ta 4-i cTagisamu gereHepadii cyrnobosoro xpswa (p < 0,05);
A — BiAMIHHOCTI MiX noka3Hukamu 4-i ctagii B rpyn i 2-i ctagieto 3 3-i ctagieto (p < 0,05);
V — BiAMIHHOCTI Mk nokasHukamm 1-i, 2-i Ta 4-1 ctagismu gereHepaldii cyrno6osoro xpsiwa (p < 0,05).

HactynHum etanom pocnigxeHb Gyno BM3HAYEHHs
rnytatioHnepokcugasu (IMMO) y xsopux Ha BTOpUHHUA OA
B nepiogi 3aroctpeHHda. Cnig 3asHaunitn, wo [TIO —
ciMencTBo (epMeHTIB, SAKi KaTani3yloTb BiAHOBMNEHHS
nepekucy BOOHIO OO BOAM, OpPraHiyHuX rigponepekncis —
00 BIAMOBIAHMX CMMPTIB 3 BUKOPWUCTaHHAM [MyTaTiOHy
AK KOocybCTpaTy, a TaKOX BUSBNATb MNEPOKCUHITPUT-
pepyktasHy aktumsHicTb. [TIO npeactaBneHa pisHUMUK
isodpopmamu, 3 akmx IMO1 (umTtosonkHa), MO3 Ta MO4
(L-cbopma nokanizoBaHa B MITOXOHAPIAX, S-popma-B —
a0pi, eHgonnasMaTtu4yHOMy peTykenyMi Ta umTonnasmi)
€KCnpecyTbCa B TKaHWHax cyrnoba.

Pisenb [TIO y nnasmi kposi (Tabn. 6) nporpe-
CMBHO 3HWXKYETbCA NPV 3POCTaHHi cTagii AeHerepauii
cyrno6oBoro xpswa. Tak, y rpynax xsopux Ha 1-wy Ta
2-ry crapii pereHepadii cyrmobosoro xpswa [T1O
Hwkye y 1,5-2,0 pa3u, a npu 3-i Ta 4-11 cTagii — HUxX4Ye
y 3,4-4,9 pasdy wWOAO MOKasHWKIB rpynu 300pOBMX
AoHopiB. B eputpouunTax y rpynax xsopwmx 1-i Ta 2-i cta-
Oii Big3HavyaeTbCst 3HWXKeHHA piBHa [T1I0 y 1,4-2,1 pasy,
a y rpynax xBopux 3-i Ta 4-i cragii y 3,2-5,8 paay,
nopisHaHoO 3 pieHem [T1O y rpyni 300poBUX [OHOPIB,
Ta y 4,0 pasau — nopiBHaHO 3 rpynoto xsopux 1-i Ta
4-i cTapii gereHepadii cyrmno6oBoro xpswa.

MoxHa BBaxaTW, WO 3HWKEHHs akTuBHocTi [T10
Yy CUHOBIanbHI/ pPiAVHI € BaXXNMBOK NaHKOK naTtoreHesy
JereHepaTtuBHO-ANCTPOIYHOrO  npouecy Yy  cyrnoGi
(Tabn. 6). Y cuHoBianbHiW pignHi y rpynax xsopux 3 1-10
Ta 2-0 cTagiel Big3HavaeTbCcs 3HMXKEHHS piBHaA [T10
y 1,6-2,6 pa3sy, a y rpynax xsopux 3-i Ta 4-i cragii —
y 3,7-5,1 pasy, Ta y 3,2 pa3dy — MOPIBHAHO 3 rpynow
xBopux 1-i Ta 4-i ctagii gereHepadii cyrnobosoro xpsiia.

The next stage of research was the determination of
glutathione peroxidase (GPO) in patients with secondary
OA during the exacerbation period. It should be noted that
HPO is a family of enzymes that catalyze the reduction
of hydrogen peroxide to water, organic hydroperoxides
to corresponding alcohols using glutathione as a cosub-
strate, and also exhibit peroxynitrite reductase activity.
HPO is represented by various isoforms, of which HPO1
(cytosolic), HPO3 and HPO4 (L -form is localized in
mitochondria, S-form is in the nucleus, endoplasmic
retuculum and cytoplasm) are expressed in joint tissues.

The level of GPO in blood plasma (Table 6) pro-
gressively decreases with increasing stage of articular
cartilage degeneration. Thus, in groups of patients
at stages 1 and 2 of articular cartilage degeneration,
GPO is 1.5-2.0 times lower, and at stages 3 and 4 —
3.4-4.9 times lower compared to the group of healthy
donors. In erythrocytes in the groups of patients of
stage 1 and 2, there is a decrease in the level of HPO
by 1.4-2.1 times, and in the groups of patients of
stages 3 and 4 by 3.2-5.8 times, compared to the level
of HPO in the group of healthy donors and in 4.0 times
compared to the group of patients with stage 1 and
stage 4 degeneration of articular cartilage.

It can be considered that the decrease in the
activity of HPO in the synovial fluid is an important link
in the pathogenesis of the degenerative-dystrophic
process in the joint (Table 6). In the synovial fluid in the
groups of patients with stage 1 and 2, there is a decrease
in the level of HPO by 1.6-2.6 times, and in the groups
of patients with stages 3 and 4 by 3.7-5.1 times and
by 3.2 times compared to the group patients with 1 and
4 stages of articular cartilage degeneration.
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Ta6nuus 6. BmicT rnyTtaTtioHnepokcuaasu y nnasmi, epurpoumTax Ta CUHOBIanbHiln piguHi
XBOpUX Ha BTOpuHHMI OA y nepiofi 3arocTpeHHs 3anexHo Bif ctagii o6’emy AereHepadii cyrno6osoro xpsiwa (M £ m)
Table 6. The content of glutathione peroxidase in plasma, erythrocytes and synovial fluid of patients with secondary OA
in the period of exacerbation depending on the stage of the volume of articular cartilage degeneration (M + m)

Cragist 06’emy gereHepadii . CwuHoBianbHa pigunHa,
A Mna3ma KpoB.i, MKMOnb/Mn
cyrnoboBoro xpsia KinbkicTb XBOpUX Blood plasma Eputpoumnti, Mkmons/n MMoOnb/n
Volume stage of articular | Number patients P .’ Erythrocytes, IU/g of Hb Synovial fluid,
. . 1U/g of protein -
cartilage degeneration IU/g of protein
Crapgia 1/ Stage 1 N A *A
(<10%) 23 21,3+0,43 186,7+2,43 26,6+0,69
Crapisa 2 / Stage 2 A * *n
(10-25%) 36 16,1+0,57 129,442 37*A 18,7+0,83
Crapis 3/ Stage 3 . . .
(25-50%) 34 9,4+0,28 83,6+1,67 11,5+0,75
Crapis 4 / Stage 4 n o “n
(> 50%) 24 6,5+0,34 46,5+1,84 8,3+0,74
8Roposi AoHopu 25 32,3+2,45 268,4+12,36 43,1+4,65
Healthy donors

lMpumimku:
* BiAMIHHOCTI NOpiBHSIHO 3i 3gopoByMU foHopamu (p < 0,05);

A — BiAMIHHOCTI NOPIBHSAHO B rpynax 3 1-t0, 2-t0 Ta 4-t0 cTagisMu AereHepadii cyrnobosoro xpswa (p < 0,05).

Notes:
* differences compared to healthy donors (p < 0.05);

A — differences compared in groups 1, 2 and 4 by stages of articular cartilage degeneration (p < 0.05).

[myTatioHnepokcMaasn 3aaTHi BiQHOBMHOBATK rigpo-
nepekucu rpynu okucneHux docdoninigis 6Gesnoce-
peaHbo B MeMbpaHax KniTuH 6e3 nonepeaHboro ix rigpo-
nizgy docdoninasoto abo BiTbHUMWN XUPHUMU KNCIIOTaMW.

Cuctema MNOJ gobpe 36anaHcoBaHa i hyHKLIOHYE 3a
MPUHLMNOM 3BOPOTHOIO 3B’A3KY, OCKinbkv npoaykty MOJI
MPUrHIYYIOTb aKTUBHICTb aHTUOKCUAGHTHUX (PepMeHTIB.
OpHak y xBopwx Ha BTopuHHUIA OA B nepiofi 3arocTpeHHs
Mae Micue aktuBauia [MOJ1 Ta 3HMXKEHHS aKTUBHOCTI
rnyTaTtioH-S-pegykTtasu. myTtaTtioH-S-tpaHcdepasm (FST)
MynNbTUYHKUIOHaNbHI  GinkM  BUABMSAKOTb  @aHTMOKCK-
OaHTHI AOii WnsxoM BiOHOBIEHHs rigponepekncis ninigis
abo koH’torauii 3 rnyTaTioHOM Ta enimiHauii NPOMIXKHUX
npoaykTtis MNOJT TNy ankeHanis.

OuyeBnaHo, WO 3HMxeHHA ST y nna3mi, eputpoumTax
Ta CWHOBIAnNbHIA pigvHI NpM3BOAUTL [0 HeraTUBHUX
HacnigkiB, MOB’A3aHMX i3 HAKOMWYEHHAM y cepenoBuLLi
cyrnoba BWCOKOTOKCMYHUX PEaKTUBHMX KapOOHINbHUX
cnonyk (4-rigpoKCMHOHEeHan Ta iH.) Ta KiHUEeBUX Npo-
AykTiB ninonepokcupauii (ALEs, advanced lipoxidation
end-products), Aki BUKNUKaKOTb OKMUCHIOBanbHy moaudi-
Kauilo MaKpOMOMeKyn eKCTPakMmiTUHHONO MaTpuKCy, Lo
Cnpusie po3BUTKY MOTY>KHOIO AereHepaTuBHO-ANCTPOdIY-
HOrO ypaXKeHHs1 KMiITMHHO-TKaHWUHHUX CTPYKTYp cyrnobo-
BOro xpswa [9].

Ak BUAHO 3 faHux Tabnuui 7 y XBOpUX Ha BTOPUHHUN
OA B nepiogi 3arocTpeHHs BiA3HaA4anocsi 3HWXKEHHS
ST y nna3mi kpoBi B rpynax xsopux 1-i i 2-i ctagii B 1,7—
2,6 pasy, y rpynax xsopux 3-i i 4-i ctagii B 3,7-8,7 paay,
MOPIBHAHO 3 MOKa3HWKamu Yy rpymni 300pOBMX AOHOPIB,
Ta y 5,2 pasy — nopiBHAHO 3 rpynot xBopux 1-i Ta
4-i cTapii gereHepadii cyrmo6oBoro xpswa.

B eputpoumnTax Big3HavaeTbea 3HmKkeHHA STy rpynax
xBopux 1-i Ta 2-i cTagii y 1,8—-2,9 pasy, y rpynax xsopux
3-i Ta 4-i cTagii y 4,6-14,8 pasy, NOpiBHAHO 3 MOKa3HW-
Kamu y rpyni 340pOBMNX AOHOPIB.

Y CuHOBIanbHIN pianHi Big3Ha4YaeTbCa 3HMWKEHHS ST
y rpynax xsopux 1-i Ta 2-i ctagii y 2,1-2,4 paay, y rpynax
xBopux 3-i Ta 4-i ctagii — y 5,5-12,5 pasy, nopisHsHO
3 MOKa3HMKaMu y rpyni 34opoBux JoHOpIB, Ta y 6,0 pasis —

Glutathione peroxidases (GPOs) are capable of
reducing hydroperoxides of the group of oxidized phos-
pholipids directly in cell membranes without prior hydro-
lysis by phospholipase or free fatty acids.

The LPO system is well balanced and functions accor-
ding to the principle of feedback, since LPO products
suppress the activity of antioxidant enzymes. However,
in patients with secondary OA, in the period of exacerba-
tion, LPO activation and glutathione-S-reductase activity
decrease. Glutathione-S-transferase (GST) multifunctio-
nal proteins exhibit antioxidant effects by reducing lipid
hydroperoxides or conjugation with glutathione and elimi-
nating intermediate products of LPO of the alkenal type.

It is obvious that the reduction of GST in plasma,
erythrocytes and synovial fluid leads to negative conse-
quences associated with the accumulation of highly toxic
reactive carbonyl compounds (4-hydroxynonenal, etc.)
and lipoperoxidation end products (ALEs, advanced
lipoxidation end-products) in the joint environment, which
cause oxidative modification of macromolecules of the
extracellular matrix, which contributes to the develop-
ment of a powerful degenerative-dystrophic lesion of
the cell-tissue structures of articular cartilage [9].

As is obvious from the data in the table 7 in patients
with secondary OA during the exacerbation period,
there was a decrease in GST in the blood plasma in
the groups of patients of the 1st and 2nd stages by
1.7-2.6 times, in the groups of patients of the 3rd and
4th stages by 3.7-8.7 times in comparison with indicators
in the group of healthy donors and 5.2 times compared
to the group of patients with stage 1 and stage 4 degene-
ration of articular cartilage.

In erythrocytes, there is a 1.8-2.9-fold decrease in
GST in the groups of patients of stage 1 and 2, in the
groups of patients of stage 3 and 4, it is 4.6-14.8 times
compared to the indicators in the group of healthy donors.

In the synovial fluid, there is a decrease in GST in the
groups of patients of stage 1 and 2 by 2.1-2.4 times, in
the groups of patients of stages 3 and 4 by 5.5-12.5 times
compared to the indicators in the group of healthy donors
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nopiBHAHO 3 rpynoto xBopux 1-1 Ta 4-i cTagii gereHe-
pauii cyrnoboBoro xpsiia.

and in 6.0 times compared to the group of patients with
stage 1 and stage 4 degeneration of articular cartilage.

Ta6nuusa 7. BmicT rmyTaTioH-S-pefiykTasu y nnasmi, eputpoumTax Ta CUHOBIanbHIN piaunHi
XBOPUX Ha BTOPUHHWI OCTE0apTPUT y NEpPIoi 3aroCTPEHHS 3anexHo Big ctagii 06’emy aereHepadii cyrnobosoro xpsiwa (M + m)
Table 7. The content of glutathione-S-reductase in plasma, erythrocytes and synovial fluid of patients with secondary osteoarthritis
in the period of exacerbation depending on the stage of the volume of articular cartilage degeneration (M + m)

Cragist 06’emy gereHepaldii . CwuHoBianbHa pigunHa,
L Mna3ma kpoBi, MKkMonb/mMn
cyrnoboBoro xpsia KinbkicTb XBOpUX Blood plasma Eputpoumnti, Mkmonb/n MMonb/n
Volume stage of articular | Number patients p C Erythrocytes, IU/g of Hb Synovial fluid,
. . IU/g of protein -
cartilage degeneration IU/g of protein
Crapgia 1/ Stage 1 a " na
(<10%) 23 8,610,74 2,1+0,37 1,1£0,23
Crapis 2 / Stage 2 *n on *n
(10-25%) 36 5,4+0,62 1,340,28 0,9+0,06
Crapis 3/ Stage 3 o *ra *no
(25-50%) 34 3,8+0,48 0,8+0,08 0,4+0,04
Cragisa 4 / Stage 4 . *A *A
(> 50%) 24 1,6+0,39 0,2+0,03 0,2+0,02
SA0poBi AoHOpY 25 14,3£0,87 3,8£0,72 2,30,64
Healthy donors

lMpumimku:

* BiAMIHHOCTI NOpiBHsIHO 3i 3gopoBuMU goHopamu (p < 0,01, p < 0,001);
A — BiAMIHHOCTI MiX 1-10, 2-10 Ta 3-10, 4-t0 cTagismm gereHepadii cyrnobosoro xpswa (p < 0,05);
o — BigMiHHOCTI Mix 3-t0, 4-t0 Ta 1-t0 cTagismu aereHepadii cyrmobosoro xpsiwa (p < 0,001).

Notes:

* differences compared to healthy donors (p < 0.01, p < 0.001);

A — differences between 1, 2 and 3, 4 stages of articular cartilage degeneration (p < 0.05);
o — differences between 3, 4 and 1 stages of articular cartilage degeneration (p < 0.001).

CwuHoBianbHa pignHa € ogHUM 3 OCHOBHUX OpraHo-
cneumdiyHNX KOMMOHEHTIB cyrnoba, 3Ha4yHOK MipoH
BM3Ha4ya€e Moro MopdodyHKLiOHaNbHUIM CTaH, Ta € OAHUM
3 AiarHOCTUYHO 3HaYMMUX B OLiHUI CTyneHsa aereHepaduii
cyrno6oBoro xpsia.

Takum 4mMHOM, NpoBefeHi HaMu OOCRiLKEHHS Noka-
3anu, Wwo y xBopux Ha BTopuHHMI OA y nepioai 3arocT-
PEHHS1 3pOCTaloTb MPOLECU MEPEKUCHOTO OKUCHEHHS
ninigiB Ta 3HWXEHHSA akTUBHOCTI aHTMOKCUAAHTHOI CuUc-
TeMu, sKi NPOrpecyoTb 3anexHo Bid cTagil AereHepaduii
cyrnoboBoro xpswa. [dediunt aHTMOKCUOAHTHUX dep-
MEHTIB (KaTanasu, CyrnepokcuaaucmyTasu, rnyTaTioH-
nepokcmaasmn), 3HWKEHHsI TX aKTMBHOCTI Ta 3aranbHOro
rMyTaTioHy B KPOBi Yy [OaHOr0 KOHTUHIEHTY XBOPWX
NpU3BOAMTbL OO0 3PMBY 3aXMCHUX MeXaHi3MiB Ta akTmsauil
MO, BUKMMKAKYM YLUKOMKEHHSA  KNITMHHO-TKAHUHHUX
membpaH cyrnoboBsoro xpsia. Ha Haw nornsa, y gaHoro
KOHTMHIEHTY XBOPUX Ma€ Micue 3puB aganTauiiHuX
MexaHi3MiB (pepMeHTiB aHTUOKCUAAHTHOro 3axucTy, Lo
He BUKMOYae NepBMHHOI abo BTOPUHHOT dbepmeHTONnarii,
3YMOBIEHOI TOKCUMYHOIO i€l Ha AaHi pepMeHTHi cuc-
TEMW aKTUBHUX DOPM KUCHIO Ta rigponepekuncia ninigis.

BusasneHa Hamu gucdyHKUis rnyTaTioHOBOI cucTemMu
B CMHOBIanbHin piguHi Ta rinepnpoaykuii nepsuHHNX (OK)
Ta BTOopuHMx (MOA) kiHueBux npoaykTie peakuii MOJ
BMKINMKAE MNPOrpecyBaHHs XPOHIYHOrO MINSBOro 3ana-
NEeHHs, aKTUBYOYM (aKTopu TpaHCKpunuii perynaTopis
3ananeHHss (NF-kB, AP-1) i nopanbwe 36inbLieHHs
eKkcnpecii npo3ananbHUX LUTOKIHIB, XEMOKIHIB, enko3a-
HOIgiB, SKi CnNpuSAOTb akTuBauil npouecy anonTosy
KNiITUHHO-TKAHWHHMX CTPYKTYp CyrnoboBoro xpsila Ta
CUHOBIanNbHOT 0GONOHKMN.

Synovial fluid is one of the main organ-specific
components of a joint and largely determines its
morpho-functional state and is one of the diagnostically
significant factors in assessing the degree of degene-
ration of articular cartilage.

Thus, our research has shown that in patients with
secondary OA, during the exacerbation period, the
processes of lipid peroxidation increase and the activity
of the antioxidant system decreases, which progress
depending on the degree of articular cartilage degene-
ration. Deficiency of antioxidant enzymes (catalase,
superoxide dismutase, glutathione peroxidase), a decre-
ase in their activity and total glutathione in the blood in
this contingent of patients leads to the breakdown of pro-
tective mechanisms and activation of lipids, causing
damage to the cellular membranes of articular cartilage.
In our opinion, in this contingent of patients there is
a disruption of adaptive mechanisms of antioxidant
protection enzymes, which does not exclude primary
or secondary enzymopathy caused by the toxic effect
on these enzyme systems of reactive oxygen species
and lipid hydroperoxides.

The dysfunction of the glutathione system in the
synovial fluid and the hyperproduction of primary (DC)
and secondary (MDA) that we discovered causes the
progression of chronic indolent inflammation, activating
the transcription factors of inflammation regulators
(NF-kB, AP-1) and further increasing the expression
of pro-inflammatory cytokines, chemokines, eicosanoids,
which contribute to the activation of the process of
apoptosis of the cell-tissue structures of articular cartilage
and the synovial membrane.
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BUCHOBKHU

Y xBopux Ha BTOpuHHUIA OA Mae micue niaBULLIEHHA
piBHIB NepBuHHUX NpoaykTie MOJ1 — gieHoBMX KOH'loraH-
TiB B NnasMi KpoBi, epuTpoumuTax Ta CUHOBIanbHIN pPianHi
B rpynax 1-i (< 10%) i 2-i (10-25%) cragii o6’emy
JereHepadii cyrno6osoro xpsia.

Y xBopux Ha BTopuHHUIA OA 3-i i 4-i (> 50%) cTagii,
Mae Micle nepeknodeHHs nepBuHHUX npoaykTie O]
Ha KiHUEeBi NPoayKTM OKUCHeHHs ninigie — MOA y nnasmi
KpOBi, epuTpouuTax Ta CUHOBIANbHIA PiAUHI 3anexHo
Big cTagii o6’eMmy agereHepauii cyrnoboBoro xpsiia, Lo
Nnpu3BoAMTL [0 NPOrpecyBaHHA XPOHIYHOIO 3ananeHHs,
MOCUINEHHA ayTOIMYHHOrO KOMMOHEHTa Ta anonTosy
KNiTUH cyrno6oBoro xpsLua.

Y xBopux Ha BTopuHHUA OA Ha Tni nigsuwienHs MOJ
BinbyBaeTbca 3pvB cucTeMU (PEPMEHTIB  aHTMOKCK-
[aHTHOrO 3axucTy, SKWA HapocTae B rpynax Big 2-i
0o 4-i ctagii gereHepadii cyrno6oBoro xpswa.

[OncdyHkuia  rmyTaTioH-3anexHoi aHTUOKCMAAHTHOI
cMCTeMM B NNa3Mi KPOBi, epuTpoumTax Ta CUHOBIaNbHIN
piovHi  nocunioe aereHepaTtvMBHI  npouecu B rpynax
3 3-0 i 4-10 cTagielo, Ue Oae MOXMMBICTb 3aCTOCy-
BaHHA L-rmyTaTioHy B KOMMMEKCHin Tepanii y AaHoro
KOHTUHIeHTa XBOPWX.
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CONCLUSIONS

In patients with secondary OA, there is an increase
in the levels of primary LPO products of diene conjugates
of DC in blood plasma, erythrocytes, and synovial fluid
in groups 1 (< 10%) and 2 (10-25%) of the stage of
articular degeneration volume cartilage

In patients with secondary OA stage 3 and 4 (> 50%),
there is a shift of the primary products of POL (DC) to
the end products of MDA lipid oxidation in blood plas-
ma, erythrocytes, and synovial fluid, depending on the
stage of the volume of articular cartilage degeneration,
which leads to the progression of chronic inflammation,
strengthening of the autoimmune component and apop-
tosis of articular cartilage cells.

In patients with secondary OA, against the back-
ground of an increase in LPO, there is a disruption of
the enzyme system of antioxidant protection, which
increases in groups from the 2nd to the 4th stage of
articular cartilage degeneration.

Dysfunction of the glutathione-dependent antioxi-
dant system in blood plasma, erythrocytes and synovial
fluid increases degenerative processes in groups 3
and 4 stage, this makes it possible to use L-glutathione
in complex therapy in this contingent of patients.
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MepcnekTMBU NOACAABLLUMX AOCAIAXEHb

BusiBneHa AMCKYHKUIA rMyTaTioOH-3aneXHol aHTUOKCUAAHTHOI
cuctemMmn B Nnasmi KpoBi, epuTpoumTax Ta CUHOBIanbHI piguHi
NoCcunIoE AereHepaTuBHI NpoLecy Npu NporpecyBaHHi gereHepa-
TUBHOTO npouecy B cyrnoboBomy xpsiwwi. Llei cakt nae Moxnu-
BiCTb 3aCTOCYBaHHs L-rnyTaTioHy B KOMMNMNEKCHIN Tepanii y Takux
nauieHTiB, i € NepcrnekTBHUM HanpPsiMOM.

KoHdAIKT iHTEepecis
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Prospects for further research

The identified dysfunction of the glutathione-dependent
antioxidant system in blood plasma, erythrocytes, and synovial
fluid increases degenerative processes during the progression
of the degenerative process in articular cartilage. This fact
makes it possible to use L-glutathione in complex therapy in
such patients and is a promising direction.
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KAlo4oBi cAoBa: PE3IOME
BTOPUHHUI OCTEOApPTPUT, Mapkepu kni-  AKTyanbHicTb. Ha cyyacHomy etani po3BuTKy npobrnemu natoreHesy BTOPUHHOIO
TUHHOTO iIMYHITETY, anonTo3, Kacnasu. octeoapTtputy (OA) cTano BMBYEHHSA (akTopiB iHiLjiauii anonTo3dy KNiTMHHO-TKaHNUHHUX

CTPYKTYp Cyrno6oBoro xpsiLia Ta CMHOBIanbHOT 060NOHKK, OOHUMU 3 SIKMX € AncbanaHc
MapKepiB KNiITUHHOIO IMYHITETY, L0 3anycKatoTb akTuUBaLito KNiTMHHOI 3arnbeni.

MeTta po60TK — BUBUMTM 3MiHM MapKepiB KNiTUHHOIO IMYHITETY sIk OQHOro 3 chakTopis
anonTtody y xBopux i3 BTOpuHHUM OA 3anexHo Bia crtagii obcsry AereHepauii
YHepHycbkul B’siuecnas pueoposuy cyrno60oBoro xpaiia.

XapKiBCbKWi HauioHanbHUi yHiBepceuter — Martepianu ta meToam. Y focnipkeHHi B3anu yqacts 117 xBopux Bikom 19-45 pokis, sk
imeni B.H. KapasiHa MinicTepctsa oceitn  nepebysanu Ha cTauioHapHoMY nikysaHHi y Artz Klinic (M. Xapkis) 3 npusoy BTOPMHHOIO
i Hayku Ykpainu, kadegpa iHdekuinimx — OA. [iarHos OA BcTaHosmoBasca 3rigHo 3 MKX-X. Yci xBopi 3rigHo 3 knacudikauio

AAS KOpecnoHAEeHL:

XBOPOG Ta KriHIiYHOI iMyHOmOTiT; MixHapogHoro ToBapuctsa 3 Bue4eHHs OA (OARSI) 6ynu nogineHi Ha 4 rpynu 3anexHo
mangaH Ceoboau, 6ya. 4, m. Xapkis, Bif cTail ypakeHHs cyrnobosoro xpswa sig 06’emy (%) AereHepaTUBHUX 3MiH: cTaain
YkpaiHa, 61022; 1 (< 10%); ctagia 2 (10-25%); ctagisa 3 (25-50%); ctagia 4 (> 50%). Onsa peanisauiji
e-mail: chernusky@karazin.ua nocTaeneHoi MeTy BU3Havanu cybnonynauito nimdouuTtie y nepudepunyHii kposi (CD,*;
CD," CD,% CD,,* (NK); CD,,"), a Takox CD,,, FASL (CD,,,), 6inka Annexin V (Vac-a);
© lony6 O.1., YepHycbkuti BT, depMeHTiB anonTtoay: kacnasu — 1; 8; 3 — 3rigHO 3 NPUNHATUMU METOAUKAMMW.
Jlemseo I".B., MNasnikosa K.B., PesynbraTtu Ta ix o6roBopeHHA. OTpumaHi gaHi nigTBepannu HasiBHICTb AncbanaHcy
BopoHkiHa I.A., Borobyes [.B., 2024. MapKepiB KIITUHHOTO iMyHiTeTy Ta aktusauito CD,. (NK) Ta iX LMTOTOKCUYHICTb,

sika HapocTae B 3anexHOCTi Bif CTyneHs AereHepauii cyrmoboBoro xpsia. BigsHa-
yanocb nigBuweHHa nokasHukie: CD.,, FASL (CD,,) Ta depmeHTiB anontosy:
kacnasu — 1; 8; 3, 3anexHo Big CTyneHs aereHepaldlii cyrnoboBoro xpsia.

BucHoBkuU. Y xBopux Ha BTOpuHHUI OA Mae Micue aucbanaHc mapKepiB KMiTUHHOIO
iMyHiTeTy: 3HMxeHHa CD3*, migeuweHHa CD4*; CD,; (NK); cynpecis CD,', 3cys
imyHoperynsaTopHoro iHaekcy CD4/CD8 snpaso. MigsuwenHs niraHgy SFASL (CD,.,),
CD,, 6inka Annexin V Ta kacnas — 1, 8; 3, WO xapakTepusye anonTo3 KriTUHHO-
TKaHWHHWUX CTPYKTYP Cyrno6oBOro xpsiia, nNigBULLYIOYM ayTOIMYHHUA KOMMOHEHT
3aXBOPIOBAHHSI.
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ABSTRACT

Background. At the current stage of the development of the problem of the patho-
genesis of secondary osteoarthritis (OA), the study of the factors that initiate
apoptosis of the cellular structures of the articular cartilage and synovial membrane,
one of which is the imbalance of markers of cellular immunity, which trigger the
activation of cell death.

Purpose - is to study changes in markers of cellular immunity as one of the factors
of apoptosis in patients with secondary OA depending on the stage of the amount
of articular cartilage degeneration.

Materials and Methods. The study was conducted in 117 patients aged 19 to 45 years
who were undergoing inpatient treatment at Artz Klinic (Kharkov) for secondary OA.
The diagnosis of OA was established according to the IKX-X. All patients according
to the classification of the International Society for the Study of OA (OARSI) were
divided into 4 groups depending on the stage of damage to the articular cartilage
volume (%) of degenerative changes: stage 1 (< 10%); stage 2 (10-25%);
stage 3 (25-50%); stage 4 (> 50%). To achieve the goal, a subpopulation of lympho-
cytes in peripheral blood was determined (CD,*; CD,*; CD,*; CD,;+ (NK);, CD,,"),
as well as CD,, FASL (CD,,), Annexin V protein (Vac-a); apoptosis enzymes:
caspases — 1; 8; 3 — according to the accepted methods.

Results. The obtained data confirmed the presence of an imbalance of markers of
cellular immunity and the activation of CD,, (NK) and their cytotoxicity, which increases
depending on the degree of degeneration of articular cartilage. There was an increase
in indicators of CD95, FASL (CD,,,) and apoptosis enzymes: caspases — 1; 8; 3 depen-
ding on the degree of degeneration of the articular cartilage.

Conclusions. In patients with secondary OA, there is an imbalance of markers of
cellular immunity: a decrease in CD3+, an increase in CD,"; SD,,; (NK); suppression
of CD,*, shift of immunoregulatory index CD,/CD, to the right. Increase of SFASL
ligand (CD,,;), CDy Annexin V protein and caspase — 1; 8; 3, which characterizes
apoptosis of cellular and tissue structures of articular cartilage, increasing the
autoimmune component of the disease.

Golub OIl, Chernusky VH, Letiaho HV, Pavlikova KV, Voronkina IA, Volobuiev DV. Imbalance of markers of
cellular immunity as one of the factors of apoptosis in patients with secondary osteoarthritis depending on the
stage of the volume of articular cartilage degeneration. Karazin Journal of Immunology. 2024;7(2(14)):149-158.
DOI: https://doi.org/10.26565/3083-5615-2024-14-04

BCTYN

INTRODUCTION

BtopuHHuin octeoaptput (OA) € BogHo4Yac pesynb-
TatoM Aii nonieTionoriyHNX akTopiB, ki MOPYLUYIOTb
CVHXPOHHI npouecu Giogerpagadii knituH cyrno6osoro
Xpsila Ta cybxoHapianbHOI KiCTKK, 3MiH DYHKLiOHanbHOT
aKTUBHOCTI e€(EeKTOPHUX KMITUH CUMHOBIANbHOI PiaUHW,
wo GepyTb yyacTb y MaTorOriyYHMX Mpouecax, a Takox
pi3HMX chopm KMiTUHHOT 3arnbeni — anonTo3sy [3, 4, 11].

AnonTo3 — nNpouec 3anporpaMoBaHoi «di3ionorivHoi»
KNiTUHHOT 3arnbeni, npu sikoMy BigOyBalOTbCA 3MiHW
B A4pi (KOHAEHcaLis XpoMaTuHy, KapionikHO3, nodanbLua
dparmeHTauis sapa, WO CynpoBOAXKYETLCA YTBOPEHHSAM
anonTMYHUX Tinewb, 3MOPLLYBaHHAM LMTOMMa3Mu, BTpa-
TOK peuenTopiB, EKCrpecield Ha MNOBEepxXHi Morekyn
(dbocdocepunHy, TpoMbocnasuHy), siki He BU3HAYaKTbCS
B HOpMmi Ta iH. [3, 4, 11]. IcHye Tpu Wwnaxu akTusauii
KNiTUHHOT 3arnbeni: nepwwuii — 3acobamu nepegadi
curHany yepes CDy,. binok CD,, (APO-1, Fas, antigen)
€ NpeaCTaBHMKOM CiMEWCTBa peLenTopiB CMepTi, SKUW,
y CBOI 4Yepry, BXOAMTb [0 CKragy CyneppoauvHu pelen-

Secondary osteoarthritis (OA) is simultaneously the
result of polyetiological factors that disrupt the synchro-
nous processes of biodegradation of articular cartilage
and subchondral bone cells, changes in the functional
activity of synovial fluid effector cells involved in patho-
logical processes, as well as various forms of cell
death — apoptosis [3, 4, 11].

Apoptosis is a process of programmed «physio-
logical» cell death, during which changes occur in the
nucleus (condensation of chromatin, karyopyknosis,
further fragmentation of the nucleus, which is accom-
panied by the formation of apoptotic bodies, shrinkage
of the cytoplasm, loss of receptors, expression on the
surface of molecules (phosphoserine, thrombospasin)
that are not are determined in the norm, etc. [3, 4, 11].
There are three ways of cellular activation death: the
first means of signaling through CD95. The protein
CD,, (APO-1, Fas, antigen) is a member of the family
of death receptors, which, in turn, is part of the tumor
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TOpiB (pakTopa HeKpo3y nyxnuH. [Hiuiauia anontosy
yepes peuentop CD,, BinbyBaeTbca npu 3B'A3yBaHHi
CD,, nirangy, CDy-L (CD,,,). MNMpu uboMy Ha KNiTUHHii
membpaHi OpMyeTbCA  pPELEnTOPHUIA  KOMMMEKC i3
3anyckom KniTuHHOI cmepTit (death-inducing signaling
complex, DISC).

Opyrmii  — BHYTPILWHIA  (MiTOXOHAPIANbHWUIA)  WINAX
aKkTuMBauii npouecy, MOB’A3aHOr0 3 NPOanonTOTUYHUM
Ginkom p53, GinkoBuMM Monekynamu cimernctesa Bcl-2
Ta umtoxpomom C.

Tpetin — ninigHun wnax. JlinigHi Mmonekynu, cdiHro-
ninign Ta rnikocdiHroninign € Megiatopamu anonTosy
y Ppi3HUX KniTMHHUX cuctemax. [licna B3aemogii 3
CD,, niraHgom i HacTynHOi 3a HWM akTuBauii KUCIMX
ccpiHromieniHas, cdiHroMieniH rigponisyetbca 40 uUupa-
Migy, a uupamig, y CBOK 4epry, NepeTBOPHETLCA Ha
raHrmiosng GD, — noTeHuiiHMA MediaTop anonTosy,
WO iHAYKYE MiTOXOHApianbHi MOLUKOMKEHHS!, YacTKOBY
BTpaTy TpaHCMeMOpaHHOro noTeHuiany Ta dparmeH-
Tauilo agpa kniTmHW. Fas-onocepegkoBun WNSX y ne.-
HUX yMOBax MOXe TpaHCOpMyBaTUCA B MITOXOHAPI-
anbHWKA i, KpiMm TOro, Moxe GyTW NOB’AI3aHWiA 3 MiNigHUM
LINsIXOM 3anporpamoBaHoi 3arnbeni knituH. Lli mexa-
Hi3Mn nepebyBatoTb y TICHOMY B3aEMO3B’sI3KYy, [JOMOB-
HIOIOYN OfHE OOHOrO, WO MiHIMi3ye MOXNUBICTb 36010
npouecy KniTUHHOI CMepTi i CynpoBOAXYHOTbCA MiABK-
LLIEHNM OKMCHIOBanbHUM CTPECOM Y CYrrioboBili TKaHWHI,
CUHOBIanbHiA OBONOHLUI Ta CMHOBIANbHIN PiauHI, CTK-
MyJlolouM akTmBauito reHa p53, suknwukaroum H,O, —
onocepeakoBaHuin anonTos [3, 4, 11].

MexaHiaMy1 anonTo3y KNiTMHHOTKAHUHHUX CTPYKTYp
cyrnoboBoro xpsiLia, cuMHoBianbHOi 060NOHKK, KiCTKOBOT
TKaHWHW, SIKi MOXYTb 3anyckatucsi yYepe3 aucbanaHc
MapKepiB  KMITUHHOrO iMyHiITETYy Ta 1X BNAUB Ha
nocnigoBHicTe MopdonoriyHnx Ta BioxiMiYHUX  3MiH,
wo BiabyBalTbcs B SApi, uUTOMMasMi Ta KNITUHHINA
mMembpaHi cyrnoboBoro xpsila, KiCTKM y XBOpMX Ha
BTOPMHHUIN OA, Ha JaHMI MOMEHT A0 KiHLUSA HE BMBYEHI.

3 ypaxyBaHHsIM ysiBNeHb Mpo Hanispigke ¢ocgo-
ninigHe cepeposulle MeMOpaH, B siKOMY Ginku UMpKy-
MNOKTb  BIMbHO | PO3TalLOBYOTLCA MO-PI3HOMY MO
BiOHOLWEHHIO [0 noABiiHoro Lwapy ninigie, HanbinbLu
npaBoonofibHo  npunycTUTW, WO  BignosiganbHi  3a
TpaHcnopT 6inku, 3B’s13yt04MCb 3 NiraHOoM, YTBOPHOTL
TyHeni, 4Yepe3 sKi PEYOBUHM, LIO TPAHCMOPTYHTHLCS,
MOXYTb MPOHUKATW BCepeauHy KNiTUHW, BUKMUKaTU
TOKCMYHY [fito, nopywyBaTtM npouecu meTaboniamy
Ta 3anyckatu npouec anontody. [lpn crumynauii
TKaHWH Oyab-sIKUM MITOreHoM (aHTUreHoM) TX KIiTUHMK
nepexogsiTb y CTaH NigBULLEHOI MITOreHHO! akTUBHOCTI,
sika 0OOB’'sI3KOBO CYNPOBOMKYETLCS AESKOK aKTMBaLie
anonto3y. Yactka KMiTUHHMX enemeHTiB cyrno6oBoro
Xpsilla, CuHOBianbHOi OOOMOHKM, KICTKOBOI TKaHWHMW
3aneXxuTb Big CMiBBIQHOLLIEHHS] aKkTMBATOPIB Ta iHriGiTo-
piB anonTo3y: iHribiTopy BkMNO4aTb HaKTOPU POCTY,
KNITUHHUN MaTPUKC, CTaTeBi TOPMOHM, AesKi BipyCHi
Ginku; akTMBaTOPMW BKIOYAOTb (haKTOpW, L0 BNMBAKTh
Ha BTpaTy 3B'si3Ky 3 MaTPUKCOM, [TIOKOKOPTMKOCTEPOIaN,
uuToCTaTUKN, aHTMMeTaboniTh, nposanasnbHi LIMTOKIHWM,
BipycH, ioHidytoya pagiauis Ta MnepekMcHe OKUCHEHHSA
ninigis [1]. Bce ue npuBoanTb 00 AncbanaHcy mapkepis
KJ.‘IITMHHOFO ||\_/_|yH|TeTy (CD, CD,% (_3D8+; CD,; CD,,")
NiABULLYIOYM TX LMTOTOKCUYHY aKTUBHICTb, LLIO NPMBOAUTL
00 [eCTpyKTUBHO-OEreHepaTUBHUX MPOLECIB Y KMiTWH-
HUX CTPYKTypax cyrnoba Ta ix anontosy [10].

necrosis factor receptor superfamily. Initiation of apop-
tosis through the CD,, receptor binding of CD, ligand,
CD,-L (CD,,,).At the same time, a receptor complex
is formed on the cell membrane, triggering cell death
(death-inducing signaling complex, DISC).

The second is the internal (mitochondrial) pathway
of activation of the process associated with the proapop-
totic protein p53, protein molecules of the Bcl-2 family,
and cytochrome C.

The third is the lipid pathway. Lipid molecules,
sphingolipids and glycosphingolipids are mediators
of apoptosis in various cellular systems. After CD,
ligand interaction and subsequent activation of acidic
sphingomyelinases, sphingomyelin is hydrolyzed to
ceramide, and ceramide, in turn, is converted to gan-
glioside GD,, a potential mediator of apoptosis, which
induces mitochondrial damage, partial loss of trans-
membrane potential, and fragmentation of the cell
nucleus. The Fas-mediated pathway can, under certain
conditions, transform into a mitochondrial pathway and,
in addition, may be associated with the lipid pathway
of programmed cell death. These mechanisms are
closely interconnected, complementing each other,
which minimizes the possibility of failure of the cell death
process and are accompanied by increased oxidative
stress both in joint tissue, synovial membrane and
synovial fluid, stimulating the activation of the p53 gene,
causing H,02-mediated apoptosis [3, 4, 11].

Mechanisms of apoptosis of cell-tissue structures
of articular cartilage, synovial membrane, bone tissue,
which can be triggered due to an imbalance of markers
of cellular immunity and their influence on the sequence
of morphological and biochemical changes occurring
in the nucleus, cytoplasm and cell membrane of arti-
cular cartilage, bone in patients with secondary OA on
this moment has not been fully studied.

Taking into account the ideas about the semi-liquid
phospholipid environment of membranes, in which
proteins circulate freely and are located differently in
relation to the lipid bilayer, it is most plausible to assume
that the proteins responsible for transport, binding to
the ligand, form tunnels through which substances that
are transported, can penetrate inside the cell, cause
a toxic effect, disrupt metabolic processes and trigger
the process of apoptosis. When tissues are stimulated
with any mitogen (antigen), their cells enter a state of
increased mitogenic activity, which is necessarily accom-
panied by some activation of apoptosis. The fate of
cellular elements of articular cartilage, synovial mem-
brane, bone tissue depends on the ratio of activators
and inhibitors of apoptosis: inhibitors include growth
factors, cell matrix, sex hormones, some viral proteins;
activators include factors that affect the loss of connec-
tion with the matrix, glucocorticosteroids, cytostatics,
antimetabolites, proinflammatory cytokines, Vviruses,
ionizing radiation, and lipid peroxidation [1]. All this leads
to an imbalance of markers of cellular immunity
(ch, ch,n ch,s €A, Ch,,") increasing their cytotoxic
activity, which leads to destructive and degenerative
processes in the cellular structures of the joint and
their apoptosis [10].

It has been proven that the final products of LPO
oxidize the sulfhydryl groups of proteins, can slow down
and stop cell division and growth, destabilize biological
membranes, including lysosome membranes, activate
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HoseneHo, wo kiHueBi npogyktu MOJT okUCHIOKTL
cynbdrigpunbHi rpynu BinkiB, MOXyTb YMNOBiNbHIOBATU
Ta NPUNUHATK KNITUHHWIA NOAIN Ta picT, AecTabinisysatn
GionoriyHi MmembpaHu, y ToMy 4mcri MembpaHu ni3ocom,
akTmByBaTu reHmn p53, bax, bak, bad, bcl-xS Ta 3anyc-
KaTu npouec anonToay.

Meta po6oTu -— BuMBUMTU pgucBGanaHc MapkepiB
KNiTUHHOrO iIMYHITETY K ogHoro 3 cpakTopiB anonTosy
Yy XBOpMX Ha BTOPMHHWIA OCTEOAPTPUT 3anexHo Bif
cTagii obcsary gereHepadii cyrno6oBoro xpsiua.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Y pocnigxeHHi B3anu ydactb 117 XxBOpuX BikOM
19-45 pokiB, ski nepebyBanu Ha cTauioHapHOMY fiKy-
BaHHi y Artz Klinic (M. Xapkis) 3 npmeogy BTopuHHOro OA
KoniHHoro cyrnoba. [liarHo3 BCTaHoOBNOBanu 3rigHO
3 MixHapogHoto knacudikauieto xsopobu 10-ro nepe-
rmagy (MKX-10) — M18.1. KoHTponbHy rpyny cknanu
25 3popoBux pnobposornbuiB. MixxHapoaHUM ToBapuCT-
BOM 3 BMBYEHHS ocTeoapTpuTy (OARSI) 3anponoHoBaHo
HOBY Knacudikauilo, sika gossonse Buainutn 4 cragii
ypaxeHHsi cyrnoboBoro xpswa Big o6'emy (%) AereHe-
patuBHMX 3MiH: ctagia 1 (< 10%); crtagia 2 (10-25%);
ctagia 3 (25-50%); ctagis 4 (> 50%).

deHoTUNOBUA cknag  nimdounTis  nepudepnyHoi
KpoBi BW3Hayanu Ha npoToyHomy umuTomeTpi FACS
Calibur (Becton Diskinson, CLLA) i3 3any4eHHaM MOHO-
KnoHaneHux aHtutin go CD,*; CD,*; CD,* CD,; CD,,"
Ta nporpamHoro 3abesneyeHHs Multi SET.

KnituHHni peuentop cmepti CD,, (BiH xe APO-1
i FAS), i niraHgpom gna FAS e FASL (APO-1L, BiH
xe CD,,). PO34MHHWI mMeMOpaHHM Mapkep anonTosy
FAS nirangy FASL (CD,,,), Wwo NpoBOKYe KNiTUHK, SKi
HecyTb Ha CcBOI noBepxHi FAS-peventopn go anonTosy
depmMeHTy, WO XapakTepu3ye paHHi cTagii edekTop-
Horo anonTo3y, i nepetBoptoe IJ1-1B, Caspase-1 ICE
(ICE-I1-1B  Converting Enzyme), Ta HacTynHoi Mnoro
ctagii 6inka Annexin V (Vac-a); Caspase-3, Caspase-8,
B CMPOBAaTLi KPOBi BM3Hayanu 3a [OMOMOro €H3UMO-
3B’asaHoro |IPA (enzyme-linked immunosorbent assay,
ELISA) 3 BukopucTaHHsIM KOMepLinHux Habopie Human
FAS Ligand ELISA, Human Caspase-8, Human
Annexin V ELISA, Human FAS Ligand ELISA (Bender
Med Systems GmbH, Austria) 3rigHo 3 iHCTpyKUiaMHK
BMPOOHMKA Ha aBTOMaTM4HOMY iMyHODEpMEHTHOMY
aHanizatopi Coda (Bio-Rad Laboratories, USA) [2].

KpoB anst GioxiMiYyHMX Ta iMYHOMOrYHUX OOCNIOKEHD
Opanu BpaHLi, HACTYMHOro AHS NiCNs HaOXOMKEHHS
XBOPOro A0 cTauioHapy, Yyepe3 12—18 roguH nicns BXu-
BaHHSA Txi. 3abip KkpoBi mpoBogwunu 3 MiKTbOBOI BEHMW
CenikoHMPOBAHO ronkot, B 06’emi 5 Mn y cTepurnbHy
npobipky Tuny «EneHgopd». CatuctndHy o6pobKy
OTPUMaHWX Pes3ynsTaTtiB NPOBOAWMN i3 BUKOPUCTaHHAM
IBM SPSS Statistics 22 i3 BusHaveHHsim abcontoTHOI Be-
nM4nHK Taii noxmbkmn (M+m, abc.oa.). JocToBipHICTb OTPU-
MaHWX pes3yneTaTiB BU3Ha4vanu 3a kputepiem CTbiofeHTa.

MauieHTn Gynu iHcopmoBaHi wWodo uinewn pocnia-
XEHHs1 Ta Haganu cBoK noiHdopmoBaHy 3rogy. [o-
CRidXXEeHHs1 NPOBEAEeHO 3 ypaxyBaHHAM OCHOBHMWX MOMo-
XeHb i BigNOBIAHO OO0 €TMYHMX Ta MOparnbHO-NPaBOBMUX
Bumor Cratycy YkpaiHcbkoi acouiauii 3 GioeTtvkn Ta
Hopmam GCP i GLP, npuHuunam lenbciHCbKOi aekna-
pauii npae noauHn, KonseHuii Pagn €sponn npo npasa
NIOAVHK | BiomegnumHu.

p53, bach, bak, bad, bcl-xS genes and trigger the pro-
cess of apoptosis.

Objective — to study the imbalance of markers of
cellular immunity as one of the factors of apoptosis in
patients with secondary osteoarthritis depending on the
stage of the amount of articular cartilage degeneration.

MATERIALS AND METHODS

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

The phenotypic composition of peripheral blood
lymphocytes was determined on a FACS Calibur flow
cytometer (Becton Diskinson, USA) with the involve-
ment of monoclonal antibodies to CD,*; CD,*; SD,*; SD,*;
CD,," and Multi SET software.

Cell death receptor CD95 (aka APO-1 and FAS).
The ligand for FAS is FASL (APO-1L, aka CD,,,).
Soluble membrane marker of apoptosis FAS ligand
FASL (CD,,,), which provokes cells bearing FAS recep-
tors on their surface to apoptosis of the enzyme that
characterizes the early stages of effector apoptosis that
converts IL-1B, Caspase-1 ICE (ICE-IL-1B Converting
Enzyme), and its next stage protein Annexin V (Vac-a.);
Caspase-3, Caspase-8, in blood serum was determined
by enzyme-linked immunosorbent assay (ELISA) using
commercial kits Human FAS Ligand ELISA, Human
Caspase-8, Human Annexin V ELISA, Human FAS
Ligand ELISA (Bender Med Systems GmbH, Austria)
according to the manufacturer's instructions on the
Coda automatic enzyme immunoassay (Bio-Rad Labo-
ratories, USA) [2].

Blood for biochemical and immunological studies was
taken in the morning, the next day after the patient was
admitted to the hospital, 12—18 hours after a meal. Blood
was collected from the ulnar vein with a siliconized
needle in a volume of 5 ml into a sterile Eppendorf tube.
Statistical processing of the obtained results was carried
out using IBM SPSS Statistics 22 with the determi-
nation of the absolute value and its error (M £ m, abso-
lute unit). The reliability of the obtained results was
determined according to the Student’s criterion.

Patients were informed about the objectives of the
study and gave their informed consent. The study was
conducted taking into account the main provisions and,
accordingly, the ethical and moral and legal require-
ments 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.
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PE3YABTATU TA iX OBrOBOPEHHS

Y xBopux Ha BTOpuHHMI OA y nepiofi 3aroCcTpeHHs
Mae Mmicue aucbanaHc B KNITUHHIM NaHui iMYHITETY,
nigpuileHHs CD8, CD16, CD22 uMTOTOKCUYHOCTI, LLO
npu3BoaMTL [0 OecTpykuii GiomembpaH KniTMHHOTKa-
HUHHWUX CTPYKTYp CyrnoGoBoOro xpsilia Ta CUHOBianbHOT
06OMOHKKM, MOpYLUEHHS YHKLUIT MeMBpaHHUX depMeH-
TiB Ta KOMMapTMeHTani3auii MetaboniyHux npoueciB
3 aKkTuBauieto reHa p53 anonto3y 3 nofanbLUol 3aru-
Gennto  KNiTMH cyrnoboBoro xpsiLa Ta CUHOBIANbHOT
06OMOHKM y AaHOTO KOHTUHIEHTY xBopux [10].

Y xBopux Ha BTOpuHHUA OA B opraHax iMyHHOI
cuctemn BiobyBaeTbCA B3aemopis aHTUreH-cneuundiy-
HUX NiMcpounTiB 3 HWKMMW KNiTMHaMW, SKi 3adisHi B
iIMyHHUX peakuiax. Y npoueci AudepeHuiloBaHHS Ha
MembpaHax KniTUH CUCTEMM IMYHITETY 3'ABMSAOTLCSA Pi3Hi
MaKpOMOIeKynn — Mapkepu, WO BiAnoBigaloTb MEBHIN
cTafii po3BUTKY KNITUHHUX NOMynsAuii. 3 BUKOPUCTaH-
HIM  MOHOKMOHamNbHWUX aHTWUTIN  CTano  MOXIIMBUM
NPOBECTU KiMbKICHUA aHania nonynsuiin KniTUH KpoBi
Ta knacudikysatu iX BiONOBIAHO OO HasABHOCTI NoBepx-
HeBux CD-aHtureHiB (Big aHrmn. — clusters of differen-
tiation — knactepu audepeHuitoBaHHA). Bci BoHM Buko-
HYIOTb (PYHKUIT peLenTopiB aaresvHis, nicnsa B3aemogil
3 SIKUMW BCEPEAMHY KNiTUHW MOCTynae curHan i Bigdy-
BaeTbCA i akTMBaUis, cynpecis abo anonTos.

Tomy Hamu Gynu npoBeneHi OOCNIMKEHHS Mapkepis
KNITUHHOTO IMYHITETY Yy XBOpUX Ha BTOpMHHUN OA
B Nepiodi 3aroCTPeHHsA SIK MOXIMBOrO dakTopa akTu-
Bauii anonTo3y (Tabn. 1).

RESULTS AND DISCUSSION

In patients with secondary OA, in the period of
exacerbation, there is an imbalance in the cellular link
of immunity, an increase in CD8, CD16, CD22 cyto-
toxicity, which leads to the destruction of biomembra-
nes of cellular tissue structures of articular cartilage
and synovial membrane, a violation of the function of
membrane enzymes and compartmentalization of meta-
bolic processes with activation of the p53 apoptosis gene
with subsequent death of articular cartilage and synovial
membrane cells in this contingent of patients [10].

In patients with secondary OA, antigen-specific
lymphocytes interact with other cells involved in immune
reactions in the organs of the immune system. In the pro-
cess of differentiation, various macromolecules appear
on the membranes of cells of the immune system —
markers that correspond to a certain stage of develop-
ment of cell populations. With the use of monoclonal
antibodies, it became possible to conduct a quantitative
analysis of blood cell populations and classify them
according to the presence of surface CD-antigens
(from the English — clusters of differentiation — clusters
of differentiation). All of them perform the functions
of adhesin receptors, after interaction with which a signal
enters the cell and its activation, suppression or apop-
tosis occurs.

Therefore, we conducted studies of markers of cellu-
lar immunity in patients with secondary OA in the period
of exacerbation as a possible factor in the activation
of apoptosis (Table 1).

Tabnuus 1. [laHi MapkepiB KNITUHHOIO IMYHITETY Y XBOPUX Ha BTOpUHHUIA OA y nepiodi 3arocTpeHHs 3aXBOPIOBaHHSI
3anexHo Big ctagii 06’emy (%) oereHepauii cyrmobosoro xpswa (M + m)
Table 1. Data of markers of cellular immunity in patients with secondary OA in the period of exacerbation
of the disease depending on the stage of volume (%) of degeneration of articular cartilage (M + m)

Croam oo ermvenaui | Koot [ oo, | oo | cogn oo, | o
CD,"cell, CD,"cell, CD,"cell, CD,/CD, CD_ *cell, CD, *cell,

Volume stage of Number o) 4 o) & ® o 2

. . . . % % % %o %

articular cartilage degeneration of patients

Crapis 1/ Stage 1 (<10%) 23 59,5+1,86 | 49,3+2,36 | 26,8+1,63a 1,8 14,2+1,28a | 24,6+1,42
Crapis 2 / Stage 2 (10-25%) 36 47,8+3,23 | 52,8+2,32 21,3+1,57 2,5 19,8+1,46 | 27,3+1,53
Cragis 3 / Stage 3 (25-50%) 34 40,4+£3,12 | 59,3+3,17 18,7+1,47 3,2 22,7+1,63 | 29,6%1,47
Crapis 4 / Stage 4 (> 50%) 24 34,343,24* | 64,2+3,18 | 13,12+1,29* 4,8 28,9+1,53* | 32,3+1,85
3poposi aoHopw / Healthy donors 25 68,9+2,43 | 45,6+1,87 29,5+1,16 1,5 12,4+1,2 22,3+1,3

lMpumimku:

* BiAMIHHOCTi AOCTOBIPHI MOPIBHAHO 3i 3gopoBuMK goHopamu (p < 0,05);
o — BiAMIHHOCTi [OCTOBIPHI MiXX MOKa3HUKaMu Y XBOPUX y Nepiofi 3arocTpeHHs 3axsBoptoBaHHs (p < 0,05).

Notes:

* differences are significant compared to healthy donors (p < 0.05);
o — significant differences between indicators in patients during the period of exacerbation of the disease (p < 0.05).

Ak BUAHO 3 AaHUX Tabnuui 1, Mae Micue 3HWKEHHS
mapkepis CD,* y rpynax xsopux 1-i (< 10%) cragii i3
3pocTaHHAM npwu 3-1 i 4-14 cTagisax aereHepauii cyrno6o-
BOrO XpsiLLa, MOpPIiBHAHO 3 MOKa3HMKaMu rpynu 340pOBUX
JoHopiB. 3Ha4YeHHs LbOro Mpouecy Monsirac y TOMy,
wo CD," HecyTb 3pifi (iHTaKTHI) T-MiMAOUMTN aHTUreH-
cneumndivHoro peuentopa (TKp) B umtonnasmy. AHTW-
reHcneundiduHmin T-KNITUHHUIA peuenTop, CD3+ Ta iHWi
KOpeLenTopu cknagarTb KOMMIEKC, WO PO3Pi3HSE YyXKo-
PioHUA aHTUreH, 3B’A3aHWM 3 MOMeKynamu FOfOBHOMO
komnnekcy rictocymicHocTi | um Il knacy (MHC | a6o II).
3HWXKeHHs1 kinbkocTi CD3+ KkniTuH, AKi HeCcyTb nepenady
curHany Ta po3snisHaBaHHA 4Yepe3 MHC | a6o Il knacy

As can be seen from the data in the table 1, has
a decrease in CD3+ markers in the groups of patients
with stage 1 (< 10%) with an increase in stages 3 and 4
of articular cartilage degeneration, compared to the
indicators of the group of healthy donors. The signifi-
cance of this process is that CD,* — carry mature (intact)
T-lymphocytes antigen-specific receptor (TCr) into the
cytoplasm. Antigen-specific T-cell receptor, CD," and
other coreceptors make up a complex that distinguishes
foreign antigen bound to molecules of the main histo-
compatibility complex of class | or Il (MHC 1 or II).
A decrease in the number of CD," cells that transmit
a signal and recognize a foreign antigen through MHC
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YYXKOPIAHOTO aHTUreHy, 3HWXye nepepobky Ta enimi-
HaLilo OCTaHHbOro, 30KpeMa Yy CWUHOBIanbHIA piguHi, ue
npuBOAMTL 00 NIABULIEHHSA LMTOTOKCUMYHOCTI T-nimdo-
UUTIB Ta 3pPOCTaHHSA ayTOIMyHHOrO KOMMOHEHTAa Y XBO-
pux Ha BTOpuHHMI OA.

MokasHukn CD," — mapkep T-xennepis marwTb TeH-
AeHUilo 40 HapocTaHHA B rpynax xsopux 3 1-i (< 10%)
no 4-ty (> 50%) cTagito AereHepauii cyrnoboBoro xpsia
BIOHOCHO rpynu 340poBUMX [OOHOpPIB. Lle HapocTaHHs
MOXe BKa3yBaTU Ha MNEepekrlovYeHHs iMyHHO! BianoBigi
Ha ayTOIMyHHWA KOMMOHEHT A0 KMITUHOTKaHUHHMX
CTPYKTYp cyrnoboBoro xpsilia Ta CUHOBIasnbHin 060noH-
KM Y TaKuX NauieHTIB.

3HwkeHHss mapkepa CD,* y rpynax xsopux 3 1-i no
4-ty cTapii pereHepauii cyrnoboBoro xpsia nokasye
NOpYyLUEHHS1 PerynaTopHOro KOHTPOMIO eniMiHauii aHTu-
FEHHOro MoTeHUjiany Ta 3pOoCTaHHsi ayTOIMYHHOrO KOMMO-
HeHTa B natoreHesi OA.

Ha Tni 3HmxeHHa nokasHukis CD,* — cynpecopis mMae
micue aktusauia CD,* — mMapkep HaTypanbHUX Kinepis
(NK-kniTnH), Hu3bkoadpiHHOro peuentopa Fc ang
IgG Il Tnny. B rpynax xBopux i3 1-t0 i 2-0 cTagieto
JereHepalii cyrno6oBoro xpsilia Mae MicLe HapOCTaHHS
pisHa CD,;* y 1,1-1,6 pasy BigHOCHO rpynu 340pOBUX
OOHOpIB, Togi sk Npu 3-i | 4-n cTagiax uen MnoKasHWMK
HapocTae iHTeHcuBHiWe B 1,8—-2,3 pasy BigHOCHO rpynu
3g0opoBux goHopis (p < 0,05).

Lli knitTuHn OGepyTb y4yacTb B aHTUTINO3anexHin
KNITUHHIA UUTOTOKCUMYHOCTI, NigBULLYIOYM ayTOIMYyHHUI
KOMMOHEHT Ta anonTo3 Yy KMiTUHHOTKAHWHHUX CTPYKTY-
pax cyrnoboBoro xpsilia Ta CUHOBIarnbHi 060NOHKMU.

Takox B 1,4 pasy nigBuULLYETbCS piBEHb Mapkepis
CD,," y rpynax xeopux i3 4-to ctagieto (> 50%) pereHe-
pauii cyrnmoboBoro xpsila BiQHOCHO Ipynu 300POBUX
AoHopis. Mapkepn CD,," ekcrnpecoBaHi Ha 3pinux
B-nimdounTtax, nokanizoBaHux y MurganuHax, mosne-
Kynax agresii Ta 6epyTb y4acTb y HEraTMBHUX peakLuisix
B-knituH. lMpn HasABHOCTI XPOHIYHOrO 3ananbHOro npo-
uecy B MurganuHax, TKaHuHa sIKMX 3a XiMiYHO-aHTUreH-
HUM cKknagom bnusbka A0 KNiTUHHO-TKAHWHHUX CTPYKTYP
cyrno6boBoro xpsiLia Ta cUHOBIanbHi 0O0NOHKN, MOXYTb
3anyckatucs npouecu anonTtosy nimdouunTie, aucba-
naHc imyHorno6yninie: IgA, IgM, 1gG, nposananbHux
LUMTOKIHIB, 30Kpema i B CMHOBIianbHil piguHi cyrnoba.

Tpeba BigMITUTK, WO TpuBana Aig eK30reHHUX Ta
€eHOOoreHHNX hakTopiB, AncbanaHc mMapkepiB KNiTMHHOIO
iIMyHITETY  NpuBOAUTL OO0  3CYBY  CMIiBBiAHOLLEHHS
CD,/CD, BnpaBo 3a paxyHOK MiABULIEHHS KifbKOCTI
CD," i sHwmkeHHs kKinbkocTi CD,* y rpynax Xsopux
3 3-10 (25-50%) i 4-t0 (> 50%) cragieto AereHepadii
cyrnoboBoro xpswa. Lle nputamaHHo ans ayToiMyH-
HOro npoLecy Ta akTuBaLil NpoLecy anonTo3y y XBOPUX
Ha BTOpUHHUIA OA.

Y po3sutky BTOpuMHHOro OA nexunTb XpOHiyHe
NPOOYKTUBHE 3anarneHHs, B OCHOBi $IKOrO OOHWMM i3
naTtoreHeTUYHMX MEXaHi3MiB € anonTo3  KMiTUHHO-
TKaHWHHUX CTPYKTYp cyrnoboBoro xpsiwa (tabn. 2).

Ak BMOHO 3 [aHMX, HaBedeHwx y Tabnuui 2, Big-
3HavaeTbea foctoeipHe (p < 0,05) nigeuweHHs CDg,
FAS/Apo-1y rpyni xsBopux 3 3-t0 (25-50%) Ta 4-t0 (> 50%)
cTagieto pgereHepadii cyrmoboBoro xpsilia MOPIBHSAHO
3 rpynoto xsopux 3 1-10 (< 10%) cTagieto Ta KOHTponem.
Taka cama 3aKOHOMIpHICTb BiA3Ha4YaeTbCA AN Mnokas-
Hukis CD,, niraHgy CD.-L (CD,,) y rpynax 3 3-10
(25-50%) Ta 4-t0 (> 50%) cTapieto gereHepadii cyrnobo-
BOrO XpsiLLia, NOpiBHSHO 3 xBopumHK 3 1-t0 (< 10%) cTagieto

| or Il class, which reduces the processing and elimina-
tion of the latter, including in the synovial fluid, which
leads to an increase in the cytotoxicity of T lympho-
cytes and an increase in the autoimmune component
in patients with secondary OA .

Indicators of CD,* — a marker of T-helpers tend to
increase in groups of patients with 1 (< 10%) to 4 (> 50%)
stage of articular cartilage degeneration compared to
the group of healthy donors. This increase may indicate
a switch of the immune response to an autoimmune
component to the cell-tissue structures of the articular
cartilage and synovial membrane in such patients.

A decrease in the CD8+ marker in groups of patients
with stage 1 to stage 4 of articular cartilage degenera-
tion shows a violation of regulatory control over the
elimination of antigenic potential and an increase in the
autoimmune component in the pathogenesis of OA.

Against the background of a decrease in the indica-
tors of CD,* — suppressors, the activation of CD,;* —
a marker of natural killers (NK cells), a low-affinity Fc
receptor for IgG type lll. In groups of patients with stage 1
and stage 2 degeneration of articular cartilage, the level
of CD,," increases by 1.1-1.6 times compared to the
group of healthy donors, while at stages 3 and 4 this
indicator increases more intensively by 1.8-2.3 times
relative to the group of healthy donors (p<0.05).

These cells are involved in antibody-dependent
cellular cytotoxicity, increasing the autoimmune compo-
nent and apoptosis in cellular tissue structures of
articular cartilage and synovial membrane.

Also, the level of CD,,” markers increases by
1.4 times in the groups of patients with stage 4 (> 50%)
degeneration of articular cartilage compared to the group
of healthy donors. CD,,* markers are expressed on
mature B-lymphocytes localized in tonsils, adhesion
molecules and participate in negative B-cell reactions.
In the presence of a chronic inflammatory process in
the tonsils, the chemical and antigenic composition
of which is close to the cell-tissue structures of articular
cartilage and the synovial membrane, processes of
lymphocyte apoptosis, imbalance of immunoglobulins:
IgA, IgM, 1gG, pro-inflammatory cytokines, including in
the synovial fluid of the joint, can be triggered.

It should be noted that the prolonged action of exo-
genous and endogenous factors, the imbalance of
markers of cellular immunity leads to a shift in the ratio
of CD,/CD, to the right due to an increase in the
number of CD,* and a decrease in the number of CD,*
in groups of patients with 3 (25-50%) and 4 (> 50%)
stage of articular cartilage degeneration. This is inhe-
rent in the autoimmune process and the activation of
the apoptosis process in patients with secondary OA.

The development of secondary OA is based on
chronic productive inflammation, one of the pathoge-
netic mechanisms of which is the apoptosis of cellular
and tissue structures of articular cartilage (Table 2).

As can be seen from the data given in the table 2
shows a significant (p < 0.05) increase in CDg
FAS/Apo-1 in the group of patients with 3 (25-50%)
and 4 (> 50%) stages of articular cartilage degene-
ration compared to the group of patients with
1 (< 10%) stage and control. The same pattern is obser-
ved for CD, ligand CDy L (CD,,) in groups with
stage 3 (25-50%) and stage 4 (> 50%) articular cartilage
degeneration compared to stage 1 group (< 10%)
and controls. This indicates the progression of the chro-
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Ta KoHTponem. Lle cBiguuTb Npo nporpecyBaHHs Xpo-
HIYHOrO peLMaMBYIOHOro 3ananbHOro Mpouecy y CTpykK-
Typax cyrnoboBoro xpsilia Ta CUHOBianbHOI 0GONOHKM
3a paxyHOK akTuBaLii npoLecy anonTo3y Ta npueaHaHHs
ayToiMyHHOro KOMMNOHeHTa y natoreHesi BTopuHHoro OA.

nic recurrent inflammatory process in the structures
of articular cartilage and synovial membrane due to
the activation of the apoptosis process and the addi-
tion of an autoimmune component in the pathogenesis
of secondary OA.

Ta6nuus 2. [laHi mapkepiB anonTo3y y XxBopux Ha BTopuHHUIA OA y nepiofi 3arocTpeHHs1 3aXBOPHOBaHHS
3anexHo Bia cTagii 06’emy (%) AereHepadii cyrnmobosoro xpsiwa (M £ m)
Table 2. Data of markers of apoptosis in patients with secondary OA in the period of exacerbation
of the disease depending on the stage of volume (%), degeneration of articular cartilage (M + m)

Volume stage of anisuar cartiage degoneration |  Number o patems | CDss FASAPO-1 (%) | SFASL(CD,)
Crapis 1/ Stage 1 (<10%) 23 9,2 +0,63¢ 11,3+1,26a
Crapin 2 / Stage 2 (10-25%) 36 14,5+1,47* 13,2+1,35%
Cragis 3 / Stage 3 (25-50%) 34 19,8+1,54* 21,7+2,18*
Cragis 4 / Stage 4 (> 50%) 24 25,7+2,13* 26,9+2,25%
3poposi goHopu / Healthy donors 25 6,4+0,65 5,3+0,56

lMpumimku:

* BiAMIHHOCTI JOCTOBIpHi MOPIBHSAHO 3i 3nopoBuMK foHopamu (p < 0,05);
o — BiMIHHOCTi JOCTOBIPHi MiXX NMOKa3HUKamu y nepioai 3arocTpeHHs 3axsoptoBaHHs (p < 0,05).

Notes:

* differences are significant compared to healthy donors (p < 0.05);
o — significant differences between indicators in the period of exacerbation of the disease (p < 0.05).

Mpouec anonTo3y KNiTUHHO-TKAHWHHUX CTPYKTYp
cyrmoboBoro xpsiwa — ue depmMeHTaTUBHWUIA npoLlec,
WO 3anexuTb B4 akTueauili KacrnasHoro Kackagy.
Kacnasn (uucteiH-3anexHi eHgonpoTteasy) crnovatky
CUHTE3YITbCA $K 3MMOreéH — MOHOMEPWU 3 HU3bKOH
abo HynbOBOK aKkTMBHICTIO. [licna akTvBauii BOHM
romogumepuaytotbesd. Cybctpatamm kacnas € Garato
OinkiB, siKi 3anyyeHi B 3ananbHWUA Npouec Ta anonTos.
PisHa yyacTb kacnas B opraHisauii KniTMHHOI 3arnbeni
[03BOMISIE PO34iNMTU iX Ha TPWM OCHOBHI rpynu: Ti, SKi
iHiLitoTb Npouec 3ananeHHs (I rpyna), 40 HUX Hanexarb
nposananbHi (kacnasa 1, 4, 5, 11, 12); ingykTopu anon-
To3y (Il rpyna) — oo Hux BigHOCATbLCA (Kacnasm 8 Ta 9)
i edekTopu anontosy (kacnasu 3, 6 Ta 7). Kacnasa 2
MoXxe OyTn sK iHOYKTOPOM, i €PeKTOpOM, i € MilLEeHHI0
ans kacnas 3 i 8, aki BMBINbHAKTL umutoxpom C [5-9].

3anexHo Big xapaktepy nepebiry Ta crtagii naro-
MOriYHOro npouecy B cyrnobi MOXyTb 3 Pi3HUM CTyneHem
aKTMBHOCTI peanidyBaTu anonTo3 KMiTMHHOTKaHUHHUX
CTPYKTYp CyrnoboBoro xpsiia, a u4epe3 YTBOPEHHS
anonTUYHKX Tineub i parMeHTiB KIITUHHUX CTPYKTYP,
AKi HabyBalOTb aHTUreHHUX BracTUBOCTEW, MOXYTb
nocunosBatn Ta NiATPUMyBaTW ayTOIMYHHUA KOMMO-
HEHT 3aXBOPIOBAHHS.

Y 3B’3Ky 3 UMM Hamu Gyno NPoBeAEHO AOCHIAXKEHHS
Kacnasd TpbOX OCHOBHWX Tpyn Yy nepiodi 3arocTpeHHs
3axBOpOBaHHSA (Tabn. 3).

Ak BMOHO 3 AgaHux Tabnnuui 3 mMae micue AocTo-
BipHe (p < 0,05) niaBuLLIEHHS Noka3HMKa | rpynu kacnas:
kacnasa-1 ICE (ICE-IJ1-1p Converting Enzyme) Ta Ha-
CTynHoi noro ctagii 6inka Annexin V (Vac-a) y xBopux
3 3-10 (25-50%) Ta 4-10 (> 50%) cragielo agereHepauii
cyrnoboBoro xpsia, nopisHaHo 3 1-10 (< 10%) crtagieto
B Mepiodi 3aroCTpeHHs Ta 300poBuMX OOHOpIB. Bigomo,
Wwo aktmBauis kacnasu-1 (I rpyna) BigbyBaeTbcsa 3a pa-
XYHOK MpOAYKTiB GiONoriYHO-akTMBHMUX PEYOBUH, Mpo3a-
nanbHMUX LMTOKIHIB, 30Kpema KiHLEeBUX MpOAYKTiB nepe-
KICHOrO OKMUCHEeHHsi ninigiB — meTaboniTiB ManoHOBOro
pianegerigy [8, 9]. Annexin V — aHTMKOarynsHTHWUA
NpoTeiH Mae BWpaXeHi aHTUKOAarynsHTHi BMacTUBOCTI,
O 3YMOBMOE MO0 BMCOKY CMOPIAHEHICTb A0 aHiOHHUX

The process of apoptosis of cellular tissue struc-
tures of articular cartilage is an enzymatic process that
depends on the activation of the caspase cascade.
Caspases (cysteine-dependent endoproteases) are
initially synthesized as zymogens — monomers with low
or zero activity. After activation, they homodimerize.
Substrates of caspases are many proteins that are
involved in the inflammatory process and apoptosis.
The different participation of caspases in the organi-
zation of cell death allows them to be divided into
three main groups: those that initiate the inflamma-
tory process (group |), they include proinflammatory
ones (caspase 1, 4, 5, 11, 12); apoptosis inducers
(Il group) — these include (caspases 8 and 9) and apop-
tosis effectors (caspases 3, 6 and 7). Caspase-2 can
be both an inducer and an effector and is a target for
caspases 3 and 8, which release cytochrome C [5-9].

Depending on the nature of the course and the stage
of the pathological process in the joint, apoptosis of
cellular tissue structures of articular cartilage can be
implemented with varying degrees of activity, and due to
the formation of apoptotic bodies and fragments of
cellular structures that acquire antigenic properties,
they can strengthen and support the autoimmune com-
ponent of the disease.

In this connection, we conducted a study of caspases
of three main groups during the period of exacerbation
of the disease (Table 3).

As can be seen from the data in the table. 3, there is
a significant (p < 0.05) increase in the indicator of cas-
pase | group: caspase-1 ICE (ICE-IL-1B Converting
Enzyme) and its next stage Annexin V protein (Vac-a)
in patients with 3 (25-50%) and 4 (> 50%) stage of arti-
cular cartilage degeneration compared to 1 (< 10%) stage
in the period of exacerbation and healthy donors.
As is known, activation of caspase-1 (group |) occurs
due to the products of biologically active substances,
pro-inflammatory cytokines, including the end pro-
ducts of lipid peroxidation — metabolites of malondial-
dehyde [8, 9]. Annexin V is an anticoagulant protein
with pronounced anticoagulant properties, due to its

OpuwuriHanbHi 4oCnigpKeHHSs

155

Original research



KapasiHcbkuin imyHomnoriyHui xxypHan. 2024. T. 7. Ne 2(14). C. 149-158

Karazin Journal of Immunology. 2024;7(2(14)):149-158

ISSN 3083-5615 (Online)

docdoninigis, nepeLlukompKayn akTMBHUM dakTopam
3ropTaHHs KpoBi, 3B’A3ylouncb 3 dpocdponinigamu Kni-
TUHHUXMeMbpaH (docoTUANMEPUHOM), 3MIHIOYNNOTEH-
uian membpaHu knituHW. KoH'toroBaHun Annexin V
3 (briyOpoOXpOMOM Ha MOBEPXHi KMAiTMHM € MapKepom
edekTopHOI cTagii anontoay [3].

high affinity for anionic phospholipids, interfering with
active blood coagulation factors, binding to phospholipids
of cell membranes (phosphotidimerin), changing the
potential of the cell membrane. Annexin V conjugated
with fluorochrome on the cell surface is a marker of the
effector stage of apoptosis [3].

Ta6nuua 3. [laHi mapkepiB anonTo3y y XBopux Ha BTopuHHWUI OA y nepioai 3aroCTpeHHs 3axBOPIOBaHHS
3anexHo Bif ctagii 06’emy gereHepadii cyrnobosoro xpsa (M £ m)
Table 3. Data of markers of apoptosis in patients with secondary OA in the period of exacerbation
of the disease depending on the stage of volume degeneration of articular cartilage (M £ m)

Gzl Co B e A Caspase-1, Annexin V, Caspase-8, Caspase-3,
CyrnoboBoro xpsiua KinbkicTb XxBOpUX
’ : Hr/mn Hr/mMn Hr/Mn Hr/Mn
Volume stage of articular Number of patients
. . ng/ml ng/ml ng/ml ng/ml
cartilage degeneration

Crapis 1/ Stage 1 (<10%) 23 10,8+1,14¢ 9,4+1,23 1,6+0,05* 12,642,16*
Cragis 2 / Stage 2 (10-25%) 36 12,742,14 13,942,14* 3,3+0,07* 16,4+2,37
Cragis 3 / Stage 3 (25-50%) 34 21,5+1,73* 17,8+2,32* 4,2+0,03* 22,9+1,85%
Cragisi 4 / Stage 4 (> 50%) 24 25,7+3,12% 22,442 25* 6,6+0,09** 28,942 37%
3popos.i foHopwu / Healthy donors 25 10,2+1,3 6,8+1,6 1,14+0,05 11,43+2,47

lMpumimku:

* BiAMIHHOCTi JOCTOBIpHI MOPIBHSAHO 3i 30opoBuMYK goHopamu (p < 0,05);
o — BiAMIHHOCTi JOCTOBIpHI MiXX MOKa3HUKamu y nepiofi 3arocTpeHHsi 3axsoptoBaHHsi (p < 0,05).

Notes:

* differences are significant compared to healthy donors (p < 0.05);
o — significant differences between indicators in the period of exacerbation of the disease (p < 0.05).

Takox nokasaHo goctoBipHe (p < 0,05) niaBuULLEHHSA
Kacnasm-8 y xBopux i3 3-t0 Ta 4-10 cTagieto gereHe-
pauii cyrnoboBoro xpsilia, MOpiBHAHO 3 1-10 cTagieto
B nepiofi 3aroCTpeHHs1 Ta KoHTporem. Kacnasa-8 Hane-
Xntb po Il rpyna iHOyKTOpiB anonTo3y po3Lensoe
edekTopHi kacnasu — 3, — 6 Ta 7. 3a UMM BigbyBaeTbCA
po3LLenneHHs cybcTparTiB kacnas, siki € COTHAMM KNiTUH-
HUX OinkiB, HeOOXiaHWX ONA HOpPMAanbHOrO (OYHKLiOHY-
BaHHS KMITUHW. IXHE CTPYKTYpHe pyiiHyBaHHS NpU3BO-
vt Oo 3armbeni kniTmHu cyrmoboBoro xpswa Ta
CVHOBIanbHOi 0O0MOHKM Y AaHUX rpyn XBopwux [7].

TakMM 4YMHOM, MOXHa BBaXaTu, WO AUCKYHKLIA
mapkepis knituH (CD,*, CD,*, CD,, — NK kniTuH) Bkasye
Ha CTaH MeMOpaH e(EeKTOPHUX KITiITUH, sIKi 3MiHIOITLCA
B 3anexHOCTi BiA CTyneHa pereHepadii cyrnobosoro
Xpsla, Wo npu3BoauTb A0 MNIABULIEHHS iX  UWUTO-
TOKCUYHOCTI, Trinepnpoaykuii nposananbHUX LMTOKIHIB
Ta aKkTMBaUii reHiB anonTo3y npu BTopnHHOMY OA.

BUCHOBKHU

Y xBopux Ha BTOpuHHUN OA 3anexHo Big cragii
Jerpagauii cyrmo6oBoro xpsilia crnocTepiraetbCcs auc-
GanaHc MapKepiB KNiTMHHOIO iMyHITETY: 3HWkeHHs CD,*,
nigeuwenns CD,*, CD,, (NK), cynpecia CD,*; 3scys cnis-
BigHoweHHs CD,/CD, npaBopyd, Li0 Bkasye Ha ayTo-
iMYHHUIN KOMMOHEHT Y NaToreHesi 3axBOpHOBaHHS.

3cys cniesigHoweHHsa CD,/CD, npasopy4 Ta nigsu-
LeHHs umtotokeunyHoi aii CD,, (NK) npusoaute fo nig-
BuWeHHA niraHgy SFASL (CD,,) Tta CDy — MoOHO-
Hyknemapu Ta kacnas — 1; 8; 3, WO xapakTepusyioTb
aKTMBaLit0 Npouecy anonTo3y KNiTMHHO-TKAHUHHWX CTPYK-
Typ Ccyrno6oBoro xpsiLua.

A significant (p < 0.05) increase in caspase 8 was
also shown in patients with stage 3 and 4 of articular
cartilage degeneration compared to stage 1 in the
period of exacerbation and control. Caspase-8 belongs
to the Il group of apoptosis inducers and cleaves effec-
tor caspases — 3, — 6 and 7. This is followed by the
cleavage of caspase substrates, which are hundreds
of cellular proteins necessary for the normal functioning
of the cell. Their structural destruction leads to the
death of articular cartilage and synovial membrane cells
in these groups of patients [7].

Thus, it can be assumed that the dysfunction of cell
markers (CD,*, CD,", CD,, — NK cells) indicates the state
of the membranes of effector cells, which changes
depending on the degree of degeneration of articular
cartilage, which leads to an increase in their cytotoxicity,
hyperproduction of pro-inflammatory cytokines and
gene activation apoptosis in secondary OA.

CONCLUSIONS

In patients with secondary OA, depending on the
stage of articular cartilage degradation, there is an im-
balance of markers of cellular immunity: a decrease
in CD,*, an increase in CD,*, CD,, (NK), suppression
of CD,"; a shift in the ratio of CD,/CD, to the right,
indicating an autoimmune component in the pathoge-
nesis of the disease.

A shift in the ratio of CD,/CD, to the right and an in-
crease in the cytotoxic effect of CD,, (NK) leads to
an increase in the ligand SFASL (CD,,) and CD,, -
mononuclemers and caspase — 1; 8; 3, which charac-
terize the activation of the process of apoptosis of
cellular structures of articular cartilage.
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nepCﬂeKTMBM MOAQABLLUUX AOCAIAXEHD

3 MeToto iHribiuii paHHbOT asu anonTosy KMiTMHHOTKAHWUHHUX
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KoHAIKT iHTEpEeciB
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Prospects for further research

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

AkTyanbHicTb. [pobnema BMBYEHHSI NATOMNOrMYHMX 3MiH Y NNaueHTi Ha Tni MaTepuH-
CbKMX 3aXBOPIOBaHb, TAKUX SIK aHeMisl, NpeeKnaMncis Ta XOPiOaMHIOHIT, € akTyanbHO
BHACNIgOK iXHbOro BMAMMBY Ha PO3BUTOK MNfoda i dyHKUil nnaueHTn. Hessaxatoun
Ha 3Ha4Hi JOCNiAKEHHS, 3anuaeTbCsl HEQOCTATHLO BMBYEHOK POMb CKIEPOTUYHUX
3MiH i MOpyLUEHb KonareHoreHesy B LiMX yMOBaXx.

Meta po6oTU — BM3HAYUTU EKCMPeCio IHTEPCTULINHUX KoMmareHiB y deTanbHuX
obonoHkax Ta nnaueHTi 3a HasiBHOCTI MaTepUHCBbKOI naTonorii Ans ouiHkv ii BNnuBy
Ha CTaH NrnogoBKX TKAHUH.

Martepianu Ta metoam. lNpoBegeHO MopdonoriYHUA aHania 58 3paskiB nnaueHT,
pO3MOoAINeHUX Ha rpynu 3a TWUMNoM naTonorii (Mpeeknammncis, aHeMmisl, XOpioaMHIOHIT)
Ta TepMiHOM BariTHOCTi. BukopucTtoByBanu iMyHoricTOXiMiyHe AOCRifKeHHA 3 Henps-
Mum metogom KyHca ans susiBneHHs konareHis |, Il i 1V Tunis.

PesynbTaTi Ta ix oGroBopeHHA. Y rpynax i3 npeeknamMncieto, aHeMielo Ta xopio-
aMHIOHITOM cnocTepiranocs 3MeHLeHHs ekcnpecii konareHy |V Tuny B amHIOTUYHIN
060noHLU; | 3HMKeHHS: piBHA konareHiB | i |l TuniB y cTpomi BopcuH. Mpu xopioamHioHiTi
BUSIBNEHO HaNbinbLue 3MEHLLEHHS PiBHS eKCnpecii, Lo NoB’si3aHe 3 NOCUIeHo aerpa-
Aauieto konareHy nig BNAYBOM NPOTEONITUYHUX hePMEHTIB 3ananbHOro iHINLTpary.
BucHoBku. MaTtepuHCbKi naTonorii CNPUYMHAIOTL MOPYLUEHHS KOrareHOYTBOPEHHS
y deTanbHMX OBOMOHKax i MNaueHTi, Lo MiABULLYE PU3UK MepedyacHoro po3pusy
nnogoBmx OOOMOHOK i MPWU3BOAUTL [0 CKMEPOTUYHMX 3MiH Y BOPCMHaxX XOpioHa,
0CO06MBO NPY XOPIOaMHIOHITI.

3ay O.C., WepcTtiok C.0O., MaHos C.|. Ekcnpecisa iHTEpCTULIMHNX KonareHiB y deTanbHUX 060MoHKax Ta niaueHTi

Ha Tni maTtepuHcbkoi natonorii. KapasiHcekul iMyHonoeiyHul xypHan. 2024. T. 7, Ne 2 (14). C.

159-174.

DOI: https://doi.org/10.26565/3083-5615-2024-14-05

Key words:

placenta, fetal membranes, collagens,
preeclampsia, anemia, chorioamnionitis,
immunohistochemistry.

ABSTRACT

Background. The study of pathological changes in the placenta in cases of maternal
diseases, such as anemia, preeclampsia, and chorioamnionitis, is essential due to
their impact on fetal development and placental function. Despite extensive research,
the role of sclerotic changes and collagenogenesis disorders under these conditions
remains insufficiently studied.

Purpose — to determine the expression of interstitial collagens in fetal membranes
and placenta in the presence of maternal pathology to assess its impact on fetal tissue.
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Materials and Methods. A morphological analysis of 58 placenta samples was con-
ducted, divided into groups based on pathology type (preeclampsia, anemia, chorio-

amnionitis) and pregnancy term. Immunohistochemical analysis using the indirect
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Coons method was employed to detect collagens of types I, 1ll, and IV.

Results. In groups with preeclampsia, anemia, and chorioamnionitis, decreased
expression of type IV collagen in the amniotic membrane and reduced levels of types |
and Il collagen in villous stroma were observed. Chorioamnionitis showed the most
significant decrease in expression levels, associated with enhanced collagen degra-
dation due to proteolytic enzymes in the inflammatory infiltrate.

Conclusions. Maternal pathologies lead to collagen formation disorders in fetal

mem-branes and placenta, increasing the risk of premature rupture of fetal mem-
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branes and causing sclerotic changes in the chorionic villi, especially in cases
of chorioamnionitis.
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against the background of maternal

BCTYN

AHari3 HayKoBOi NniTepaTypu CTOCOBHO NaTonorii nna-
LEeHTN BUSIBUB HegoCTaTHbO iHdopmauii y nybnikauisax,
NpUCBAYEHNX MOPONOriYyHMM OCOBIMBOCTAM  CKIepo-
TUYHUX NPOLECIB Y MauUeHTi NpY MaTEepPUHCHKIA aHeMii,
npeeknamncii Ta xopioamHioHiTi. OTxe, AaHa npobnema
B CyyacHin natomopdororii Ta nepuHaTonorii noTpebdye
3aBepLUanbHOro Ta rMmnbOoKOro HaykoBOrO AOCHIOXKEHHS.

Y Hu3Ui gocnimxeHb, NPUCBAYEHNX MOPEONOriYHOMY
aHanisy nnaueHT y BariTHUX XIHOK i3 3anizogedilumTHO
aHewmieto (30A), BUSBMNEHO PiBHOMAHITHI aganTuBHI 3MiHW.
Cepea HWX BM3HAYaAETLCS 3POCTAHHS BMICTY KorareHy
y CTPOMi BOPCUH, iLLEMis Ta HEKPO3, KPOBOBUINBU, HasiB-
HICTb aPyHKUINHUX OiNSHOK, SKi, 3@ BUCHOBKaMU BYEHUX,
MOXYTb MPWU3BOAUTM A0 MOPYLUEHHA TPAHCMOPTHMX Ta
TPOiYHMX DYHKLiM NaueHTH, a TakoX A0 FOPMOHaNbHOI
ONCAYHKLT  3i 3HWKEHHAM ecTpiony, nnaueHTapHOro
NakToreHy N NporecTepoHy B CMPOBATL KPOBI BariTHMX [1].

Y npoBeAeHuX [OCNIMKEHHAX, MPUCBAYEHWX nNaTo-
MOpPOnoriYyHOMy aHanidy nnaueHT y BariTHUX i3 npeek-
namncieto (MNE), 6yno BUSIBNEHO, L0 y HWUX CMOCTEPIiraTb-
€S cKnagHi iHBomTMBHI 3miHu [2, 3]. 3rigHo 3 niTepaTyp-
HAMW [aHVMMK, CTPYKTYPHI TpaHcdopmauii B nnaueHTi
HanpUWKiHLi BariTHOCTI, Bi4OMi SIK «O3HAKW CTapiHHA nna-
LieHTW», OXONIIOITb HaKONNYeHHS ibpMHOIAY 1 KanbLito,
ApibHoocepeakoBi iwemivHi iHapkTn, ibpo3 BOpCUH,
aTpogito wapy JlaHrxaHca, obniTepauito CyauH, iHBOM-
TUBHI CUHUMTIAnNbHI BY3MUKW, @ TakoX KOMMEHCaTOpHY
BaCKynspu3aLito BOPCUH XOpioHa [4—6].

MarepuHcbKko-nnogosa iHMEKLUiss CbOroAHi 3anviia-
€TbCS OfHiel0 3 rnmobanbHuMx npobnem i Baxxnueum ak-
TOPOM, SIKMA BMNMMBAE Ha 3aXBOPIOBaHICTb i CMEPTHICTb
matepi 1 autuHn. 3a gaHumm BOO3 BHYTPILWHLOYTPOOHE
iHbikyBaHHSA B MepwuHaTanbHOMY Mepiofi 3a 4acToTo
nocigae pgpyre Micue, a B CTPYKTypi nepuHaTanbHOl
CMEpPTHOCTI — NepLue-TpeTe Micue, cknagatoum Big 11% oo
45% 3arnbnux [7, 8].

Mpu BUSIBNEHHI BipyCcHOI iH(EKLii B cuctemi «mMatum-
nnaueHTa-nnig» y nocnigi Big3Ha4aeTbCA MPUCYTHICTb
0obMexeHoro ocepeankoBOro NMpPOAYKTUBHOMO 3anarneHHs,
WO 3anyyae [0 MaTororiyHOro npouecy nrnogoBy Ta
MaTepuHCbKy 4acTuHu nnaueHtn [9]. Mig y4ac roctpoi
pecnipaTopHOi BIipYCHOI iH(peKLii B CMOMNyYHin TKaHWHI
BiAOyBaeTbCA HAKOMUYEHHS 3HAYHOI KiMbKOCTI KonareHy
Il TNy Ta knucnux rnikodamiHornikaHie. Lli KOMMOHeHTn

pathology. Karazin Journal
DOI: https://doi.org/10.26565/3083-5615-2024-14-05

of Immunology. 2024;7(2(14)):159-174.

INTRODUCTION

Analysis of scientific literature on placental patho-
logy has revealed a significant gap in publications
dedicated to the morphological characteristics of scle-
rotic processes in the placenta in cases of maternal
anemia, preeclampsia, and chorioamnionitis. Therefore,
this issue in modern pathomorphology and perinato-
logy requires thorough and comprehensive scientific
investigation.

In several studies focusing on the morphological
analysis of placentas in pregnant women with iron
deficiency anemia (IDA), various adaptive changes
have been identified. These include increased collagen
content in the stroma of the villi, ischemia, necrosis,
hemorrhages, and the presence of non-functional areas,
which, according to researchers, may lead to disrup-
ted transport and trophic functions of the placenta,
as well as hormonal dysfunction, resulting in reduced
levels of estriol, placental lactogen, and progesterone
in the maternal serum [1].

Studies on the pathomorphological analysis of
placentas in pregnant women with preeclampsia (PE)
have shown complex involutional changes [2, 3]. Accor-
ding to literature, structural transformations in the
placenta at the end of pregnancy, known as «signs
of placental aging», include the accumulation of
fibrinoid and calcium, small ischemic infarcts, villous
fibrosis, Langhans layer atrophy, vascular obliteration,
involutional syncytial knots, and compensatory vascu-
larization of chorionic villi [4—6].

Maternal-fetal infections remain a global challenge
and a significant factor influencing maternal and infant
morbidity and mortality. According to WHO data, intrauter-
ine infections rank second in frequency during the perina-
tal period and occupy the 1st-3rd position in the structure
of perinatal mortality, accounting for 11% to 45% of losses
[7, 8].

In cases of viral infection within the «mother-
placenta-fetus» system, histological examination reveals
focal productive inflammation involving both fetal and
maternal parts of the placenta [9]. During acute respi-
ratory viral infection, the connective tissue accumulates
a significant amount of type Il collagen and acidic
glycosaminoglycans. These components separate the
villous vessels from the chorionic syncytium and con-
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BiJOKPEMIOIOTb CYOUHW BOPCUMHOK Bifi KOHTaKTy 3 XOpi-
anbHUM CUMMMACTOM i CNpUsIOTb MPUTHIYEHHIO TpaHC-
nopTy NpoaykTiB 0bMiHy 3 KpOBi nNnoaa 40 KPOBOHOCHOT
cuctemm martepi [10, 11].

MeTa po6GOTU — BU3HAYUTU EKCMPECiO iHTepCTUUIi-
HUX KomareHiB y deTanbHux obonoHkax Ta nnaueHTi
3a HasIBHOCTi MaTEepWMHCbKOI naTtonorii ans OuiHkWM i
BMMUBY Ha CTaH Nog0BUX TKAHWH.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[Ons npoBedeHHs pgetanbHOro  MOpPdONOriYHOro
aHanisy 6yno BigibpaHo 58 nocnigis, ski peTensHO po3-
noAdineHi Ha gocnigxysaHi rpynu 3 ypaxyBaHHSM naro-
MOriYHMX CTaHIB XIHOK, SIKi 3a3Hanu ckrnagHoro nepeobiry
BariTHOCTI, @ TAKOX 3 ypaxyBaHHAM TepPMiHy BariTHOCTi —
BMNAAKW HEAOHOLLEHOT BariTHOCTI Ha TepMiHi 30—-35 Tux-
HiB Ta BWNagKM [LOHOLWIEHOI BariTHOCTI Ha TepMiHi
36—41 Tw>KOeHb.

Mepwa pocnigxysaHa rpyna Bkrntovana 8 Bunagkis
HepoHOLLEeHOI BariTHocTi 3 npeeknamncieto (MEH). Opyra
rpyna — 8 cnoctepexeHb AOHOLLUEHOI BariTHOCTI 3 npe-
eknamncieto (MEMD). Tpets rpyna — Bkntoyana 8 Bunaakis
HeJOHOLIEHOI BariTHOCTI i3 3anizogediunTHO  aHe-
mieto (AH). YerBepta rpyna — 8 BMnaakiB AOHOLUEHOT
BariTHOCTI 3i 3anisogediunTHolo aHeMieto (AD). IM'saTa rpy-
na mictuna 10 cnoctepexeHb HeOOHOLLEHOI BariTHOCTI
3 xopioamHioHiTom (XAH). LocTa rpyna Bkntovana 16 su-
nagkiB AOHOLLEHOI BariTHOCTI 3 xopioamHioHiToM (XAL).
Ipyny koHTponto (KIM) ctaHoBunu 8 cnocrepexeHsb disio-
NOriYHOI BariTHOCTI Ta NOMOriB, 3aBEPLUEHNX HAPOOXKEH-
HSIM >XMBOI JJOHOLLEHOI AUTUHMU.

ImyHoricToximiyHe pocnigkeHHs (IFX) BuKoHyBamnu
Henpamum metogoMm KyHca, Ha napadiHoBMX 3pi3ax
3aBTOBLUKM 5-6%x10-° M BUSBNANN iHTEPCTULNHI konare-
HU Ta KniTMHU-NpogyueHTn I/1-6 3a JOMOMOrow MOHO-
KnoHaneHux aHTuTin (MAT) go konarewis I, Il i IV Tunis
(Novocastra Laboratories Ltd, UK). Ak niomiHecLeHTHyY
MITKy BuMKOpucTOBYBanu Fab-2-dparMeHTn Kponsumx
aHTUTIN MpPOTU iMyHOrNoOyMiHIB MuLWi, AKi Oynu MiveHi
®ITL, (dnyopecueiny isoTiouyiaHaT). Npenapatn BuBYa-
nn B nIOMiHEecLUeHTHOMY Mikpockoni «Axioskor 40»
(Carl Zeiss, ®PH). Bu3HaueHHA ONTWUYHOI LLINBHOCTI
iMmyHodbnyopecueHLuii konareny |, Il i IV Tunis nposoannu
3a pgonomoroto metoay y6iHoi-Bakynik Il. i cniBaBT. [5]
i Mo3Ha4Yany B YMOBHUX OOUHMWLAX CBIiTiHHSA (yM. Of. CB.).
JocnigXeHHa matepiany aBToMCin NPOBOAUMOCH BiAmno-
BiQHO 00 BUMOr «IHCTPYKLil NPO NPOBEAEHHSA PO3TUHIB»
(Haka3s MinictepctBa OXOpoHM 340poB’'st YkpaiHu Ne 6
Big 17.01.1995); BignoBigHO A0 BUMOT, HOPM Ta TUMOBKX
nonoxeHb 3 nutaHb eTukn MO3 YkpaiHn Ne 690
Big 23.09.2009 p.; «[lMopsigky BunyyYeHHs GionorivyHMx
06’ekTiB 'y nomepnux, Tina sKMX NignsraloTb CygoBO-
MeOMYHIn ekcnepTusi i naTonoroaHaToMiYHOMY Aocnif-
XKEHHI0, Anst HaykoBux Uinemn» (2018).

PE3YABTATU TA iX OBFOBOPEHHS

ImyHoricToximivHe (IFX) gocnimKkeHHs BUABMITO iHTep-
cTuuinHi konarenu | i lll Tvnie, Aki 3Haxogunucsa B Me30-
AepMi amHioHa, CTpOMi XopioHa i AeumayarnbHii 060MoHL.

Y KOMMNaKTHOMY LWapi aMHioHa cnocTtepiranocs 6es-
nepepBHe iIHTEHCUBHE CBITIHHA IHTEPCTULIMHMX KOMareHis
0obox TuniB, y BCiX iHWMX 30HaX BOHO Oyrno MeHL Bupa-
xeHum (puc. 1). Komaren IV Tuny BusiBnsBcs nuvwe

tribute to impaired exchange product transport from
fetal to maternal blood [10, 11].

Objective — to determine the expression of inter-
stitial collagens in fetal membranes and the placenta
against the backdrop of maternal pathology.

MATERIALS AND METHODS

To conduct a detailed morphological analysis,
58 placentas were selected and carefully distributed
into study groups based on pathological conditions
experienced by women with complicated pregnancies,
as well as the gestational age — cases of preterm
pregnancy at 30-35 weeks and full-term pregnancy
at 3641 weeks.

The first study group included 8 cases of preterm
pregnancies with preeclampsia (PEP). The second group
comprised 8 observations of full-term pregnancies with
preeclampsia (PET). The third group included 8 cases
of preterm pregnancies with iron deficiency anemia (AP).
The fourth group consisted of 8 cases of full-term preg-
nancies with iron deficiency anemia (AD). The fifth group
contained 10 observations of preterm pregnancies
with chorioamnionitis (CAP). The sixth group included
16 cases of full-term pregnancies with chorioamnio-
nitis (CAT). The control group consisted of 8 cases
of physiological pregnancies and deliveries resulting
in the birth of a live, full-term fetus.

Immunohistochemical (IHC) analysis was performed
using the indirect Coons method on paraffin sections
5-6 pm thick to detect interstitial collagens and IL-6-
producing cells with monoclonal antibodies (MADbs)
to type I, lll, and IV collagens (Novocastra Laborato-
ries Ltd, UK). Fab-2 fragments of rabbit antibodies against
mouse immunoglobulins labeled with FITC (fluorescein
isothiocyanate) were used as the fluorescent marker.
Preparations were examined under an «Axioskor 40»
fluorescent microscope (Carl Zeiss, Germany). Optical
density of collagen type 1, lll, and IV immunofluorescence
was determined using the method of Gubina-Vakulik G.I.
et al. [5] and expressed in conventional fluores-
cence units.

Autopsy material research was conducted in com-
pliance with the requirements of the «Instructions on
conducting autopsies» (Order of the Ministry of Health
of Ukraine Ne 6 dated January 17, 1995), ethical norms
and standards (Order of the Ministry of Health of Ukraine
No. 690 dated September 23, 2009), and «Procedure
for retrieving biological objects from deceased indivi-
duals for scientific purposes» (2018).

RESULTS AND DISCUSSION

IHC studies revealed interstitial collagens of types |
and lll, identified in the mesoderm of the amnion, stroma
of the chorion, and decidual membrane.

In the compact layer of the amnion, continuous intense
fluorescence of interstitial collagens of both types was
observed, whereas in other zones, the fluorescence was
less pronounced (Fig. 1). Type IV collagen was detected
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B OasanbHii mMemOpaHi eniTenito amHioHa y BurMsai
niHinHoro 6e3nepepBHOro NOMIPHOMO CBITiHHS.

[aHi  MopdoMETpUYHOro  JOCHIMKEHHA  OMTUYHOI
LWiNbHOCTI iMyHOdbryopecueHUii iIHTepCTULINHMX Konare-
HiB Y 4OCNigKyBaHil rpyni npeactasneHi B Tabnuui 1.

only in the basal membrane of the amnion epithelium as
a linear, continuous, moderate fluorescence.

The morphometric study data on the optical density
of interstitial collagen immunofluorescence in the study
group are presented in Table 1.

Puc. 1. MNnogosa o6onoHka nocnigy rpynu KI. IHTEHCUBHE CBITiHHA KonareHy | Tuny B dpeTtanbHUX 060noHKax.
Henpsimuii meTog KyHca 3 MAT o konareny | Tuny, x100
Fig. 1. Fetal membrane of the placenta from the CG group. Intense fluorescence of type | collagen in the fetal membranes.
Indirect Coons method with MAbs to type | collagen, x100

Tabnuusa 1. OnNTUYHA LWiNbHICTb IHTEHCUBHOCTI iMyHOMNyopecLeHLil iIHTEPCTULINHUX KonareHis
y cheTanbHux obonoxkax rpynu KI, ym. og. cB. (M £ m)
Table 1. Optical Density of Interstitial Collagen Immunofluorescence Intensity
in the Fetal Membranes of the CG Group, Conventional Fluorescence Units (M+m)

Tun konareny / Type of Collagen AwMHioH / Amnion

XopioH / Chorion

Deunpya / Decidua

KonareH | / Collagen | 0,849+0.014 0,739+0,005 0,792+0,024
Konare 11l / Collagen llI 0,826+0.023 0,759+0,006 0,803+0,025
Konaren IV / Collagen IV 0,102+0,006 - -

IFX pocnigXeHHs BUSABWUNO iHTEPCTUUINHI KonareHu
I'i lll TMniB, AKi po3TalloByBanMcs y CTPOMi BOPCUH i Manu
CBITiIHHS OCepeaKoBOro Ta MiHiNHOro xapakTepy (puc. 2).
KonareH IV Tuny BusaBnsaBca B 6a3anbHint MemMOpaHi cyanH
BOPCWH CUMHUMTIOTpOochoGnacTy Ta MaB BUMMAS NiHIMHOMO
©e3nepepBHOro MOMIPHOrO CBITIHHSA. Y 6a3anbHin membpa-
Hi CyOVH BEnuKMX BOPCWH BigMiyanocs crnabke ocepepn-
KoBe CBITIHHA konarery Il Tuny.

IHC analysis revealed interstitial collagens of types |
and lll, located in the stroma of the villi, exhibiting focal
and linear fluorescence patterns (Fig. 2). Type IV collagen
was detected in the basal membrane of the villous syncy-
tiotrophoblast vessels, presenting as linear, continuous,
moderate fluorescence. In the basal membrane of the
vessels in large villi, weak focal fluorescence of type Il
collagen was observed.

Puc. 2. MNMnaueHTa rpynu KI. CaiTiHHA konareHy Il Tuny B cTpoMi BOpcMHYacToro xopioHa.
Henpamuin metog KyHca 3 MAT go konareny Il Tuny, x200
Fig. 2. Placenta from the CG group. Fluorescence of type lll collagen in the stroma of the villous chorion.
Indirect Coons method with MAbs to type Il collagen, x200
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CepegHi 3Ha4YeHHs ONTUYHOI  LWNbHOCTI  iMyHO-
dnyopecueHUii iHTepCTULINHMX KonareHiB y BOPCUHAX
rpynu KI' nogaHo B Tabnuui 2.

The mean optical density values of interstitial
collagen immunofluorescence in the villous chorion of
the CG group are presented in Table 2.

Tabnuus 2. OnTnyHa WiNbHICTb IHTEHCUBHOCTI CBITIHHS IHTEPCTULLIMHMX KonareHiB
y BOpCcUHYacToMy XxopioHi nnaueHT rpymv KIr (M + m)
Table 2. Optical Density of Interstitial Collagen Fluorescence Intensity
in the Villous Chorion of the Placenta from the CG Group (M+m)

Tun konareHy / Type of Collagen

MokasHuk, ym. og. cB / Value, Conventional Units (CU)

KonareH | / Collagen | 0,121+0.004
KonareH Il / Collagen Ill 0,226+0.003
Konaren IV / Collagen IV 0,111+0,007

IFX pocnigpkeHHs BUSIBUNO iHTEPCTULIVHI KonareHu
I'i lll TuniB, AKi po3TalloByBanMca B Me30AepMi aMHioHa,
CTPOMi XOpioHa 1 geumayanbHii obonoHui. KonareHu
I'i Il TNiIB Manu NomipHe CBITIHHA 3 OCEPEAKOBUM NOCK-
neHHam imyHodnyopecueHuii (puc. 3). KonareH IV tuny
BUSBNSABCA SK nNiHiiHe 6e3nepepBHe cnabke CBITIHHA
B 6a3anbHin MemGpaHi amHIOTMYHOrO eniTenito.

[aHi  mMopdoMeTpnYHOro  AOCHIAXEHHS  ONTUYHOI
WiNbHOCTI  iMyHOriyopecLeHLii iHTepCTULIMHNX Kona-
reHiB y AOCNiAKyBaHin rpyni nogaHo B Tabnuui 3.

IHC analysis revealed interstitial collagens of types |
and |l located in the mesoderm of the amnion, stroma of
the chorion, and the decidual membrane. Types | and Il
collagens exhibited moderate fluorescence with focal in-
tensification of immunofluorescence (Fig. 3). Type IV col-
lagen was observed as linear, continuous weak fluores-
cence in the basal membrane of the amniotic epithelium.

The morphometric study data on the optical density
of interstitial collagen immunofluorescence in the study
group are presented in Table 3.

Pwuc. 3. lNMnogosi o6onoHkn nocnigy rpynu NEH. Ekcnpecia konareny | Tuny B nnogoBux 060noHKax.
Henpsmuii meton KyHca 3 MAT go konarery | Tuny, x400
Fig. 3. Fetal membranes of the placenta from the PEN group. Expression of type | collagen in the fetal membranes.
Indirect Coons method with MADbs to type | collagen, x400

Tabnuusa 3. OnTu4YHa WinbHICTb IHTEHCMBHOCTI iIMyHOMTyopecLeHLUIT IHTEPCTULINHMX KonareHis
y cbeTtanbHnx obonoHkax rpynu MNMEH, ym. oa. cB., (M £ m)
Table 3. Optical Density of Interstitial Collagen Immunofluorescence Intensity
in the Fetal Membranes of the PEN Group, Conventional Fluorescence Units (Mtm)

Tun konareny / Type of Collagen AwmHioH / Amnion

XopioH / Chorion Oeunpya / Decidua

KonareH | / Collagen | 0,636+0,021 0,537+0,024 0,631+0,023
KonareH Il / Collagen llI 0,684+0,022 0,623+0,027 0,685+0,009
Konaren IV / Collagen IV 0,052+0,006 - -

IFX pocnimkeHHs1 BUABMIO IHTEPCTULINHI konareHn |
i [l TuniB, AKi po3TalioByBanucs y CTPOMi BOPCUH i Manu
BWIMSA CBITIHHS OCEpeaKoBOro Ta NiHinHoro Tuny (puc. 4).
KonareH IV Tvny Busensascsa nuwe B 6asansHin membpa-
Hi CYAMH BOPCWH i cuHumTioTpodobnacty Ta mas BUMSAL
niHiHoro 6esnepepBHOro cnabkoro CBIiTiHHA. Y 6a3anb-
Hi MembpaHi cyauH BENWKMX BOPCUH BUABRANocs cnab-
Ke ocepepnkoBe CBITIHHA konareny Il Tuny.

CepeaHi 3Ha4YeHHs OMTUYHOI LUINBHOCTI iIMyHOMNYyo-
pecueHUil IHTePCTULINHMX KonareHis y BOpCUMHAxX rpynu
MEH nogaHo B Tabnuui 4.

IHC analysis revealed interstitial collagens of types |
and lll located in the stroma of the villi, exhibiting focal
and linear fluorescence patterns (Fig. 4). Type IV collagen
was observed only in the basal membrane of villous
vessels and syncytiotrophoblasts, appearing as linear,
continuous weak fluorescence. In the basal membrane of
large villous vessels, weak focal fluorescence of type lll
collagen was detected.

The mean optical density values of interstitial colla-
gen immunofluorescence in the villous chorion of the
PEN group are presented in Table 4.
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Puc. 4. MNMnaueHTa rpynu MNMEH. CaiTiHHA konareHy 1V Tuny B 6a3anbHii MeMbpaHi CUHUMTIanbHOro eniTenito Ta CyanH BOPCUH.
Henpsmuin metog KyHca 3 MAT o konareHy IV tuny, x1000
Fig. 4. Placenta from the PEN group. Fluorescence of type IV collagen in the basal membrane of syncytial epithelium
and villous vessels. Indirect Coons method with MAbs to type IV collagen, x1000

Tabnuusa 4. ONTUYHA WiNbHICTb IHTEHCMBHOCTI CBITIHHSA IHTEPCTULINHMX KOnareHis
y BOpcuHYacToMy xopioHi nnaueHTu rpynu MNMEH, ym. oa. cB., (M £ m)
Table 4. Optical Density of Interstitial Collagen Fluorescence Intensity
in the Villous Chorion of the Placenta from the PEN Group, Conventional Fluorescence Units (M+m)

Tun konareHy / Type of Collagen

MokasHuk / Value

KonareH | / Collagen | 0,088+0,009
KonareH Il / Collagen I 0,198+0,011
KonareH IV / Collagen IV 0,074+0,007

IFX pocnigpkeHHst BUSIBUNO iHTEPCTULIVHI KonareHu
I'i lll TvniB, AKi po3TalloByBanMca B Me304epPMi aMHioOHa,
CTPOMi XOpioHa W AeumayanbHini ODOMOHUiI Ta Manu
BWIMSA MOMIPHOTO CBITIHHA 3 OCEPEAKOBMM MOCUINEHHAM
iMyHodpnyopecueHuii (puc. 5). B amHioHi Buasnsnacs
Ginbl iHTEHCMBHa dnyopecueHuia konareHy | Tuny,
a y XOpioHi Ta aeumpayanbHin obonoHui — Il Tuny. Kona-
reH IV Tuny BmnABNSBCSA SK NiHiiHe 6e3nepepBHe NOMipHe
CBIiTiHHA B 6asanbHin MembpaHi amHIOTMYHOrO eniTenito.
Kpim TOro, y 6asanbHin membpaHi amHiOHa BUSIBNANOCH
ocepefKkoBe HakonuM4eHHs konareHy Il Tuny.

IHC analysis revealed interstitial collagens of types |
and Ill located in the mesoderm of the amnion, stroma
of the chorion, and the decidual membrane, showing
moderate fluorescence with focal intensification of
immunofluorescence (Fig. 5). In the amnion, more intense
fluorescence of type | collagen was observed, while in
the chorion and decidual membrane, type Il collagen
predominated. Type IV collagen was detected as linear,
continuous moderate fluorescence in the basal
membrane of the amniotic epithelium. Additionally, focal
accumulation of type Il collagen was observed in the
basal membrane of the amnion.

Puc. 5. NMnogosi o6onoHku nocnigy rpynu MEL. Excnpecis konareHy | Tuny B nnogoBrx o60rnoHkax.
Henpamuin metog KyHca 3 MAT go konareHy | Tuny, x400
Fig. 5. Fetal membranes of the placenta from the PED group. Expression of type | collagen in the fetal membranes.
Indirect Coons method with MADbs to type | collagen, x400
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OaHi

reHiB y 4OCNiZKyBaHin rpyni nogaHo B Tabnuui 5.

MOPEOMETPUYHOIO  JOCHIMLKEHHS  OMTUYHOT
WiNbHOCTI  iIMyHOdpriyopecueHLUii iHTEPCTULINMHUX Kona-

The morphometric study data on the optical density
of interstitial collagen immunofluorescence in the study
group are presented in Table 5.

Tabnuusa 5. ONTUYHa WinNbHICTb IHTEHCUBHOCTI iIMyHOMNyOpecLeHUil iIHTePCTULLIIHMX KonareHis
y detanbHux obonoHkax rpynu MEMA, ym. og. cB., (M £ m)
Table 5. Optical Density of Interstitial Collagen Immunofluorescence Intensity
in the Fetal Membranes of the PED Group, Conventional Fluorescence Units (Mtm)

Tun konareny / Type of Collagen AwMHioH / Amnion XopioH / Chorion Oeunpya / Decidua
KonareH | / Collagen | 0.730+£0.013 0,702+0,022 0,712+0,028
Konarew Il / Collagen IlI 0,688+0,014 0,811£0,015 0,838+0,027
Konaren IV / Collagen IV 0,075+0,003 - -

IFX pocnigXeHHs BUSBWUNO iHTEPCTUUINHI KOnareHu
I i Il TwniB, AKi po3TawoByBanuUcs Yy CTPOMi BOPCUH
i Manu BUrNA4 CBIiTiIHHA OCEPEeaKOBOro 1 MiHIMHOrO TUNiB.
KonareH IV Tuny BusiBnaBca B 6as3anbHii mMembpaHi
CYOVH BOPCWH i cvHuMTioTpodhobnacTya Ta mMaB BUMMAS
niHinHoro 6e3nepepBHOro  iHTEHCUMBHOTO abo  MoMip-
HOro CBITiHHS (puc. 6). Y 6asanbHin MeMbpaHi cyouH
BEMNVKNX BOPCUMH BUSIBNSANOCA OCEpPEAKOBE CBITIHHA
konareHy Il Tuny.

CepefiHi 3Ha4YeHHs1 OMTUYHOI LWUINBbHOCTI iMyHOdNyo-
pecueHUiT iIHTEePCTULIMHNX KonareHiB y BOPCUMHAX rpynu
MELO nogaHo B Tabnuui 6.

IHC analysis revealed interstitial collagens of types |
and lll located in the stroma of the villi, displaying focal
and linear fluorescence patterns. Type IV collagen was
detected in the basal membrane of villous vessels and
syncytiotrophoblasts, appearing as linear, continuous
fluorescence of either intense or moderate levels (Fig. 6).
In the basal membrane of large villous vessels, focal
fluorescence of type Il collagen was observed.

The average values of optical density of interstitial
collagen immunofluorescence in the villi of the PED
group are presented in Table 6.

Pwuc. 6. MNMnauenTa rpynu ME[. CaiTiHHA KonareHry |V Tuny B 6asanbHiin MeMbpaHi CMHLUTIanbHOro eniTenito Ta CyauH BOPCUH.
Henpsmuin metoa KyHca 3 MAT go konareHy IV tuny, x1000
Fig. 6. Placenta from the PED group. Fluorescence of type IV collagen in the basal membrane of syncytial epithelium
and villous vessels. Indirect Coons method with MAbs to type IV collagen, x1000

Tabnuus 6. OnNTUYHA WinNbHICTb IHTEHCUBHOCTI CBITIHHS IHTEPCTULLIMHMX KONareHis
y BOpCMHYaCTOMY XOpioHi nnaueHTu rpynu MEL, ym. og. cB., (M £ m)
Table 6. Optical Density of Interstitial Collagen Fluorescence Intensity
in the Villous Chorion of the Placenta from the PED Group, Conventional Fluorescence Units (M+m)

Tun konareHy / Type of Collagen

MokasHuk / Value

Konaren | / Collagen | 0,211+0,007
KonareH Il / Collagen 11l 0,344+0,004
Konaren IV / Collagen IV 0,206+0,007

IFX gocnigxkeHHs rpynn AH BUSBUIO iHTEPCTULIMHI
konareHnu | i lll TuniB, Aki posTawoByBanuUcs B amHio-
TUYHIA Me30depMi, CTpPOMi XOpioHa W AdeuwngyarnbHin
obonoHui. Konarenu | i lll TniB manu nomipHe CBITiHHSA
3 0CepenKkoBUM  MOCUITEHHSIM  iMyHOMYyopecLeHu;ji
(puc. 7). KonareH IV Tuny mae niHinHe ©e3nepepBHe

IHC analysis revealed interstitial collagens of types |
and Ill located in the amniotic mesoderm, chorionic
stroma, and decidual layer. Types | and Il collagen
exhibited moderate fluorescence with focal intensifica-
tion (Fig. 7). Type IV collagen showed weak linear,
continuous fluorescence in the basal membrane of the

cnabke cBiTiHHA B 0asanbHii MeMOpaHi amHioTu4-  amniotic epithelium.
HOro enitenito.
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Puc. 7. Nnoposi o6onoHku nocnigy rpynu AH. MNMomipHe 3 ocepeakoBNM NOCUMNEHHSAM CBITiHHS konareHy |l Tuny
B (beTanbHNx 060MoHKax i AeuunayanbHii o6onoHui. Henpsamuin metog KyHca 3 MAT go konareny Il Tuny, x400
Fig. 7. Fetal membranes of the placenta in the AN group. Moderate focal enhancement of collagen type Il fluorescence
in the fetal membranes and decidual membrane. Indirect Kun’s method with MAB to collagen type 1ll, x400

[aHi  mMopdomMeTpnyHOro  AOCHIAXEHHS  ONTUYHOI
LWiNBbHOCTI  iIMyHOMIoOpecUeHLii iIHTEPCTULIMHUX Kona-
reHie y AOCNiAKyBaHin rpyni nogaHo B Tabnuui 7.

Morphometric data of optical density and immunofluo-
rescence intensity of interstitial collagens in the studied
group are presented in Table 7.

Tabnuua 7. ONTUYHa WinNbHICTb IHTEHCUBHOCTI iIMyHOMNyOpeCcLeHLil iIHTePCTULLIHNX KonareHis
y dhetanbHux obonoHkax rpynn AH, ym. og. cB., (M £ m)
Table 7. Optical density of immunofluorescence intensity of interstitial collagens
in the fetal membranes of the AN group, rel. units of fluorescence (Mtm)

Tun konarery / Type of Collagen AmMHioH / Amnion XopioH / Chorion Heunpya / Decidua
KonareH |/ Collagen | 0,637+0,0042 0,530+0,024 0,620+0,034
Konarew Il / Collagen IlI 0,684+0,022 0,648+0,003 0,625+0,027
KonareH IV / Collagen IV 0,052+0,006 - -

IFX pocnigXeHHs BUSABWUNO iHTEPCTULINHI KonareHu
I'i [ll TvniB, ki po3TalLloByBanucs B CTPOMi BOPCUH Ta Ma-
NN BUMMSAA CBITIHHSA OCepenkoBOro M fiHIMHOMO Xxapak-
Tepy (puc. 8). KonareH IV Tuny Busiensscs nuile B 6a3anb-
Hin mMeMOpaHi cyauH BOpCUH i cuHUuTiOTpodobnacty
y BUMMAAI NiHiNnHOro 6e3nepepBHOro CnabKoro CBITiHHS.
Y 6aszanbHin MembpaHi cyauH BEMMKMX BOPCUH CNOCTEPi-
ranocsi cnabke ocepeakoBe CBiTiHHA konareny Il Tuny.

CepefHi 3Ha4YeHHs1 ONTUYHOI LWifbHOCTI iMyHONI0O0-
pecueHUil iIHTEePCTULIMHUX KonareHiB y BOpPCUMHaX rpynu
AH nopaHo B Tabnuui 8.

Immunohistochemical (IHC) study revealed inter-
stitial collagens of types | and Ill, located in the stroma
of the villi, showing focal and linear fluorescence (Fig. 8).
Collagen IV was found only in the basal membrane
of the villous vessels and syncytiotrophoblast, displaying
a linear, continuous, weak fluorescence. Focal weak
fluorescence of collagen Il was observed in the basal
membrane of large villous vessels.

The average values of optical density and immuno-
fluorescence intensity of interstitial collagens in the villi
of the AN group are presented in Table 8.

Pwuc. 8. MNMnaueHTa rpynn AH. CBiTiHHSA konareHy | Tuny y CTpoMi BOPCUH.
Henpsamuin metoa KyHca 3 MAT go konareHy | Tuny, x100
Fig. 8. Placenta of the AN group. Collagen type | fluorescence in the stroma of the villi.
Indirect Kun’s method with MAB to collagen type I, X100
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Ta6nuus 8. ONTUYHA LWiNbHICTb IHTEHCUBHOCTI CBITIHHS IHTEPCTULLIAHNX KonareHis
y BOPCMHYaCTOMY XOpioHi nnaueHTu rpynu AH, ym. oa. cB., (M £ m)
Table 8. Optical density of immunofluorescence intensity of interstitial collagens
in the villous chorion of the placenta in the AN group, rel. units of fluorescence (M+m)

Tun konareny / Type of Collagen

MokasHuk / Value

Konaren | / Collagen | 0,088+0,009
KonareH Il / Collagen IlI 0,198+0,011
KonareH IV / Collagen IV 0,074+0,007

IFX pocnigxeHHsa rpynu ALl BUSIBUNO iHTEPCTULINHI

konarenu | i lll TuniB, siki po3TalloByBanMcst B aMHiOTUY-
HiM Me3odepmi, CTpoOMi XoOpioHa Ta AeuugyanbHin
o6onoHui. Konarenu | i lll Tvnie BusiBNsnucs y surnsgi

NOMIpPHOro CBITIHHA 3 OCEpPeaKOBUM MOCUNEHHAM iMYHO-
dnyopecueHuii (puc. 9). B amHioHi nepeBaxana iHTeH-
CUBHICTb CBITIHHS KonareHy | Tvny, a y XopioHi Ta geuu-
AyanbHii obonoHui — Il Tuny. KonareH 1V tuny BusiBnsiscsi
y BUMsAi NiHinHoro 6e3nepepBHOr0 CnabKkoro CBIiTiHHS
B GasanbHinn MembGpaHi enitenito amHioHa. Takox y 6a-
3anbHin MembpaHi eniTenito amHioHa cnocTepiranocs
ocepeakoBe CBIiTiHHA konareHy |l Tuny.

OaHi  MopdomeTpuyHOro AOChIMKEeHHS  ONTUYHOT
LWiNbHOCTI  iIMyHOMnyopecLeHUii iHTEPCTULIMHUX Kona-
reHiB y AOCMiAXyBaHil rpyni nogaHo B Tabnuui 9.

Immunohistochemical (IHC) study revealed interstitial
collagens of types | and Ill, located in the amniotic meso-
derm, the stroma of the chorion, and the decidual mem-
brane. Collagens of types | and lll were found to have
moderate fluorescence with focal intensification of
immunofluorescence (Fig. 9). In the amnion, collagen
type | fluorescence intensity predominated, while in the
chorion and decidual membrane, it was predominantly
type lll. Collagen type IV was found as a continuous
linear weak fluorescence in the basal membrane of the
amniotic epithelium. Additionally, focal fluorescence of
collagen type Ill was observed in the basal membrane
of the amniotic epithelium.

The average values of optical density and immuno-
fluorescence intensity of interstitial collagens in the
studied group are presented in Table 9.

Puc. 9. MNMnopo.i o6onoHkn nocnigy rpynu ALl. Crnabke cBiTiHHA konareHy |l Tuny B hetanbHUx Ta geumayarnbHin 060MnoHL;.
Henpsmuii metog KyHca 3 MAT o konareHy |l Tuny, x100
Fig. 9. Fetal membranes of the placenta in the AD group. Weak fluorescence of collagen type Il in the fetal
and decidual membranes. Indirect Kun’s method with MAB to collagen type IlI, x100

Tabnuusa 9. ONTUYHa LWiNbHICTb IHTEHCMBHOCTI iMyHObnyopecLeHLii iIHTEPCTULINHMX KonareHis
y deTanbHnx obonoHkax rpynu Afl, ym. og. cB., (M £ m)
Table 9. Optical density of immunofluorescence intensity of interstitial collagens
in the fetal membranes of the AD group, rel. units of fluorescence (M+m)

Tun konareny / Type of Collagen AwmHioH / Amnion XopioH / Chorion Oeunpya / Decidua
Konaren | / Collagen | 0,764+0,015 0,724+0,024 0,738+0,014
KonareH Ill / Collagen Il 0,736+0,020 0,746+0,025 0,820+0,010
Konaren IV / Collagen IV 0,085+0,002 - -

IFX pocnigXeHHs BUSBWUNO iHTEPCTUUINHI KonareHu
I i Ill TwniB, AKi po3TawoByBanuUcs y CTPOMi BOPCUH
y BUWIMsAi nomipHoro abo iHTEHCMBHOTO CBITIHHA Oce-
penkoBoro Ta niHiHoro xapaktepy (puc. 10). KonareH
IV tuny BusiBnaeca B 0asanbHin membpaHi cyauH
BOPCWH i cuHUMTIOTpOodoOnacTy y BWUMSAI MiHIMHOrO
Oe3nepepBHOro crnabkoro abo MOMIPHOrO  CBITiHHS.
Y 6aszanbHin MembpaHi CyauH BENUKUX BOPCWH BUSIBMS-
nocs ocepefkoBe CBITiHHA konareHy Il Tuny.

Immunohistochemical (IHC) study revealed inter-
stitial collagens of types | and lll, located in the stroma
of the villi, with moderate or intense fluorescence, either
focal or linear in nature (Fig. 10). Collagen type IV was
found in the basal membrane of the vessels of the villi
and syncytiotrophoblast, displaying continuous linear
weak or moderate fluorescence. In the basal membrane
of the vessels of the large villi, focal fluorescence of
collagen type Il was observed.
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CepefHi 3HaYeHHs OMNTUYHOI LWiNbHOCTI iMyHONyo-
pecueHUil iIHTEePCTULIMHUX KoMnareHiB y BOpPCUMHAaX rpynu
Al nogaHo B Tabn. 10.

The average values of optical density and immuno-
fluorescence intensity of interstitial collagens in the villi
of the AD group are presented in Table 10.

Puc. 10. MNnaueHTa rpynu ALl. IHTEHCUBHE CBITIHHSA KonareHy | Tuny y cTpomi cToBGYpOBUX BOPCUH.
Henpamuii metog KyHca 3 MAT go konareHy | Tuny, x400

Fig. 10. Placenta of the AD group. Intense fluorescence of collagen type | in the stroma of stem villi.
Indirect Kun’s method with MAB to collagen type |, X400

Ta6nuusa 10. OnTNYHA LWINbHICTb IHTEHCUBHOCTI CBITIHHS IHTEPCTULLIMHMX KOnareHis
y BOpCMHYacToMy xopioHi nnaueHTu rpynu ALl, ym. og. cB., (M £ m)
Table 10. Optical density of immunofluorescence intensity of interstitial collagens
in the villous chorion of the placenta in the AD group, rel. units of fluorescence (M+m)

Twun konareHy / Type of Collagen

MNokasHuk / Indicator

KonareH | / Collagen | 0,234+£0,011
KonareH IIl / Collagen IlI 0,260+0,012
Konaren IV / Collagen IV 0,185+0,008

IFX pocnigxeHHs rpynu XAH BUSIBUNO iHTEPCTULiNHI
konarenu | i lll TuniB, Ski po3TalioByBanuca B aMHiOTUY-
Hi Me3oaepMi, CTpOMi XxOpioHa Ta AeumayanbHin 060-
noHui. Konarenu | i lll Tunis BusiBnanucs y surnsgi He-
PiBHOMIPHOrO CBIiTiHHA 3 nepesaroto konareHy |l Tuny
(pwnc. 11.). KonareH IV Tuny suasnsasce nuwie B 6asanbHin
membpaHi amHioTM4YHOro enitenito y Burnsai cnabkoi
iHTEHCUBHOCTi NEPepMBYacTOro CBITiHHS.

[aHi  mMopdomMeTpnyHOro AOCHIAXEHHS  ONTUYHOI
LWiNbHOCTI  iMyHOriyopecLeHLii iHTepCTULiMHNX Kona-
reHiB y A4OCNifKyBaHin rpyni nogaHo B Tabnuui 11.

IHC study revealed interstitial collagens of types |
and lll, located in the amniotic mesoderm, chorion
stroma, and decidual membrane. Collagens | and Il
exhibited uneven fluorescence, with a predominance
of collagen type Il (Fig. 11). Collagen IV was found only
in the basal membrane of the amniotic epithelium,
showing weak intensity of discontinuous fluorescence.

The average values of optical density and immuno-
fluorescence intensity of interstitial collagens in the
studied group are presented in Table 11.

Puc. 11. MNMnoposi o6onoHku nocnigy rpynu XAH. HepiBHOMipHe CBIiTiHHS konareHy | Tuny B nnogoBux 060MoHKax.
Henpamuin metog KyHca 3 MAT go konareHy | Tuny, x200
Fig. 11. Fetal membranes of the placenta in the HAN group. Uneven fluorescence of collagen type | in the fetal membranes.
Indirect Kun’s method with MAB to collagen type |, x200
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Ta6nuusa 11. OnTUYHa WinbHICTb IHTEHCUBHOCTI iIMyHOMNyopecLeHLii iIHTEPCTULIRHNX KonareHis
y hetanbHux o6onoHkax rpynu XAH, ym. og. cB., (M = m)
Table 11. Optical density of immunofluorescence intensity of interstitial collagens
in the fetal membranes of the HAN group, rel. units of fluorescence (M+m)

Tun konareny / Type of Collagen AwmHioH / Amnion XopioH / Chorion Oeunpya / Decidua
KonareH | / Collagen | 0,637+0,0042 0,531+0,033 0,557+0,031
KonareH Ill / Collagen llI 0,684+0,022 0,597+0,019 0,648+0,010
KonareH IV / Collagen IV 0,038+0,003 - -

IFX pocnigXeHHs BUSABWMNO iHTEPCTULINHI KOnareHu
I i Il TwniB, AKi po3TawoByBanuUCcs Yy CTPOMi BOPCUH
y BUMMsAi CBIiTIHHA OCepedKkoBOro Ta niHIMHOrO TWMIB.
KonareH IV Tuny BusiBnaBca B 6a3anbHii mMembGpaHi
CYOWH BOPCUH i cuMHUMTIOTpodbobracTy y BUrmsAai niHiii-
Horo Ge3nepepBHOro cnabkoro CBITIHHA. Y 6asanbHii
CYOVHHI MembpaHi BENUKNX BOPCUH BUSBNSANOCS cnab-
Ke ocepefkoBe CBITiHHA konareHy Il Tuny.

CepenHi 3Ha4YeHHS OMNTWMYHOI  LWINBHOCTI  CBITIHHA
iHTEpCTULIHMX KonareHiB y BopcuHax rpynu XAH
nogaHo B Tabnuui 12.

IHC study revealed interstitial collagens of types |
and lll, which were located in the stroma of villi, exhi-
biting focal and linear fluorescence. Collagen IV was
found in the basal membrane of the villous vessels and
syncytiotrophoblast as continuous weak linear fluores-
cence. In the basal vessel membrane of large villi, weak
focal fluorescence of collagen type Il was observed.

The average values of optical density of fluorescence
of interstitial collagens in the villi of the control group
are presented in Table 12.

Tabnuusa 12. OnTnYHA LWiNbHICTb IHTEHCUBHOCTI CBITIHHS IHTEPCTULLIMHUX KONareHis
y BOpCMHYacToMy XopioHi nnaueHTu rpynu XAH, ym. og. cB., (M £ m)
Table 12. Optical density of immunofluorescence intensity of interstitial collagens
in the villous chorion of the placenta in the HAN group, rel. units of fluorescence (M+m)

Tun konareHy / Type of Collagen

MNokasHuk / Indicator

KonareH | / Collagen | 0,111+0,003
KonareH Il / Collagen I 0,331+0,013
KonareH IV / Collagen IV 0,107%0,003

IFX pocnigpxkeHHs rpynu XA BUABMMO iHTEPCTULINHI
konarenu | i Ill TuniB, Aki posTawloByBanuMca B amHio-
TUYHIM Me3odepmi, CTPOMi XOpioHa Ta AeumpyarnbHin
o6onoHui. Konarenu | i lll TuniB Busiensnucs y surnagi
HepiBHOMIpHOrO CBITIHHSA 3 nepeBaroto konareHy Il Tuny
B aMHioHi Ta | TMny B XOpioHi " geunayanbHii 06onoHLi
(puc. 12). KonareH IV Tuny Businsscs nvwe B 6asanbHin
mMemOpaHi aMHIOTMYHOro enitenito y BUIMs4i NOMipHOro,
pigLue iHTEHCMBHOIO NepepmB4acToro ceiTiHHA. Kpim Toro,
y 6asanbHii MembpaHi amHIOTMYHOro eniTenito cnocre-
piranocs ocepegkoBe CBiTiHHA konareHy |l Tuny.

IHC study revealed interstitial collagens of types |
and Ill, which were located in the amniotic mesoderm,
chorion stroma, and decidual membrane. Collagens |
and Il exhibited uneven fluorescence, with a predomi-
nance of collagen type lll in the amnion and type | in the
chorion and decidual membrane (Fig. 12). Collagen IV
was found only in the basal membrane of the amniotic
epithelium, showing moderate, occasionally intense,
discontinuous fluorescence. Additionally, focal fluo-
rescence of collagen type lll was observed in the basal
membrane of the amniotic epithelium.

Pwuc. 12. MNnoposi o6onoHku nocnigy rpyny XA[L. MNMomipHe CBIiTiHHA konareHy | Tuny B aMHIOTWYHI Me3oaepMi.
Henpsmuii meton KyHca 3 MAT go konarery | Tuny, x200
Fig. 12. Fetal membranes of the placenta in the HAD group. Moderate fluorescence of collagen type | in the amniotic mesoderm.
Indirect Kun’s method with MAB to collagen type |, X200
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Hani  MopdoMeTpUYHOro  JOCHIMKEHHA  OMTUYHOI
LWiNbHOCTI iMyHOMNOopecLUeHUii iHTepCTMLIMHUX Kona-
reHiB y AocnigxyBaHi rpyni nogaHo B Tabnuui 13.

The average values of optical density and immuno-

fluorescence intensity of interstitial collagens in the

studied group are presented in Table 13.

Tabnuusa 13. OnTUYHa LWINbHICTb IHTEHCMBHOCTI IMyHOGTyopeCLEHLi IHTEPCTULLINHMX KOMNareHis
y hetanbHux obonoHkax rpynu XA, ym. og. cB., (M £ m)
Table 13. Optical density of immunofluorescence intensity of interstitial collagens
in the fetal membranes of the HAD group, rel. units of fluorescence (M+m)

Tun konareny / Type of Collagen AwmHioH / Amnion XopioH / Chorion Oeunpya / Decidua
KonareH | / Collagen | 0,667+0,025 0,685+0,011 0,690+0,004
Konarew Il / Collagen IlI 0,637+0,042 0,710+0,018 0,764+0,012
KonareH IV / Collagen IV 0,065+0,002 - -

IFX pocnigXeHHs BUSBUNO iHTEPCTUUINHI KOnareHu
I i lll TwniB, AKi poaTalloByBanucs B CTPOMi BOPCUH
y BUMSAI CBITIHHA OcepedkoBOro Ta MiHiMHOro Tuny
3 nepeBarol iHTEHCUMBHOCTI CBITIHHA konareny |ll Tuny
(puc. 13). KonareHw IV Tuny BusBnsiscs B 6GasanbHin
mMemOpaHi CyauMH BOPCUH i cuHuuTioTpodobnacty y Bu-
rnsai nidinHoro 6e3nepepBHOrO  MOMIPHOIO  CBITIHHS.
Y 6a3anbHii CyOuHHIN  MeMOpaHi BENUKMX BOPCUH
i cybenitenianbHMx 6asanbHNUX MeMbpaHax BUSABMS-
nocsa nomipHe abo crnabke ocepenkoBe CBITIHHS Kona-
reny Il Tuny.

CepefiHi 3Ha4YeHHs ONTUMYHOI LWINBHOCTI iMyHON0O-
pecueHUil iIHTEPCTULIMHUX KonareHiB y BOPCUMHAX rpynu
XAL nogaHo B Tabnuui 14.

IHC study revealed interstitial collagens of types |
and lll, which were located in the stroma of the villi,
exhibiting focal and linear fluorescence with a predomi-
nance of collagen type Il fluorescence intensity (Fig. 13).
Collagen IV was found in the basal membrane of the
villous vessels and syncytiotrophoblast as continuous
moderate linear fluorescence. In the basal vessel
membrane of large villi and subepithelial basal mem-
branes, moderate or weak focal fluorescence of collagen
type Ill was observed.

The average values of optical density and immuno-
fluorescence intensity of interstitial collagens in the villi
of the control group are presented in Table 14.

Puc. 13. MNMnauenTa rpynn XAL. IHTeHCUBHe CBIiTiHHS KonareHy Il Tuny B CTpOMi BOPCKH XOpioHa.
Henpamuii metog KyHca 3 MAT go konareny Il Tuny, x100
Fig. 13. Placenta of the HAD group. Intense fluorescence of collagen type Il in the stroma of the chorionic villi.
Indirect Kun’s method with MAB to collagen type IIl, x100

Tabnuusa 14. OnTnYHa LWINbHICTb IHTEHCUBHOCTI CBITiHHSI IHTEPCTULLIMHUX KONareHis
y BOpCHHYacToMy xopioHi nraueHTu rpynn XA, ym. og. cB., (M £ m)
Table 14. Optical density of immunofluorescence intensity of interstitial collagens
in the chorionic villi of the placenta in the HAD group, rel. units of fluorescence (M+m)

Tun konareny / Type of Collagen

MokasHuk / Indicator

Konaren | / Collagen | 0,337+0,005
KonareH Il / Collagen Il 0,433+0,005
KonareH IV / Collagen IV 0,224+0,004

IFX pocnigxeHHs po3nofiny KonareHis y BCiX KMiHiY-
HUX rpynax Ta rpyni Kl BUsSBUNo iHTepcTuuinHi konareHu
I i Il TMniB, fAKi posTalioByBanMCA B KOMMAKTHOMY
wapi, wapi gibpobnacTie i ryé4acTtoMy Lwapi amHioHa.
KonareH IV Tuny BusiBnaBca B 6a3anbHii mMembGpaHi

IHC study of collagen distribution in all clinical groups
and the control group revealed interstitial collagens of
types | and lll, which were located in the compact layer,
fibroblast layer, and spongy layer of the amnion. Colla-
gen IV was found in the basal membrane of the
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amHioTnuyHoro enitenito. Y rpynax MNMEH, AH, XAH Tta KI
xapaktep iMyHodnoopecLeHuii 6yB 6e3nepepBHUM,
ay rpynax MNMEA, AQ Ta XAl — nepepuByactum. B octaH-
HiX rpynax y cknagi 6a3anbHoi MeMOpaHu TakoX BUSsIB-
nseca komareH Il Tuny, skvin maB Burnsig  apibHo-
rpaHyrnsipHOrO HESICKPaBOro CBITIHHS.

3rigHo 3 gaHumu Tabnuui 15, y Beix KNiHIYHKMX rpynax
3 HEOOHOLUEHOW BariTHICTIO piBHI ekcnpecii mapkepis
konareHiB | i lll TMNiB B aMHIOTMYHIN Me3oaepmi Ta kona-
reHy IV Tuny B 6asanbHii MembpaHi aMHIOTU4YHOro
enitenito O6ynu OOCTOBIPHO HWXYMMK MOPIBHSIHO 3i 3Ha-
YEHHSIMM UMX MOKA3HWUKIB B aHamnoriyHmx rpynax i3 JoHo-
weHoto BariTHicTio Ta rpynu K. Y rpynax MELO, A
i XAl piBHi ekcnpecii Bcix TMNiB konareHiB Oynu Takox
CTAaTUCTUYHO 3Hadylle HMX4Ye 3a aHamnoriyHi nokas-
Hukn B rpyni KI, npnyomy HaMMeHLUi 3HaYeHHsi piBHA
cBiTiHHA konareHiB | i Il TuniB peectpyBanuca y rpynax
3 XOpioaMHiOHITOM.

amniotic epithelium. In the PEN, AN, HAN, and CG
groups, the pattern of immunofluorescence was conti-
nuous, whereas in the PED, AD, and HAD groups, it was
discontinuous. In the latter groups, collagen Il was also
found in the basal membrane, showing a fine granular,
faint fluorescence.

According to Table 15, in all clinical groups with
preterm pregnancy, the levels of expression of collagen
types | and lll in the amniotic mesoderm and collagen
IV in the basal membrane of the amniotic epithelium
were significantly lower compared to the values in the
corresponding groups with term pregnancy and the
CG group. In the PED, AD, and HAD groups, the expre-
ssion levels of all collagen types were also statisti-
cally significantly lower than in the CG group, with the
lowest values of collagen types | and Il fluorescence
observed in the groups with chorioamnionitis.

Ta6nuusa 15. MopdhoMeTprYHi MOKa3HUKM iIMYHOTICTOXIMIYHMX peakLii B aMHIOHi y KNiHIYHMX | KOHTPONbHIM rpynax (M £ m)
Table 15. Morphometric indicators of immunohistochemical reactions in the amnion in clinical and control groups (Mtm)

lpyna / Group

rel. units of fluorescence

PiBeHb ekcnpecii konareHy |l Tuny
B aMHIOTMYHI Me30AepMi, yM. Of. CB.
Collagen Il expression in amniotic mesoderm,

PiBeHb ekcnpecii konareHy |V Tuny B 6a3anbHiv
MeMOpaHi aMHIOTUYHOTO eniTenito, yM. Of. CB.
Collagen IV expression in basal membrane
of amniotic epithelium, rel. units of fluorescence

MEH / PEN, (n=8) 0,684+0,022*

0,052+0,006*

MNEA / PED, (n=8) 0,688+0,014**

0,075+0,003*#

AH /AN, (n=8) 0,658+0,022*

0,058+0,005*

All/AD, (n=8) 0,736:0,020*

0,085+0,002*#

XAH / HAN, (n=10) 0,615+0,018*

0,038+0,003*

XA[L /HAD, (n=16) 0,637+0,042**

0,065+0,002*#

KI/ CG, (n=8) 0,826+0,023

0,102+0,006

lMpumimka:

* 3Ha4YMMICTb BiAMIHHOCTEN MiXX rpynaMu 3 HeJOHOLLEHOIO i JOHOLLEHO BariTHICTIO y pasi aHanorivyHoi natonorii, p < 0,05;

# — 3HauMMicTb BigMiHHOCTeW nopiBHsiHO 3 rpynoto KT, p < 0,05

Note:

* — significance of differences between preterm and term pregnancy groups with similar pathology, p<0.05;
# — significance of differences compared to the control group, p<0.05

Mun oTpumanu gaHi npo Te, WO 3i 36inNbleHHAM
TepMiHy rectauii y KniHiYHMX rpynax crnocrtepiraeTbcs
NMOCUIMEHHSA PIiBHA €eKCNpecii IHTEPCTULIMHUX KOnareHis
I i ll TMNiB B amHiOTMYHIN Me3ogepmi, WO Bigobpaxae
HOpManbHWUI NpoLec ii CTapiHHSA, Ha Lie TakoX BKa3yeTbCA
i B 3apybikHMX gocnigkeHHsix [12].

Oo Toro x, y rpynax MNEQ, AQ i XA, nopiBHsHO
3 rpynoto KI, cnocrtepiranocs [OCTOBIpHE 3HMKEHHS
BMICTY iHTepCTULiIHUX KonareHiB. BoueBnab ue nos’s-
3aHO 3 TUM, WO 3 yCKNaAHEHHSAM BariTHOCTI iHTeHcudi-
Kauis HabyTux amHiOTUYHMM eniTeniem BRacTUBOCTEW
Me3eHXiManbHUX KITUH i3 KonareHoniTU4YHOK aKTUBHIC-
TIO MpW3BOAUTbL [0 MOCUNEHHS Aerpajauii konareHy
amHioTUYHOI Me3ogepmu Ta niasuye pusmk MNPMO.

MigBuweHHs iHTeHcuBHOCTI IMTX peakuii B Me3eH-
XiManbHUX KNiTUHAX BOPCUH Y KMiHIYHMX rpynax MnoB’s-
3aHO, MOXNMBO, 3i CTUMYMIOYOK i€l XPOHIYHOI
rinokcii, i3 ctumynsuieto akTMBHOCTI ibpobnacTiB i 3
MOCUINEHHSAIM CUHTE3Y KOMareHoBMX BOMOKOH Yy CTpOMi
BOPCUH i PO3BUTKOM CKITEPOTUYHMX 3MiH.

Micna aHanisy nokasHWKIB OMNTWUYHOI  LWLiNBbHOCTI
iMmyHodbnyopecueHLuii iHTepcTuuinHux konarenis | i Il
y CTpoMi BOpcuH i konareny |V Ttuny B 6asanbHini mem-
OpaHi cyauMH BOPCUH i cuHuUMTiOTpocbobnacTy mocnimxy-
BaHWX rpyn, siki HaBegeHi y Tabnuui 16, MoxHa Bia-

We obtained data indicating that as the gestational
age increases in clinical groups, there is a strengthening
of the expression of interstitial collagens | and Il in the
amniotic mesoderm, reflecting the normal aging process,
which is also supported by foreign studies [12].

Furthermore, in the PED, AD, and HAD groups
compared to the CG group, there was a significant
decrease in the content of interstitial collagens. This is
likely related to the fact that with the complication of
pregnancy, the intensification of mesenchymal cell
properties with collagenolytic activity leads to enhanced
collagen degradation in the amniotic mesoderm and
increases the risk of placental insufficiency.

The increased intensity of IHC reactions in the
mesenchymal cells of the villi in the clinical groups is
likely associated with the stimulating effect of chronic
hypoxia on fibroblast activity and increased collagen
fiber synthesis in the villous stroma, leading to scle-
rotic changes.

After analyzing the optical density values of immuno-
fluorescence for interstitial collagen types | and Il in the
villous stroma and collagen IV in the basal membrane
of the villous vessels and syncytiotrophoblast (as presen-
ted in Table 16), it can be noted that in the groups
with term pregnancy, compared to the corresponding
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3HauMTW, WO B rpynax i3 [OOHOLIEHOK BariTHICTHO,
NOPIBHAHO 3 aHaNoriYHMMM rpynamm y pasi HeOHoLLEeHOT
BariTHocTi Ta rpynu KI, 4ocToBipHO 36inbLUyeETHCA BMICT
060x BMAIB iHTEPCTULIHUX KonareHiB i konareny IV Tuny
3 NpeBarntoBaHHAM He3pinoro konareny Il Tuny; npnyomy
B rpynax i3 XA nNOKasHWKU MNepeBuLLYOTb aHanorivHi
B rpyni 3 ME ta 30A. Y 6GasanbHii meMbpaHi cyouH
i GazanbHin membpaHi cuHuuTioTpodobnacTy BusiBMnacs
nosiea konareHy Il Tuny. Take 36inblUeHHs BMICTY
IHTEPCTULIVHMX KOmnareHiB 3ymMOBMneHe, Mepl 3a Bce,
XPOHiYHO rinokcieto, a XA — € OoAaTKOBOK CTUMYNS-
LUieto KorareHoreHe3y B yMoBax akTuBauii dibpobnacTis
nig BNIMBOM TOKCUHIB i @HTUreHHUX hakTopiB iHGeKLin-
HWX areHTiB, WO CMPWUYMHSAE PO3BUTOK CKIEPOTUYHUX
3MiH y nnaueHTi [13, 14].

groups with preterm pregnancy and the CG group,
there is a significant increase in the content of both
types of interstitial collagens and collagen IV, with
a predominance of immature collagen type lll; further-
more, in the groups with HA, the indicators exceeded
those in the groups with PE and ZDA. In the basal
membrane of the vessels and basal membrane of the
syncytiotrophoblast, collagen type Il appeared. This in-
crease in interstitial collagen content is primarily due to
chronic hypoxia, and HA serves as an additional
stimulus for collagenogenesis in conditions of fibro-
blast activation under the influence of toxins and antige-
nic factors from infectious agents, leading to sclerotic
changes in the placenta [13, 14].

Tabnuusa 16. MopdoMeTprYHi NOKa3HUKKM iIMYHOTICTOXIMIYHIX peakuiii y BOPCUHAX XOpioHa Y KIiHIYHMX i KOHTponbHin rpynax (M + m)
Table 16. Morphometric Indicators of Immunohistochemical Reactions in the Chorionic Villi in Clinical and Control Groups (M+m)

PiBeHb ekcnpecii konareHy | Tuny,
yM. of. CB.
Collagen | expression,
rel. units of fluorescence

I'pyna / Group

PiBeHb ekcnpecii konareHy Il Tuny,

Collagen Ill expression,
rel. units of fluorescence

PiBeHb ekcnpecii konareny |V Tuny,
yM. Of. CB.
Collagen |V expression,
rel. units of fluorescence

yM. of. CB.

MEH / PEN, (n=8) 0,102+0,002*

0,207+0,003* 0,094+0,003*

MEQ / PED, (n=8) 0,21140,007*#

0,344+0,004* 0,206+0,007**

AH /AN, (n=8) 0,088+0,009% 0,198+0,011# 0,074+0,007#
ALl / AD, (n=8) 0,234+0,011*# 0,260+0,012*# 0,185+0,008*#
XAH / HAN, (n=10) 0,111+0,003* 0,331+0,013% 0,107+0,003

XAL / HAD, (n=16) 0,337+0,005** 0,433+0,005** 0,224+0,004*#
KIr/ CG, (n=8) 0,121+0,004 0,226+0,003 0,111+0,007
lMpumimka:

* 3HAUMMICTb BiAMIHHOCTEN MiX rpynamMu 3 HeJOHOLLEHOHO | JOHOLLEHO BariTHICTIO y pasi aHanoriyHoi natonorii, p < 0,05;

# — 3HauMmicTb BigmiHHOCTel nopieHsaHo 3 KI, p < 0,05.
Note:

* significance of differences between preterm and term pregnancy groups with similar pathology, p < 0.05;
# — significance of differences compared to the CG group, p < 0.05.

BUCHOBKHU

Ha nigcTasi iMyHOricToXiMiYHOrO AOCHIOKEHHS BU-
3HayeHo, WO Yy deTanbHMx o6onoHKax i nnaueHTi
y pasi HasiBHOCTi Yy maTepi MNE, 30A ta XA po3BMBaETLCS
MOPYLUEHHS KONMareHOYTBOPEHHS, BUPAXEHICTb SKOro
3anexuTb Big nartonorii matepi. Y pi3HUX CTPYKTYpPHUX
KOMMOHEHTax MOocrigy BMICT KonareHy Moxe 30inbLuy-
BaTMCA abo 3MeHLLYyBaTHCS.

Mpouec cknepo3yBaHHA B nocnigax nig yvac Mg, 30A
Ta XA Mae OQHOTUNHWIA XapakTep, ane BigpisHAKTbCA
piBHEM 1oro nposiBy. Hawbinblue 3MeHLEHHS piBHA
eKCrnpecii iHTepCTULINHKMX KonareHiB y deTtanbHux 060-
NOHKaxX BHACMIQOK Ail Ha KonareH npoTeoniTUYHUX
dhepMeHTIB NenkouuTiB 3ananbHoro iHginsTpaty, Biaby-
Ba€ETbCA B MocCnigax BariTHMUX i3 JOHOLUEHOW BariTHICTHO,
YCKNaAHEHO XOPiOaMHIOHITOM, WO 3HAYHO NiABULLYE
pVU3uK nepeayvyacHoro po3puBy MrodoBMX OOOMOHOK.
Y BOpcMHax XxopioHa BariTHMX 3 XA [OCTOBIpHO nia-
BULLYETLCA PiBEHb €KCNPEeCii IHTEePCTULINHNX KonareHis
I i lll TuniB i konareHy IV Tuny B 6a3anbHii MembpaHi
CYOVMH | CuHUMTIanbLHOro enitenito, WO BKa3ye Ha
[O0AaTKOBMI HeraTMBHWIA BMAMB MediaTopiB 3anarneHHs
Ha NpoLuec CKrepo3yBaHHSA CTPOMU BOPCUH.

CONCLUSIONS

Based on the immunohistochemical study, it was
determined that in fetal membranes and the placenta,
in the presence of PE, ZDA, and HA in the mother, colla-
gen formation disturbances develop, the severity of
which depends on the maternal pathology. The collagen
content in different structural components of the pla-
centa may either increase or decrease.

The process of sclerosis in placentas during PE,
ZDA, and HA follows a similar pattern but differs in the

level of manifestation. The greatest decrease in the
expression of interstitial collagens in the fetal membra-
nes, due to the action of proteolytic enzymes from
the leukocytes of the inflammatory infiltrate, occurs in
the placentas of pregnant women with term pregnancies
complicated by chorioamnionitis, which significantly
increases the risk of premature rupture of the fetal
membranes. In the chorionic villi of women with HA,
there is a significant increase in the expression of inter-
stitial collagens types | and lll, as well as collagen IV
in the basal membrane of vessels and syncytial
epithelium, indicating an additional negative effect
of inflammation mediators on the process of sclerosis in
the villous stroma.
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nepcneK'ruBu MOAQABLLUUX AOCAIAXEHD

Mopanbli AOCRiMKEeHHA BKMOYaOTh PO3LUMPEHHA PO3YMiHHSA
NaToreHeTUYHNX MeXaHi3MiB MOPYLUEHHS KOnareHoBOro MaTpuK-
cy y nnaueHTi Ta detanbHMX oboMnoHkax B ymMOBax MaTepuiH-
CbKWX NaTOMNOrin, TakMxX K Npeeknamncis, aHeMmisi i XOpioaMHiOHIT.
Lle moxe cnpusti igeHTudikauii HoBux 6GiomapkepiB Ans
paHHbLOro MNPOrHO3yBaHHS YCKMNagHeHb BariTHOCTI, 30KpeMma
pM3NKy nepegyvacHoro po3puBy MNOAOBUX OBGOMOHOK Ta BHY-
TPilWHBOYTPOBHOI  rinokcii. Kpim TOro, pgetanbHe BUBYEHHSI
eKcrnpecii pi3HUMX TUMIB KoMareHy MOXe CTaTu OCHOBOK ANs
CTBOPEHHS TepaneBTUYHUX NiaxodiB, CNpPsIMOBaHMX Ha KOpek-
Lil0  CTPYKTYPHO-CPYHKLiOHaNbHUX MNOpYyLlEeHb NnaueHTapHoro
Gap’epy, WO, y CBOK Yepry, MOXe 3HU3UTU MepuHaTanbHy
3aXBOPIOBAHICTb | CMEPTHICTb.

KoHdAikT iHTepecis

ABTOPW PYKOMUCY CBIAOMO 3acBiAYylOTb BIACYTHICTb (hakTWy-
Horo abo MOTEHLNHOrO KOHMMIKTY iHTEpeCiB LWOAO pesynbraTiB
Liei pobotn 3 dhapmMaueBTUYHUMKU KOMMaHisMK, BUPOGHMKaMM
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features of

Prospects for further research

Further research prospects include expanding the understan-
ding of the pathogenetic mechanisms of collagen matrix
disruption in the placenta and fetal membranes in the context
of maternal pathologies such as preeclampsia, anemia, and
chorioamnionitis. This may help to identify new biomarkers
for early prediction of pregnancy complications, including
the risk of premature rupture of membranes and intrauterine
hypoxia. In addition, a detailed study of the expression of
different types of collagen can be the basis for the develop-
ment of therapeutic approaches aimed at correcting structural
and functional disorders of the placental barrier, which in turn
can reduce perinatal morbidity and mortality.
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PE3IOME

yNbTPa3BYyKOBUIA cKanbnenb, MOHoONonsp-  AkTyanbHicTb. Po3rnsaHyTo npobnemMy penapaTvBHUX MPOLECIB Y LUMYHKOBO-KMLLIKO-
HWA  enekTpockanbnenb,  LWIYHKOBO-  BOMY TpakTi, siki 3HA4HOK Mipol 3anexaTb Bif OCOONMBOCTEN iIMYHHUX peakuin
KULLKOBWI TPAKT, LUTOKIHW, eHaoTeniH-1. y TKaHuHax. MNMuTaHHa BUOOPY MeToAiB (hisYHOI AMCEKLUiT € BaXNMBUM ANsi 3MEHLLEHHS

TpaBMaTum3auii Ta 3anobiraHHsa ycknagHeHHsIM Nicns onepaTMBHUX BTPyYaHb.

AAS KOPECTOHAEHLL: MeTta po6oTu — gocnigntn ocobrnmBOCTI MiCLEBMX IMYHHWX peakuii Ta AUHaMiky

penapaTuBHUX MPOLECIB Y 30HAX racTpo-, EHTEPO- Ta KOMOTOMIl MiCNsi 3aCTOCYBaHHsI
MoHononsipHoro enekTpockanenens (MEC) Ta ynesrpassykosoro ckanbnens (Y3C).

Lliserko Onekcitl IsaHoguy Matepianun T1a metoau. [oCnimjkeHHs MPOBOAMIN Ha KPOMsiX i3 BUKOPUCTAHHSAM
XapKiBCbKWIA HaLioHamnbHWU YHIBEPCUTET  excniepuMeHTarbHOI Mogeni nanapoToMii. Po3ciueHHs TKaHUH BUKOHYBamM 3a JOMOMO-
imeHi B.H. KapasiHa MiHicTepcTBa ocBITM  rojo MEC Ta Y3C. 3ailicHioBan1 iMyHOrCTOXiMiYHE AOCTIIKEHHS! 3 BUKOPUCTAHHSAM
i Hayku YkpaiHu, kadenpa XipypriyHWX  vapkepiB IMyHHUX KMiTUH Ta aHanisyBamu BMICT LMTOKIHIB Y pisHi  TepMiHu

XBOpPOO;

nicnsonepauinHoro nepiogy.

mangaH CeoGoau, 6ya. 4, M. Xapkis, Pesynbratv Ta ix o6roBopeHHs. BukopuctaHHs Y3C cynpoBOAXyBarocsi MeHLU

Ykpaina, 61022;

BMpaXeHUMM MOPAOOriYHUMUN Ta IMyHHUMU NOPYLUEHHSIMU. 3MiHa CTadi 3ananeHHs

e-mail: Olexiy.i.tsivenko@karazin.ua npn Y3C BinbyBanacs LWBMALIE Ta CynpOBOMAKYBanacs 3pOCTAHHSAM aKTUBHOCTI

npoTM3ananbHoi LUMTOKIHOBOI cuctemn. Y rpyni MEC cnocTepiraBcsi NporioHroBaHWUim

© Lligetiko O.1., Kosayerko A.B., HeKpo3, BUpa3He 3amaneHHs Ta ranbMyBaHHsi pernapaTuBHUX npoueciB. Y3C 3abes-

LimopeyH B.B., 2024.

AAS LUTYBAHHSA:

neyvB CNpUSITIMBI YMOBMW AN 3arOEHHS paH 3aBAsikM MOMIPHIM iwemii Ta MeHLin
TpaBMaTuM3aLii TKaHWH.

BucHoBku. 3actocyBaHHst Y3C [03BONSE 3MEHLWNTY TPaBMaTUYHICTb TKaHWH, NPUCKO-
plo€ 3MiHy CTafiil 3ananeHHsl Ta Cnpusie NoKpaLleHHI YMOB penapaTMBHOIO MpoLecy.
MEC, HaBnaku, CynpoBOAXYETbCS BMCOKOK TpaBMaTWYHICTIO, WO MoTpebye popar-
KOBOi yBaru npu oopmyBaHHi aHaCTOMO3iB OpraHiB LUMYHKOBO-KWLLIKOBOTO TPaKTY.

LliseHko O.1., KozaueHko A.B., LLimopryH B.B. OcobnunBocTi iMyHHMX peakLiii B TKaHUHAX LLYHKOBO-KULLKOBOIO TPaKTy
Ta ix BNnuB Ha nepebir penapaTMBHUX NPOLIECIB 3anexHO Bif 3acTocoBaHUX BUAIB dhisnyHoi avcekuii. KapasiHcbkuli
imyHonoaiyHul xypHan. 2024. T. 7, Ne 2 (14). C. 1175-182. DOI: https://doi.org/10.26565/3083-5615-2024-14-06
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ABSTRACT

Background. The issue of reparative processes in the gastrointestinal tract, which
largely depend on the characteristics of immune responses in tissues, is addressed.
The choice of physical dissection methods is crucial for minimizing tissue trauma
and preventing complications after surgical interventions.

Purpose — to investigate the characteristics of local immune responses and the dyna-
mics of reparative processes in the areas of gastro-, entero-, and colotomies after
using monopolar electroscalpel (MES) and ultrasonic scalpel (USS).

Materials and Methods. The study was conducted on raddits using an experimental
laparotomy model. Tissue dissection was performed using MES and USS. Immuno-
histochemical studies with immune cell markers were carried out, and cytokine levels
were analyzed at various postoperative periods.

Results. The use of USS was associated with less pronounced morphological and
immune disturbances. The transition of inflammatory stages with USS occurred more
rapidly and was accompanied by increased activity of the anti-inflammatory cytokine
system. In the MES group, prolonged necrosis, pronounced inflammation, and
delayed reparative processes were observed. USS created favorable conditions
for wound healing due to moderate ischemia and reduced tissue trauma.
Conclusions. The application of USS reduces tissue trauma, accelerates the transition
of inflammatory stages, and improves the conditions for reparative processes.
In contrast, MES is associated with higher tissue trauma, necessitating additional

attention when forming gastrointestinal anastomoses.

For citation:
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BCTYN

3akrnto4Ho0 has3oto 3aroeHHs Byab-aKOi MOLLIKOAKEHOI
TKaHWHW, HE3ANeXHOo Bif eTiONOriYHOro YMHHKKA, € pena-
paTuBHMI Npouec. PenapatMBHa pereHepadisa — ue Bia-
HOBITEHHSI MOLLKOAXKEHOI abo BTpayeHOi TKaHWHKM, ane
CTYNiHb | SKICTb pereHepaTMBHOIO NpPouUecy Y Pi3HUX
TKaHWH CBOi. BOHM Hanpsmy 3anexaTb Big Uinoi HU3KK
YMHHUKIB, TFOMOBHUMM 3 SKMX € €ETIONOrivYHMI dakTop,
0COoOnMBOCTI TiCTONOrYHOT OyAOBU YLIKOMKEHUX TKAHWH,
CTYNiHb ANEPEHLIIOBaHHA TKaHWH, KOPEKTHICTb Micue-
BMX MNpOLECIB BiAHOBMEHHS, CTaH OpraHiaMy XBOpOro,
CYNyTHS NaTonoriga Ta iHLwWi.

PaHn 3anuwatoTbCs OQHIE 3 HaMaKTyanbHIWMX Hay-
KOBMX Ta MPaKTUYHMX Npobnem cyyacHoi megnumum [1-3].
MuTaHHa po3BUTKY nicnsonepauinHuX ycknagHeHb, Tpu-
Bafie He3aroeHHsi paH, chopmMyBaHHA pybuiB i noraHun
eCTEeTUYHUIA  edekT BUKMIMKAOTb OCODMMBUIA  iHTEpec
nikapiB pisHMx cneuianbHocten [4-8, 11]. PenapaTtuHi
npouecu B paHi XapakTepusytTbCs ¢asHOK 3MiHOH
OynoBM 11 CTPYKTYPHUX €NEMEHTIB, ki (POPMYHOTb CTiHKY
opraHa abo TKaHWHM, L0 PO3CiKaTbCA Y TPABMYHOTLCS.
besnepe4yHnM € ToN akT, WO YUM MEHLLE TpaBMYHUNA
YUHHMK, TUM Oinblw cnpuaATNMBI ymMOBM Ans nepebiry
penapaTvBHuXx npouecie. lNpobnema aTtpaBMaTM4HOrO,
6GEe3KPOBHOIO PO3CIYEHHS TKaAHWH € KIKOYOBUM 3aBOaH-
HAM Xxipyprii. HaGytuin 3a 6arato pokiB CBiTOBMIA O0OCBIg
NepeKkoHNMBO [OBOAWTb, LO YHIBEpcanbHOro Metody
disnmyHOI gucekuii Ta koarynsuii Hemae. HesanexHo Big,
Metogy abo Tuny €eHepreTMyHOi YCTaHOBKM B OCHOBI
PO3CIYEHHSI NEXWTb MOLUKOAXXEHHS TOHKOiI 30HM Giono-
riYHOi TKaHWHW Mig BNIMBOM BUCOKMX Temnepatyp abo
MexaHivHoT eHeprii [4, 6, 7].

[MoBTOpHa TpaBMa, a TakoX iwemMia Ta OoedHaHHSA
iHgekuil npu3BoaAMTbL A0 nepexody MPOUECIB Yy Xpo-
HiYHMI ctan [1, 3, 7]. Kpim TOro, roctpa # XpoHiyHa

INTRODUCTION

The final phase of healing for any damaged tissue,
regardless of the etiological factor, is the reparative
process. Reparative regeneration refers to the restoration
of damaged or lost tissue, but the degree and quality of
the regenerative process vary across different tissues.
They directly depend on a number of factors, the main
ones being the etiological factor, the histological structure
of the damaged tissues, the degree of tissue differen-
tiation, the accuracy of local restoration processes, the
patient’s overall health, comorbid conditions, and others.

Wounds remain one of the most pressing scientific
and practical problems in modern medicine [1-3]. Issues
such as postoperative complications, prolonged wound
healing, scar formation, and poor aesthetic outcomes
are of particular interest to specialists in various medical
fields [4-8, 11]. Reparative processes in wounds
characterized by a phased alteration in the structure
of their elements, which form the walls of the organ or
tissues subjected to incision or trauma. It is undeniable
that the less traumatic the factor, the more favorable the
conditions for reparative processes. The challenge of
achieving atraumatic and bloodless tissue dissection
remains a key task in surgery. Many years of accumu-
lated global experience convincingly demonstrate that
there is no universal method of physical dissection and
coagulation. Regardless of the method or type of energy
device, tissue dissection fundamentally involves damage
to a thin layer of biological tissue under the influence
of high temperatures or mechanical energy [4, 6, 7].

However, repeated trauma, ischemia, and infection
can lead to chronic processes [1, 3, 7]. Furthermore,
acute and chronic wound infections, which result in
prolonged treatment and high mortality rates, have
become a significant burden on healthcare systems
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paHoBa iHdeKUis, WO nNpu3BOAUTbL OO AOBrOTPUBArOro
nikyBaHHSA Ta BWCOKOI neTanbHOCTi, cTana cepnosHum
BMKITMKOM AN OXOPOHM 300pOB’'Sl B YCbOMY CBITI. | xoua
OCHOBHWIA MEXaHi3M iHeKLin OyB LUMPOKO AOCHiAXKEHNN
BYEHMMM | OGinbl-MeHW cTaHgapTHe nikyBaHHs paH
perynsipHo BUKOPWCTOBYETbCS B 3aranbHili npakTui,
cTpareria AiarHOCTUKM Ta NiKyBaHHS paHOBUX iHMeKLUin
3anunwaeTbCcs BENMKOK Npobrnemoro vepes nosisy Koro-
Hi3auil 6ionniBkK, CNOBINIbHEHOrO 3arOEHHS paH Ta pPo3-
BUTKY PE3MCTEHTHOCTI MiKpoopraHiamis go nikis [1, 7-9].
MpuBeptae yBary 1 Te, WO Ha nepebir paHOBOro
npouecy 1 piBeHb iH(IKOBAHOCTI paH Ta iX NiKyBaHHA
LUMPOKWIA BNIMB Mae iMyHHa cuctema abo 3acTocyBaHHS
imyHomoaynsTopiB. OgHak OAHOCTaAMHOI OYMKMU LoAO0
BMMMBY MiCLEBUX IMYHHUX peakuin Ha penapaTtuBHWUIA
npouec Ha AaHumn Yac He icHye [7, 8, 10, 11].

[NpoBeneHi paHille gocnigXeHHs ceigyaTb Npo Hegoc-
TaTHIO BMBYEHICTb NPOLECIB, WO BiabyBalOTbCA B 30HI
BMMMBY PIi3HWX BUAIB eHeprii, TSKKOCTI MNOLUKOAXEHb
Ta OuHawmiui penapaTmBHuX npoueciB. Lle 3ymoBneHo
BiACyTHiCTIO BCcebiyHOro aHanisy ocobnmeocTten MicLeBmnx
npouecis nicns BNNMBY Pi3HUX BUAIB eHeprii Ha TKaHUHU
OpraHiB LUNYHKOBO-KULLKOBOIO TPaKTy 3 YypaxyBaHHsIM
6e3nocepenHbOr0 OCHOBHOIO edekTy, MOpPdONOriYHUX
3MiH y 30Hi BTpyYaHHS, a TaKOX 3aKOHOMIpHOCTEN
nepebiry penapaTnBHMX NPOLECIB.

MeTta po6oTM — BUBYEHHS XapakTepy MicLeBuX
IMYHHUX peakuin Ta ocobnuBocTeil penapaTMBHUX Npo-
LeciB y 30Hi racTpo-, EHTepo- Ta KONMOTOMHMX paH nicns
3aCTOCyBaHHS ENneKTPOXipypriYHoOi Ta YnbTpa3BYKOBOI
OUCeKLiT TKaHMH LWOAO nonepe;pkeHHs nicrnsionepauinHmx
yCKnagHeHb aHaCTOMO3IB LUMYHKOBO-KMLLKOBOIO TPaKTY.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

EkcnepymMeHTanbHa 4acTvHa po6oTuM  BUMKOHaHa
y BiBapii IHcTUTYTYy npobnem kpiobionorii Ta kpio-
MeamumHu  HauioHanbHOi  akagemii  Hayk  YkpaiHu
Ha Kponsx nopogu LuHwwunna, macow 3,0-3,5 kr, ansa
uboro Oynu cTBOpeHi yci HeobxigHi ymoBu. Ycim TBapu-
HaM Ha no4aTKy eKCMepuMeHTy roTyBanu onepawiiHe
nofie Ha nepefHin YacTUHI YepeBHOI CTIHKWM PO3MipOM
6nm3bko 1x5 cm Ta BUKOHyBanu ix mapkyBaHHs. [licrs
LUbOro TBapMHaM NPOBOAUNM NpeMeauKauiio AMMeapo-
noMm 3 pospaxyHky 1,5 mr Ha kr/macu Tina Ta amiHa-
3uHy 0,02 mr/kr, siki yBogunu BHyTpiLLHbOM'i30B0. Hapkos
NPOBOAWMM LUMAXOM BHYTPILUHBOM'S30BOrO  BBEOEHHSA
KeTaMiHy 3 pospaxyHky 15 mr/kr macu Tina kpons. lMicna
BBEJEHHSA KeTaMiHy, B cepedHboMmy 4yepe3 10 XBUNWH,
TBapWHW 3aCWHarnu i He pearyBanu Ha 30BHILLHI nogpas-
Hukn. CoH npogoBxyBascs npotsarom 40—-60 xs. Iig Hap-
KO30M TBapuH dikcyBanu 3a KiHUiBKM Ha poboyomy
cToni Ans NiaroToBKM onepauinHoro nonsa ta HaHeceHHs
pO3MiTKM ManbyTHbOi paHu. B noganbwomy nposogunmu
nanapoToMmilo 3 MNpPOBEOEHHSAM racTpo-, eHTepo- abo
KornoTomii. PaHu pi3HMX BigAQiniB LUMYHKOBO-KULLIKOBOIO
TpakTy yluvBanu ofHo- abo ABOpSAHMMM LWBamMu 3a
JOMOMOro  aTrpaBMaTUYHOrO MoOHOMINnameHTHoro 6io-
Jerpagytodoro woBHoro martepiany. lMpu ubomy 6Gynu
BMBYEHI [OECTPYKTMBHI Ta penapaTuBHi Mpouecu, Lo
BinOyBalTbCA B CTiHKaxX LUNyHKA, TOHKOI Ta TOBCTOI
KWLLKW MiCrsi pO3TUHY X MOHOMOMNSPHUM €NeKTPUYHUM
(MEC) T1a ynbrpassykoBuMm ckanenenamu  (Y3C).
TBapuHuu 6ynu nogineHi Ha Agi rpynu no 30 y KOXHIN.
B ymoBax keTaMiHOBOro Hapkosy B | rpyni 3a JOMOMOrot

worldwide. Although the primary mechanisms of infec-
tion have been extensively studied and relatively
standardized wound treatments are regularly used in
clinical practice, the diagnosis and treatment of wound
infections remain a significant challenge due to biofilm
colonization, delayed wound healing, and the develop-
ment of microbial drug resistance [1, 7-9].

It is noteworthy that the immune system, or the use
of immunomodulators, significantly influences the
course of the wound-healing process, the level of wound
infection, and treatment outcomes. However, there is
currently no consensus on the effect of local immune
responses on reparative processes [7, 8, 10, 11].

Previous studies indicate insufficient research on the
processes occurring in the zones exposed to various
energy types, the severity of tissue damage, and the
dynamics of reparative processes. This is largely due to
the lack of comprehensive analysis of local processes
after exposure to different energy types on the tissues
of the gastrointestinal tract organs, considering the
primary effect, morphological changes in the intervention
area, and the patterns of reparative processes.

Objective — study focuses on the nature of local
immune responses and the characteristics of reparative
processes in the zones of gastro-, entero-, and colotomy
wounds following electrosurgical and ultrasonic tissue
dissection, with an emphasis on preventing postopera-
tive complications of gastrointestinal anastomoses.

MATERIALS AND METHODS

The experimental part of the study conducted at
the vivarium of the Institute for Problems of Cryo-
biology and Cryomedicine of the National Academy of
Sciences of Ukraine, using Chinchilla breed raddits
weighing 3-3.5 kg, under conditions designed to meet
all necessary requirements. At the beginning of the
experiment, an operative field approximately 1x5 cm was
prepared on the anterior abdominal wall of each animal,
and the areas were marked. Premedication included
intramuscular administration of diphenhydramine at
a dose of 1.5 mg/kg body weight and aminazine at
0.02 mg/kg. Anesthesia induced with intramuscular
ketamine at 15 mg/kg body weight, which led to sleep
within 10 minutes on average, rendering the animals
unresponsive to external stimuli. The sleep duration
ranged from 40 to 60 minutes.

Under anesthesia, the animals secured by their
limbs on an operating table for further preparation of
the operative field and marking of the intended wound
area. Subsequently, laparotomies performed, followed
by gastro-, entero-, or colotomies. The wounds in various
sections of the gastrointestinal tract were sutured using
one- or two-layer stitches with atraumatic monofilament
biodegradable suture material. Destructive and reparative
processes occurring in the stomach, small intestine, and
colon walls after incisions made with a monopolar elec-
troscalpel (MES) and an ultrasonic scalpel (USS) studied.

The animals divided into two groups, each comprising
30 subjects. In the MES group, stomach, small intestine,
and colon walls incised using a monopolar electroscalpel,
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MEC, a vy Il rpyni 3a gonomoroto ¥Y3C poscikanucs CTiHKu
LWAYHKa, TOHKOI Ta TOBCTOI KMLLKW. Y BCiX TBapuH paHu
BWKTI ogHOpsiaHMM 6e3nepepBHUM  LIBOM. TepMiHU
CMNOCTEPEXEHHS 32 TBapvHaMW CKManu: 4Yepe3 roauHy
nicna onepauii Ha 3-Tio; 7-my; 14-ty T1a 30-Ty [06Y
nicnsionepauifHoro nepioay.

ExkcnepumeHTM npoBeeHi BiaNoBiAHO A0 «3aranbHuxX
NPUHUMNIB EKCNEPUMEHTIB Ha TBapuHax», CXBaneHux
| HauioHanbHum koHrpecom 3 6Gioetukm (20.09.2004,
KuwiB, YkpaiHa) Ta y3romkeHi 3 MNONoXeHHAMU «EBpo-
Nnencbkoi KOHBEHUIT Npo 3axucT XpebeTHMX TBapWH,
SIKi BMKOPUCTOBYIOTBCA AN E€KCMEPUMEHTIB Ta iHLIMX
HaykoBux uinen» [3].

IMyHoricToxiMiuHe JocnigXeHHs NPOBOAMMM Ha napa-
diHOBMX 3pi3ax TOBLUMHOK 5—6 MKM HENpSAMMM METOAO0M
KyHca 3a meTtoaukoto Brosman (1979).

PeHOoTMNYyBaHHS iIMYHHUX KIiTUH NPOBOAMMAM 3a A0MNOo-
MOroK MOHOKNoHanbHux aHtuTin (MAT) cdipmn Serotec.
MAT po enpoteniHy-1 (ED-1) (Novocastra Laborato-
ries Ltd), BenukobpuTaHis. BusHauyeHHs kniTuH-npoay-
LEHTIB iHTepnewnkiHieB nposogunu 3a pgonomoroio MAT
aHtu-1I1-1B, 1J1-6, ®HM-a, J1-10. Y akocTi niomiHecueHT-
HOI MiTKM BUKopucToByBanu F(ab)-2 — doparmeHTn aHTuTIN
KponiB nNpoTu iMyHorno6yninie mMiveHmx ®ITL, (dpnyopec-
ueiHy isotiouioHat). lNpenapatn BuBYanNuM y niOMiHeC-
LUeHTHoMmy Mmikpockoni MJ1-2 3 BMKOPUCTaHHSAM CBITIO-
ginbrpiB: PC-1-2, C3C-24, BC-8-2, YPC-6-3. BigHoCHY
KINbKICTb OCHOBHWMX KINOHIB iIMYHHUX KNIiTUH BU3Ha4anu
3a gonomoroto citku I.I. ABTaHainosa (1999 p.).

PE3YABTATU TA iX OBFOBOPEHHS

BugineHi B KiHUi MWHYNOro Ta Ha nNoYaTKy HUWHIL-
HbOrO CTOPIYYA €eHOOoTeNiHW Hanexatb A0 ciMencTea
Ba30MNpeCcopHMX NENTUAIB eHA0TENIanbHOIO NMOXOAXEHHS,
ix dpisionoriyHa porb  MOBHICTIO He BUMBYEHa, LO
notpebye akTMBHUX HAyKoOBMX MOLIYKIB. EHpoTenianbHi
KNiTUHX BUCTUINAKThb YCi KPOBOHOCHI CyAWHW, € OOHUMMU
3 HaWNOLUMPEHIWMX TUMIB KMITUH OpraHiamy. Y CTiHKax
apTepin  LWNYHKOBO-KULLIKOBOIO TpakTy eHaoTenianbHi
KNiTMHX PO3TaLIOBYOTbCA Ge3nocepefHbO Ha MOBEPXHI
rMagkoM’a30BUX KNITUH CYAMHHOI CTiHKM. Came BOHM
CVHTE3YI0Tb Ta BUAIMSATb Y KPOBOTOK Ba30KOHCTPMK-
TOPHI PEYOBUHW — €eHOOTEMiHW, IHTEePNenkiHn, dakTop,
L0 aKTUBYE TPOMOOLUTM, TPDOMOOKCAHUN Ta NENKOTPIEHN.
PospisHstoTe eHgoTteniHn 1, 2 i 3, 3 skux HanbinbL
NOTY>XHMM Ba30KOHCTpuKTOpoM € ED-1. 3anexHo Bifg
KOHUEHTpaLii B TKaHWHaX [JaHoro CyauHO3BYXKyBarlb-
HOrO (pakTopa MOXe pO3BMBATMCH ilIEMIS TOro 4u
iHLWIOro CTyneHs, KpiM TOro, NMpPUCYTHICTb Npo- Ta NpoTW-
3ananbHUX LMTOKIHIB 3yMOBIIOE BUPA3HICTb 3ananeHHs,
a, SIK BiJOMO, Taki HECNPUATIIUBI YMOBM MOXYTb NPU3BO-
OVUTU 0O CYTTEBMX MOPYLUEHb penapaTMBHUX MPOLECIB,
WO KriHiYHO Oyage nposBRATACA Yy pPaHHbOMY nicns-
onepauinHomy nepiofi HECNPOMOXHICTIO LUBIB aHaCTo-
MO3y 3 ModanbLUMM PO3BUTKOM HWU3KW YCKNaaHEHb,
y TOMY u4uchi NepUTOHITY Ta abaoMiHanbHOro Cercucy.
A B noganblIOMy — CTPUKTYpY Ta CTEHO3 KWULUKOBOIO
aHacToMO3Yy 3 MOPYLUEHHSIM Nacaxy KWLLIKOBOIO BMICTY.

BpaxoBytoun BuLLE3a3HaAYEHE, HAMU BUBYEHO OUHa-
MiKy iHTEHCMBHOCTI CBITiHHA ED-1 y cyamHHOMy pycni,
BMIiCT KNiTUH-NPOAYLUEHTIB MNpo3ananbHuX Ta npoTu-
3ananbHUX UWTOKIHIB Yy 30HI racTpo-, eHTepo- Ta
KONMOTOMHMX paH nicna aucekuii MEC ta Y3C y pisHi
TepMiHK nicnsonepauinHoro nepiogy.

while in the USS group, the same tissues were incised
with an ultrasonic scalpel. In all cases, wounds closed
using a single continuous suture. Observations were
made at intervals of 1 hour post-operation and on the
3rd, 7th, 14th, and 30th days of the postoperative period.

The experiments were conducted in compliance
with the General Principles for Experiments on Animals
approved by the First National Congress on Bioethics
(September 20, 2004, Kyiv, Ukraine) and aligned with
the provisions of the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes [3].

Immunohistochemical studies performed on paraffin
sections 5-6 ym thick using the indirect Coons method
according to the Brosman technique (1979). Immuno-
phenotyping of immune cells was conducted using
monoclonal antibodies (mAbs) produced by Serotec.
These included mAbs to endothelin-1 (ED-1) (Novo-
castra Laboratories Ltd, UK) and those specific for
interleukin-producing cells: anti-IL-1p, IL-6, TNF-a, and
IL-10. FITC-labeled F(ab)-2 fragments of raddit antibo-
dies against mouse immunoglobulins were used as
fluorescent markers. Preparations examined using
an ML-2 fluorescence microscope equipped with light
filters: FS-1-2, SZS-24, BS-8-2, and UFS-6-3. The relative
quantities of major immune cell clones were determined
using G.G. Avtandilov’s grid method (1999).

RESULTS AND DISCUSSION

Endothelins, identified in the late 20th and early
21st centuries, belong to the family of vasopressor
peptides of endothelial origin. Their physiological role
has not been fully studied, which requires active scientific
research. Endothelial cells, which line all blood vessels,
are among the most widespread cell types in the body.
In the arterial walls of the gastrointestinal tract, these
cells are located directly on the surface of vascular
smooth muscle cells. They synthesize and release vaso-
constrictive substances — endothelins (ED), interleukins,
platelet-activating factors, thromboxanes, and leuko-
trienes — into the bloodstream. Among endothelins 1, 2,
and 3, ED-1 is the most potent vasoconstrictor. Depen-
ding on the concentration of this vasoconstrictor in
tissues, ischemia of varying degrees may develop.
Additionally, the presence of pro-inflammatory and
anti-inflammatory cytokines influences the severity of
inflammation, and such adverse conditions can signi-
ficantly disrupt reparative processes. Clinically, these
disruptions may manifest in the early postoperative
period as anastomotic dehiscence, leading to compli-
cations such as peritonitis and abdominal sepsis.
Over time, they can result in stricture or stenosis of
intestinal anastomoses, impairing the passage of
intestinal contents.

Considering the above, this study examined the
dynamics of ED-1 fluorescence intensity in the vascular
bed and the content of pro-inflammatory and anti-
inflammatory cytokine-producing cells in the areas of
gastro-, entero-, and colotomy wounds following MES
and USS dissections at various postoperative periods.

The research revealed that by day 3 of the posto-
perative period, demarcation inflammation after MES
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[NpoBeneHe gocnigXeHHst BUSIBANO, WO Micnsi 3acTo-
cyBaHHss MEC Ha 3-Tio goby nicnsionepadiiHoro nepiogy
JeMapkaliiHe 3ananeHHs marno BUpasHUI XapakTtep,
3ananbHa iHQINbTpaLis xapakTepusyBanacs CyTTEBUM
NOLUMPEHHSM | Byna npeacTaBneHa NepeBaXHO HEWTPO-
dinbHUMK rpaHynoumTamm (HIM) 3 HEBENUKOK AOMILLKO
makpodaris. Hamun 6yno BCTaHOBMNEHO, LLO AECTPYKTUBHI
3MiHW Yy TKaHWHax 3Ha4YHO OinblWi NpW 3acTOCyBaHHI
enekTpockanbnenst — 30Ha HEeKpPo3y Nicns 3aBepLUEHHS
enekTpoaucekLii cknagana y wnyHky — 284,832 + 13,711
(8ig 208,109 pgo 357,129) MKM; B TOHKOMY KULUEYHUKY —
380,87 + 15,285 (Bin 293,416 0o 427,168) mkm; B 0600BilN
kmwui — 379,106 £ 14,469 (Big 281,878 oo 451,399) Mkm.
YnbTpasBykoBa [AWCEKLiS XapakTepuayBanacb pO3BMWT-
KOM MEHLL BMPa3HMX MOLUKOAXXEHb, 30Ha naTteparbHOro
HeKpo3y Yy LWNyHKY cknagana — 167,486 * 13,853
(B8ig 138,593 po 220,728) MKM; B TOHKOMY KULUEYHUKY —
168,925+ 11,573 (Bin 116,79 no 243,178) mkm, B 06010BIl
knwui — 167,47 + 3,536 (Big 146,286 no 190,795) Mkm,
WO [JOOCTOBIPHO MeHLUE, MOPIBHAHO 3 aHanoriyHUMu
nokasHvkamun nicns enektpogucekdii (p<0,005). 3a 3o-
HOK HEKpOo3y noudMHanacs 30Ha Hekpobio3y. Ane npo-
TAroM TpbOX Ai6 nicns NpoBeAeHHSI PO3CiMEHHS TKaHWH
(koarynsuii) enekTpoxipypriyHuM MeTOAOM crhocTepira-
nacb MNpOSioOHroBaHa AEeCTPYKLUis TKaHWH, Lo niaTBepa-
KEHO PO3LUMPEHHAM 30H HEKPO3y Ta Hekpobiody Maike
BABIMI (B WnyHKYy — 739,259 + 39,929 MKM; B TOHKOMY
kmweyHnky — 1010,528 + 29,104 mkm, B 06040BIN
kmwui — 1017,83 + 27,928 mkm). CtabinbHicTb paHOBOro
npouecy 3adiikcoBaHa nicns TpeTboi [o6WM paHHLOro
nicnsonepadinHoro nepiogy, To6To MaB micue deHomMeH
NponoHroBaHoro Hekpody. [lpu 3actocyBaHHi Y3C
naHuin edbekT He BCTaHOBMNeEHO, cTabinisauis paHoBOro
npouecy BigbGyBanacsi NPOTSArOM KifbKOX roguWH nicns
NPOBEAEHHSI PO3CIYEHHS.

IMyHoricToxiMiuHe JocnigXeHHs NPOBOAMMM Ha napa-
iHOBMX 3pi3ax 3aBTOBLUKM 5—6 MKM HENPSIMMM METOAOM
KyHca 3a metogmkoio Brosman (1979). IMyHHi KNiTUHM
AndepeHUitoBanM 32 JOMOMOIOK  MOHOKMOHaNbHMX
aHTuTin (MKA) kponiB OO0 pi3HUX TuNiB KNITUH dipmu
Serotec. Bukopuctosysanu CD3, CD18, CD45RA, ED1,
J1-18, 1-6, ®HM, 11-10, IJ1-4. Byno BusiBneHo nepe-
BaxkaHHss CD18-HI. Kpim TOro, Big3Ha4yanuca noogmnHoKI
CD3+-T-nimcpountn, CD22+-B-nimdountnn ta CD14+-
makpodarn. Cepep iMyHHUX KNiTMH Oynv  BUSIBNEHI
KNiTUHU-NpoAdyueHTH nposanansHux (I/1-1, 111-6, ®HM-a)
Ta npotusananbHux uutokiHiB (1J1-10), 3 nomiTHOO
nepesaroto npo3anarnbHuX.

BigHoCHa KinbKiCTb OCHOBHMX KIOHIB KMNITUH-NPOAY-
LEeHTIB UMTOKIHIB y 3ananbHOMYy iHQInbTpaTi y nepepa-
XyHKy Ha 100 knituH gopisHioBana: 1J1-1 — 30,2 + 4,9%;
-6 — 29,1 + 3,5%; ®HM-a — 27,5 + 3,6%; IJI-10 —
6,0 £ 0,9%. MNig 4Yac npoBeneHHs gucekuii TkKaHuH Y3C
haHi nokasHukn Oynu Takmmu: IJ1-1 — 28,0 + 3,8%;
-6 — 29,0 £ 3,6%; ®HM-a — 24,0 £ 3,0; UI-10 —
90 £ 1,3 (p < 0,05 npotn rpynu MEC. Hapani
crnocTepiranocs BUPIBHIOBAHHSA  CMIBBIQHOLUEHHS  MiX
npo- Ta npoTmu3ananbHUMK iHTeprenkiHamu — B | rpyni
cnoctepiranocss Ha 14-Ty poby cCrnocTepexXeHHs,
y Il rpyni TBapuH uen npouec BiabyBaBcs Ha
7-my p[oby nicnsionepauiiHoro nepiogy. Y HacTynHi
TEPMiHM CMOCTEPEXEHHST BigOyBanocsi nepeBaXaHHsi
y TKaHWHax KNiTMH-NPOAYLEHTIB NpoTM3ananbHUX iHTep-
nevikiHiB Hag nposananbHumu. o 30-i nobu ekcnepu-
MEHTY KinbKiCTb KMiTUH-NpoAyueHTiB y | rpyni AopiBHIO-
gana: IN-1 - 16,0 + 2,0%; IJI-6 — 18,0 = 2,3%;

had a pronounced character, with inflammatory infiltra-
tion characterized by substantial spread and composed
mainly of neutrophilic granulocytes (NG) with a small
proportion of macrophages. Tissue destruction was
significantly greater following electroscalpel use, with
necrotic zone measurements as follows — stomach:
284.832 + 13.711 ym (range: 208.109-357.129 pm);
small intestine: 380.87 + 15.285 ym (range: 293.416—
427.168 pm); colon: 379.106 * 14.469 pm (range:
281.878-451.399 pm). Ultrasonic dissection resulted
in less pronounced damage, with lateral necrotic zone
measurements as follows —stomach: 167.486 +13.853 um
(range:  138.593-220.728 pupm); small intestine:
168.925 + 11.573 pm (range: 116.79-243.178 pm);
colon: 167.47 + 3.536 ym (range: 146.286—190.795 pum).
These were significantly smaller compared to MES
(p < 0.005). Beyond the necrotic zone was the necro-
biosis zone. However, during the first three days after
MES dissection, prolonged tissue destruction was
observed, as evidenced by almost double the extension
of necrotic and necrobiotic zones - stomach:
739.259 % 39.929 um; small intestine: 1010.528 +*
+ 29.104 um; colon: 1017.83 + 27.928 um. Stabilization
of the wound process occurred after the third post-
operative day, indicating prolonged necrosis. In contrast,
no such effect observed with USS; wound stabilization
occurred within a few hours post-dissection.

Immunohistochemical analysis of 5-6 pm-thick
paraffin sections conducted using the indirect Coons
method (Brosman, 1979). Immune cells were differen-
tiated using monoclonal antibodies (mAbs) against
various cell types from Serotec, targeting CD3, CD18,
CD45RA, ED1, IL-1B, IL-6, TNF-a, IL-10, and IL-4.
The predominant immune cells were CD18+ NGs,
along with scattered CD3+ T-lymphocytes, CD22+ B
lymphocytes, and CD14+ macrophages. Pro-inflamma-
tory cytokine-producing cells (IL-1, IL-6, TNF-o) were
dominant over anti-inflammatory ones (IL-10).

The relative abundance of cytokine-producing
cells per 100 immune cells in the inflammatory infiltrate
was — IL-1: 30.2 + 4.9%; IL-6: 29.1 £ 3.5%; TNF-a:
27.5 £ 3.6%; IL-10: 6.0 £ 0.9%. With USS, these values
were — IL-1: 28.0 £ 3.8%; IL-6: 29.0 + 3.6%; TNF-a:
24.0 + 3.0%; IL-10: 9.0 £+ 1.3% (p < 0.05 compared
to MES).

Pro- and anti-inflammatory cytokine ratios equilib-
rated by day 14 in the MES group but by day 7 in the
USS group. By day 30, anti-inflammatory cytokine-pro-
ducing cells predominated — MES group: IL-1: 16.
0 £+ 2.0%; IL-6: 18.0 + 2.3%; TNF-a: 16.0 + 2.3%; IL-10:
220 + 25%. USS group: IL-1: 7.0 + 0.4%; IL-6:
9.0 £ 0.7%; TNF-o: 8.0 £ 0.6%; IL-10: 37.0 + 4.3%
(p < 0.05 compared to MES). From day 14 to day 30,
the maturation of connective tissue vasculature allowed
for the objective assessment of ED-1 receptor expression
in endothelial cells. High ED-1 levels in tissues caused
vasoconstriction and ischemia, delaying reparative
processes. ED-1 fluorescence intensity in regenera-
tion zones was significantly lower with USS than with
MES — MES group: day 14: 22.0 + 2.0 units; day 30:
38.0 £ 3.5 units. USS group: day 14: 17.3 £ 2.1 units;
day 30: 20.50 + 2.9 units (p < 0.05).

Since day 14 of the experiment, both the basement
membranes and the endothelial lining became clearly
identifiable in the vessels of the maturing connective
tissue, thereby allowing an objective evaluation of the
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OHIM - 16,0 £ 2,3%; J1-10 — 22,0 + 2,5%; y Il rpyni:
J1-1-7,0 £ 0,4%; 1J1-6 — 9,0 £ 0,7%; ®HIM - 8,0 + 0,6%;
1J1-10 — 37,0 £ 4,3% (p < 0,05) nopiBHsiHO 3 rpynoto MEC.

Ockinbkn 3 14-i gobu eKkcnepumMeHTy B CyAMHaXx
JospiBatoyoi 3'eqHyBanbHOI TKAHMHU CTanu YiTKO BU3Ha-
yatucs sk 6asanbHi MembpaHu, Tak i eHgoTenianbHa
BUCTUIKA, 3'ABUNAca MOXNUBICTb AnA  06’eKTUBHOT
ouiHKM CcTyneHs ekcnpecii peuentopiB 4o ED-1 engo-
TeniouMTaMm 3as3HadeHux cyauH. HasiBHiCTb y TKaHuHax
MOTY>KHOTO  €HOOreHHOr0  Ba30KOHCTPUKTOpA  iCTOTHO
BNNMBae Ha penapaTuvBHi npouecu. Y CcyauMHax 30H
pereHepadii CTIHOK LUNyHKa, TOHKOrO i TOBCTOrO KuLLEeY-
Huka 3 14-i po 30-i mobwu eKkcnepMMeHTy BU3HAYEHO
HapOCTaHHs CTyneHs ekcnpecii peuentopis go ED-1.
Cnig 3a3HauMTi, LWO npoBeaeHe AOCMIIKEHHS He
BUSIBUMO CYTTEBUX BiOMIHHOCTEW OOCRIAXYBaHUX NOKas-
HUKIB cepel OpraHiB LUMYHKOBO-KULLKOBOIO TpakTy, Ha
SKMX npoBogunacs AucCekuisi, TOMY B  OOCHiAXEHHI
nogaHo AaHi, OTpuMaHi i3 30HWM racTPOTOMHOI paHu.
Micns BukoHaHHs amcekuii MEC iHTEeHCUBHICTb CBITIHHSA
ED-1 B eHgoTenii cyanH 30HM pereHepallii nicrns o6pobku
npenapatie MAT go ED-1 Ha 14-Ty noby popisHioBana
22,0 £ 2,0 y.o, Ha 30-1y 38,0 + 3,5 y.0.; B Li cami TepMiHK
eKkcnepuMeHTy B rpyni, ge 3actocoByBaBcs Y3C, AaHi,
Lo BmBYanucs, ctaHosunu: 17,3 + 2,1 1a 20,50 £ 2,9 y.o.
BignosigHo (p < 0,05). IHTeHcuBHiCTL npoaykuii ED-1
Hapoctana Big 14-i pobu ekcnepumeHTty go 30-i i B
| rpyni i posuiHioBanacs sik BUCOKa, Lo, 6e3CyMHIiBHO,
BENO A0 Ba3OKOHCTPMKLiT Ta iwemii 30HM pereHepaluii,
CMOBIMbHIOKYM Ta MOPYLUYOYM penapaTMBHI  NpoLlecu.
Mpu ubomy, NOPIBHSAHO 3 Aucekuieto, BUKoHaHow MEC,
npu Bnnuei Y3C cTyniHb iHTeHCcMBHOCTI npoaykuii ED-1
po3uiHOBaBCA $K MOMIPHUM, WO CynpoBOAXKYBanocs
MEHLU BUPa3HUMW iLLEMIYHUMW po3nagamu, i B KOMIM-
nekci 3 iHWMMK hakTopamm cTBoptoBano 6inbl cnpusaT-
nvBi ymoBM Ans nepebiry penapaTMBHUX NPOLIECIB.

Takum 4mHOM, y AvHamiui 3aroeHHs npu Y3C-ancek-
uji, Wo cnocTepiranocs NpoTsaromMm AOCAiAXKeHHs (3 Mo-
MeHTy aucekuii go 30-i gobu ekcnepumeHTy), BAanocs
NPOCTEeXUTWU MNOCNIQOBHI CTafii 3ananbHOro npolecy.
Ha 3-Tio noby nicnsi onepaTyBHOrO BTPYYaHHS Yy racTpo-
TOMHI paHi nepeBaxaw4numMu KNITUHHUMKU  hopmMamMm
oynn MMAIN (CD18+) Ha ¢oHi BMCOKOI aKTMBHOCTI
npoaykKuii nposananbHUX LUTOKIHIB.

Ha 3miHy uiei ctagii gocuTtb paHo HacTynana Makpo-
cdaranbHa ctagia (7-ma goba), konu 3HayHo 3pocTana
nonynsauia CD14+-kniTuH, a Takox nimdoumntis (CD3+,
CD22+), a notim po3suBanacs ibpobnactuynHa (14-ta,
30-Ta poba) cTtagis, B TOW Xe 4ac Npu BUKOPUCTaHHI
MEC y 3ananbHoMy iH(inbTpaTi TpMBanuMi 4ac nepe-
Baxanu MNMMAN (CD18+), 3miHa cTagin 3ananeHHs Big-
OyBanacs 3i 3Ha4Hol 3aTpumkor. OcobnueicTio
MicLeBUX IMYHHUX peakuin nicns 3actocyBaHHa Y3C
6yno HapoCTaHHS aKTUBHOCTI NpoAyKLii NpoTnsanansHux
UUTOKIHIB Ta ranbMyBaHHS NPOAYKLUii npo3ananbHuX
UMTOKIHIB LLLOJO PO3BUTKY pEreHepaTopHOro npoLiecy.

BUCHOBKHU

Y pesynbraTi NpoBeAeHOro AOCHiAKEHHS1 BCTaHOB-
neHo, wo BukopuctaHHA Y3C CynpoBOAXYETLCA MEHLL
BMPa3HNMKU MOPMOMOriYHMMU Ta iIMyHHUMWU MOPYLUEH-
HAMKW, 3MiHa CTaji 3ananeHHs BigbyeBanacsa y ctucni
TepMiHW Ha Tni NigBULLEHHS aKTMBHOCTI NpoayKuii
npoTusananbHUX UWUTOKIHIB. BcTaHOBNEHo, WO 3acTo-

degree of ED-1 receptor expression by the endothelial
cells of these vessels. The presence of a potent endo-
genous vasoconstrictor in the tissues significantly
influences reparative processes. In the vessels of the
regenerating zones of the stomach, small intestine,
and large intestine, an increase in the degree of ED-1
receptor expression was observed from day 14 to
day 30 of the experiment. It should be noted that the
study did not reveal any significant differences in the
examined parameters among the dissected organs of
the gastrointestinal tract; therefore, the data presented
were obtained from the region of the gastrotomy wound.

After the MES dissection, the intensity of ED-1
luminescence in the endothelium of the vessels in the
regeneration zone following treatment with MAT prepa-
rations for ED-1 was 22.0 £+ 2.0 arbitrary units on day 14
and 38.0 + 3.5 arbitrary units on day 30. In the group
where ultrasound (USS) was applied, the corresponding
values were 17.3 + 2.1 and 20.50 + 2.9 arbitrary units,
respectively (p < 0.05). The intensity of ED-1 production
increased from day 14 to day 30 in Group | and was
regarded as high, which undoubtedly led to vaso-
constriction and ischemia in the regeneration zone,
thereby slowing down and disrupting the reparative
processes. In contrast, compared to the MES dissection,
under the influence of ultrasound the intensity of ED-1
production was considered moderate, which was accom-
panied by less pronounced ischemic disturbances
and, in combination with other factors, created more
favorable conditions for reparative processes.

Thus, in the dynamics of wound healing in the ultra-
sound dissection group observed throughout the study
(from the moment of dissection to day 30 of the experi-
ment), the sequential stages of the inflammatory process
could be tracked. On day 3 after the surgical inter-
vention, polymorphonuclear leukocytes (PMNLs, CD18+)
predominated in the gastrotomy wound against a back-
ground of high activity in the production of pro-inflamma-
tory cytokines. This stage was relatively soon replaced
by a macrophage stage (day 7), during which the
population of CD14+ cells, as well as lymphocytes
(CD3+, CD22+), increased significantly, followed by
a fibroblastic stage (days 14 and 30). In contrast, when
using MES, PMNLs (CD18+) dominated the inflam-
matory infiltrate for an extended period, and the transi-
tion between the stages of inflammation occurred
with considerable delay. A distinct feature of the local
immune responses following the use of ultrasound was
the increased activity of anti-inflammatory cytokine
production along with the suppression of pro-inflam-
matory cytokine production in relation to the develop-
ment of the regenerative process.

CONCLUSIONS

The study revealed that the use of an ultrasonic
scalpel (USS) was associated with less pronounced
morphological and immune disturbances. The transition
of inflammatory stages occurred within a shorter time-
frame, accompanied by increased production of anti-
inflammatory cytokines. It was also found that electro-
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CYBaHHSI €NeKTPOXipypriYyHOro BNMBY CYNpOBOOXKYETLCS
He TiNbKW BUCOKOK TPaBMAaTUYHICTIO, @ LUe i PO3BUTKOM
NMPOSIOHrOBaHOIO HEKPO3y 3 MiCLEBMMM iMYHHUMMK pe-
akuismu, Wo HeobxiaHO BpaxoByBaTW Npu HOPMYBaHHI
aHaCTOMO3iB OpraHiB LUMYHKOBO-KMLLKOBOIO TPAKTY.

Mepebir pereHepaTMBHOrO MpoLecy Mpu BUKOPUC-
TaHHi Y3C npoxoavMB B yMOBax MOMIpHOI iwwemii, Lo
B KOMMMEKCi 3 iHwWMMK dakTopammu cTBoptoBano GinbLu
CNpuATNMBI YMOBU [N 3arOEHHS racTpo-, €EHTepo-
Ta KONMOTOMHMX PaH.
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MepcnekTMBU MOAAQABLUMX AOCAIAXEHDb

[MpoOoOBXEHHS] BMBYEHHSI 3aKOHOMIpPHOCTENW Ta ocobnuBocTen
nepebiry penapatuBHMX MPOLECIB 3aNeXHO BiA €TioNoriyHoro
dakTopa, MicueBnx OCODBMMBOCTEN, HasSIBHOCTI KOMOpOigHOT
naTonorii Ta iHWWX YUHHWKIB NPV NaTosorii OpraHiB YepeBHOI
NMOPOXHWHK, sika NoTpebye XipypriyHOi KOpekKuii, € nepcnekTvs
HAM Yy Cy4aCHMX YMOBax 3pOCTaHHSA KiMbKOCTI nauieHTiB
i3 3aXBOPIOBAHHAMMW OpraHiB TPaBMEHHS.

surgical techniques not only caused higher tissue
trauma but also led to the development of prolonged
necrosis with local immune responses, which must be
considered when forming gastrointestinal anastomoses.

The regenerative process under USS conditions
proceeded with moderate ischemia, which, combined
with other factors, created more favorable conditions
sfor the healing of gastro-, entero-, and colotomy wounds.
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Prospects for further research

Continuing to study the patterns and characteristics of reparative
processes depending on etiological factors, local specifics,
the presence of comorbidities, and other factors in abdominal
organ pathologies requiring surgical intervention holds promise
in the context of the growing number of patients with
gastrointestinal diseases.
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KoHdbAikT iHTEepecis

ABTOpPW pyKONUCy CBIAOMO 3acCBiAYYIOTb BiACYTHICTb (DAKTUYHOIO
abo NOTEHLINHOrO KOHMNIKTY iHTepeciB LWOAO pesynbraTtiB
Liei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMWU, BUPOOGHUKaMM
BiomMeanYHMX MPUCTPOIB, IHLWIMMW OpraHisauisiMy, Yui NPpoayKTH,
nocnyr, iHaHcoBa nigTpMMKa MOXyTb OyTW MOB’A3aHi
3 MpegMeToM HagaHux Matepianis abo ki croHcopysanm
npoBeaeHi AOCNiAXEHHS.

IHdpbopMmalLis npo doiHAHCYBAHHSA

diHaHcyBaHHA BuaaTkamu [epxaBHoro 6tomkeTy YkpaiHu.
CratTss € bparMeHTOM MnaHoBOI HayKoOBO-OOCHIAHOI poboTu
kadenpu XipypriyHnx xBopo6 XapkiBCbKOro HauioHanbHoro
yHiBepcuTeTy imeHi B.H. KapasiHa MiHictepctBa ocBiTM
i Haykm YkpaiHm «BuBuyeHHs pii  isvyHuMx MeTopiB  Ta
MOPdOPYHKLIOHANBbHOrO CTaHy CyAuH, TKaHWH LLUTYHKa, TOHKOro
Ta TOBCTOrO KULLEYHMKA MpK iX gucekuii Ta koarynsauii y xipyprii
LUMYHKOBO-KMLLKOBOrO TPakTy», HOMep AepxaBHOi peecTpaduii
0106U001585, npuknagHa, kepiBHUK — 3aBigyBad kadenpu
XipypriyuHMx XxBOpo6 MeauuyHoro akynbTeTy XapkiBCbKOro
HauioHanbHOro yHiBEpCUTETY iMeHi B.H. KapasiHa
MiHicTepcTBa OCBITM | Haykn YKpaiHW, OOKTOP MeOWYHUX Hayk,
npodecop €.[1. XBopocToB.
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Ha 3anisHuyHomy TpaHcrnopti Ne 2 (dinis «LleHTp oxopoHu
300poB’A» AKUiOHEpHE TOBapuCTBO «YKpaiHCbKa 3ani3Huus»)
3a CMNpUsSIHHA B MpOBEAEHHI MikyBanbHOI Ta HaykoBoi poboTu
1 MiAroTOBKW CTaTTi 4O APYKY.
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LliBeHko Onekcin IBaHOBUY — [OOKTOP MELOUYHUX HAyK,
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KAlo4oBi cAoBa: PE3IOME

ypyHKYNbO3 HOCa, iMyHHa BignoBidb, AKTyanbHICTb. |HbeKUiHO-3ananbHi 3axBoproBaHHS 0bnnYYs € rpisHoo naTonorieto,

MikpoGioLieHo3. 30aTHOK MPU3BOAUTU OO PO3BUTKY BHYTPILLHbOYEPENHUX, BHYTPILLHLOOPGITANbHMX
THIMHMX YCKNagHeHb Ta Cencucy, i3 3arpo3oko A 3A0POB’S i KUTTS XBOPOro. GypyHKyn
AASl KOPECTIOHAEHLT: HOCa € OAHUM 3 Ui€i rpynu 3axBopoBaHb, KU 4acTO 3yCTPIYAETLCS B OTOMAPUHIONO-

riYHin npakTuui. Yactota uiei natonorii B OCTaHHI POKM 3anuaeTbCa BUCOKOH.
KinbKicTb XBOpUX, WO HAAXOAATb A0 CTauioHapiB, HE 3MEHLLYETLCS.
’70’7‘3"3 Mux?na M_UKona':’OSfN ) MpoBigHy ponb y po3BUTKY i nepebiry 3axBoploBaHHs hypyHKyna Hoca BigirpatloTb
XapkiBCbKnii HaUioHanbHUA yHiBEpcUTeT iHbeKUinHi  36yaHVKM. PO3BMTOK MaTOMOrYyHOrO Npouecy B HOCI Mpu 3aranbHOMY
imeHi B.H. Kapasina MinicTepcTea oCBITM  ¢hypyHKymbO3i 3anexuTb Bif BipYNIEHTHOCTI MIKPOGIB, CTaHy 3ararnbHOro Ta MICLIeBOro
i Hayku YkpaiHu, kacbefpa iHEKUIAHUX  jqyniTeTy i, SIK HAcMigoK, BiA SIKICHOMO CKMady MIKPOBHWMX CifbHOT, MPUCYTHIX Ha

XBOPOG Ta KniHiYHOT iMyHorOTii; Cnu30Biii 06onoHUi Hoca. YiTkoi rpaHi MiX HOpMasibHOK MiKPOMNOpPo i YMOBHO-

maiigaH CBoGoau, Gyn. 4, M. XapKiB,  patoreHHUMK GakTepisiMM He icHye. Ha CborogHi BCeBIYHO He BMBYEHi KinbKiCHI Ta

YkpaiHa, 61022; AKICHi 3MiHM B MIKPOBHWX CMiNbHOTaX y B3aEMO3B’S3Ky 3i CTAHOM IMYHITETY Y naLjieHTiB

e-mail: mykola.m.popov@karazin.ua i3 3axBoploBaHHAMM JIOP-opraHiB i BepxHix AMxanbHUX WAAxiB. Taki 3HaHHA Ayxe
BaXXIUBI NPW BU3HAYEHHI TaKTUKW MiKYBaHHS LiEi rpynn XBOPUX.

© lloroe M.M., Camyceko A.C., MeTa po60OTV — BU3HAYEHHS! KIMbKICHOMO | SIKICHOrO cknaay Mikpodriopy Cru3oBoi

Oerigero O.B., 2024. 0BONOHKM HOCA XBOPUX Ha 3aranbHUii chypyHKyYIbO3, YCKNaaHeH!i dypyHKYNoM Hoca,

i YyyTnMBOCTI i30NATIB 40 aHTUMIKPOBHUX 3acobiB.

Matepianu i metoau. [ocnimpkeHHs BUKOHAHO Ha KriHiYHI 6a3i kadenpun iHdek-
LinHMX xBopob Ta KnNiHiYHOI iMyHonorii MegnyHoro akynbsTeTy XapKiBCbKOro Hauio-
HanbHOro yHiBepcuteTy iMeHi B.H. KapasiHa MiHicTepctBa OCBiTW i Hayku YkpaiHw.
Y rpyny o6CTeXeHHs yBIALWNM XBOPi, WO 3HaxXogunucb Ha nikyBaHHi B KomyHanb-
HOMY HekoMmepuinHomy nignpuemctsi «Micbka kniHiyHa nikapHa Ne 30» (M. Xapkis),
3 piarHosom: 3aranbHui ypyHKynbo3 (MKX-10: LO2), ycknagHeHuin cypyHKyrnom
Hoca (MKX-10: J34.0).

Y pocnigHy rpyny 6ynu BkntodeHi ABi kaTeropii XxBopux: 1-1w1a rpyna — XBopi Ha 3aranbHui
dypyHkynbo3 (30 ocib), 2-ra rpyna — XBOpi Ha 3aranbHUi ypYHKYNbO3, ycknag-
HeHul cpypyHkyrnom Hoca (30 ocib). Bik obcTexxeHnx xBopux cknagaB 22—45 pokis.
KoHTponbHy rpyny cknanu 30 340poBux OCi6 BiANOBIAHOIO BiKY.

MikpoGionoriyHi gocnimxeHHs crnvM3oBoi 0OOMOHKM BMKOHyBanuCb 3a 3aranbHo
NPUAHATOID TEXHONOriE: MNOCIB Ha TBepAi Ta pigki nociBHi cepeposuwia ipmmn
«Bio Merieux» (PpaHuis): Ans aepobHux i akynsTaTMBHUX BaKTepin — LLOKoNagHW
arap 3 PVX; ana aHaepobHux Gaktepii — LLleanep arap + 5% eputpouutis 6apaHa,
ans rpubie — arap Cabypo 3 reHTamiuMHoMm + xnopamdeHikonem. KynbTuByBaHHS
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AAS LUTYBAHHS:

mMaTtepiany Ha NOXWBYMX CepedoBuLLax 34iNCHIOBanu y TepmocTtaTti npyu Temneparypi
37°C 3-5 ni6, aHaepobHux KynbTyp — MikpoaHaepocTati cipmu «Bio Merieux».
lneHTUdIKaLjio BUNYyYeHMX KynbTyp MikpobiB NnpoBoaunu 3a ix Mopgonoro-Kyneryparb-
HVMW BRAcTMBOCTAMMU, BIOXiIMIYHUMK O3HaKaMMn i CeponoriYHUMK XapakTepucTukamu.
3a pesynbratamu KinbKiCHUX OChigXeHb MIKpodnopy nogaBanu y KOMOHIEYTBOPIO-
YMX OAMHULSAX B nepepaxyHky Ha 1 mr-KYO/Mn. AHTUGIOTUKOPE3UCTEHTHICTb MiKpo-
drnopu BMBYaNN AMCKo-andy3ioHHUM METOLOM.

PesynbraTt Ta ix OGroBOpeHHs. Y XBOpMX Ha 3aranbHuii pypyHKYnbo3, ycknaj-
HEHWI PYpYHKYIIOM HOCa, CTYnMiHb KOMOHi3aLii crnm3oBoi 060MOHKM HOCa 3HAYHO BULLIUIA,
HiXK Y XBOPUX Ha 3aranbHuii ypyHKynbo3 i 300poBuMX ocib.

Y XBOpUX Ha 3aranbHuUi PypyHKYNbO3, ycknagHeHun ypyHKYrioM Hoca, Mikpodonopa
cnn3oBoi 06OMNOHKM NpeAcTaBreHa BUKMOYHO BakTepianbHUMK | MikobGakTepianbHUMM
acouiauisiMu, sKi cknagarTbest 3 Tpbox i Binblue MikpoGiB. Y XBOpUX Ha 3aranbHWn
dYypyHKynbo3 Mikpodriopa Hoca npeAactaeBneHa sk MoHodropoto (46,6%), Tak
i GakTepianbHMMK acouialisiMu, siki cknagarTbesi 3 4BOX BUAiB Mikpobis (50,0%).
BucHoBku. OcobnuBicTio Mikpodriopy cnvn3oBoi 060MOHKM HOCa XBOPUX Ha 3ararnb-
HUN PYPYHKYNbO3, YCKNagHEHWN (ypyHKYNOM HOca, € BMCOKa aHTUBioTukopesuc-
TEHTHICTb Ta BipYNEHTHICTb MIKpOGIB, BMCOKWI CTYyNiHb KOMOHi3aLii, NpUCYTHICTb Y
MikpobHUx acouiauisix rpubis poga Candida Ta aHaepobis.

Monos M.M., Camycerko [1.C., OrHiBeHko O.B. MikpobioLeHo3 cnn3oBoi 0OOMOHKM HOCa XBOPMX Ha 3aranbHui
YpPYHKYNbO3, ycKnagHeHun dypyHKynoMm Hoca. KapasiHCbkull imyHomoeiqHul xypHan. 2024. T. 7, Ne 2 (14).
C. 183-191. DOI: https://doi.org/10.26565/3083-5615-2024-14-07
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ABSTRACT

Background. Infectious-inflammatory illness is a serious pathology that can lead
to the development of intracranial, internal orbital purulent complications and sepsi.
Nasal furuncle is one of the group of ilinesses that often occurs in ENT practice.

The frequency of this pathology remains high, although the number of patients admitted
to hospitals does not change. Infectious diseases play a major role in the develop-
ment and resolution of nasal boils.

There is no clear line between normal microflora and mentally pathogenic bacteria.
At this time, there are no significant changes in microbial sedation in relation to the
immune system in patients with illnesses in the ENT organs and upper respiratory tract.
This knowledge is very important for choosing treatment for this group of patients.
Purpose — determination of the quantitative and qualitative composition of the
microflora of the nasal mucosa of patients with general furunculosis complicated by
a nasal furuncle and the sensitivity of isolates to antimicrobial agents.

Materials and methods. 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 of the Ministry of Education and Science
of Ukraine. The examination group included patients who were being treated
at the Communal Non-Commercial Enterprise of the Kharkiv City Council «City Clinical
Hospital Ne 30», with a diagnosis of general furunculosis (MKX-10: LO2) complicated
by nasal furuncle (MKX-10: J34.0).

Two categories of patients were included in the experimental group: 1st group — patients
with general furunculosis (30 people), 2nd group — patients with general furunculosis
complicated by nasal furuncle (30 people). The age of the patients was 22-45 years.
The control group consisted of 30 healthy people of the appropriate age.
Microbiological studies of the mucous membrane were carried out according to the
generally accepted technology: inoculation on solid and liquid culture media of the
company «Bio Merieux» (France): for aerobic and facultative bacteria — chocolate
agar with PVC; for anaerobic bacteria — Schedler agar + 5% ram erythrocytes, for
fungi — Saburo agar with gentamicin + chloramphenicol.

Cultivation of the material on nutrient media was carried out in a thermostat at
a temperature of 37°C for 3-5 days, anaerobic cultures — microanaerostat of the
company «Bio Merieux».

Identification of the removed microbial cultures was carried out by their morpholo-
gical and cultural properties, biochemical signs and serological characteristics.
According to the results of quantitative studies, the microflora was presented in
colony-forming units in terms of 1mg-KUO/ml.

Antibiotic resistance of the microflora was studied by the disk-diffusion method.
Results and discussion. In patients with general furunculosis complicated by nasal
furuncle, the degree of colonization of the nasal mucosa is significantly higher than
in patients with general furunculosis and healthy individuals.

In patients with general furunculosis complicated by nasal furuncle, the microflora
of the mucous membrane is represented exclusively by bacterial and mycobacterial
associations consisting of three or more microbes. In patients with general furuncu-
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losis, the microflora of the nose is represented by both monoflora (46.6%) and bacte-
rial associations consisting of two types of microbes (50.0%).

Conclusions. A feature of the microflora of the nasal mucosa of patients with general
furunculosis complicated by a nasal furuncle is high antibiotic resistance and virulence
of microbes, a high degree of colonization, the presence of Candida fungi and
anaerobes in the microbial associations.

For citation:

Popov MM, Samusenko DS, Ohnivenko OV. Microbiocenosis of the nasal mucosa in patients with generalized
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BCTYN

IHgbeKUiHO-3ananbHi 3axXBOPHOBaHHS 06MMYYs € rpis-
HOW NaTosorielo, 34aTHOK MPU3BOAUTUM OO PO3BUTKY
BHYTPILLUHbOYEPENHUX, BHYTPILLUHBOOPBITAaNbHUX THIMHNX
yCKMagHeHb Ta Cencucy, i3 3arpo3ol0 Ans 300pOoB’s
n xutta xsoporo [1-3]. DPypyHKyn Hoca € OgHuUM i3
uiel rpynu 3axBoploBaHb, SKUA 4acTo 3YyCTpiYaeTbCcA
B OTOMAPUHIONOriyHin npakTuui. Yactota uiei natonorii
B OCTaHHi POKM 3anuaeTbes BUCOKOH. KinbKicTb XBOpUX,
LLIO HagXoAsTb A0 CTauioHapiB, He 3MeHLWYyeTbeA [4, 5].

MpoBigHy ponb y po3BUTKY i Nepebiry 3axBoptoBaHHA
dypyHKyna Hoca BigirpatoTb iHdeKUinHi 30yaHukn [6-8].
Po3BuUTOK NaTonoriyHoro NpoLecy B HOCi Npu 3araribHOMY
YpYHKYNbO3i 3anexuTb BiA BipyNneHTHOCTI MikpobiB,
CTaHy 3aranbHOro Ta MiCLeBOro iMyHIiTeTY i, ik Hacnigok,
Bi4 sIKiCHOro cknagy MIKPOOHUX CMINbHOT, MPUCYTHIX
Ha cnm3oBii obonoHui Hoca. MikpobioLeHo3 — e ekoro-
rivHa cuctema, sika 30epiraeTbca 3a paxyHok Oesne-
pepBHOro AMHaMiYHOro 6anaHcy Mix MiKpo- i Makpoopra-
HiaMamu. YiTKOi rpaHi Mk HOpManbHOK MiKpodnopoto
i YMOBHO-NaToreHHMMu 6akTepisiMu He icHye. Ha cborogHi
BCeOIYHO He BMBYEHI KiNbKICHI Ta sIKiCHI 3MiHM B MiKpoO-
HUX CnifbHOTax y B3aEMO3B’A3KY 3i CTAHOM iMYHITETY
y nauieHTiB i3 3axBoptoBaHHAMK JIOP-opraHiB i BepxHix
onxanbHuX wWnaxis. Taki 3HaHHS AOyxe Baxnuei npu
BMU3HAYEHHi TakTUKU NiKyBaHHSA L€l rpynu XBOPUX.

MeTa po60TM — BM3HAYEHHS KiNbKICHOrO i siKicHOro
cknagy Mikpodnopu cnusoBoi OOOMOHKM HOCa XBOPUX
Ha 3aranbHUn YPYHKYNbO3, YCKNagHEHUN OypPYHKYNOM
HOCa, i YyTNMBOCTI i30NTiB 10 aHTUMIKPOBHMX 3acobiB.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigkeHHs BMKOHAHO Ha KIiHiYHiN Gasi kadenpu
iHcpekUiiHuX xBOpo6 Ta KNiHiYHOT iMyHOMorii MeguyHoro
akynbTeTy XapKiBCbKOrO HauiOHanbHOro YHiBepcuUTeTy
imeHi B.H. KapasiHa MiHicTepcTBa oCBiTY | Haykn YKpaiHu.
[Oun3aitH poGOTM MOromKeHUn 3 Komiciero 3 nuTaHb Gio-
eTVKU Megu4HOro hakynbsreTy XapkiBCbKOro HauioHanb-
Horo yHiBepcuTeTy imeHi B.H. KapasiHa MiHicTepctBa
OCBITM | Haykn YKpaiHu i3 BUCHOBKOM MpO BigMNOBiAHICTb
[0 BUMOr MOpanbHO-ETUMHUX HOPM GioeTukM, 3rigHo
3 npasunamu ICH/GCP, lenbciHcbkoi geknapauii npas
noavHn (1964), KonseHuii Pagn €sponu no npasax
noguHn Ta GiomeamuuHn (1997), a TakoX YMHHUM
3aKoHO4aBCTBOM YkpaiHu [9].

Y rpyny OGCTEXEHHS YBIALLNM XBOPi, WO 3Haxoau-
nnck Ha nikyBaHHi B KOMyHanbHOMY HekoMepLiiHoMY nia-

furuncle. Karazin Journal of Immunology. 2024;7(2(14)):183-191.

DOI:

INTRODUCTION

Infectious-inflammatory diseases of the face are
a formidable pathology that can lead to the develop-
ment of intracranial, intraorbital purulent complications
and sepsis, with a threat to the health and life of the
patient [1-3].

Nasal furuncle is one of this group of diseases, which
is often encountered in ENT practice. The frequency of
this pathology in recent years remains high, the number
of patients admitted to hospitals does not decrease [4, 5].

Infectious agents play a leading role in the develop-
ment and course of nasal furuncle [6-8]. The develop-
ment of the pathological process in the nose with general
furunculosis depends on the virulence of microbes, the
state of general and local immunity and, as a result, on
the qualitative composition of the microbial communities
that are present on the mucous membrane of the nose.

Microbioceanosis is an ecological system that is main-
tained due to a continuous dynamic balance between
micro- and macro-organisms. There is no clear line
between normal microflora and opportunistic bacteria.

At this time, quantitative and qualitative changes in
microbial communities in relation to the state of immunity
in patients with diseases of the ENT organs and upper
respiratory tract have not been comprehensively studied.
Such knowledge is very important when determining
the tactics of treatment of this group of patients.

Purpose — etermination of the quantitative and
qualitative composition of the microflora of the nasal
mucosa of patients with general furunculosis complica-
ted by a nasal furuncle and the sensitivity of isolates
to antimicrobial agents.

MATERIALS AND METHODS

The study was performed at the clinical base of the
Department of Infectious Diseases and Clinical Immu-
nology School of Medicine of V.N. Karazin Kharkiv
National University of the Ministry of Education and
Science of Ukraine 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, viral-bacterial
associations in the acute, prolonged and chronic course
of the disease and improvement of treatment tactics».
State registration number 0123U105022. Design of
a robotic study with a commission from the nutrition
of bioetics of the School of Medicine V.N. Karazin Kharkiv
National University with a view to compliance with the
Helsinki Declaration of Human Rights (1964) [9].
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npuemcTsi «Micbka kniHiyHa nikapHa Ne 30» (M. Xapkis),
3 piarHo3om: 3aranbHun ypyHkynbo3 (MKX-10: L02),
ycknagHeHun ypyHkynom Hoca (MKX-10: J34.0).

Y pocnigHy rpyny Oynu BKMoudeHi ABi  kateropii
XBopux: 1-wwa rpyna — XBopi Ha 3aranbHU PypyHKYNbO3
(30 ocib), 2-ra rpyna — xBopi Ha 3aranbHUI ypyHKY-
nbo3, ycknagHeHwuin cypyHkynom Hoca (30 ocib). Bik
obCcTexeHnx XBopux cknagaB 22—45 pokie. KoHTponbHy
rpyny cknanu 30 3gopoBux ocib BignoBigHOro Biky.

MikpoGionoriyHi gocnimkeHHs crnM3oBoi  0BGONOHKK
BMKOHYBanucb 3a 3arafibHO MPUAHATOK TEXHOSOriE:
nocisa Ha TBepai Ta pigki nociBHi cepegoBuwa dipmm
«Bio Merieux» (®paHuis): ona aepobHux i dakynbra-
TMBHMX OakTepii — LwWwokonagHuin arap 3 PVX; ans
aHaepoOHux baktepii — Lleanep arap + 5% eputpo-
uuTiB GapaHa, ans rpubis — arap Cabypo 3 reHTamium-
HOM + XxnopamdeHikonem. KynbsTuByBaHHS Matepiany
Ha MOXWBYUX CepefoBMLLAX 3AIACHIOBaNM y TepMmocTari
npu Temnepatypi 37°C 3-5 ni6, aHaepobHUx KynsTyp —
MikpoaHaepocTaTi ipmn «Bio Merieux».

laeHTudiKaLilo BUMYyYeHUX KynbTyp MikpoGiB npoBo-
avnm 3a ix Mopdonoro-KynsTypanbHUMy  BnacTUBOC-
TAMM, BioXiMiYHUMK O3HaKaMK | cepornoriYHUMN XapakTe-
puctnkamu. 3a pesynbraTaMmy KinbKiCHUX OOCRigXeHb
Mikpopriopy nogaBanu Yy KOMOHIEYTBOPIOKOYMX Oau-
HUUSAX B nepepaxyHky Ha 1 wmr-KYO/mn [10]. AHTU-
GiOTUKOPE3NCTEeHTHICTL  Mikpodriopy BMBYaNM  AUCKO-
andpysioHHUM mMeToaoM.

PE3YABTATU TA TX OBFOBOPEHHS

Mpu BWBYEHHI Mikpodriopy cnmM3oBoi  0BOMOHKK
Hoca Oyno BunyyYeHo 46 KynbTyp MiKpobiB y XBOpUX Ha
3aranbHUin  pypyHkynbo3 (1-wa rpyna), 85 kynbryp
MiKpOGIB y XBOPMX Ha 3aranbHUii ypyHKYNbO3, ycknag-
HeHU YpyHKYNnoM Hoca (2-ra rpyna), i 34 isonatu
Y 300pOBMX OCI6 (KOHTpOnbHa rpyna).

Cepepq isongatiB y xBopux 1-i rpynu BCTaHOBMNEHO
6 pogis i 11 BuaiB 6akTepin, y xBopux 2-i rpynu — 10 poais
i 16 BuaiB mMikpobiB, y rpyni kKOHTponto — BianoBiaHo 3 i 9.
Y xBopux 1-i Ta 2-i rpyn KomnoHi3auisi cnv3oBoi 060-
NoHkM Hoca Oyna npepctaBneHa Oinbl YMCIIEHHUMU
Pi3HMMWM BMAAMM MIKpOOPraHiamiB, NOPIBHAHO 3i 340pO-
BMMM ocobamu. B 1-ii rpyni cTyniHb KomoHi3auii
popisHioBaB 10° KYO/mn, y 2-i1 rpyni — 10°—107 KYO/mn,
y KoHTponi — 10* KYO/mn (tabn.1).

Y xBopux 2-i rpynu CTyniHb KOMOHi3aLii crnn3oBoi
060r0HKM Hoca ByB 3HAYHO BULLE, HixXX Y XBOPUX 1-1 rpynu.
Y xBopux 2-i rpynu, B NOPIBHSAHHI i3 xBopuMuK 1-i rpynu,
y OGinbwin kinbkocTi BuciBanucb S.aureus, S.delphini,
S.intermedius, fki HanexaTb OO KOarynono3uTUBHUX
MIKpOBIiB 3 4acTkol CTyneHsi BipyneHTHocTi. Y 23,3%
XBOpux 2-1 rpynu 3i crnn3oBoi oBOOMoOHKM Hoca BuUciBa-
nucb aHaepobHi GakTepii — Porphyromanas gingivalis,
Prevotella oralis, Actinobacillus actinomycetemcomitans,
Bacteroides forsythus (ta6n. 1).

Y xBopux 1- rpynu i 30opoBux ocib Li BUAn MikpobGis
He BUCiBanucb. Takox y BinbLuii KinbKocTi XBopux 2-i rpy-
nn, B MOPIBHSIHHI i3 XBOpUMMK 1-i rpynu, BunyYanucb
rpubu pogy Candida. B 2-in1 rpyni rpubu Bunyyanucb
y 20.0% ocib, y 1-# rpyni — y 3,3% ocib. Y KOHTPOnbHil
rpyni BOHW 30BCiM HE BUCIBaNuChb.

The examination group included patients who were
being treated at the Communal Non-Commercial
Enterprise of the Kharkiv City Council «City Clinical
Hospital Ne 30», with a diagnosis of general furuncu-
losis (MKX-10: LO2) complicated by nasal furuncle
(MKX-10: J34.0).

Two categories of patients were included in the
experimental group: 1st group — patients with general
furunculosis (30 people), 2nd group — patients with
general furunculosis complicated by nasal furuncle
(30 people). The age of the examinees was 2245 years.
The control group consisted of 30 healthy people of
the appropriate age.

Microbiological studies of the mucous membrane
were carried out according to the generally accepted
technology: inoculation on solid and liquid culture media
of the company «Bio Merieux» (France): for aerobic and
facultative bacteria — chocolate agar with PVC; for anae-
robic bacteria — Schedler agar + 5% sheep erythrocytes,
for fungi — Saburo agar with gentamicin + chloramphen-
icol. Cultivation of the material on nutrient media was
carried out in a thermostat at a temperature of 37°C
for 3-5 days, anaerobic cultures — microanaerostat of
the company «Bio Merieux».

Identification of the removed microbial cultures was
carried out by their morphological and cultural properties,
biochemical signs and serological characteristics.
According to the results of quantitative studies, the
microflora was presented in colony-forming units in terms
of 1 mg-KUO/ml [10]. Antibiotic resistance of the micro-
flora was studied by the disk-diffusion method.

RESULTS AND DISCUSSION

When studying the microflora of the nasal mucosa,
46 microbial cultures were extracted from patients with
general furunculosis (group 1), 85 microbial cultures
from patients with general furunculosis complicated
by nasal furuncle (group 2) and 34 isolates from healthy
individuals (control group).

Among the isolates, 6 genera and 11 species of
bacteria were found in patients of group 1, 10 genera and
16 types of microbes were found in patients of group 2,
and 3 and 9 in the control group, respectively. In patients
of groups 1 and 2, colonization of the nasal mucosa was
more numerous by various types of microorganisms
in comparison with healthy persons. In group 1, the degree
of colonization was equal to 10° CFU/ml, in group 2 —
108107 CFU/ml, in control — 104 CFU/ml (Table 1).

In patients of group 2, the degree of colonization of
the nasal mucosa was significantly higher than in patients
of group 1. In patients of group 2, in comparison with
patients of group 1, S.aureus, S.delphini, S.intermedius,
which belong to coagulase-positive microbes with a partial
degree of virulence, were sown in larger quantities.
In 23.3% of patients, 2 groups of anaerobic bacteria were
cultured from the nasal mucosa - Porphyromanas
gingivalis, Prevotella oralis, Actinobacillus actinomyce-
temcomitans, Bacteroides forsythus (Table 1).

These types of microbes were not cultured in group 1
patients and healthy individuals. Also, in a larger number of
patients of group 2 compared to patients of group 1, fungi
of the genus Candida were removed. In group 2, mushrooms
were removed from 20.0% of people, in group 1 —from 3.3%
of people. In the control group, they were not identified.
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Tabnuusa 1. Mikpodnopa cnn3oBoi 060M0HKU HOCa XBOPUX Ha 3aranbHuii ypyHKYnbo3

Ta Ha 3aranbHui ypyHKYNbo3, ycKnagHeHUn ypyHKyrioM Hoca

Table 1. Microflora of the nasal mucosa of patients with general furunculosis
and general furunculosis complicated by nasal furuncle

I'pyna xBopwux / Groups of patients KoHTporbHa rpyna / Control
1 (n=30) 2 (n=30) group (n=30)
MikpoopraHismu CTyniHb KoMoHi3aLi, CTYniHb KOMOHi3aLi, CTyniHb KoroHisaLii,
N | Microorganisms | _aGck T YOl abe k. P YOl abox. | T an
abs. amount d .| abs. amount . abs.amount .
% egree of coloni- % degree of coloni- % degree of coloni-
zation, CFU/ml zation, CFU/ml zation, CFU/ml
1 | S.aureus 9/30,0 (4,5+1,3) x 10° 16/53,3 (2,3+1,3) x 107 9/30,0 (3,8+1,2) x 10*
2 | S.epidermidis 11/36,6 (7,1+2,4) x 10° 14/46,6 (8,5+2,1) x 10¢ 11/36,6 (4,5+1,3) x 10*
3 | S.intermedius 2/6,6 3x10% 6x10° 5/16,6 (9,4+2,3) x 10° 1/3,3 6 x 10*
4 | S.delphini 2/6,6 2 x10°% 6x10° 4/13,3 (1,5+0,6) x 107 1/3,3 8 x 10*
5 | S.haemolyticus 3/10,0 (5,6+1,8) x 10° 6/20,0 (2,1+1,1) x 107 1/3,3 3 x 104
6 | C.albicans 1/3,3 3 x 105 6/20,0 (2,4+1,1) x 10° 0/0 0
7 | S.saprophyticus 5/16,6 (8,6+2,3) x 10° 6/20,0 (1,9+0,9) x 107 6/20 (4,9+1,4) x 10*
8 | S.pneumoniae 3/10,0 (4,1+1,8) x 10° 4/13,3 (7,3+2,1) x 10° 1/3,3 6 x 10*
9 | E.faecalis 3/10,0 (6,2+2,1) x 10° 5/16,6 (8,7+3,4) x 10° 0/0 0
10 | S.pyogenes 4/13,3 (6,4+2,1) x 10° 6/20,0 (3,5+1,2) x 10¢ 3/10 (2,1+0,9) x 10*
11 | M.catarrhalis 2/6,6 4 x10°% 7 x10° 3/10,0 (6,8+1,8) x 10° 0/0 0
12 | H.influenzae 2/6,6 1x 108 6 x10° 3/10,0 (8,3+2,4) x 10° 1/3,3 2 x10°
13 |Porphyromonas 0/0 0 3/10,0 (2,9+1,2) x 10° 0/0 0
gingivalis
14 | Prevotella oralis 0/0 0 1/3,3 3 x 108 0/0 0
Actinobacillus
15 | actinomicetem- 0/0 0 1/3,3 3 x 108 0/0 0
comitans
16 | pacteroides 0/0 0 13,3 9% 10° 0/0 0
forsythus

B xopi aHanizy MikpoGioLeHo3y Cnmn3oBOi OOONMOHKM
HOCa BUITyYEHi MikpoopraHiamu Oynu npeacTaBneHi
y 46,6% xBopux 1-i rpynn moHodpnopoto iy 50, 0% —
OakTepianbHMMK acouiauigMn, ski cknaganucb 3 ABOX
MikpoGiB (Tabn. 2).

When analyzing the microbiocenosis of the nasal
mucosa, the microorganisms removed were represen-
ted in 46.6% of patients of group 1 by monoflora and
in 50.0% by bacterial associations consisting of
2 microbes (Table 2).

Tabnuusa 2. KinbkicTb Mikpo6iB B acoLliaLisix XBOPYX Ha 3aranbHUin ypyHKybo3
Ta Ha 3aranbHui ypyHKYNbO3, yCKNagHeHU ypyHKynom Hoca
Table 2. The number of microbes in the associations of patients with general furunculosis
and general furunculosis complicated by a boil in the nose

3aranbHa Ta BigHOCHA KiMbKICTb XBOPUX 3 MIKPOIIOPOIo Ta MIKpOOHMMM acouiauismu
Total and relative number of patients with microflora and microbial associations
Grl;zyllao);Ban:itﬁts KinbkicTb MikpobiB B acouiaLii
P P Mokodnopa The number of microbes in the association
Monoflora
2 3 4

1-wa rpyna / Group 1 14/46,6 15/50,0 1/3,3 0/0
(n=30)
2-ra rpyna / Group 2 0/0 9/30,0 17/56.,6 4133
(n=30)
KoHTponbHa rpyna / Control group 26/86.6 41133 0/0 0/0
(n=30) ’ ’

Y xBopux 2-i rpynu mikpodriopa Oyna npegcras-
neHa BUKIMIOYHO GakTepianbHUMK i MikobakTepianbHUMK
acouiadigmu, siki Bkntoyanu 3 i Oinble BuAaiB Mikpobis
(tabn. 2). ¥ 30% xBopux MikpoOHi acoudiauii Bknoyanu
nBa Buau Mikpobie, y 56,6% — Tpu BuaM Mikpobis,
y 13,3% — 4otvpu BMAM MIKpoGiB. Y XBOpWX 2-i rpynu
[0 cknagy MIKpoOHUX acouiauii Bxogunu rpubu poga
Candida, wo cBig4YMNO Npo 3HWXKEHHS Y LUX XBOPUX
KMNITUHHOT NaHK1 MiCLEeBOro iMyHIiTeTy. Y XBOpUX 2-i rpynu,
K iy xBopux 1-i rpynu, cepen BunyyYeHUX MikpobiB
yacTilwe BCbOro 3ycrpivyanucb S.aureus i S.epidermidis.

In patients of group 2, the microflora was represented
exclusively by bacterial and mycobacterial associations,
which included 3 or more types of microbes (Table 2).
In 30% of patients, microbial associations included
2 types of microbes, in 56.6% — 3 types of microbes,
in 13.3% — 4 types of microbes.

In patients of group 2, the composition of microbial
associations included fungi of the genus Candida, which
indicated a decrease in the cellular link of local immunity
in these patients. In patients of group 2, as well as in
patients of group 1, among the extracted microbes,
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73% BUny4eHWX i30MATIB y XBOpUX 2-1 rpynu Bynu 3gaTtHi
o o- i B-remoniay, y xsopux 1-i rpynu — 17%.

Mig 4Yac BMBYEHHIA 4yTnNUBOCTI A0 aHTUBIOTWKIB Y
i3onATIB, sKi HaWOGINbLW YacTo BuMy4Yanucb 3i CNM30BOT
HOCa XBOpWUX Ha 3aranbHui ypyHKYNbo3, yCKNagHeHWi
dypyHKynoM Hoca, 6yno BCTaHOBMEHO, L0 BCi BMAM
MIKpOGIB BUSIBMANN BWUCOKY PE3UCTEHTHICTb 4O MNEeHi-
uuMniHiB, uUedanocnopuHie, amiHorniko3ngie Ta dTop-
XiHOMNoHiIB (Tabn 3).

S.aureus and S.epidermidis were most often found.
73% of isolated isolates from patients of group 2 were ca-
pable of a- and B-hemolysis, 17% from patients of group 1.
When studying the sensitivity to antibiotics in isolates
that were most often removed from the nasal mucosa of
patients with general furunculosis complicated by nasal
furuncle, it was established that all types of microbes
showed high resistance to penicillins, cephalosporins,
aminoglycosides, and fluoroquinolones (Table 3).

Ta6nuusa 3. YyTtnusicTb MikpobiB cnm3oBoi 060M0HKM Hoca 40 aHTUGIOTMKIB
Table 3. Sensitivity of nasal mucosa microbes to antibiotics

KinbkicTb i30naTiB, ski YyTnMBi JO aHTMGIOTKKIB
Number of isolates that are sensitive to antibiotics
(2]
S )
£® She
xS S n
8 2 N 89 ]
= @ ® £ MeHiunnin Llecbanocnopunu g9 DTOPXIHONOHU
5 % X § Penicillins Cephalosporins g gv Fluoroquinolones
5c |ae z<
£ (1§ 25
g5  |E¢
§-§ 2 g T § I
S>3 Eal Z z s z s I = == 5
SE| E£ |z | 35 | 5B | 38|58 58| 55| 35| &g | 8%
22 35 =5 o2 g % sx [ %X | € Ss | 28| 85 g 2
S 3% =3 =] =@ 5. £ & Zs £ X ° o g2 29
x ol 20 Eg' < S >5 E s 9o S e oo Ef= 8% = =
Fl £ | 25| 88| 83 | 85 | B3| &8 | 85 | g5 | g5 | £
z 70 7O 0 7O = O o oz EO = O
T = =
0
S.aureus 16 [ 117/34/2*+| 14-/*1* | 107/4*/2*+| 10/3*/3**| 8/3*/5** | 8-/2*/6** | 11-/3*/2** | 5/3*/7+* | 8/3*/5**| 5/3*/8** | 47/4-/18**
S.epidermidis 14 | 127/2* 14- 14- 12-/2* 12727 | 127/2% (127141 127/2% | 13/1* | 127/2* |127/1*/1*
S.haemolyticus | 6 | 37/1*/2* |37/2*/1*| 3/27/1* | 17/2*/3* | 373" | 17/2*/3*| 27/2* /2 | 17/2*/3** | 1-/2*/4+*
S.saprophyticus | 6 | 37/2*/1* |37/2*/1*| 37/27/1* | 27/2*/2* | 37/1* /27| 27/24/2* | 472+ | 27/3*/1*+ | 27/3* 1+ | 27122+ | 17/3*/2+
S.pyogenes 6 | 27/1%/3* |27/24/2+ | 271242 | 17/3%/2+ | 17/3%2+ [ 17/3*/2+ | 27/3*/1* [ 1/3*/2+ | 27/3*/1*| 2*/4+ 2*/4++
S.intermedius 5 | 277271+ | 27/3* 27/3* 14+ (/3 131+ 3720 | 272714 | 27/24 /1| 271172+ | 171242+

lMpumimka: «—» He YyTnuBi, «+» crabo YyTnuBi, «++» YyTnMBI

Note: «—» are not sensitive, «+» are weakly sensitive, «++» are sensitive.

S.aureus, S.haemolyticus, S.pyogenes BusiBunmn Ham-
BinbLUy YyTNUBICTE 4O aHTUBIOTKKIB Kracy OTOPXiHONOHY,
S.epidermidis, S.intermedius Ta S.Saprophyticus — 6ynu
O[HAKOBO HU3bKOYYTNUBI OO0 BCi€i NaHKM aHTMOBIOTUKIB.
Cnig 3a3HaumTk, Wo izonaTtn S.aureus Ta S.epidermidis,
BUITyY€EHi BiJ XBOPUX Ha 3aranbHui pypyHKynbo3, Ha Bij-
MiHY Bi XBOpPUX Ha 3aranbHU YPYHKYNbO3 Hoca
ycKnagHeHni ypyHKYNoM, BUSBNANN MOMIPHY 4YyTnu-
BiCTb [0 aHTMbioTukiB, psagy uUedanocnopuHis Ta
hTOPXIHOMNOHIB, a i30MATU UMX MIKpobiB, ski Bynu oTpu-
MaHi Bif 340poBUX OCI6 (KOHTpOnbHa rpyna), BUSBRAANN
BMCOKY YyTNMBICTb 40O BCbOrO Knacy aHTMBIOTUKIB.

Y3aranbHiow4M, MOXHa KOHCTaTyBaTu, WO ocobnu-
BICTIO Mikpoddriopu crnn3oBoi 060MOHKN HOCa XBOPUX Ha
3aranbHU - PypyHKYNbO3, YCKNagHEeHUn ypyHKYNom
Hoca, € BUCOKa aHTUBIOTUKOPE3NCTEHTHICTb Ta BipyMneHT-
HiCTb MiKpo6iB, BMCOKMI CTYNiHb KOMOHi3aLii, nNpucyT-
HiCTb Yy MiKpoBHMX acouiauisax rpubis poga Candida
Ta aHaepobis.

Cnig 3asHauMTW, WO MPUCYTHICTb Yy Mikpodnopi
HOCa BUWCOKOBIPYNEHTHUX Ta aHTUBIOTUKOPE3UCTEHTHUX
BakTepin, € BaXNMBUM YMHHMKOM PO3BUTKY 3anaribHUX
npoueciB y TKaHWHaX HOCa, YpPaKeHHS XPALWOBOI Ta
KICTKOBOI TKaHWHW, BWHUKHEHHSA YCKMNaaHEHb, TakuMX $IK
FHINHWA OTUT, raMMopuUT, (PPOHTUT, aHriHK, a TaKOX pO3-
MOBCIOMKEHHSA iHeKUii Ha iHWi opraHu, BKOYalyn
CTPYKTYPW FONOBHOIO MO3KY. TakvuM YMHOM, MPUCYTHICTb
aHTMBIOTMKOPE3UCTEHTHUX LUTAMIB Yy CNM30BIN 06OMOHLI

S.aureus, S.haemolyticus, S.pyogenes showed the
highest sensitivity to antibiotics of the fluoroquinolone
class, S.epidermidis, S.intermedius and S.Saprophy-
ticus — were equally low sensitive to the entire range of
antibiotics. It should be noted that isolates of S.aureus
and S.epidermidis recovered from patients with general
furunculosis, in contrast to patients with general furun-
culosis of the nose, showed moderate sensitivity to
antibiotics, a number of cephalosporins and fluoro-
quinolones, and isolates of these microbes, which were
obtained from healthy individuals ( control group), showed
high sensitivity to the entire class of antibiotics.

Summarizing, it can be stated that a feature of the
microflora of the nasal mucosa of patients with general
furunculosis complicated by a nasal furuncle is high
antibiotic resistance and virulence of microbes, a high
degree of colonization, and the presence of Candida
fungi and anaerobes in microbial associations.

It should be noted that the presence of highly virulent
and antibiotic-resistant bacteria in the microflora of the
nose is an important factor in the development of
inflammatory processes in the tissues of the nose,
damage to cartilage and bone tissue, the occurrence of
complications, such as purulent otitis, sinusitis, frontitis,
tonsillitis, as well as the spread of infection to other
organs. including brain structures. In turn, the presence
of antibiotic-resistant strains in the nasal mucosa creates
difficulties in the treatment of the inflammatory process
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HOCa CTBOPIOE TPYAHOLLi B MiKyBaHHi 3ananbHoOro npo-
uecy i notpebye HeTpaguuiiHOro nigxody B TakTWLi Be-
OEHHS Taknx XBopuxX. Takox BMCOKa KOMNOHi3aList Crin3oBoi
0BOMOHKM HOCa BWCOKOBIPYNEHTHUMU | aHTUBIOTMKO-
PE3NCTEHTHUMK LWTaMamn OakTepii 3gaTtHa NpUrHivy-
BaTW MICLEBUA iIMYHITET, @ 3HWXKEHHS MiCLEeBOi iMyHO-
peakTUBHOCTI, B CBOIO 4epry, Cnpuse po3BUTKY iHGeKLUiT
i 3ananeHHs. Bce ue Bkasye Ha HeoOXigHICTb BcebivyHOro
BMBYEHHS BaraTtohakTOpPHOCTI BUMHWKHEHHSI | PO3BUTKY
iHEeKLiMHMX 3aXBOPIOBaHb HOCA i NPUErnnX TKaHWH.

BUCHOBKHU

Y XBOpWX Ha 3aranbHuin OYPYHKYNbO3, YCKNaaHEHUN
dypyHKYNnoM Hoca (2-ra rpyna), CTyniHb KOMoHi3auii
CMM30BOI HOCa 3Ha4YHO BULLMW, HXK Y XBOPUX Ha 3ararnb-
HUIM pypyHKyNbo3 (1-wwa rpyna) i 3gopoBmx ocib.

Y xBopux 2-i rpynun 73% BunyyYeHux isonatis Bynu
30atHi 4o o- i B-remoniay, y xsopux 1-i rpynu — 17%.

Y xBopux 2-1 rpynu, Ha BiaAMiHY Big XBOpux 1-i rpynu,
BWMAOBUIA CKNag Mikpodriopy cnn3oBoi 06OMOHKM Hoca
MiCTUTb aHaepobu i rpubn poga Candida Ta koaryno-
NO3NTUBHI CTadiNOKOKN.

Y XBOpWX Ha 3aranbHuin OYPYHKYNbO3, YCKNaaHEHWN
YpyHKYNIOM Hoca, Mikpodriopa Ccnn3oBoi 06OMOHKK
npeacraBneHa BUKMOYHO OGakTepianbHUMu i mikobak-
TepianbHMMK acouiauigMn, Sk CknagalTbCs 3 TPbOX
i Ginbwe MikpobiB. Y XBOpUX Ha 3aranbHUN ypyHKY-
nbo3 Mikpodriopa Hoca npeacTaBneHa sk MoHodno-
poto (46,6%), Tak i GakTepianbHMMM acouiauigmu, ki
cknagatotbcs 3 ABox BUAiB Mikpobis (50,0%).

Mikpocbnopa xBopux 2-i rpynu, Ha BiAMIHY Bif XBO-
pux 1-i rpynu i 30opoBux OCi6, BUABNSAE BUCOKY pesunc-
TEHTHICTb A0 BCiX KnaciB aHTUOBIOTHKIB.
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and requires an unconventional approach in the ma-
nagement of such patients. Also, high colonization of the
nasal mucosa with highly virulent and antibiotic-resistant
strains of bacteria can suppress local immunity, and
a decrease in local immunoreactivity, in turn, contributes
to the development of infection and inflammation. All this
indicates the need for a comprehensive study of the
multifactorial nature of the occurrence and development
of infectious diseases of the nose and adjacent tissues.

CONCLUSIONS

In patients with general furunculosis complicated by
nasal furuncle (group 2), the degree of colonization of the
nasal mucosa is significantly higher than in patients with
general furunculosis (group 1) and healthy individuals.

In patients of group 2,73% of the extracted isolates
were capable of a- and B-hemolysis, in patients of
group 1 —17%.

In patients of group 2, in contrast to patients of group 1,
the species composition of the microflora of the nasal
mucosa includes anaerobes and fungi of the genus
Candida and coagulase-positive staphylococci.

In patients with general furunculosis complicated by
nasal furuncle, the microflora of the mucous membrane
is represented exclusively by bacterial and mycobacterial
associations consisting of three or more microbes. In pati-
ents with general furunculosis, the microflora of the nose
is represented by both monoflora (46.6%) and bacterial
associations consisting of two types of microbes (50.0%).

The microflora of patients of group 2, in contrast
to patients of group 1 and healthy individuals, shows
high resistance to all classes of antibiotics.
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HepcneK‘ruBM MOAQABbLUUX AOCAIAXEHD

MpWCYTHICTb aHTUBIOTMKOPE3NCTEHTHMX LUTaMIB Y MOPOXHUHI
HOCa CTBOPHOE TPYAHOWI B IiKyBaHHi 3ananbHOro npouecy
i noTpebye HeTpaguuiMHOrO nigxody B TaKTWLi BeOEHHS Takux
XBOpUX. TOMy BUBYEHHS 6aratoakTOPHOCTI BUHUKHEHHS
i pO3BUTKY iHPEKLIMHMX 3aXBOPIOBaHb HOCA i NPUNErnMX TKaHWH
€ AyXe aKkTyarnbHUM Ta NepCcrneKTUBHUM.

KoHdbAikT iHTEepecis

ABTOpPWU PYKOMWCY CBIAOMO 3acCBiAYYlOTb BiACYTHICTb haKkTuy-
HOrO 41 MOTEHLINHOrO KOHQMIKTY iHTepeciB WoAo pesynbraTisB
haHoi poboTu.

IHdbopmalis Npo chiHAOHCYBAHHS
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iMyHonorii Mean4Horo dpakynsteTy XapKiBCbKOro HaujioHanbHOro
yHiBepcuTeTy iMeHi B.H. KapasiHa MinictepctBa ocBiTW i Hayku
YkpaiHu Ta kniHivHin 6asi kadenpn KomyHanbHoro Hekomepuiii-
HOro nignpuemcTea XapkiBCbKOi Micbkoi pagy «Micbka KriHiuHa
nikapHa Ne 30» B pamkax HaykoBO-AOCHIgHOI TemMu: «BuBYeHHSA
poni iMyHHWX, aBTOIMYHHMX Ta MmeTaboniyHux posnagis y narto-
reHesi Ta Hacnigkax iH(eKUIiHOro npouecy, L0 BUKIMKaHWUA
GakTepiamu, Bipycamu, BipycHo-bakTepianbHMMKM acoujiauisMm
npy rocTpoMy, 3aTsHXKHOMY Ta XpOHiYHOMY nepebiry xBopobu
Ta YOOCKOHAmNEeHHs TaKTUKM TiKyBaHHA», HOMep [AepaBHOi
peectpauii Ne0123U105022, TepmiH BUKoHaHHs: 2023—2028 pp.,
KepiBHUK — 3aBigyBayka kadeapu iHpeKLiiHMX XBopob Ta KNiHiYHOT
iMyHonorii, kKaHauaaT MeanmyHux Hayk, goueHT O.B. Bonobyesa.
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Prospects for further research

The presence of antibiotic-resistant strains in the nasal cavity
creates difficulties in the treatment of the inflammatory process
and requires an unconventional approach in the management
of such patients. Therefore, the study of the multifactorial nature
of the occurrence and development of infectious diseases of
the nose and adjacent tissues is very relevant and promising.
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KAlo4OBi cAoBa: PE3IOME

T-nimcpoumnTn, B-nimcouutn, cybnonyns-  AkTyanbHicTb. BuB4eHO 0cobnMBOCTI iMyHHOI cucTemu [fiTeR, siki 4acTo XBOPIiOTb
uii, iMyHiTeT, nimdpageHonaris, AiTu. Ha rocTpi pecnipaTopHi iHdekuii, i3 cuHapomom nimdaaeHonarii (JTAM).

MeTta po60Tu — BMBYMTM OCOBNMBOCTI iIMyHHUX po3nagiB y AiTeN, siKi HacTo XBOPitOTb,
i3 cmHgpomMoM nimdpageHonarii.

Matepianu Ta m™etoau. ImyHonorivHe o6cTexeHHss Oyno npoBedeHo cepen
4YOTMpPbOX rpyn Aiter Bikom 9-16 pokis. Mepuy rpyny (ocHoBHy) i3 40 ocib cknanu
Caseo Onekcili Mukonatioguy niTn, ski yacto (6—8 pasiB Ha pik) XBOpiNM Ha rocTpi pecnipatopHi iHdekuii (MPI),
XapkiBCbKMIA HauUioHanbHWIA yHiBepcUTET  peumamBytodi BpoHXiT Ta manu cuHgpom nimdageHonarii. [Jo cknagy Apyroi rpynu
imeHi B.H. Kapasina MiHicTepcTBa ocBiTv  (rpyna nopiBHsIHHS) yBinwnu 40 faiten, siki Takox 6—8 pasiB Ha pik XBOpinu Ha rocTpi
i Haykn YkpaiHu, kadegpa iHdeKUiiHMX  pecnipaTopHi iHdekuii, peunamBytodi GpoHXiTH, ane Ha BiAMiHY Big AiTen nepLuoi rpynu,

AAS KOpecnoHAEeHL:

XBOpO6 Ta KriHi4YHOI iMyHonorii; He Manu cuHapomy niMmdaaeHonartii. TpeTo rpyny (rpyny MOPIBHSHHS) cknamu
mavigaH Ceoboaw, 6ya. 4, m. Xapkie, 40 gitei i3 roctpyMu pecnipaTopHUMM iHdEKLisiMU Ta rocTpum BpoHXiTOM, ki He Manu
Ykpaina, 61022; cvHapoMy nimdageHonarii i He Hanexanwu o AiTen, siki YacTo xBopitoTb. [Jo cknagy
e-mail: o.savvo@karazin.ua 4YeTBePTOi (KOHTPOMbHOI rpynu) yeinwnm 30 300poBKX GiTEN TOrO X BIKY.

Pesynbratn Ta ix o6roBopeHHs. OTpumaHi AaHi cBigyath, LLO FrOCTpi pecnipaTopHi
© Mypamos I.P,, Casso O.M., iHdpekuii y giten 1-i i 2-i rpynn matoTb nepebir Ha Tni 3HMXEHOro BMICTY 1 aKTUBHOCTI
Bornobyesa O.B., OCHOBHWX ryMOpanbHUX YMHHUKIB MiCLIEBOrO iMyHITETY: nisounmy, aedeH3nmis Ta slgA.
Pxeniwescbka O., 2024. [MpoTe, y rocTpun nepiog 3axBOpOBaHHA y AiTEN UMX rpyn CrocTepiraeTbCs He3HauHe

niaBueHHs B cekpeTi IgG y cnuHi. [Micnst ogyxaHHS BiQHOBMEHHSI OO HOPMarbHUX
3HavyeHb nizouumy, gedeHsaumiB i sIgA He BiobyBaeTbcsi, X piBEHb 3anvLIAETbCS
[OCTOBIPHO HWx4MM (p < 0,05), Hix y 300poBKXx ogHoNITKIB. Y Aiten 3-i rpynu, HaBnaku,
possuToK [Pl CynpoBOOXYETbCA aKkTMBi3aUi€ld MiCLEBUX 3axXMCHUX aKTopiB.
Y cekpeTi cnocTepiraeTbCs NiABULLEHHS KOHLEHTpaLii MOHOMEPHOro i AumepHoro IgA,
nedeHsumis i nisoummy. lNicna ogyKaHHSA 3HAYeHHS UMX dakTopiB y aiten 3-i rpynu
BiQHOBMETLCA A0 (Pi3ioNoriYHoro piBHA.

BucHoBKkKu. Y piten, aki yacto xBopitoTb Ha [Pl i3 cungpomom nimdageHonarii,
CroCTepiraeTbC MOEAHAHHSA 3HWKEHOI 3aranbHOl IMyHOPEaKTUBHOCTI  OpraHiamy
3 TrinepakTMBHICTIO OKpeMux cybnonynsuin nimdoumntis. Ons pgiten i3 JIAM sk
y FOCTPOMY MepioAi 3axBOPIOBaHHA, TaK i MiCAS OAYXaHHS XapakTepHWM € niasu-
LLeHHs BMICTY B MepudepuyHin KpoBi akTuBoBaHux T- i B-nimdouuTis, Wwo matoTb
BUCOKUIA LMTOKIHMPOAYKYIOUMIA MOTeHUian, a Takox 36inblieHHs noniknoHanbHol
nponicgpepaTMBHOI aKTUBHOCTI NiMAOLMUTIB.
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ABSTRACT

Background. The ethiology behind lymphadenopathy syndrome (LAP) in children
who frequently present with acute respiratory infections is not fully understood.
Purpose — to study the characteristics of immune system in children who frequently
present with lymphadenopathy syndrome.
Materials and methods. An immunological evaluation was conducted in four groups
children aged 9-16 years. The first (main) group, (n=40), included those who
frequently (6-8 times/year) presented with acute respiratory infections, recurrent
bronchitis, and lymphadenopathy syndrome. The second group (comparison
group (n=40)) those who also experienced acute respiratory infections and
recurrent bronchitis 6-8 times/year but without, lymphadenopathy syndrome.
The third group (comparison group (n=40)) presented with acute respiratory
infections and acute bronchitis but did not have lymphadenopathy syndrome and
were not categorized as frequently ill. The fourth (control (n=40)) group consisted
of 30 healthy children of the same age. Local immunity was evaluated by measuring
lysozyme, monomeric and dimeric IgA, 1gG, and defensins concentration in saliva.
Subpopulation composition of blood lymphocytes were studied by flow laser cytometry
using specific monoclonal antibodies. The phagocytic activity of blood leukocytes
was assessed using the thick drop method, based on their ability to ingest S. aureus.
Results. The obtained data indicate that acute respiratory infections in children
of groups 1 and 2 occur against the background of reduced concentrations and
activity of key humoral factors of local immunity: lysozyme, defensins, and slgA.
However, during the acute phase of the illness in these groups, a slight increase in IgG
secretion in saliva was observed. After recovery, the levels of lysozyme, defensins,
and slgA did not return to normal, remaining significantly lower (p<0.05) compared
to healthy subjects. In contrast, in group 3, the development of acute respiratory
infections is accompanied by the activation of local protective factors. An increase
in the concentration of monomeric and dimeric IgA, defensins, and lysozyme is
observed in the secretion. After recovery, the levels of these factors in children of
group 3 return to physiological norms.
Conclusions. Children who frequently suffer from acute respiratory infections with
lymphadenopathy syndrome exhibit a combination of reduced overall immunoreactivity
of the body and hyperactivity of certain lymphocyte subpopulations. For children with
lymphadenopathy syndrome, both during the acute phase of the disease and
after recovery, an increase in the levels of activated T- and B-lymphocytes with high
cytokine-producing potential, as well as an increase in the polyclonal proliferative
activity of lymphocytes, is characteristic.

Muratov GR, Savvo OM, Volobuieva OV, Rzhepishevska O. Local and general immunity in children who often
present with lymphadenopathy syndrome associated with respiratory infections. Karazin Journal of Immunology.
2024;7(2(14)):192—201. DOI: https://doi.org/10.26565/3083-5615-2024-14-08

BCTYN

INTRODUCTION

locTpi pecnipatopHi iHdekuii (TPl) € Hanbinbw nowwm-
pPEHUMW 3axXBOPIOBaHHAMWU AMTSAYOro BiKy. 3a AaHumu
BcecBiTHbOI opraHisauii oxopoHun 3gopos’s 3a 2024 p.
yacTtota [Pl y piten Bikom go 5 pokiB y BCbOMY CBITi
CTaHOBUTb Yy cepegHboMy Big 4 o 9 enisogiB Ha pik.
Hasitb y HeenigemiyHi poku kinbkicTe Pl B kinbka pasis
nepesuLLy€e CymapHy 3axXBOPIOBaHICTb Ha iHLWi naTonorii:
6nu3bko 60% 3BepHeHb [0 nediatpiB Mo MeguuHy
ponomory nos s3aHo 3 [Pl. Kpim Benukoi nowmpeHocTi
MeamKo-couianbHa 3Havylicte Pl BM3HauyaeTbca Tax-
KAMUW yCKNaAHEHHAMW, $Ki Hepigko npu3BogsATb A0
netaneHoro pesynerarty [1, 2].

OcTaHHIMM  poKamMu  CroCTepIraeTbCs  3pOCTaHHS
yactotn [Pl T1a JIOP-3axBoptoBaHb, acouiioBaHUX

Acute respiratory infections (ARI) are the most
common diseases in childhood. According to the World
Health Organization data for 2024, the frequency of
ARIs in children under 5 years of age worldwide
averages from 4 to 9 episodes per year. Even in non-
epidemic years, the number of ARIs is several times
higher than the total incidence of other pathologies:
approximately 60% of visits to pediatricians for medical
help are related to ARIs. In addition to their high
prevalence, the medical and social significance of ARIs
is determined by severe complications, which often
lead to fatal outcomes [1, 2].

In recent years, there has been an increase in the
frequency of ARIs and ENT (ear, nose, and throat)
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3i 30inblIeHHAM niMdaTUYHUX BY3NiB, SKi Knacugiky-
I0TbCA §IK peakTuBHi nimdageHonarii (JIAM). Hawnuac-
Tilwe cnocTepiraeTbCca B3aeMO3B 30K po3suTky JIAl i3
nepeHeceHow BipycHOW iHekuielo. Ha cborogHi
iMmyHonaTtoreHeTuyHi acnektn JIAIT BuBYeHi Hepgoc-
TaTHbO, a AiarHocTuka etionoridyHnx daktopis JIAI no-
B’A3aHa 3i 3HaYHUMW TpyAHoLlamu. 30Kpema, peakTUBHI
JIATT BumaratoTb AndepeHLitoBaHHS 3 iHLUMMKU CTaHaMu,
NnoB’s3aHMMM  3i  30iNblUEHHAM NiMaTUYHUX  BY3NIB,
Takumu sik Ty6epkynbo3, nimdorpaHynemartos [3—6].

Meta po6GoTun — BUBYATM OCOONMBOCTI iIMYHHMX
posnaaiB y AiTen, siki YacTo XBOPilOTb i3 CUMHAPOMOM
nimcbageHonarii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigXeHHs BMKOHAHO Ha KIiHiYHIN Gasi kadenpu
iHcpekUiiHuXx xBOpo6 Ta KNiHiYHOT iMyHOMOrii MeguyHoro
dakynbTeTy XapKiBCbKOrO HauiOHanbHOro YHiBepcutety
imeHi B.H. KapasiHa MiHicTepcTBa oCBiTW | Haykn YKpaiHu.
[un3zaiiH poboTn norogkeHo 3 Komicieto 3 nutaHb GioeTukn
MeanyHoro dakynbsteTy XapKiBCbKOro HaLlioHanbHOro
yHiBepcuTeTy imeHi B.H. KapasiHa i3 BucHoBkoM npo
BiQMNOBIAHICTE OO BMMOI MOpParibHO-€TUYHUX HOpM Gio-
etnkn 3rigHo 3 npasunamu ICH|GCP, [enbciHCcbKOl
Jeknapauin npas noavHu (1964), KonseHuii Pagwn
€Bponu no npaeax noguHu i GiomeguumHn  (1997),
a TaKoX YMHHMM 3aKOHO4ABCTBOM YKpaiHu [7].

IMyHOMoriyHo 06CTEXEHO YOTUPK TPyNu AiTel BiKOM
9-16 pokiB. Mepuy rpyny (ocHoBHy) i3 40 oci6 cknanu
4itn, gk yacTto (6—8 pasiB Ha pik) XBOpINM Ha rocTpi
pecnipaTopHi iHdekuii, peumauBytodi BpoHxiTH Ta manu
cuHgpom nimdageHonarii. [o cknagy Apyroi rpynu
(rpyna nopiBHAHHA) yBinwnum 40 Aaiten, aki - Takox
6—8 pasiB Ha pik XBOpINM Ha rocTpi pecnipaTopHi iH-
dekuii, peunamBytodi GpPOHXITU, ane Ha BiAMiHY Bia aiten
nepwoi rpynu, He Manu cuHapomy nimdageHonarii.
TpeTio rpyny (rpyny nopiBHsHHS) cknanu 40 giten i3
rocTpumMmM pecnipaTtopHMMK  iHPEKLisAMM  Ta  FOCTPUM
OpoHXiTOM, SKi He Manu cuHgpoMy nimdpageHonartil
i He Hanexanu Jo aiten, siki Yacto xsopitoTb. [lo cknagy
yeTBepTOl (KOHTpONbHOI) rpynu ysinwnm 30 300poBUX
JiTew Toro x BiKky. [Ins 3a3HavyeHunx BuLLe rpyn ouiHoBanm
CTaH MiCLIeBOro Ta CUCTEMHOIO iIMYHITETY.

CtaH MicueBoOro iMyHiTETY OUiHIOBanuM 3a BMICTOM
y CnvHi nisouumy, MOHOMepHoro i aumepHoro IgA, 1gG,
nedeH3nmie. CnvHa 3a BMICTOM iMyHOrmobyniHiB cxoxa
i3 cekpeTom ropTaHi, i ii dakTopn apgekBaTHO Bigobpa-
XKatoTb IMYHITET CNM30BKX NOKPMBIB [8].

CTaH CUCTEMHOro iIMYHITETY OLUiHIOBanu 3a nonyns-
UinHMM i cybnonynsuinHiM cknagom nimdounTiB nepu-
PepUYHOi  KPOBIi, (PYHKLIOHANbHOK aKTUBHICTIO KNiTUH
y PBTJl1, carountapHolo 34aTHICTIO NENKOLMUTIB KpOBI,
BMICTOM Yy CUpOBaTLi KpPOBi OCHOBHMX KnaciB iMyHO-
rmobyniHiB i komnnemeHTy. [ocnimpkeHHs nposoaunu
B rOCTpPOMY nepiodi 3axBOPIOBaHHA | 4epe3 Micsaub
nicnsa ogy>xaHHs [9].

BmicT nisounmy B CnuvHI BU3Ha4Yanu metoaom audy-
3ii B arapi [9], imyHOrnoGyniHiB y cupoBaTLi Ta CnuHi —
cnekTpoMeTpuyHo [9-12]. KatioHHi 6inku (HNP, a-gedeH-
31MMM1) BU3Ha4Yanu MeToaoM iMyHOEPMEHTHOro aHanisy
(I®A) 3a ponomoroto peaktuBiB ¢ipmu Bender Med-
systems (ABcTpis). lMonynauinHui i cybnonynsuinHni
cknag nimdoumnTiB KpoBi BMBYaNu 3a AOMOMOIOK MNpo-
TOYHOI NasepHoi UUTOMETPIT 3 BMKOPUCTaAHHAM Bigno-

diseases associated with enlarged lymph nodes, classi-
fied as reactive lymphadenopathies (LAP). Most often,
there is a correlation between the development of LAP
and a viral infection. To date, the immunopathogenetic
aspects of LAP have been insufficiently studied, and
the diagnosis of etiological factors of LAP is associated
with significant difficulties. In particular, reactive LAP
requires differentiation from other conditions associated
with enlarged lymph nodes, such as tuberculosis and
Hodgkin s lymphoma [3-6].

Objective — the aim of our study is to investigate the
characteristics of immune disorders in children who
frequently fall ill and have a lymphadenopathy syndrome.

MATERIALS AND METHODS

The study was conducted at the clinical base of
the Department of Infectious Diseases and Clinical
Immunology of the Medical Faculty of V.N. Karazin
Kharkiv National University of the Ministry of Education
and Science of Ukraine. The design of the study was
approved by the Bioethics Committee of the Medical
Faculty of V.N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine,
with a conclusion on compliance with the moral and
ethical norms of bioethics according to the ICH|GCP
rules, the Helsinki Declaration of Human Rights (1964),
the Council of Europe Convention on Human Rights
and Biomedicine (1997), and the current legislation
of Ukraine [7].

Immunological examination was conducted on four
groups of children aged 9-16 years. The first group
(main group) consisted of 40 children who frequently
(6-8 times a year) suffered from acute respiratory infec-
tions, recurrent bronchitis, and had a lymphadenopathy
syndrome. The second group (comparison group)
consisted of 40 children who also suffered from acute
respiratory infections and recurrent bronchitis 6-8 times
a year but did not have a lymphadenopathy syndrome,
unlike the first group. The third group (comparison group)
included 40 children with acute respiratory infections
and acute bronchitis who did not have a lymphadeno-
pathy syndrome and were not frequent sufferers.
The fourth (control) group consisted of 30 healthy children
of the same age. For the above-mentioned groups, the
state of local and systemic immunity was evaluated.

The state of local immunity was assessed by the
content of lysozyme, monomeric and dimeric IgA, 1gG,
and defensins in saliva. Saliva, in terms of immuno-
globulin content, is similar to the secret of the throat
and its factors adequately reflect the immunity of
mucous membranes [8].

The state of systemic immunity was evaluated by
the population and subpopulation composition of
peripheral blood lymphocytes, functional activity of cells
in the LTT, phagocytic capacity of blood leukocytes,
and the content of the main classes of immunoglobulins
and complement in blood serum. The studies were
conducted during the acute phase of the disease and
one month after recovery [9].

The content of lysozyme in saliva was determined
by the agar diffusion method [9], and immunoglobulins
in serum and saliva were determined spectrometri-
cally [9-12]. Cationic proteins (HNP, a-defensins) were
determined by ELISA using reagents from Bender
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BigHoi MAT, Ha anapati FACS-Calibur (CLWWA). Yci cTagii
nigrotoBku npo6 [o uuToMeTpii npoBogunu y Bigno-
BigHOCTI OO0 npoTtokoniB BMpobHMka. Bmict Th1 i Th2
KNiTUH Yy KpOBi BU3Ha4anM 3a HasIBHICTIO BMICTYy B
yutonnasmi nimcpouuTtisa IL-4 i INFy [9]. CnoHTaHHy
Ta ®rA-iHayKoBaHy nponicepaTnBHY aKTUBHICTb NiMdO-
uuTiB BMBYanu B Kynbtypi knituH in vitro (PBT) [10, 13].
IHTEHCMBHICTb nponidepauii KNiTUH ouiHBanNu Mop-
dornorivHo 3a BiACOTKOM cdopMoBaHUX BracTHUX
dopm nimcoumnTis.

daroumTapHy akTMBHICTb NEWKOLUUTIB KPOBIi OLiHI0-
BanM METOAOM TOBCTOI Kpanni 3a 34aTHICTIO KAiTUH
nornuHatn S.aureus (wtam 209). BusHavanu daro-
uutapHe 4mcno (PY — yncno KNiTUH, Wo darounTyoThb)
i cparountapHun iHgekc (Pl — «kinbkicTb GakTepin,
NOrMMHEHMX OOHIEI0 KIITUHOLO).

EbekTMBHICTb BHYTPILLHBOKMITUHHOTO KiniHry (Giouma-
HiCTb NnenkouuTiB) ouiHloBanu 3a metogoMm S. Nielsen [12].
KinbkicTb MOrMMHeEHUX, ane Xunsux 6akTepii, BU3Ha4Yanu
nicnsa BMCIiBY ni3aTy KNiTUH 3a MeTogom lonbaa Ha Yaluku
[eTpi 3 M’AconenToHHMM arapom. Jliauc nemnkoumTiB nNpo-
BOAWIM LUMSAXOM A0AaBaHHsi TpMpa3oBoro 06’emMy BOAMW.

AKTUBHICTb KOMMMNEMEHTY B CUpPOBATL KPOBIi OLiHIO-
Banu 3a 50%-Bv1M remonisom Tect-cuctemu [14].

OTpumaHi agaHi ctatuctuyHo o6pobnsnu. OAns uiei
METU BMKOPUCTOBYBAmu CTaHAAPTHUIA NakeT NpUKNagHnx
nporpam Statgraphics. [Ans BUABAEHHS  3HAYyLLUMX
BiOMIHHOCTE MOPIBHIOBAHMX MOKA3HWUKIB BUKOPUCTOBY-
Bann t-kputepin CrblogeHTa. BigmiHHOCTI BBaxkanm
JOoCTOoBipHUMM 3a piBHA 3HadywocTi p < 0,05. [Nokas-
HUKM B Tabnuusx HaeegeHo y Burnsaai M + 5, npe M —
cepegHe apudMeTU4He 3HayeHHsl, a & — CcepefHbo-
KBapaTWU4He BigXMIEHHS.

PE3YABTATU TA IX OBrOBOPEHHS

OTpumaHi gaHi cBigyaTb, WO rOCTpi pecnipaTopHi
iHcpekuii y giten 1-i i 2-i rpynn matoTb nepebir Ha Thi
3HWXKEHOrO BMICTY M aKTUBHOCTi OCHOBHWX F'yMOPanbHWX
YMHHWKIB MICLIEBOrO iMYHITETY: nidouumy, AedeH3nmis
Ta slgA. Tllpote, y rocTpun nepiog 3axBOPIOBAHHS
y OiTeN unx rpyn cnocTepiraeTbCA He3HaYHe NiABULLEHHS
B cekpeTi IgG. [Micna ogyxkaHHa BiAHOBMNEHHA 10
HOpManbHMX 3HayeHb nisoummy, adedeH3umiB i slgA
He BioOyBaeTbCs, iXHil piBEHb 3aNMWaETbCs AOCTOBIPHO
Hk4uMm (p < 0,05), Hix y 300pOBMX OOHONITKIB. Y AiTewn
3-i rpynun, HaBmaku, possutok [Pl cynpoBogxyeTbcs
aKTUBI3aU€l0 MiCLEBUX 3axMCHMX akTopiB. Y cekperi
CMoCTepiraeTbCa NIABULLIEHHS KOHLUEHTpaLii MOHoMep-
Horo i ammepHoro IgA, pedeHsumis i nizouumy. lMicna
OoOyXXaHHSA 3Ha4YeHHSa Umx akTopiB y Aiten 3-i rpynu
noBepTalTbCs A0 idionoriyHoro piBHA (Tabn. 1).

Y cupoBartui kpoBi giten 1-i i 2-i rpyn y roctpomy
nepiofi 3axBOPKOBAHHSA CMOCTEPIraeTbCsa Aeske MiaBu-
WeHHA KoHueHTpauii IgM Ta IgG Ha Tni HM3bKOrO
BMicTy IgA. Ha BigmiHy Big uboro, y agiten 3-i rpynu
rocTpuii  nepiog  3axXBOPIOBAHHS  XapakTepusyeTbCH
nignomom BMmicTy sk IgM, Tak i IgA. llicna ogyxaHHA
y giten 1-i i 2-i rpyn koHueHTpauii IgM, a Takox IgG
noBepTalTbCA A0 HOpMM, a piBeHb IgA 3anuwaeTbcs
3HAYHO HWX4YMM 3a Hopmy. Y pitew 3-i rpynu npouec
OLy)KaHHSA  CYNMpOBOMKYETbCA  HOpMari3auield  KOH-

Medsystems (Austria). The population and subpopula-
tion composition of blood lymphocytes was studied
using flow cytometry with the appropriate monoclonal
antibodies on a FACS-Calibur (USA) device. All stages
of sample preparation for cytometry were carried out
according to the manufacturer s protocols. The content
of Th1 and Th2 cells in the blood was determined by
the presence of IL-4 and IFNy in the cytoplasm of lympho-
cytes [9]. The spontaneous and PHA-induced proli-
ferative activity of lymphocytes was studied in vitro cell
culture (LTT) [10, 13]. The intensity of cell proliferation
was assessed morphologically by the percentage of
blast forms of lymphocytes.

The phagocytic activity of blood leukocytes was
evaluated by the thick drop method based on the ability
of cells to phagocytize S. aureus (strain 209). The phago-
cytic number (PN — the number of cells that phagocytize)
and the phagocytic index (Pl — the number of bacteria
phagocytized by one cell) were determined.

The efficiency of intracellular killing (leukocyte bioci-
dal activity) was evaluated by the S. Nielsen method [12].
The number of ingested but live bacteria was deter-
mined by plating the cell lysate on meat-peptone
agar Petri dishes using the Gold method. Lysis of leuko-
cytes was performed by adding three times the volume
of water.

The activity of complement in blood serum was
evaluated by 50% hemolysis of the test system [14].

The obtained data were subjected to statistical
processing. For this purpose, the standard package of
applied programs Statgraphics was used. To identify
significant differences in the compared indicators,
the Student’s t-test was used. Differences were consi-
dered significant at a significance level of p < 0.05.
Indicators in the tables are presented as M + 8, where
M is the arithmetic mean and & is the standard deviation.

RESULTS AND DISCUSSION

The obtained data indicate that acute respiratory
infections in children of groups 1 and 2 occur against
the background of reduced levels and activity of key
humoral factors of local immunity: lysozyme, defensins,
and slgA. However, during the acute phase of the
disease, a slight increase in IgG secretion is observed
in these groups. After recovery, the levels of lysozyme,
defensins, and sIgA do not return to normal values,
remaining significantly lower (p<0.05) compared to their
healthy peers.

In contrast, in children of group 3, the development
of acute respiratory infections is accompanied by the
activation of local defense factors. An increase in the
concentration of monomeric and dimeric IgA, defensins,
and lysozyme is observed in the secretions. After reco-
very, the levels of these factors in children of group 3
return to physiological norms (Table 1).

The analysis of the dynamics of blood serum markers
in children of groups 1 and 2 during the acute phase
of the disease revealed a slight increase in the con-
centration of IgM and IgG against a background of
low IgA levels. In contrast, the acute phase of the
disease in children from group 3 is characterized by
an increase in the content of both IgM and IgA. After
recovery, in children from groups 1 and 2, the concent-
rations of IgM and IgG return to normal, while the level
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ueHTpauii Bcix knaciB  iMyHornobyniHis. Baxnueo
BiA3HAUMTK, WO B cupoBaTui KpOBi AiTeN yCiXx TpbOX
rpyn XapakTepHUM € He3HayHui Niguom piBHA KOMMne-
MEHTY B rOCTpUii nepion 3axBoptoBaHHs (Tabn. 2).

of IgA remains significantly lower than normal. In child-
ren from group 3, the recovery process is accompanied
by the normalization of the concentration of all classes
of immunoglobulins. It is important to note that in the
serum of children from all three groups, there is a slight
increase in complement levels during the acute phase
of the disease (Table 2).

Ta6nuus 1. Bmict nisouumy, aedeHsumis, sigA, m IgA, IgG y poTornoTKoBOMY CEKpEeTi AiTel OCHOBHOI rpynu (1)

i rpyn NopiBHAHHSA (2, 3) y rocTpOMy NepioAi 3aXBOPIOBaHHSA Ta Micns ofyXaHHS

Table 1. Content of lysozyme, defensins, sIgA, IgA, and IgG in the oropharyngeal secretions of children in the main group (1)
and comparison groups (2, 3) during the acute phase of the disease and after recovery

I'pyna aiten / Group of children
MokasHuk / Indicator
1 2 3 KoHTponbHa / Control

0,18+0,02* 0,18+0,02* 0.51+0,04*
SIgA, t/m 0,1410,02" 0,16:0,02 0,26£0,02 0,26x0,02

0,16+0,02 0.16+0.02 0,23+0,02*
mIgA, r/n 0,14+0,01 0,14+0,02 0,17+0,02 0,17£0,02

0.094+0,009* 0.093+0.009* 0.098+0,009*

I9G, r/n 0,079+0,009 0,0810,009 0,0710,009 0,07120,009
Tisounm, mr/mn 18.6+1.5* 19.96+1.6* 29.7+2.3 26.4+1.8
Lysozyme, mg/ml 16,7+1,4* 17,3+1,6* 26,5+1,8 T
LedeHsumun, nr/mn 45644 1* 56.4+5.4* 89.3+8,5 77 147 2
Defenzymes, pg/ml 59,7+5,7* 63,916,1* 78,2+7,5 e

Mpumimku:

Haj, PUCKOK HaBedEeHO NMOKa3HMKN B FOCTPOMY MNEPIOAi 3aXBOPHOBAHHS, Mif PUCKOO — MOKA3HUKU NICNS OAYXaHHS;
*p < 0,05 — NOPIBHAHO 3 NOKa3HUKaMM KOHTPOMbHOI rpynu.

Notes:

above the line are the indicators during the acute phase of the disease, below the line are the indicators after recovery;
*p < 0.05 — compared to the control group.

Tabnuus 2. BMiCT OCHOBHMX KnaciB iMyHOrMoOyniHIB i KOMMNEMEHTY B CMPOBATLi KPOBI AiTen 0CHOBHOI rpynu (1)

i rpyn NopiBHAHHS (2, 3) y rocTpoMy Nepiofi 3aXBOPIOBaHHA Ta MiCNs ofy>KaHHS

Table 2. Content of the main classes of immunoglobulins and complement in the serum of children in the main group (1)
and comparison groups (2, 3) during the acute phase of the disease and after recovery

I'pyna giten / Group of children
Moka3snuk / Indicator
1 2 & KoHTtponbHa / Control
0,95+0,04** 0,9740.04** 1.81+0,20*
'9A, r/n 0,91£0,04*** 0,91£0,04* ** 1,36£0,15 1372015
1,22+0,11*** 1,.25+0,12*** 1.63+0.15*
IgM, rin 0,98+0,09 0,97+0,09 0,95:0,08 0,94:0,08
12,5740,61*** 12,61+0,61*** 10,92+0.56
I9G, t/n 10,1120,56 10,12+0,56 10,200,52 10,190,53
KomnnemeHt / Complement, 66.21+6,81 64.9316,84 62,9146.85 615144 51
CH50 61,34+4,73 61,83+4,83 61,54+4,53 e

lMpumimku:

Ha[ PUCKOI HaBegeHO NOKa3HUKN B FOCTPOMY Mepioi 3aXBOPIOBAHHS, Mi PUCKOK — MOKAa3HWKM NICMs OAYXaHHS;

* p < 0,05 — NOPiBHAHO 3 NOKa3HMKaMW KOHTPOSbHOI rpynu;
** p < 0,05 — mix nokasHukamu ans 1-i, 2-i i 3-i rpynu.
Notes:

above the line are the indicators during the acute phase of the disease, below the line are the indicators after recovery;

* p < 0.05 — compared to the control group;
** p<0.05 — between indicators for groups 1, 2, and 3.

Pesynbratv  nonynsudiiHoro i cybnonynsiyinHoro
cknagy nimcpouutis T — (CD3*) i T-(CD4*) nepudpepuyHoi
KpOBi Nokasye, WO roCcTpun nepioa 3axBOPIOBaHHS Y
aiten 1-1 i 2-i rpyn mae nepebir Ha TNi 3HWXKEHHSA YacTKn
T-(CD3*)-knituH i T- (CD4*)-kniTUH, NiABULLEHHS KiNbKOCTI
B-nimgoumTtie (CD19*)-knituH, T- i B-kniTuH, Wo HecyTb
MapKepu paHHbol akTuBauii CD69, Ta akTuBauilHWiA
mapkep CD71. [ocToBipHuMx 3MmiH y BMicTi CD8*- i
CD16*-kniTvH y fiTen umx rpyn He cnoctepiranu. OgHak
y nonynauii CD8*-knitTuH Big3Havanocs [ABopasoBe

The results of the analysis of the population and
subpopulation composition of T-(CD3*) and T-(CD4") lym-
phocytes in peripheral blood showed that the acute phase
of the disease in children of groups 1 and 2 occurs against
a background of decreased proportions of T-(CD3*) and
T-(CD4") cells, an increase in the number of B lympho-
cytes (CD19") cells, and T- and B-cells expressing early
activation markers CD69 and the activation marker CD71.
No significant changes were observed in the content of
CD8* and CD16* cells in children of these groups.
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30iNblUEHHSA  KINbKOCTi  KNiTUH i3  deHotunom CD8*
CD11b*, cynpecopH1MK BNAcCTUBOCTSAMU, a TakoxX iHBep-
cia y cnissigHowweHHi cynpecopis (CD8* CD11b*) i uuto-
TOKcMYHUX KniTH (CD8* CD11b~) y 6ik nepeBaxaHHsi
KNiTUH i3 CynpecopHO0 aKkTUBHICTIO.

BussneHo, wo y 67,5% aiten 1-i rpynun i 62,5% aiten
2-1 rpynu, cnocTepiraeTbcsi BigHOCHE 36iNblUeHHS YacTKu
Th1-knituH (1-wa rpyna — 15,8 + 0,9%, 2-ra rpyna —
14,1 +£0,9%, 4-tarpyna— 9,4 + 0,6%). 36inbLUEHHS BMICTY
Th2-knitTuH cnoctepiranocsa y 25,0% piten 1-i rpynu i
20,0% pgitenn 2-i rpynn (1-wa rpyna — 32,9 + 2,2%,
2-ra—-33,0 + 2,1%, 4-ta — 27,1 + 1,6%). (T1abn. 3).

However, in the CD8* population, a twofold increase in
the number of cells with the CD8*CD11b* phenotype
with suppressive properties was noted, as well as an in-
version in the ratio of suppressor cells (CD8*CD11b*)
to cytotoxic cells (CD8*CD11b-) in favor of cells with
suppressive activity.

It was found that 67.5% of children in group 1 and
62.5% of children in group 2 showed a relative increase
in the proportion of Th1 cells (group 1 — 15.8+0.9%,
group 2 — 14.1£0.9%, group 4 — 9.4£0.6%). An increase
in the proportion of Th2 cells was observed in 25.0%
of children in group 1 and 20.0% of children in group 2
(group 1 — 32.9+2.2%, group 2 — 33.0+2.1%, group 4 —
27.1£1.6%) (Table 3).

Ta6nuusa 3. MonynAuinHWn | cybnonynauiiinin cknag niMgouunTiB nepudepryHoi KpoBi AiTei 0CHOBHOI rpynm (1)
i rpyn NopiBHAHHSA (2, 3) y rocTpoMy nepioai 3aXBOPIOBaHHS Ta MiCns oAyXaHHSA
Table 3. Population and subpopulation composition of lymphocytes in the peripheral blood of children in the main group (1)
and comparison groups (2, 3) during the acute phase of the disease and after recovery

oresere et I'pyna giten / Group of children
1 2 3 KoHTponbHa / Control

Jlevikouutn / Leukocytes, 10%/n %%‘% %%101;108611* 1?25;5?2* 61,31+0,52
TNimdounTtn / Lymphocytes, % %‘%’% %‘%‘% %‘%‘% 36,26+3,36
TNiMboLmTy / Lymphocytes, 10%n %gg—ig;—g g;‘;iggg %gg—i-—gg? 2,22+0,21
CD3+-n, % %ﬁ;—: %:%:% %%% 64,8+2,0
CD4+-kr1, % % %%g— 3?97%%6 37,5416
CD8+-kr1, % %:%% %‘%% %%% 20,3£1,2
CD19+-kn, % %"%22% %2%’% %%’% 18,3+1,6
CD16+-km, % 13,528,3 12,;28,2 %;%8% 12,8+0,8
CD3+CDB9+-kn, % %(%’56%5 %% %%% 4,10,3
CD19+ CDBY+-kn, % %%%— %ﬁ% 4—3:’%‘2)% 3.6£0.2
CD8+ CD11b—-kn, % %tﬁi 1;‘01;8 f 17?9650? 47 12,9:0,6
CD8+ CD11b+-kn, % %%%: %ﬁ—: %gf&% 6,40,3
CD8+ CD11b-/CD8+ CD11b+-kn (—’(E—gg(%:—* ?‘g;ig‘gg: 1:28,32 1,4+0,08
CD71+-kn, % % %’%j)% %%:% 4,30,3
CnoHTtaHHa PBTI 22,6+2,0%** 18,0+1.5* 9,340,7* 75405
Spontaneous RBTL, % 15,6+1,4* ** 8,8+0,9 7,5+0,5 e
E)EAA detons of ;EI;I:I'J-II_, B, %i“s %* 45—36'%"17* %ﬁ% 63,3431

lNMpumimku:

Haj, PUCKOI0 HaBedEeHO NMOKa3HMKN B FOCTPOMY MePiofi 3aXBOPIOBAHHS, Mif PUCKOIO — MOKA3HUKU NICNSA OAYXXaHHS;
* p < 0,05 — mix nokasHMKamu AiTen i3 rocTpMMMU pecnipaTopHUMK 3aXBOPIOBAHHAMM Ta KOHTPOMbHOI rpynu;

** p < 0,05 mix nokasHukamu giten 1-i i 2-i rpynu.
Note:

above the line are the indicators during the acute phase of the disease, below the line are the indicators after recovery;

** p < 0.05 — between the indicators of children with acute respiratory infections and the control group;

** p < 0.05 — between the indicators of children in groups 1 and 2.

OpuwuriHanbHi 4oCnigpKeHHSs 197

Original research



KapasiHcbkui imyHomnoriyHui xxypHan. 2024. T. 7. Ne 2(14). C. 192—-201

Karazin Journal of Immunology. 2024;7(2(14)):192-201

ISSN 3083-5615 (Online)

3BepTae yBary, WO crnocTepexyBaHi 3MiHW B Cy0-
nonynsauinHomy cknagi nimouunTiB i aKkTMBHOCTI OKpe-
MUX KaTeropin KniTuH y aiten 1-i i 2-i rpyn matotb nepebir
Ha TNi 3HWKEHOI 3aranbHOi IMyHOpPeaKTMBHOCTI opra-
Hi3my (Tabn. 2-4).

Micna ogyxaHHs y aiten 1-i i 2-i rpyn Bmict CD3*
i CD4*-nimgoumnTiB 3anmlaBcsa 3HWKEHUM nopsag, i3 nig-
BULLEHOI KINbKICTIO KMNiTUH i3 CynpecopHMMX BRacTu-
Boctamu CD8* CD11b*. Y piten 1-i rpynu, Ha BigMiHY
Big AiTen 2-i rpynu, y uen nepiod Takox Big3Hayanocs
36inbLUeHHst YacTkM nimcpouuTis, Lo ekcnpecytoTb CD71.

Y roctpomy nepiogi 3axBOpHOBaHHA nimdouuntn
nauieHTiB 1-i i 2-1 rpyn BUABNANM NiABULLEHHSI COHTaH-
HOT nponidepaTMBHOI aKTUBHOCTI Ta 3HMXKEHHS PiBHSA
Bignosiai Ha ®I'A — mitoreH y PBTIL. lNicns ogyxaHHA
Tinekn y Apiten 1-i rpynu Big3Havanacs [OCTOBIpHO
nigBuLeHa CrnoHTaHHa nponidepauis nimdouunTis.
Y 2-i rpynu ogyxaBLlumx AiTew, Ha BigMiHy Big 1-1 rpynu
niten, ®rA-iHgykoBaHa bnacTtTpaHchopMyBarnbHa akTuB-
HiCTb KNiTMH HopManidyBanacs, a B 1- rpyni Aiten
3anuanacs Hux4ye 3HadeHb HopMu (Tabn. 3).

Y pitenr 3-i rpynn Pl Manu nepebir Ha iHWoOMyY
iMmyHHOMY Tni. Ha BigmiHy Big giten 1 i 2 rpyn, y uin
rpyni rocTpuii nepiof 3axBOPIOBAHHS XapakTepuayBaBcs
niagnoMom abcontoTHOro 1 BiAHOCHOMO BMICTY B nepu-
depunyHin kposi CD3*- i CD4*-kniTnH, a Takox BigcyT-
HICTIO 3pPOCTaHHSA KiNbKOCTI KNiTUH i3 CynpecuBHUMU
Bnactuoctamm (CD8* CD11b*), a TakoX KniTWUH, SKi
akTuBHo nponicpepysanu CD71*. Nlimdpountun kposi B PBT
BUSIBMSINM BMUCOKY BiAMNOBIAHY 3aaTHiCTb Ha ®IA i noMipHy
CMOHTaHHy nponidepaTuBHy akTUBHICTb. [Mpu uboMy y
aiten 3-i rpynu, Ak iy giten 1-i i 2- rpyn, cnocTtepiranoca
36inbleHHs  kinbkocTi  T-nimdouuTtie  (CD3*-kniTuH) i
B-nimdoumtiea (CD19*-kniTMH) i He BigbyBanocsi icToT-
HUX 3MiH y BMmicTi CD8*- i CD16*-knituH. ¥ 70% Aiten
crnocTtepiranocss  36inbweHHa  YacTkM  Th1-kniTuH
(14,1 £ 0,9%, Hopma — 9,4 + 0,6%) i y 20% giTel — 36inb-
WweHHa vactkm Th2-knituH (33,5 £ 2,1%, Hopma —
27,1 = 1,6%). lMicna ogyxaHHA y BCiX AiTen 3-i rpynu
iIMYHHI MOKa3HWKU NoBepTanucs 40 HOPMMU.

BuByeHHs dparouuTapHoi Ta OiounaHoi akTUBHOCTI
nevikounTiB KpoBi 3acsiguuno, wo y giten 1-i i 2-i
rpynu Ui BMACTMBOCTI KMITUH 3HWXKEHi 9K Yy roCTpomy
nepiodi 3axBOPIOBaHHSA, Tak i MiCNA oAyXaHHs, Todi SK
y diten 3-i rpynu BOHW AOCTOBIPHO He BiOPIi3HAOTHCS
BiZl KOHTPOMNMbHMX NOKa3HWKIB (Tabn. 4).

It is noteworthy that the observed changes in the
subpopulation composition of lymphocytes and the
activity of specific cell categories in children from
groups 1 and 2 occur against a background of reduced
overall immune reactivity of the body (Tables 2—4).

After recovery, children in groups 1 and 2 showed
a continued reduction in CD3* and CD4* lymphocytes,
along with an increased number of cells with suppre-
ssive properties (CD8*CD11b*). In group 1 children,
unlike group 2, there was also an increase in the pro-
portion of lymphocytes expressing CD71.

In the acute phase of the disease, lymphocytes of
patients in groups 1 and 2 showed increased sponta-
neous proliferative activity and decreased response
to FGA mitogen in RBT. After recovery, only in group 1
children was there a significantly higher spontaneous
proliferation of lymphocytes. In group 2 children, unlike
in group 1, the FGA-induced blast-transforming activity
of cells normalized, while in group 1, it remained below
normal values (Table 3).

In group 3 children, ARIs occurred against a different
immune background. Unlike children in groups 1 and 2,
the acute phase of the disease in this group was cha-
racterized by an increase in both absolute and relative
levels of CD3* and CD4* cells in peripheral blood, and
there was no increase in the number of cells with
suppressive properties (CD8'CD11b*) or cells actively
proliferating (CD71*). Blood lymphocytes in RBT showed
high responsiveness to FGA and moderate spontaneous
proliferative activity. Additionally, in group 3 children,
as in groups 1 and 2, an increase in the number of
T Ilymphocytes (CD3* cells) and B lymphocytes
(CD19* cells) was observed, with no significant changes
in CD8* and CD16" cells. In 70% of children, an increase
in the proportion of Th1 cells was observed (14.1£0.9%,
normal value — 9.4+0.6%), and in 20% of children,
an increase in the proportion of Th2 cells (33.5£2.1%,
normal value — 27.1£1.6%). After recovery, all immune
indicators in group 3 children returned to normal.

The study of phagocytic and biocidal activity of blood
leukocytes showed that in children of groups 1 and 2,
these cell properties were reduced both in the acute
phase of the disease and after recovery, while in group 3
children, they did not differ significantly from the control
group values (Table 4).

Ta6nuus 4. MNoka3Hukn darounTapHOi akTUBHOCTI NEVKOLMTIB KPOBI Y AiTel OCHOBHOI rpynu (1)
i rpyn NopiBHAHHS (2, 3) y rocTpoMy Nepiofi 3axXBOPIOBaHHA Ta MiCNs O0fy>KaHHSA
Table 4. Indicators of phagocytic activity of blood leukocytes in children in the main group (1)
and comparison groups (2, 3) during the acute phase of the disease and after recovery

Ipyna paiten / Group of children
Moka3sHnuk / Indicator
1 1 2 KoHTponbHa / Control
43,542, 15* | 44.9+2.18* 70,3+2.42
0,
OHTFC, % 55.8£2,36° | 57,9:239 | 68,2:2,41 68,2£2,41
3.0+0,31* 3,2+0,31* 7.3+0,36*
®I/Fl 4,7+0,32 5,0+0,32* 6,5+0,08 0,94£0,08
BiounaHicTtb (% 6akTepin, Lo BUXUNK nicns daroyntosy) 17.341.62* 17.341.63* 6.0+0.68 4.8+0 61
Biocidity (% of bacteria surviving after phagocytosis) 6,8+0,61* 6,6+0,62 4,8+0,61 e

lMpumimku:

Haf, PUCKOI HaBeAEeHO NOKa3HWKM B FOCTPOMY Nepiofi 3aXBOPIOBaHHS, Mif PUCKOD — NMOKA3HUKUN MICNSA OAYXaHHS;
* p < 0,05 — mixx nokasHWKaMu AiTel i3 rocTpYMU pecnipaTopHUMK 3aXBOPIOBAHHAMM Ta KOHTPOMbHOI rpynu.

Notes:

above the line are the indicators during the acute phase of the disease, below the line are the indicators after recovery;
*p < 0.05 - between the indicators of children with acute respiratory infections and the control group.
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OTpumaHi AaHi csigyaTb Npo Te, WO Yy AiTen, ki
4acToO XBOPIlOTb, CMOCTEPIraeTbCsl 3HMKEHHSA (haKTopiB
SIK MiCLIeBOro, TaK i CUCTEMHOIO iIMYHITETY, LLO, MMOBIPHO,
i CTBOPOE CMPUATNMBI YMOBU ANs PO3BUTKY iHdeKUil Ta
il nepcucTeHLii. Yepes Le rocTpi 3axBoptoBaHHSA Haby-
BalOTb peuuamsytodoro abo XpoHidyHoro nepebiry, Lo
i € NiArpyHTSAM ANs PO3BUTKY Pi3HOMAaHITHUX YCKNaAHEHb.

BUCHOBKH

Y piten, aki yacto xsopitoTb Ha Pl i3 cuHgpomom
nimdpageHonartii, cnocTepiraeTbCs NOEAHAHHSA 3HWXEHOI
3aranbHOi iIMyHOPEaKTUBHOCTI OpraHiamy 3 rinepakTue-
HICTI0 OKpemnx cybnonynauin nimcgouunTis.

Ona piten i3 NIAIN ak y roctpomy nepiodi 3axBopto-
BaHHSA, TaK i NIiCNa OAyXaHHs, XapaKTepHUMm € nigBu-
LEeHHA BMICTY B NepudepuyHin  KpOBi aKTUBOBaHUX
T- i B-nimcouuTie, WO MalOTb BUCOKUIA LIUTOKIHNPOAYKY-
oYUM NoTeHuian, a TakoX 30inblUeHHSA norniknoHanbHoI
nponigepaTtnBHOi aKTMBHOCTI NimcouunTiB.
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The obtained data suggest that in children who
frequently present with respiratory infections, there is
a decrease in both local and systemic immune factors,
which likely creates favorable conditions for the deve-
lopment and persistence of infection. As a result, acute
respiratory diseases become recurrent or chronic, which
is the basis for the development of various complications.

CONCLUSIONS

In children who frequently suffer from ARI with
lymphadenopathy syndrome, there is a combination
of reduced overall immune reactivity with hyperactivity
of certain lymphocyte subpopulations.

For children with LAPS, both during the acute phase
of the disease and after recovery, it is characteristic
to observe an increase in the content of activated
T- and B-lymphocytes in peripheral blood, which have
a high cytokine-producing potential, as well as an in-
crease in polyclonal proliferative activity of lymphocytes.
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Prospects for further research

During the study of children who often suffer from acute respi-
ratory viral infections with lymphadenopathy syndrome, a com-
bination of reduced general immunoreactivity of the body with
hyperactivity of individual lymphocyte subpopulations was
revealed. which require further study.
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KAlo40Bi cAoBa: PE3IOME

ayTOIMYHHi 3aXBOPIOBaHHS, ayTOIMyHHUI  AKTyanbHICTb. LLUNyHKOBO-KULLIKOBUIA TPaKT BBaXaeTbCsl HaNbINbWMM iMyHOMNOTMYHUM
racTpuT, crm3oBa 00OMOHKa LWNYHKa, pak  OpraHoM, OCKinbku BiH MicTUTb 70% nonynsuii nimdounTiB opraHiamy. lMolmpeHicTb
LnyHKa, napieTanbHi KNiTUHK. CYNyTHIX ayTOIMyHHUX 3aXBOPIOBaHb Yy XBOPUX Ha ayToiMyHHWI ractput carae 40%,
a HaWnoLUMPEHIIMMKN 3axXBOPIOBAHHAMM € 3aXBOPIOBAHHSA LUMTONOAIOHOT 3anosw,
LyKpoBuI AiabeT 1-ro Tuny, remoniTM4Ha aHeMmis, peBMaToifHWUI apTpuT, ayTOIMyHHWI
renatuT, MiacTeHis, xBopoba LllerpeHa Ta iH. IMyHHa Avcperynsauis Bigirpae Kno4yoBy
pornb y natoreHesi He TiMbK1 ayTOIMyHHUX 3aXBOPIOBaHb, a i HEOMNACTUYHMX MOLIECIB.
Iadkux ®edip Bornodumuposuy Meta po6GoTM — y3aranbHWTU Cy4acHi BiJOMOCTI MNpPO ayTOIMyHHWIA racTpuT,
[epxaBHa ycTaHoBa «IHCTUTYT MeauuHoi S MEpeApakoBuii CTaH, 3a AaHUMK BiAKPUTUX Jxxepen iHopmallii.

pagionorii Ta oHkororii im. C.M. Mpurop'esa ~ MaTepiann Ta metoau. linGip nybnikauiii BukoHaHo 3a Gasamu AaHux PubMed,
HaujoHanbHoi akagemii meguunmx nayk  Clinical Key‘ Elsevier, Coghrane Library, e.Book Busi.ness Collgction Ta Google Scholar,
YkpaiHu», Biaain npomeHesoi natororii Ta Y SKWX BUCBITNIOBANCL BIOMOCTi MPO OLiHKY SIKOCTi MeaMYHOT AoNOMOTH. Ha nepomy

AAf KOPEeCNOHAEHLI:

naniaTMBHOI MEAVLIHM, eTani NpoBoAMNM NOLWYyK niTepaTypHUX mxepen 3a Krnn4YoBnMun CJ'I(.)BaMVIZ ayTOIMYHHUU
BYn. reropiﬂ CKOBOPOL]VI, 6yu. 82, FaCTpVIVT, cnu3oBa 060mnoHKa u.my_HKaz"paK |_.|.|yHKa._Ha ,Elpyl'OMy eTani B.I/IB‘-IaJ'IMCb. pestome
M. XapKiB, pra'I'Ha, 61024; ctaten Ta BUKNKOYanucb ny6nn<au,||, AKI He Blanosigann KputepiaM OOCHIOXEeHHS.

Ha TpeTbomMy eTani BuBYanv noBHi TEKCTU BigibpaHMX cTaTen Ha BiANOBIQHICTb KpuTe-
piSiM BKIOYEHHS 40 CMMCKY FiTepaTypu Ta peneBaHTHICTb AOCHIAKEHb.

© fTs00ea T.1., Madkux ®.B., 2024. Pesynbratu Ta ix oGrOBope_HHﬂ. B"I/Ip,iJ'IeH.!-fﬂ on(peM_oT dopmu racTpuTy, WO MPU3BO-
AnTb A0 po3BuTKY B12-gediuntHOi aHemii — ayToiMyHHOro racTpuTy, CTano MOX-
NVBUM 3aBASAKM iAeHTUIKaLil ayToaHTUTIN [0 ayToaHTUreHiB, 30Kpema aHTUTIN
00 napietanbHUx knitnH Ta H+/K+-ageHosnHTpudocdaTHoro epmMeHTy B LUNYHKY.
AyTOIMYHHWIA racTpuT — Ue opraHocrneundiyHe ayToiMyHHe 3aXBOPIOBAHHS,
L0 XapaKTepPU3YETbCS XPOHIYHUM 3ananeHHsM crn3oBoi o6onoHku wnyHka (COLL),
sike PO3BMBAETLCA B aTPOdiYHWIA racTpuT, LLO CMPUYMHSE MOPYLUEHHA BCMOKTYBaHHS
HeoOXigHWX enemeHTIB i, 3peLuTol, aHemito. XPOHiYHe 3ananeHHs Ha CbOrogHi
BBAXaETbCH BaXMMBMM MeXaHi3MOM iHiujauii KaHueporeHesy, WO BWKMMKaeE, 3
oKpema, renatouentonspHy KapumHOMY y NauieHTiB 3 renaTtmtom, pak TOBCTOI KULLKW
npu 3ananbHUX 3aXBOPIOBAHHAX KULLEYHMKA (30Kpema, BUPa3KOBMI KOMIT) Ta BTOPWH-
HWM paKk LUMyHKa BHAacnigok ractputy. Hawbinblu nepekoHnuBI NMpuKNagu KaHuepo-
reHesy, CMNPUYMHEHOTO XPOHIYHMM 3ananeHHsM, CrnocTepiraloTbCA B LUIYHKOBO-
KWULIKOBOMY TpaKTi, A€ PW3NK KaHLeporeHesy 3poCTae 3a HasBHOCTI XPOHIYHWX
3ananbHUX CTaHiB, Takux $K es3odarit, racTpuT, KOMiT, naHkpeatuT, renatuT Ta iH.
[TaTum 3a nowmpeHicTioO BMOOM paKy Ta TPETbOK MPUYMHOI0 CMEPTHOCTI Big paky
y CBITi BUCTYNae pak LwnyHka. M’'aTupiyHa BMKMBaHICTb XBOPUX Ha pak LUyHKa CTaHoO-
BUTb 95-99%, sIKLLO XBOPOOY AiarHOCTOBaHO Ha pe3ekTabernbHin cTagii.

BucHoBku. CD4+ T-knituHM Ta CD8+T-kNiTMHM CRiNbHO MIATPUMYOTE aAanTUBHUNA
iMyHHU romeocTtaz COLU. Atpodpis COLU BHacnigok ayToiMyHHOro 3ananeHHs
HanexuTb [0 nepeapakoBUX 3MiH Ta MiABULLYE PU3NK PO3BUTKY aAeHOKapLMHOMM.
TpuBana rino- Ta axmnoprigpis nos’d3aHa 3 NiABULLEHHSIM Yy cupoBaTLUi KPOBi PiBHS
racTpuHy, IO CTUMynioe nponidepadilo Ta rinepnnasito eHTepoxpomadiHonogibHnx
KMiTUH, O, Y CBOIO YEpry, MOXe CMPUATU PO3BUTKY HEMPOEHAOKPUHHUX MYXITUH LUMYHKa.

e-mail: fedir.hladkykh@gmail.com
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Background. The gastrointestinal tract is considered the largest immunological
organ, as it contains 70% of the body’s lymphocyte population. The prevalence of
concomitant autoimmune diseases in patients with autoimmune arthritis reaches 40%,
and the most common diseases are thyroid gland diseases, type 1 diabetes,
hemolytic anemia, rheumatoid arthritis, autoimmune hepatitis, myasthenia gravis,
Sjogren’s disease, etc. Immune dysregulation plays a key role in the pathogenesis
of not only autoimmune diseases, but also neoplastic processes.

Purpose — summarize current information about autoimmune gastritis as a precan-
cerous condition, according to open sources of information.

Materials and Methods. Publications were selected based on PubMed, Clinical Key
Elsevier, Cochrane Library, eBook Business Collection and Google Scholar databases,
which covered information on the assessment of the quality of medical care.
At the first stage, literature sources were searched for keywords: autoimmune
gastritis, gastric mucosa, ham cancer. At the second stage, summaries of articles
were studied and publications that did not meet the research criteria were excluded.
At the third stage, the full texts of the selected articles were studied for compliance
with the criteria for inclusion in the literature list and research relevance.

Results. Isolation of a separate form of gastritis that leads to the development
of B12-deficient anemia — autoimmune gastritis became possible due to the iden-
tification of autoantibodies to autoantigens, in particular antibodies to parietal cells
and H+/K+-adenosine triphosphate enzyme in the stomach. Autoimmune gastritis is
an organ-specific autoimmune disease characterized by chronic inflammation of
the gastrointestinal tract, which develops into atrophic gastritis, which causes malab-
sorption of necessary elements and, ultimately, anemia. Chronic inflammation is
now considered an important mechanism for the initiation of carcinogenesis, causing,
in particular, hepatocellular carcinoma in patients with hepatitis, colon cancer in inflam-
matory bowel diseases (in particular, ulcerative colitis), and secondary gastric cancer
due to gastritis as the most typical examples. The most convincing examples of
carcinogenesis caused by chronic inflammation are observed in the gastrointestinal
tract, where the risk of carcinogenesis increases in the presence of chronic inflamma-
tory conditions, such as esophagitis, gastritis, colitis, pancreatitis, hepatitis, etc.
Stomach cancer is the fifth most common type of cancer and the third leading cause
of death from cancer in the world. The five-year survival rate for patients with gastric
cancer is 95-99% if the disease is diagnosed at a resectable stage.

Conclusions. CD4+ T cells and CD8+T cells jointly support the adaptive immune
homeostasis of OSH. OSA atrophy due to autoimmune inflammation refers to pre-
cancerous changes and increases the risk of developing adenocarcinoma. Long-term
hypo- and achlorhydria is associated with an increase in the serum level of gastrin,
which stimulates the proliferation and hyperplasia of enterochromaffin-like cells, which,
in turn, can contribute to the development of neuroendocrine tumors of the stomach.

Immunological mechanisms of the development of autoimmune gastritis as

DOI:

https://doi.org/10.26565/3083-5615-2024-14-09

BCTYN

LUnpokuni

CNeKkTp  WIYyHKOBO-KMLLUKOBUX

INTRODUCTION

nposeis The wide range of gastrointestinal manifestations

CUCTEMHUX ayTOIMYHHWUX 3axsoptoBaHb (Al3) BNpoaoBx
TPMBAanNoro 4acy posrnsgaBcs nuwe sk cumnTomu abo
YCKNagHeHHs 1iKyBaHHA OCHOBHOIMO 3aXBOPIOBAHHS.
Hanpvknaa, npu CUCTEMHOMY YEepBOHOMY BOBYaKy
YPpaXeHHs LWnyHKoBO-kuwkoBoro TpakTy (LUKT) moxyTb
NPoSsIBNSATUCbL  BUpas3KkamMu CTPaBOXody, BOBYAKOBUM
€HTEepUTOM, rpaHyrieMaTo3HUM renaTuToM, NepPBUHHUM
GiniapHUM uUMpo3oMm Ta iH. [1]. TpaguuiiHi TepaneBTUYHI
npenapatn npotn Al3, sk npasuno, € HecrneundidyHuMm
iMyHodenpecaHTamMu, TakMMU SIK HeCcTepoigHi npoTu-

of systemic autoimmune diseases (AID) has long been
regarded merely as symptoms or complications of
primary disease treatment. For instance, in systemic
lupus erythematosus, gastrointestinal tract (GIT) involve-
ment may present as esophageal ulcers, lupus enteritis,
granulomatous hepatitis, primary biliary cirrhosis, and
more [1]. Traditional therapeutic agents for AID are
generally nonspecific immunosuppressants, such as
nonsteroidal anti-inflammatory drugs (NSAIDs), steroidal
anti-inflammatory drugs, and disease-modifying anti-
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3ananbHi  3acobu (HIM33), crepoigHi npoTusananbHi
npenapatu Ta NpOTUPEBMATWUYHI NpenapaTy, WO MOAM-
iKkyloTb 3axBOploBaHHSA [2]. BapTo 3a3Haunty, wo HIN33
MatoTb JoBedeHY yrbleporeHHy aito Ha LUKT [3].

LKT BBaxaeTbcs HaWbGINbWNM iMyHOMOriYHUM Opra-
HOM, OCKinbkM BiH MicTUTb 70% nonynsuii nimgouuTis
opraHiamy [4]. 3 ornsgy Ha Te, wo y WKT nokanizyeTtbcsa
3Ha4yHa KiNbKiCTb Pi3HOMaHITHUX KOMEHCcanbHUX bakTe-
pin, 3po3ymino, wo MikpobioTa Bigirpae ogHy 3 Khto-
YOBMX poren Yy OpMyBaHHi Ta pPO3BUTKY iMYHHOI
cucteMu Ta perynsuii iMmyHHuX Bignosigen. OcTaHHIMK
pokaMu MikpoGioTa Takox TicHo kopentoe 3 Al3 TpaBHoOI
cuctemum [2, 5].

3a pgaHumm Sun L. Ta cnigaB. (2023 p.) nowwupe-
HicTb AI3 TpaBHOI cMCTEMM CTPIMKO 3pOCTaE B YCbOMY
CBiTi [2]. IMyHHa cucTema crv3oBOi OBGOMOHKM LUMyHKa
(COLU) Bzaemogie 3 eniTenianbHUMK KNiTUHAMK LUIYHKa,
IMYHHUMW  KMiITUHAMW  Ta  CUrHaNbHMMK  MOMNEKyramu.
BpoaeHi iMyHHi KNiITUHW B OCHOBHOMY MICTSITb BPOKe-
Hi nimdoumnTn, Makpodarn, 4eHOPUTHI KNiITUHKM Ta agan-
TUBHI nNpupogHi kinepu (natural killer — NK). LnyHkoBuin
afanTUBHUA IMYHITET B OCHOBHOMY MICTUTb T-KNiTUHHUA
iMyHITET Ta B-kniTMHHUIA iMyHiTeT. EniTenianbHi KNiTUHM
LWAYHKa aKTUBYIKOTb KIITUHW BPOMAXEHOrO iMYHITETY, TakKi
aK Makpodparm Ta geHapuTHi knitmHn  (OK), cnpus-
I0Tb nponidepauii Ta audepeHuitoBaHHO T-kniTMH Ta
B-kniTvH, BMAINAIOTb HU3KY npo3ananbHUX | NpoTu-
3ananbHUX UMTOKIHIB Ta OepyTb ydacTb y perynsauii
MicueBoi iMyHHOI BignoBigi, wWob npoTuaiaTn iHdekuil
COW T1a cnpusatu 1 BigHoBneHHo [6]. Hacnpasgi
perynsuis iMmyHHux knitnH COLW  TicHO noB’sisaHa
3 nporpecyBaHHsSIM 3axBOPOBaHb CIM30BOi. AKWO MiK-
pobHa iHdekuis abo enitenianbHi knitnin COLW no-
LUKOPKEHI, Lle MOXe BMKNuMkatu aucbanaHc romeocrtasy
CNW30BOI, SIKWA NPU3BOAWTL OO0 HU3KU 3aXBOPHOBaHb,
y TOMy umcni ayToimyHHuU ractput (AllN), 3axBoptoBaHHS,
cnpuumHeHi Helicobacter pylori (H. pylori) Ta pisHi Bugu
paky wnyHka (PLU) [6]. BapTo Big3HaunTh, wWo iHdekuia
H.pylori Ta aytoimyHHe 3ananeHHa COLWU Bu3HaHi
NPOBIOHUMM  €TIONOrYHMMKN  PaKTOpaMmn  XPOHIYHOIo
aTpopiYyHOro racTputy — 3axBOPIOBaHHS, MOB’SI3aHOMO
3 nigBuLLeHnM pusmkom po3ssutky PLL [7].

3a pgaHuMn  enigemionoriyHux pocnigkeHb Cara-
botti M. Ta cniBaBT. (2017 p.) NOWMPEHICTb CYMYTHIX
AI3 y xBopux Ha AIl" carae 40%, a HannoLMpeHilumMMn
3aXBOPIOBAHHSIMU € 3axXBOPIOBaHHSA LLMTOMNOAIOHOT 3a-
no3n, UyKpoBUI AiabeT 1-ro Tuny, remoniTM4yHa aHemis,
peBMaTOIiAHUI apTpuUT, ayTOIMyHHWUI renaTtut, MiacTeHiqa
xBopoba LerpeHa Ta iH. [8]. OocnigxeHHs Toh B.H.
Ta cniBaBT. MoKasanu, WO HeomnnacTuyHa TpaHcdop-
mauia npu Al gocsrae 10% i wo Al cnig posrnagatn
K NepenpakoBUA CTaH i3 LLOPIYHOK 3aXBOPHOBAHICTIO
Ha PLLU 0,3% [9].

MeTta po6oTu — ysaranbHUTM Cy4YacHi BiJOMOCTI
npo ayToiMyHHWI racTpuT, sik NepeapakoBuii CTaH, 3a
OaHUMM BigKpUTUX axepen iHopmauii.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Migbip ny6nikauin BuMKOHaHO 3a 6asamMu [aHWX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business Col-
lection (https://www.ebsco.com/), Ta Google Scholar
(https://scholar.google.com/), y skux BuUCBITNIOBaNUCb

rheumatic drugs [2]. It is worth noting that NSAIDs are
proven to have ulcerogenic effects on the GIT [3].

The GIT is considered the largest immunological
organ as it contains 70% of the body’s lymphocyte
population [4]. Given the significant number of diverse
commensal bacteria residing in the GIT, it is clear that
the microbiota plays a key role in the formation and
development of the immune system and the regulation
of immune responses. Recently, the microbiota has also
been closely correlated with digestive system AID [2, 5].

According to Sun L. et al. (2023), the prevalence of
digestive system AID is rapidly increasing worldwide [2].
The gastric mucosal immune system interacts with
gastric epithelial cells, immune cells, and signaling
molecules. Innate immune cells mainly include innate
lymphocytes, macrophages, dendritic cells, and adaptive
natural killers (NK). Gastric adaptive immunity primarily
involves T-cell and B-cell immunity. Gastric epithelial
cells activate innate immune cells, such as macrophages
and dendritic cells (DC), promote the proliferation and
differentiation of T and B cells, secrete several pro-
inflammatory and anti-inflammatory cytokines, and
participate in regulating the local immune response
to combat gastric mucosal infections and facilitate
its recovery [6].

Regulation of immune cells in the gastric mucosa
is closely associated with disease progression. Microbial
infections or gastric mucosal epithelial damage may
cause mucosal homeostasis imbalance, leading to
various diseases, including autoimmune gastritis (AIG),
Helicobacter pylori (H.pylori)-induced diseases, and
various types of gastric cancer (GC) [6]. Notably, H.pylori
infection and autoimmune inflammation of the gastric
mucosa are recognized as leading etiological factors
of chronic atrophic gastritis, a condition associated
with an increased risk of developing GC [7].

Epidemiological studies by Carabotti M. et al. (2017)
indicate that the prevalence of comorbid AID in AIG
patients reaches 40%, with the most common conditions
being thyroid disorders, type 1 diabetes, hemolytic
anemia, rheumatoid arthritis, autoimmune hepatitis,
myasthenia, Sjogren’s disease, and more [8]. Studies
by Toh B.H. et al. revealed that neoplastic transforma-
tion in AIG reaches 10% and that AIG should be consi-
dered a precancerous condition with an annual GC
incidence of 0.3% [9].

Objective — of this study is to summarize contem-
porary information on autoimmune gastritis as a pre-
cancerous condition based on open-source data.

MATERIALS AND METHODS

Publications were selected from 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/) focusing on the assessment
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BIJOMOCTi NpPO OLUiHKY $KOCTi MeAWYHOi [AO0MNOMOru.
Ha nepwomy etani npoBogunu nowyk niTepaTypHUX
J)Kepen 3a KIoYOBMMMW CrOBaMM: ayTOIMYyHHWUIA racTpuT,
crnv3oBa OOOMOHKAa LWMYyHKa, pak LWyHka. Ha gpyromy
eTani BMBYaNMCb pe3toMe cTaTell Ta BUKMOYanMCb
ny6nikauii, siki He Bignosiganu KpPUTEpPISIM LOCNIMKEHHS.
Ha TpeTboMy eTani BuB4Yanu MOBHi TeKCTW BidibpaHmx
cTaTen Ha BiAnoBiOHICTb KpUTEPISIM BKITIOYEHHS 40 CNINCKY
niTepaTypu Ta peneBaHTHICTb AOCNIMKEHb.

PE3YABTATU TA IX OBFOBOPEHHS

Al3 Ta PLU: naToreHeTH4Hi napaAeai

IMyHHa gucperynauisa sigirpae Krmo4oBy ponb y naTo-
reHesi He Tinbkn Al3, a i HeonnacTuyHux nouecis [10].
XpOHiYHe 3ananeHHsl Ha CbOro[Hi BBaXAETbCA BaXKIU-
BMM MEXaHi3MOM iHiujauii kaHueporeHesy, WO BWKMK-
Kae, 30Kpema, renaTtoLentonsipHy KapumHOMY Yy XBOPWX
Ha renatuT, pak TOBCTOI KWULUKM MpW 3ananbHUX 3aXBO-
PIOBaHHSIX KWULIEYHUKA (30KpeEMa, BMPA3KOBWUIA KOIIT)
Ta BTOPWHHUI pak LUfyHKa BHACMIQOK racTpuTy sIK Han-
6inbw Tunosi npuknagu [11]. 3a paHumm Neagu M.
Ta cnieaBT. (2019 p.) dopMyBaHHsI 3anarnbHOro MiKpo-
OTOYEHHS € JOBEAEHOK YMOBOLO, sIKa CMpUSIE MyXIMHO-
reHesy. 3ananeHHsi nigTpumye nponidepadito Ta BUXM-
BaHHS 3MNOSAKICHUX TpaHCOPMOBAHUX KIiTUH, MOXe
CNpuATM aHrioreHedy Ta MeTacTaTU4HUM MpoLecam,
MOXe HeraTMBHO perynoBaTv MpoTUNYXIMHHY ajarn-
TUBHY Ta BPOMKEHY iMYHHY BiAnoBidb, a TakoX MoOxe
3MiHIOBaTK e(peKTUBHICTb TepaneBTUYHMX 3acobiB [12].

Ak BiQOMO, 3ananeHHs iHILiloETbCA pPe3MaeHTHUMU
IMYHHUMMW KNiTUHaAMK, SKi NiCNs akTMBauii BMKIUKaKOTb
XEeMOTaKCUC HEeNTPOIfbHUX rPaHynouuTiB Ta Makpo-
garis. T- Ta B-nimdountn BigirpaoTb KMHOYOBY POrib
y nopanblin 3ananbHin BignoBidi Ta iHiuilolTb eniMi-
Hauilo ek3oreHHoro 4mHHuka [13]. Ak Bigomo, rocTpe
3ananeHHs perynioetbcs nepesaxHo Th1 T-nimdoun-
Tamu, 3any4YeHuMu KIiTUHaMU BPOXKEHOrO IMYHITETY,
SKi  CEKpeTyloTb TOMIOBHMM  YMHOM  MPOTUIYXIIMHHI
iIMyHHI Mornekynu, Taki ak iHTepnewikiH (IJ1)-2 Ta iHTep-
depoH (IP)-y. XpoHiyHe 3ananeHHs KOHTPOMHETLCA
perynatopHumn  T-knitnHamu (T-reg), knituHamu Th2,
AKi CEKPETYIOTb NPONYXMUHHI hakTopu, Hanpuknag, 11-4,
I11-6, 171-10, I/1-13, TpaHchopmMyrounin aktop pocTy-f.
Takum 4mHOM, nonynaAuii  T-kMiTUH, AKi aKTUBYIOTb
B-kniTvHK, cnpusioTb nyxnuHoreHesy [14]. BussneHo,
Wwo B-nimdpounTn, AK UEHTpanbHUW KOMMOHEHT rymMo-
panbHOro iMyHiTeTy, MpurHidyoTb Th1-onocepeakoBaHi
NPOTUNYXNUHHI iIMYHHI Bignosigi [15].

Po3BuToK paky, Lo NOoXoAuTb BiA XPOHIYHOro 3ana-
NEHHs,, MoXe OyTM BUKMMKaHUA 3ananbHUMK  KIiTU-
HaMu Ta pi3HUMW MediaTopamu, siki pa3oM CTBOPHOHOTb
3ananbHe MikpooTodeHHs [15]. Ockinbkn XpoHiyHa
TpaBma abo 3anarneHHst MpoTAroM [AecATUMiITb MOXe
Npu3BecTM [0 NPOrpecyBaHHA MNyXNWHW, pak [OBrui
yac po3rnsgaBcs K «paHa, sika He 3arotoeTbcs» [16].
Hanbinblu nepekoHnMBI NpuKNagu KaHueporeHesy, cnpu-
YMHEHOrO XPOHIYHUM 3anarneHHsiM, CrnocTepiralTbCst
B WWKT, Ae pu3uk kaHueporeHesy 3pocTae 3a HasiBHOCTI
XPOHIYHUX 3ananbHUX CTaHiB, Takmx K esodparit, racrt-
pWUT, KOMIT, NaHKpeaTuT, renatuT Ta iH. [17].

[TAaTMM 3a MoWMpeHicTIoO BUOOM paky Ta TPeTbOok
NPUYNHOIKO CMepPTHOCTI Big paky y cBiTi Buctynae PLU
[18, 19]. [TaTupiyHa BMxKMBaHiCTb nauieHTiB 3 PLU ctaHo-
BUTb 95-99%, sKWo xBopoOy AiarHOCTOBaHO Ha pe3ek-

of healthcare quality. In the first stage, literature sear-
ches were conducted using the keywords: autoimmune
gastritis, gastric mucosa, gastric cancer. In the second
stage, article abstracts were reviewed, excluding publi-
cations not meeting the study criteria. In the third stage,
full texts of the selected articles were studied for inclusion
in the literature list and research relevance.

RESULTS AND DISCUSSION

AID and GC: pathogenetic parallels

Immune dysregulation plays a key role in the
pathogenesis of not only AID but also neoplastic pro-
cesses [10]. Chronic inflammation is currently conside-
red an important mechanism in carcinogenesis initiation,
leading to conditions such as hepatocellular carcinoma
in hepatitis patients, colorectal cancer in inflammatory
bowel diseases (e.g., ulcerative colitis), and secondary
GC following gastritis as the most typical examples [11].
According to Neagu M. et al. (2019), the formation of
an inflammatory microenvironment is a proven condition
that contributes to tumorigenesis. Inflammation supports
the proliferation and survival of malignantly trans-
formed cells, promotes angiogenesis and metastatic
processes, negatively regulates antitumor adaptive
and innate immune responses, and may alter thera-
peutic efficacy [12].

Inflammation is initiated by resident immune cells,
which, upon activation, induce neutrophil and macro-
phage chemotaxis. T and B lymphocytes play key roles
in subsequent inflammatory responses and initiate the
elimination of exogenous factors [13]. While acute
inflammation is primarily regulated by Th1 T lymphocytes
and innate immune cells, which mainly secrete anti-
tumor immune molecules such as interleukin (IL)-2
and interferon-gamma (IFN-y), chronic inflammation
is controlled by regulatory T cells (T-reg) and Th2 cells,
secreting protumor factors like IL-4, IL-6, IL-10, IL-13,
and transforming growth factor-beta. These T-cell
populations, which activate B cells, contribute to tumori-
genesis [14]. B lymphocytes, as a central component
of humoral immunity, have been found to suppress
Th1-mediated antitumor immune responses [15].

Cancer development originating from chronic inflam-
mation can be triggered by inflammatory cells and
various mediators that collectively create an inflam-
matory microenvironment [15]. Chronic injury or inflam-
mation over decades may lead to tumor progression,
with cancer often referred to as a «wound that does not
heal» [16]. The most compelling examples of chronic
inflammation-induced carcinogenesis are observed in
the GIT, where cancer risk increases with chronic inflam-
matory conditions such as esophagitis, gastritis, colitis,
pancreatitis, hepatitis, etc. [17].

GC ranks as the fifth most common cancer type
and the third leading cause of cancer mortality world-
wide [18, 19]. The five-year survival rate for GC pati-
ents is 95-99% if diagnosed at a resectable stage
and treated surgically in time, while late-stage survival
drops to less than 30% [20].
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TabenbHi cTajii Ta cBOeYacHO MPOBEOEHO XipypridyHe
BTPYYaHHA, TOAi $K BMXMUBAHICTb Ha ni3Hin cragil
cTtaHoBUTb MeHLwwe 30% [20].

IMYHOAOTi4YHI MeXaHi3Mu

niaATpumMku romeocTtasy COLL

EniTenianbHi kniTMHW WNyHKa 34aTHI ekcrnpecyBaTtu
rornoBHWI KoMMnekc rictocymicHocTi |l Tuny (major histo-
compatibility complex — MHC) Ta 6epyTb y4acTb B iMyHHil
Bignosiai, BMpOONSAYM UMTOKIHWM Mig 4ac 3ananeHHs
Ta MNOLUKOKEHHA TKaHWH, Bkmtodaroum IJ1-6, IJ1-8, dak-
TOp Hekpody nyxaumHu o (PHM-a), U1-1B, Ul-1a,
rpaHynoumTapHo-makpodaranbHUn  KONMOHIECTUMYIOLO-
Ynn  pakTop, MOHOUMTApPHUA XemoaTpakTaHT binka-1
Ta TpaHcdopmytoummn gaktop pocty-f [6].

HarBaxnvBiWwmMmM KOMMOHEHTOM iMYHHOI cucTeMu
cnu3oBoi 06OMOHKM € niMmdoigHa TkaHWHa, acouiio-
BaHa 3i Cnu3oBOK O0OOMOHKOKW (mucosa-associated
lymphoid tissue — MALT), ogHak HasBHICTb Ui€i TKaHUHU
y COW 3zanuwaetbcs AuckyTabensHUM MUTaHHSIM.
Ha paHHin ctagii gii natoreHHoro YMHHUKa nnasmMaTu4Hi
KNiTMHM y BnacHih nnactuHyi COLU BupoGnsitoTb Ta
cekpeTyoTb iMyHornobyniH (IIN) A. CekpeTtopHuii IT-A
MOXe MOEeAHYBATMUCA 3 TOKCMHAMM MaTOTEHHUX MIKpO-
opraHiamiB Ta eniMmiHyBaTh MiKpOOpraHiamu 3a 4ONoMo-
roto nisounmHmnx Gaktepin. Okpim IM-A, Ha noBepxHi COLL
Takox BusBneHi IM-M Tta IM-G [6]. KniTuHHWMIA iMyHiTET
COLW sBigirpae He MeHLW BaxnuBy ponb Yy MiATpUMLUI
roMeoctasy Yy LWNAYHKY. AHTUreH-Npe3eHTYIoMi KMiTUHN
COLW, saxi ekcnpecytotb Toll-cnopigHeHi peuentopu
(Toll-liked receptors — TLR), npe3eHTytoTb aHTurenn [OK,
SIKi B CBOIK 4epry CEeKpeTylTb HWU3KY LUTOKIHIB, y TOMY
yucni J1-12, 1J1-10 Tta 11-23, a TakoX CNOHyKalTb
CD4+T-knitHn andbepeHuioBatucs B cybrpynu xen-
nepHux T-kniTvH, Bkntoyatoun Th1 (IP-y ta OHIM-a),
Th2 (1N-4, IN-5 Ta J1-13), Th17 (IN1-17A) Ta NK-KniTUHW.
Kpim Toro, ©yno BusiBneHo, WO eniTenianbHi KNiTUHW
WnyHka MOXyTb aktmByBaT  CD4+T-knituHm Ta
CD8+ T-knituHn, ekcnpecytoun MHC-II [6].

Cy4yacHe ysBA€HHS npo natoreHes All

Ak ue He napagokcanbHO, ane aocnigpkeHHa All
novanucs 3afdoBro A0 MOSIBU MEpLUnX YsBMEHb Mpo
iCHyBaHHs camoi xBopobu. Y 1849 p. Addison T., a notim
y 1872 p. Biermer A. onucanu Tak 3BaHy «igionaTnyHy
aHeMiloy, sika Npu3Boguna 4o WBMAKOI CMepPTi NaLieHTiB,
i BBEMNM Ha3By «MepHiLlio3Ha aHeMmis» (Big naT. perniciosus —
CcMepTenbHUN, HeGe3nevHniA), ska B nodanbLuoMy OTpu-
mMana Ha3By «aHemia AgaicoHa—bipmepay [7]. KniHiyHui
3B’A30K MiXK 3ananbHUMKW 3axBOPHOBAHHAMW  LUNYHKA
Ta nepHilio3Ho aHemielo OyB nepenbadeHuii e Ha
noyaTtky MuHynoro ctonittda. ¥ 1935 p. Faber K. HaBogus
rinoTesy nNpo racTput $K MNPUYMHY aHauMOHOCTI, sika
3a3Buyal 3ycTpivyaeTbCd Yy nauieHTiB 3 MepHilio3HOo
aHemieto [21]. OgHak BMAaineHHa okpemoi dopMu ract-
puTy, WO nNpuM3BOoAUTbL [0 po3BuUTKY B12-pgedpiumTtHOl
aHeMii, racTpuTy TUny A (ayToimyHHOro), Biabynocs nuwe
B 1973 p., WO CTano MOXNUBUM 3aBOSKM igeHTUdikauii
ayTOaHTUTIN OO0 ayToaHTWUreHiB, 30KpemMa aHTUTIn [o
napietanbHux KnituH Ta H+/K+-ageHosnHTpudocdar-
Horo dpepmMeHTy (AT®-a3u) B WNYHKY [7].

Ak Bigomo, B HopMi napietanbHi knitnHn COL,
po3TalloBaHi y (yHAanbHUX 3anos3ax LUnyHka, BUMpo6-
naTe consHy kucnoty (HCI) Tta BHyTpiwHin daktop
Kacna, HeobxigHWi ans nepeBedeHHs HeakTUBHOI dhop-
MU BiTaMmiHy B12 B akTuBHY, sika MOXe BCMOKTyBaTUCHA

Immunological mechanisms
supporting gastric mucosal homeostasis

Gastric epithelial cells are capable of expressing
major histocompatibility complex (MHC) class Il mole-
cules and participate in immune responses by produ-
cing cytokines during inflammation and tissue damage,
including IL-6, IL-8, tumor necrosis factor-alpha (TNF-a),
IL-1B, IL-1a, granulocyte-macrophage colony-stimulating
factor, monocyte chemoattractant protein-1, and trans-
forming growth factor-beta [6].

The most important component of the mucosal
immune system is the mucosa-associated lymphoid
tissue (MALT), though the presence of this tissue in the
gastric mucosa remains a debated issue. At the early
stages of pathogenic factor action, plasma cells in the
gastric mucosa’s lamina propria produce and secrete
immunoglobulin A (IgA). Secretory IgA can bind toxins
of pathogenic microorganisms and eliminate these
microorganisms via bacteriolytic enzymes. Besides IgA,
IgM and IgG have also been detected on the gastric
mucosa surface [6].

Cellular immunity in the gastric mucosa plays
an equally important role in maintaining gastric homeo-
stasis. Antigen-presenting cells (APCs) in the gastric
mucosa expressing Toll-like receptors (TLRs) present
antigens to DCs, which, in turn, secrete a range of cyto-
kines, including IL-12, IL-10, and IL-23. These cytokines
stimulate CD4+ T cells to differentiate into helper T cell
subgroups, including Th1 (IFN-y and TNF-a), Th2 (IL-4,
IL-5, and IL-13), Th17 (IL-17A), and NK cells. Additio
gastric epithelial cells can activate CD4+ and CD8+ T cells
by expressing MHC-II [6].

Current understanding of AIG pathogenesis

Paradoxically, studies on autoimmune gastritis (AIG)
began long before the disease itself was identified.
In 1849, Addison T., and later in 1872, Biermer A.,
described so-called «idiopathic anemia,» which often led
to rapid death, introducing the term «pernicious anemia»
(from the Latin perniciosus — deadly, dangerous).
This was later known as Addison—Biermer anemia [7].
The clinical link between inflammatory gastric diseases
and pernicious anemia was hypothesized as early as the
beginning of the 20th century. In 1935, Faber K. proposed
the hypothesis of gastritis as a cause of anacidity
commonly observed in patients with pernicious ane-
mia [21]. However, it wasn’t until 1973 that a distinct
form of gastritis leading to the development of B12 defi-
ciency anemia, type A gastritis (autoimmune gastritis),
was recognized. This was made possible by the identi-
fication of autoantibodies against autoantigens, particu-
larly antibodies to parietal cells and the H+/K+-ATPase
enzyme in the stomach [7].

Under normal conditions, parietal cells of the gastric
mucosa located in the fundic glands produce hydro-
chloric acid (HCI) and intrinsic factor necessary for
converting inactive vitamin B12 into its active form
for intestinal absorption. HCI secretion by parietal
H+/K+-ATPase creates an acidic environment that
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B KnweyHuky. B cBoto vepry cekpeuis HCI npuctiHkoBoto
H+/K+-AT®-a30t0 CTBOPHOE KUCME cepeadoBuLle, sike gie
sk Gap’ep onsa GakTepin, WO NOTpannslTb BCEpPEaUHY,
niagTpumye nepeTpaBneHHs GinkiB i BUBIMbHSAE MOXMWBHI
PEYOBUHN 3 TXHIX OpraHiYHMX KOMMSEKCIB, CMNpUSIOHN
iX nornuHaHHo [23].

Y 1964 p. Cook J.D. Ta cniBaBT. ouiHOBanu nornu-
HaHHs Xap4yoBOrO HEreMoBOro 3ani3a B KOHTPOJbHIlA
rpyni, nopiBHaAHO 3 nauieHTamu 3 All, Ta BusBUNK
3HWXKEHe nornuvHaHHs 3anisa (19,8% npotn 35,0%) [22].
Oedpiunt BiTamiHy B12 npu Al cnpuumHeHnii He nuwe
BTpaTolo chaktopa Kacna npw pynHyBaHHI napieTtanb-
Hux knituH COLL, a n yepes BTpaTy LUMYHKOBOI KUCIOTH,
sika HeoOXigHa AOnsi BMBINbHEHHSI BKa3aHOro BiTaMiHy
3 i [24].

3a paHnmu Coati |. Ta cnisaBrT. [21] y 3axigHuX kpaiHax
crnocTepiraloTb  MNOCTINHE  3HWXEHHSI  3aXBOPIOBAHOCTI
Ha racTpuT, acouinosaHui 3 H. pylori, y noegHaHHi 3i
3pOCTaHHAM enigemionoriyHoro Ta kniHiyHoro snnuey All.

Al — ue opraHocneuudivyHe ayToiMyHHE 3axBOpIHO-
BaHHS, L0 XapaKTepU3YyeTbCS XPOHIYHWMM 3ananeHHsM
COLL, sike pos3BMBaEeTbCA B aTpPOdIiYHUA racTpuT, LLO
CNPUYMHSIE  MOPYLUEHHST  BCMOKTYBaHHS  HEOoOXiaHuX
enemMeHTIB i, 3pewToto, aHemito [25]. Mpu Al aHTUTINa
00 napietanbHUX KNiTWH, HauineHi Ha H+/K+-ATd-asy,
3YMOBIIOOTbL PYMHYBAHHA LMX KMITUH ayTopeakTUBHUMU
T-nimdounTamu, BUKNUKaOYM 3ananeHHs y Tini WiyHka
Ta nporpecytody atpodito dyHaanbHux 3ano3 COLL.
Bes poctatHboi kinbkocTi HCI wWRyHOK CTae XPOHIYHO
rinoaunaHMM i, 3peLUTor — axnoprigpuyHmMmM. XpOHiYHO
nigBuLLEHNA BHYTPILWHBLOLWNYHKOBUA pH npogoBxye
CTUMYIIOBATU BUBIMNbHEHHS raCcTpUHY, L0 NPU3BOAUTL 4O
rinepracTpuHeMii, sika NpM3BoAUTbL OO rinepnnasii eHTe-
poxpomMaddiHoNoAibHMX KMiTUH i3 BUCOKUM PU3NKOM pPO3-
BUTKY HEMPOEHAOKPUHHMX NYyXNUH LUAyHKa 1-ro tuny 3
yacom 3 yactoToto Big 0,4% o 7,0%, a Takox ageHokap-
LUMHOMM LINYyHKa 3 YactoToto Ao 1,8% Ha pik [23, 26-28].

OocnigxeHHsa Zhang Y. Ta cnisaBT. [29] noka3anu, Wwo
y 19,5% nauieHTiB nig 4ac ornagy y nikaps 3aranbHoi
NPaKTUKMN BUSIBNEHO HAasIBHICTb aHTUTIN O NapieTanbHUX
KNITUH. ATPOMiYHNIA racTpuT, BU3HAYEHMIA CEPOSOTIYHUM
TecTyBaHHAM (CMiBBigHOLWEHHS nencuHoreHy | Ta nen-
cuHoreHy I/ll), 6y BusBneHnin y 46,0% nauieHTiB 3 Ha-
SIBHICTIO aHTUTIN o napietanbHux knituH npotn 18,0%
nauieHTiB 3 HeraTMBHMM pesynbraTtoMm. Huska iHLWmX
JocnimpKkeHb OUIHIOTE MOLWMNPEHICTbL NEPHILIO3HOT aHeMil
abo XpOHIYHOro aTpoiYHOro racTpuTy, NPOTE BOHWU HE
BigoGpaxatoTb cnpaexHboi nowmpeHocTi All, ockinbku
nepHiuliosHa aHeMisi € TepMiHaNbHOK CTafdiel 3axBOpHo-
BaHHS, @ XPOHIYHWA aTPOMPIYHMIA FaCTPUT BUMHUKAE He
BUKNto4HO 4yepes Al [22]. Atpodhis COLU moxe BUHM-
KaTu y ABOX pPi3HMX, 3a3Buyal ChiBiCHyHUMX dopMax.
B ofHin 3 HMX 3HMKaOYi 3aMN03UCTi OAMHULL 3aMiHIOTbCS
(PiGPO3HMM  PO3LUMPEHHSIM  BRAACHOI MMAacTUHKM, Lo
NPU3BOAMTL OO 3MEHLLUEHHS 3arno3uctoi macu 6e3 3miHu
npuvpogHoro 3anosuctoro deHotuny. B iHWin dopmi
HaTVBHI 3aro3u 3aMiHITbLCS MeTannacTU4HUMK 3ano-
3aMu, AKi € BnacHe npeankropamu Heonnasii [21].

KniTuHHO-onocepeakoBaHWi  ayTOIMYHHUA  iMYHITET
npu Al Bigirpae npoBigHy ponb, NIATPUMYBaHy
CD4+ CD25-Th1 nimcoumtamn [25]. Binbwictb uux
KNiTuH BUpobnsitoTh 1P-y Ta PHIM-a | MaloTb LUMTONITUYHY
Ol 3 MexaHiamamu, onocepenkoBaHuMn nepdopu-
HoMm i niraHaom Fas/Fas, fki BOHM eKCnpecytoTb Y YiTKO
BM3HAYEHNX YMOBaX PECTPUKLii reHiB, NPOAMKTOBAHUX
cuctemotro MHC. BoHu iHoykytoTb 3armbenb napietarnb-

serves as a barrier against bacteria, aids in protein
digestion, and facilitates nutrient release from organic
complexes, promoting their absorption [23].

In 1964, Cook J.D. et al. evaluated dietary non-heme
iron absorption in a control group versus AlG patients and
found reduced iron absorption (19.8% vs. 35.0%) [22].
Vitamin B12 deficiency in AIG is caused not only by
the loss of intrinsic factor due to parietal cell destruc-
tion but also by the absence of gastric acid required
to release this vitamin from food [24].

According to Coati I. et al. [21], Western countries
observe a steady decline in H. pylori-associated gast-
ritis alongside a growing epidemiological and clinical
impact of AlG.

AIG is an organ-specific autoimmune disease charac-
terized by chronic gastric mucosal inflammation that
develops into atrophic gastritis, impairing essential
nutrient absorption and eventually leading to ane-
mia [25]. In AIG, antibodies targeting H+/K+-ATPase
of parietal cells cause cell destruction by autoreactive
T lymphocytes, leading to inflammation in the gastric
corpus and progressive atrophy of the fundic glands.
Without sufficient HCI, the stomach becomes chroni-
cally hypoacidic and eventually achlorhydric. Chronically
elevated gastric pH continues to stimulate gastrin
release, leading to hypergastrinemia, which promotes
enterochromaffin-like cell hyperplasia and increases
the risk of type 1 gastric neuroendocrine tumors
(frequency of 0.4% to 7.0%) and gastric adenocarci-
noma (annual incidence up to 1.8%) [23, 26-28].

Studies by Zhang Y. et al. [29] found that 19.5%
of patients had antibodies to parietal cells detected
during primary care visits. Serologically defined atrophic
gastritis (pepsinogen | and pepsinogen /Il ratios) was
identified in 46.0% of patients with parietal cell anti-
bodies compared to 18.0% without such antibodies.
Other studies on pernicious anemia or chronic atrophic
gastritis prevalence do not fully reflect true AIG preva-
lence, as pernicious anemia represents a terminal
stage, and chronic atrophic gastritis is not exclusively
caused by AIG [22]. Atrophic changes in the gastric
mucosa can manifest in two distinct, often coexisting
forms. One form involves the replacement of glandular
units with fibrotic expansion in the lamina propria,
reducing glandular mass without altering the native
glandular phenotype. The other form replaces native
glands with metaplastic glands, which are predictors
of neoplasia [21].

Cell-mediated autoimmunity in AIG plays a leading
role, driven by CD4+ CD25-Th1 lymphocytes [25]. Most
of these cells produce IFN-y and TNF-o and exhibit
cytolytic effects mediated by perforin and Fas/Fas ligand
pathways under defined MHC-restricted gene conditions.
These cells induce apoptosis of gastric parietal cells
via perforin/granzyme B pathways and IFN-y-medi-
ated Fas and MHC-Il molecule expression on parietal
cells [25]. De Block C.E. et al. [30] demonstrated
experimentally that administering |FN-y-neutralizing
antibodies prevents gastritis, confirming IFN-y’s critical
role in AIG pathogenesis.

As noted, the humoral immune response in AIG is
represented by two types of antibodies: antibodies to
gastric parietal cells and antibodies to intrinsic factor.
Parietal cell antibodies are detected in 80-90% of AIG
cases, especially at early disease stages, targeting
both o and B subunits of gastric H+/K+-ATPase [25].
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HUX KMITUH LWAYHKa LWNSXOM  anonTo3y Ta  LUMSXOM
nepdopuH/rpaH3nm B, 3okpema vepes |P-y, o 36inbLye
ekcnpecito monekyn Fas i MHC-II Ha napieTanbHux Kkni-
TuHax wnyHka [25]. De Block CE Ta cniBaBT. [30]
B €eKCNepuMmeHTi goBenu, WO BBeAeHHHA |P-y-HenTpa-
ni3yl4oro aHTuTina 3anobirae po3BWUTKY racTpuTy, LUO
[03BONWUNO 3poOUTM BUCHOBOK NPO Te, LLO BKasaHWiA
LUUTOKIH € BaxnmBumM y natoreHesi All".

Ak 3asHavanocb, rymoparnbHa naHka iMyHiTeTy npu
AIl" npegctaeneHa gBoma TuNamy aHTUTIN: aHTUTING
napietanbHux knitnH COLU Ta aHTMTINa 4O BHYTPILLHBOMO
dakTopa Kacna. AHTMTINa go napietanbHmx knitnH COLL
npu AIl BusiBnsoTbes 3 yactotolo 80-90%, ocobnmeo
Ha paHHiX CTafisx 3axBOPIOBaHHS, i 3B’A3YIOTbCS 5K 3 d,
Tak i 3 B cyboamHUUAMK WinyHKoBOT H+/K+-AT®d-a3u [25].
Ha ni3Hix ctagisx AIll yacTtoTta BUSIBNEHHS aHTUTIN 00
napietanbHUX KNiTUH 3HWXKYETLCSA Yepes3 NporpecyBaHHs
atpodbii Ta BTpaTM napieTanbHUX KAITUH  LWAYHKA.
3a paHmmn Tozzoli R. Ta cnieaBT. [31] BUSBNEHHS B
cupoBaTLi KpOBi aHTUTIN A0 napietanbHux knitnH COLL
Ha cyOkniHivHin cTapii, ocobnuneo y nauieHTiB 3 ayTo-
iIMYHHUMW €HOOKPUHHMMMK 3aXBOPHOBaHHAMMW, € NPOrHoC-
TUYHUM dakTopom Al

Ak Bigomo, ponb BHyTpiWwHbOro dakrtopa Kacna,
SIKUA CEKPETYETLCA MapieTanbHUMU KMiITUHAMM LUIYHKa,
nonsrae y 3B’si3yBaHHi Ta TPaHCNOPTYBaHHi BiTamiHy B12
[0 TepMiHanbHOro BiaAiny knyboBoi KuwkW, e BiH ab-
copbyeTbes nicns 38’A3yBaHHA 3i cneundiyHnMy peuen-
TopamMu B MeMbpaHax KMiTUH MPOCBITY KNy6GOBOI KULLKK.
AHTUTIN@ Ao BHYTpiWHbOro hakTopa Kacna BBaxarTbcs
cneundiyHumn mMapkepamm gns Alll Ta BUABNATLCA
Ky cupoBaTui KpoBi, Tak i B LUNYHKOBOMY COKY
30-50% naujeHTis 3 All" [32].

PoAb iHdoekuii H.pylori

B iMyHOAOTi4YHKX 3MiHax B COLU

H.pylori kononisye npubnusHo y 50% HaceneHHs
cBiTy. BkasaHa iHdeKUia niaBuLLyE pU3MK NO3aLUyHKO-
BMX i LUNYHKOBUX 3aXBOPOBaHb, Y TOMY YMCIli BUPa3KOBY
xBopoby, AIl ta PLU [33]. IHdekuis H.pylori Buknukae
Th1 T-kniTMHHY BignNoOBiAb, WO NpM3BOAWUTL OO BUPOOG-
neHHs 11-2 ta |®-y. Baaemogia mix H.pylori Ta B-nimco-
uuTamMn NPU3BOAUTbL OO0 HEKOHTPOMbOBAHOMO POCTY Ta
nponicdepadii nepesaxHo CD5+ B-knitmH. Li KniTuHM
BMPOONSOTL MONipeakTUBHI Ta ayTOpeakTUBHI aHTUTINA
Ir-M T1a IM-G3. [JocnigpxeHHs nokasanu, WO XPpOHiYHa
iHdbekuis H.pylori Ta, sk Hacnigok, BNNMB ypeasu, npu-
3BOOATb [0 CTUMYNSLii Ta 36inblUEHHs] BUXKUBAHHS i€l
niarpynu B-nimdouuTie. Kpim Toro, BupobneHi aHtutina
He npuBOAATb A0 eniMiHauii 30ygHMKa Ta MOXYTb
Npu3BecTM [0 BMPOONEHHS ayTOpeakTUBHWUX aHTUTIN
po H+/K+-AT®d-a3u [34].

LlikaBo, wo iHdekuia H.pylori 3gaTtHa BuknukaTtu
3MiHM cKnagy LNYHKOBUX MIKpOOPraHiamiB, y TOMYy
yucni Bacteroides, Proteus, Actinomyces, Clostridium
Ta iH. [6, 35]. Ui 3miHM Mikpodnopu LWNyHKa MOXYTb
BMMMBATW Ha iMyHHY BignoBigb, iHAykoBaHy H.pylori,
i CnpusATM MporpecyBaHHIO racTpuTy. B ekcnepumeHTi
3 iHdikyBaHHsSM H.pylori 6yno BusiBNeHo, WO BigHOCHA
KinbkicTb Proteus 3meHwyBanacb, a KinbkicTb Strepto-
coccus Mana TeHaeHuito Ao 36inbweHHs [36]. Takum
YMHOM, B3aEMOZIA MiX LUMYHKOBOK MiKpobioTolo Ta
H.pylori Bigirpae BupiwansHy ponb y perynauii iMmyHHOT
Bignosiai wnyHka [6].

At later AIG stages, parietal cell antibody detection
decreases due to progressive atrophy and loss of
parietal cells. According to Tozzoli R. et al. [31] serum
detection of parietal cell antibodies at subclinical stages,
especially in patients with autoimmune endocrine
diseases, is a prognostic factor for AIG.

The intrinsic factor secreted by gastric parietal
cells plays a critical role in binding and transporting
vitamin B12 to the terminal ileum, where it is absorbed
after binding specific receptors in luminal membrane
cells. Intrinsic factor antibodies are considered specific
markers for AIG and are detected in serum and gastric
juice in 30-50% of AlG patients [32].

The role of H.pylori infection
in immunological changes in the gastric mucosa

H.pylori colonizes approximately 50% of the world’s
population. This infection increases the risk of extra-
gastric and gastric diseases, including peptic ulcers,
AIG, and GC [33]. H.pylori infection triggers a Th1 T-cell
response, leading to the production of IL-2 and IFN-y.
Interaction between H.pylori and B lymphocytes results
in uncontrolled growth and proliferation of predomi-
nantly CD5+ B cells. These cells produce polyreactive
and autoreactive IgM and IgG3 antibodies. Studies have
demonstrated that chronic H.pylori infection, along
with the exposure to urease, stimulates and prolongs
the survival of this B lymphocyte subset. Furthermore,
the antibodies produced fail to eliminate the pathogen
and may lead to the production of autoreactive antibo-
dies against H+/K+-ATPase [34].

Interestingly, H. pylori infection can alter the compo-
sition of gastric microorganisms, including Bacteroides,
Proteus, Actinomyces, Clostridium, and others [6, 35].
These changes in the gastric microbiota may affect
the immune response induced by H. pylori and contribute
to the progression of gastritis. Experimental H.pylori
infection revealed a decrease in Proteus abundance
and a trend toward increased Streptococcus levels [36].
Thus, the interaction between gastric microbiota
and H.pylori plays a crucial role in regulating gastric
immune responses [6].
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BUCHOBKHU

CD4+T-knitTHn ta CD8+T-kniTMHM cninbHO nigTpW-
MYIOTb afanTuBHUIM iMyHHUIA romeoctas COLL. Atpodis
COLW BHacnigok ayToiMyHHOrO 3ananeHHA HanexwuTb
0O nepefpakoBux 3MiH Ta MiABULLYE PUBUK PO3BUTKY
ageHokapunHomu. TpuBana rino- Ta axnoprigpis noe’s-
3aHa 3 MiABULLEHHSAM Y CUPOBATLi KPOBi PIBHS racTpuHy,
Wwo ctumynioe nponidepauito Ta rinepnnasilo eHTepo-
XpomaciHONOAIGHMX KNITUH, WO, Y CBOK Yepry, Moxe
CNpUATU PO3BUTKY HEMPOEHAOKPUHHUX MYXMWH LUYHKA.
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CONCLUSIONS

CD4+ T cells and CD8+ T cells jointly maintain adap-
tive immune homeostasis in the gastric mucosa. Gastric
mucosal atrophy caused by autoimmune inflammation
is considered a precancerous condition, increasing the
risk of adenocarcinoma development. Prolonged hypo-
and achlorhydria are associated with elevated serum
gastrin levels, which stimulate the proliferation and
hyperplasia of enterochromaffin-like cells. This, in turn,
may contribute to the development of gastric neuro-
endocrine tumors.
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KAlo4oBi cAoBa:

PE3IOME

IgG4-acouinosaHe 3axBoptoBaHHsA, noni-  AKTyanbHicTb. IgG4-acouinosaHe 3axsoptoBaHHs (IgG4-A3) € pigkicHoto imyHoomno-
opraHHe ypaxeHHsi, iMyHoonocepeakoBa-  CepeAKOBaHOK MAaTOMOri€l0 i3 Pi3HOMAHITHUMMW KMiHIYHMMM NposiBaMW, SKi MOXYTb
Ha narornoris, cepLeBo-CyAnHHa cucTemMa,  BKMoYaTW MoniopraHHe ypakeHHs. Lle 3axBopioBaHHSA 4acTo AiarHOCTyeTbCs BuNad-
FMIOKOKOPTUKOCTEPOIAHA Tepanis. KOBO Ta Ma€ NiABULLEHNI PUSUNK YPaKEHHS CEPLIEBO-CYANHHOIT CUCTEMMU, LLIO POBUTBL 110ro

BaXXNMBMM 00’ €KTOM AnNS KIiHIYHOrO AOCHIOKEHHS.

AAf KOPECNOHAEHLIji:

Meta po6oTu — onucatu KniHiYHMA BUNagok 1gG4-A3 i3 nomiopraHHUM ypaXeHHsM,
30KpemMa CcepLeBO-CYAMHHOI CUCTEMW, Ta NigKPecnMTM OcobnmuBOCTI AiarHOCTUKM

i nikyBaHHSA LbOro 3axBOPIOBAHHS B YMOBaX OOMEXEHOI AOCTYMHOCTI 40 cneumdiy-

Jlyk’siHeHko TemsHa BacurnigHa HUX NabopaTopHNX AOCHIAXKEHb.

KomyHanbHe HekomepuinHe nianpuem-  MatepianyM Ta MeToam. Y cTaTTi HaBedeHO BMMAAOK rocnitanisauii nauieHta 3 nig-
ctBo «Micbka kniHiyHa nikapHa Ne 13»  TBepmkeHuMm IgG4-A3. [liarHocTuka NpoBoAMnacs Ha OCHOBI KMiHIYHKX, NabopaTopHuX,
XapkiBCbKOi MiCbKOI pagu, TepaneBTUYHE  IHCTPYMEHTamnbHUX [aHuX, i3 3aCTOCYBaHHSIM  [TIHOKOKOPTUKOCTEPOIAHOI  Tepanii

BiAAINEHHS; Ta iHWK1X MeToAIB NiATPUMYBANbHOIO MiKyBaHHS.

npocn. AepokocMiuHui, Bya. 137, M. Xapkis,  Pe3ynbratM Ta ix o6roBopeHHs. [pu3HavyeHHs TMIOKOKOPTUKOCTEPOIaHOT Tepanii

Ykpaina, 61124; CNpVSANO 3HAYHOMY MOKPALLEHHIO CTaHy NauieHTa, 3MEHLUEHHIO CUMNTOMIB YPaXXeHHs

e-mail: lukyantv@ukr.net BHYTPILLHIX opraHiB. [Monpu Tepanito, 3aXBOPIOBAHHSA MNPU3BENO OO0 HE3BOPOTHUX
NOLLUKOAXXEHb OpraHiB, 30Kkpema Yyepes TPYAHOLL B AiarHOCTUL, 3yMOBMEHi 0bMexeHuMu

© Jlyk’sineHko T.B., lMocoxosa A.l., MOXINMBOCTAMW NPOBEAEHHS crneundivHmMX OCNioKEHb.

binsesa B.C., Kopdromosa A.K., BucHoBkKu. Bunagok nigTBepaXye cknagHicTb AiarHoctvkn Ta Tepanii 1gG4-AS,

BopoHkosa O.A., 2024 0cobnMBO 3a yMOB OOMEXEHWX [LiarHOCTUYHMX pecypciB. HeobxigHO BpaxoByBaTh

PV3NK MOMIOPraHHOIO YPaXXeHHs Ta BaXMUBICTb CBOEYACHOTO BBEAEHHSA cneuundiy-

HOI Tepanii.
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ABSTRACT

Background. IgG4-related disease (IgG4-RD) is a rare immunomediated condition
with a range of clinical manifestations that can include multi-organ involvement.
This disease is often diagnosed incidentally and presents a significant risk to the
cardiovascular system, making it a crucial subject for clinical research.

Purpose — to present a clinical case of IgG4-RD with multi-organ involvement,
particularly affecting the cardiovascular system, and to highlight the diagnostic and
therapeutic challenges associated with limited access to specific laboratory tests.
Materials and Methods. This article describes a case of a patient hospitalized
with confirmed IgG4-RD. Diagnosis was based on clinical, laboratory, and instrumental
data, using glucocorticoid therapy and other supportive treatments.

Results. Glucocorticoid therapy resulted in a significant improvement in the patient’s
condition, reducing symptoms of internal organ involvement. Despite therapy, the
disease led to irreversible organ damage due to diagnostic challenges linked to
limited access to specific testing.

Conclusions. This case highlights the difficulty of diagnosing and treating 1gG4-RD,
especially in settings with limited diagnostic resources. Awareness of the risk of
multi-organ involvement and timely initiation of specific therapy are essential.

© Lukianenko T.V., Posokhova A.l.,
Biliaieva V.S., Kordiumova A.K.,
Voronkova O.A., 2024
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BCTYN

Y  CTpykTypi  iMyHOOMOCepenkoBaHOi  maTonorii
IgG4-acouiioBaHe 3axsoptoBaHHsi (IgG4-A3) € pgocuTb
PiOKICHAM,  OCKINbKM  MOro  MOLUMPEHICTb  CKnagae
0,28-1,08 Bunaakis Ha 100 Tuc. HaceneHHs i, 3a3Bu4an,
0eboT 3axBoploBaHHA npunagae Ha Bik 50—70 pokis.
MepeBaxxHO Le YOnoBiKW, SiKi 3BEPTalOTbCA MO MeAUNYHY
AOMnoMory 3i ckapramu, O XapaKTepuayloTb 3anyyYeHHs
4O NaTornoriYHoro npouecy nepeBaXHO naHkpeaTtobini-
apHoi cuctemm Ta iHWuX. CRiBBIAHOLWEHHS YOIOBIKIB
i )iHOK cknagae 3:1, ane 3apeecTpoBaHi BUNagKku 3axBo-
ptoBaHHs i cepen giten. LWogo crati MeHwe cniBBigHO-
LLIEHHSA CMOCTEepiraeTbCa cepes NauieHTIB i3 3any4eHHsaM
y NaTonoriyHnin npouec CnnHHUX 3anos [1, 2].

IgG4-A3 — imyHoonocepenkoBaHe hibpo3Ho-3ananb-
He 3axBOPIOBaHHSA, nepebiry AKoro npuvTtamaHHe YTBO-
PEHHS MyXIMHONOAIBHMX Ta CKMNEpPOTUYHWX OCepeakiB
i3 WinbHUMKM nimdonnasmMounTapHuMy iHdinsTpaTamu,
ae nepeBaxatoTb |gG4-nnas3matnyHi knitnhm [1, 3].

EtionatoreHe3 1gG4-A3 3anunwaetbCs HEBIJOMUM.
JocnimkeHHa BigBoAsiTb NeBHi poni gna  T-kniTuH,
rMagKknx KIiTUH, WO NpPOAYKYTb 3HAaYHY KiMbKiCTb
-4, 1N-10 Ta TGF-B. Takox € OOCRIMKEHHS, siKi NoKa-
3ylOTb 3HAYEHHA Takux UMTOKIHIB sk IJ1-21 Ta 1J1-27,
npodyKkoBaHi Makpodaramu W iHWMMW aHTUreHMNpe3eH-
TYIO4MMU KIiITUHaMK, Wwo 6epyTb yyacTb y AndepeHuiauii
T-xennepiB. Ha cTagii [gocnigkeHHs  BM3HAYEHHS
yyacTi eosmHodinis, 6asodinis npu 1IgG4-A3 [1].

Karazin Journal of

Immunology.  2024;7(2(14)):212-225. DOI:

INTRODUCTION

IgG4-related disease (IgG4-RD) is a rare condition
with a prevalence of 0.28-1.08 cases per 100 thousand
population. Typically, the onset of the disease occurs
at the age of 50-70 years, predominantly among men
who seek medical help with symptoms indicative of
the involvement of mainly the pancreatobiliary system
and other organs. The male to female ratio is 3:1,
although cases have also been reported among children.
Less gender disparity is observed among patients with
involvement of salivary glands [1, 2].

IgG4-RD is an immunomediated fibrosing inflamma-
tory disease characterized by the formation of tumor-
like and sclerotic foci with dense lymphoplasmacytic
infiltrates, where 1gG4 plasma cells predominate [1, 3].

The etiopathogenesis of IgG4-RD remains unknown.
Studies suggest certain roles for T-cells, mast cells pro-
ducing significant amounts of IL-4, IL-10, and TGF-f.
There are also studies indicating the importance of
cytokines such as IL-21 and IL-27, produced by macro-
phages and other antigen-presenting cells involved
in T-helper cell differentiation. The role of eosinophils
and basophils in IgG4-RD is still under investigation [1].

Certain genetic factors are implicated, including HLA
DRB10405 and DQB1040 serotypes, and single
nucleotide polymorphisms in some non-HLA genes
(FCRL3 and CTLA4). Recurrences of 1gG4-RD after
rituximab (RTX) therapy have been documented, as well
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[MeBHy ponb BIABOASATL TEHETMYHUMM (pakTopam:
cepotunam HLA DRB1*0405 Tta DQB1*040, ogHo-
HykneotTugHum nonimopdiamam y aeskux He-HLA-reHax
(FCRL3 ta CTLA4). OnucaHi peungmeun IgG4-A3 nicns
Tepanii putykcumadom (RTX), HasiBHICTb ayTOaHTUTIN A0
naktodpepuHy 1 kapboarrigpasu Il [1, 4].

MaTomopdonoriynummn o3Hakamun 1gG4-A3 €: Winb-
HUM  nimcponnasMmounTapHMin  iHQINBTpaT i3 BMCOKUM
BMicToM |gG4-nnasmatuyHmnx KniTuH; cnipanenogioHuii
ibpos; dnebiT, nNpu siKOMy 4acTile pO3BUBAETLCSA
obniTepauisi NpocBiTY CcyauH, Moxe OyTu nigBuLLEHWI
BMIiCT €03uHOoiniB. [ns [iarHOCTUKM 3axXBOPIOBAHHS
BM3HaYaeTbCA KinbkicTb 1gG4-nna3maTnyHmx KnitmH abo
iHoekc 1gG4/IgG. Tpu 1gG4-A3 Busasnawts =10
IgG4-nnasmatuyHux KnituH Ta/abo iHoekc IgG4/lgG
cknagae > 40% [1, 5].

BaranbHonpunHATOT Knacudikauii 1gG4-A3 Ha cbo-
rogHi Hemae, nepenik HO30MOoriYHMX OAMHWLL LLOPIYHO
nepernsgaeTbCcsi Ta [OMOBHIOETLCA B 3amneXHOCTi Bif
KiNbKOCTI YpaXkeHWX opraHiB Ta cUCTeM.

KniHika 3axBoptoBaHHs [1gG4-A3, 3a3Buyain, Mmae
nigrocTpui novaTok, B GiNbLIOCTI BUNaaKiB 3axXBOpHOBaH-
HA [iarHoCcTyeTbCcA BunagkoBo. Tepanis ex juvantibus
rntokokopTukoigamm (MFK) € edbekTvBHOW ANS AaHOro
3axBOpPOBaHHA. Cnig 3asHaunTu, WO BMNadKW [aHOro
iMyHoonocepeakoBaHoro ibpo3Ho-3ananbHOro 3axso-
ptoBaHHsi  Oynu  3apeecTpoBaHi  MpakTU4HO  Ans
KOXHOI cuctemn opraHiB [6]. Bnunsbko 40% Bunagkis
XapaktepusdyBanucs  MaHidecTauielo 3 ypaxeHHsM
ofHOro opraHa, y BumMsiai 06’€eMHOro yTBOPEHHS1 NeBHOT
nokanisauii. Y HeBenuKkoi KinbKOCTi NauieHTiB BU3Ha-
YalTb KOHCTUTYLiHI cumnToMM (NMXOMaHka, BTpaTta
macu Tina). 3a gaHumn €rygiHoi €.0. (2021) Ta iHwmX
aBTopiB, MpU JaHOMy CUHOPOMI iCHYE BapiaTUBHICTb
noegHaHHS ypaxeHux opraHis i cuctem [1-4].

Y pasi nokanisadii lgG4-acouioBaHoro 3axsopto-
BaHHA Ha ronoBi Ta LWKWi HanyacTille peecTpyeTbCcH
YPaXKEHHS1 CRi3HWX 3ano3, M'sikux TKaHuH opbitu, LWwo
BKIOYAE: NyXNMHY opGiTh, 0aHO- YM ABOGIYHMIA Habpsik
M’SIKMX TKaHUH opb6iTM Ge3 nopyLUeHHs1 roCTPOTU 30py
Ta CUMMMNTOMUW CYXOrO KEPAaTOKOH'IOHKTUBITY; CRMHHMX
nigwenenHux 3ano3 (nyxnuHa KioTHepa). OpgHoyacHe
CUMETPUYHE YpaXKEHHSI CMi3HUX i CMUHHUX 3ano3 mae
Ha3By xBopobu Mikyniya (XM) [6-8].

Mposieamn 3 Goky JIOP-opraHiB MOXyTb OyTu:
anepriyHMn PUHIT, NOMNINWM HOCa, XPOHIYHUIA CUHYCKT,
hapuHriT, TpaxeiT i ypaxeHHs ronocoBKX 3B’s130K, 06’eM-
Hi YTBOPEHHsi (KICTOK NMLbOBOrO Yepena, MpUHOCOBUX
nasyx, cepeHboro Byxa), Tupeoigut Pigens abo Xawwwm-
MoTo [9], 3axBoploBaHHSA NapalimMTonodibHMx 3anos
(HanyacTiwe, 3 po3BMTKOM rinonapaTtupeosy) [1].

Ona  kniHiYHOT  KapTUHW  ypaKeHHs  MigLwyHKOBOI
3ano3n npu 1gG4-A3 xapakTepHO BWHUKHEHHS ayTo-
iMyHHoro naHkpeatuty (Al) | Tuny [4], GiniapHoro TpakTy
Ta neviHkm — 1gG4-nomibHWMI CKNepo3ylouniA XOMaHTriT,
wo y 6inblocTi BuNnagkis noeaHyetbes 3 Al | Tuny [10].

Mpu ypaxeHHi nereHb MOXNMBI BUNAAKN 3 KNiHIYHOO
KapTUHO NCEBAONYXMMHU, iHTEPCTULianbHOT MHEBMOHIT,
NNeBpUTY, CTEHO3Y AMXarnbHUX LUMAXiB, MeiacTUHanbHol
nimcbageHonartii. PeHTreHonoriyHo BUAINAKTbL NaTepHuU:
WinbHi BY3nukn; BGpoHXoBackynspHWUiA (i3 NOTOBLUEHHSAM
BGPOHXOCYANHHUX NYYKIB | MiXKH4ACTOYKOBUX NEPErOpPOaOK);
anbBeONSIPHO-IHTEPCTULINHMIA (DpoHX0eKTasn, Audy3aHi
3aTEMHEHHsSI TUMY «MaTOBOrO CKMay); OKpyrni 3arem-
HEeHH$ Tuny «mMatoBoro cknax» [11].

as the presence of autoantibodies to lactoferrin and
carbonic anhydrase Il [1, 4].

The pathological features of IgG4-RD include dense
lymphoplasmacytic infiltrates with a high content of IgG4
plasma cells, storiform fibrosis, and phlebitis with fre-
quent obliteration of the vascular lumen, and an increased
content of eosinophils. For diagnosis, the number
of IgG4 plasma cells or the IgG4/IgG index is determined.
In 1I9G4-RD, = 10 IgG4 plasma cells and/or an IgG4/IgG
index > 40% are observed [1, 5].

Currently, there is no universally accepted classifi-
cation for IgG4-RD. The list of nosological units is revised
and supplemented annually, depending on the number
of affected organs and systems.

Clinically, IgG4-RD usually has a subacute onset, and
in most cases, the disease is diagnosed incidentally.
Ex juvantibus therapy with glucocorticoids (GC) is effec-
tive for this disease. Notably, cases of this immuno-
mediated fibrosing inflammatory disease have been
reported for nearly every organ system [6]. Around 40%
of cases are characterized by the manifestation of
a single organ lesion, often as a mass formation of
a certain location. A small number of patients have
constitutional symptoms (fever, weight loss). According
to E.Ye. Yegudina (2021) and other authors, there is
a variability in the combination of affected organs and
systems in this syndrome [1-4].

When localized to the head and neck, IgG4-RD most
commonly involves the lacrimal glands and soft tissues
of the orbit, including: orbital tumors, unilateral or
bilateral swelling of the orbital soft tissues without
visual acuity impairment, and symptoms of dry kerato-
conjunctivitis; submandibular salivary glands (Kuttner
tumor). Simultaneous symmetrical involvement of the
lacrimal and salivary glands is known as Mikulicz’s
disease (MD) [6-8].

Manifestations in the ENT organs may include aller-
gic rhinitis, nasal polyps, chronic sinusitis, pharyngitis,
tracheitis, and vocal cord involvement, as well as mass
lesions (facial bones, paranasal sinuses, middle ear),
Riedel's or Hashimoto’s thyroiditis [9], and parathyroid
gland disease (commonly with hypoparathyroidism) [1].

In the pancreas, 1gG4-RD is characterized by the
development of type | autoimmune pancreatitis (AIP) [4],
and in the biliary tract and liver, it manifests as IgG4-
related sclerosing cholangitis, which is often associated
with type | AIP [10].

In the lungs, cases with clinical presentations of
pseudotumor, interstitial pneumonia, pleuritis, airway
stenosis, and mediastinal lymphadenopathy have been
observed. Radiological patterns include: dense nodules;
bronchovascular (with thickening of bronchovascular
bundles and interlobular septa); alveolar-interstitial
(bronchiectasis, diffuse ground-glass opacities); round
ground-glass opacities [11].

Most patients exhibit lymphadenopathy, with several
groups of lymph nodes (often mediastinal, intra-abdomi-
nal, and axillary) involved in the pathological process [12].

Nervous system involvement is typically rare, with
cases of hypertrophic pachymeningitis, pituitary involve-
ment (hypopituitarism, diabetes insipidus, and focal
brain lesions) described in the literature [13].

Involvement of the retroperitoneal space, kidneys,
and large vessels presents as retroperitoneal fibrosis,
a chronic inflammatory condition with pronounced
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Y BinblocTi nauieHTiB BMABRAIOTL NiMdageHonarito.
3asBnyan 4o NaTonoriyHOro npouecy 3any4yaerbes Kinb-
ka rpyn nimdatuyHux By3MiB (HamdacTiwe nimdaTuyHi
BY3MM CePeaOoCTiHHS, BHYTpPILLHbOYepeBHi 1 Naxsosi) [12].

3anyyeHHs1 HEepBOBOI cCUCTEMU, 3a3BM4Yal, 3ycCTpiya-
€TbCA OyXe pigko, B niTepaTypi OnucaHi BuNagku
rinepTpodiyHOro  nNaxiMeHiHriTy, ypaxeHHs1 rinodisa
(rinoniTyiTapmam, HeuykpoBui fOiaGeT Ta nokanbHe
06’eMHe yTBOpeHHs1 Mo3ky) [13].

Y pasi 3anyyeHHid [0 nNaToOMoriyHOro npouecy
3204EPEBUHHOIO  MPOCTOPY, HUPOK, BEMUKUX CyaWH
crnocTepiraeTbCa  peTponepuToHeanbHUn  ibpo3 sk
XPOHIYHE 3ananbHe 3aXBOPKOBAHHS 3  BUPaXKEHUM
hibpo3oM TKaHUH 3a04EPEBUHHONO MPOCTOPY, SKWN
HayacTille BWHMKAE Yy YONOBIKIB CepeaHboro BiKy
N acouiloeTbCs i3 TIOTHOHOMANIHHAM. Y Takux Bunagkax
Yy XBOpMX BWHUKae ABOOIMHaA 0OCTpyKUis cevoBoaiB
i3 po3BMTKOM GOMLOBOrO CUMHAPOMY Ta aHypii; y iHWKX
BUNagkax — KnNiHiYHi 03HakuM TyOynoiHTepCTULiNHOro
HedpuTy i MeMOpaHO3HOro rrnomMepynoHedpuTy, LWO
CYNPOBOMKYIOTLCA  HU3bKMM  PIBHEM  KOMIMIIEMEHTY.
YpaxeHHs apTepin npeactaeneHo 1gG4-3anexHum
aopTMTOM, LIO Mae 3a3BuYan Ge3CMMNTOMHWUIA nepeoir,
Moxe [OeblTyBaTu  pO3pUBOM  aHEBPU3MWU  aOpTW,
XapakTepHOK  O03HAKOKW, 3a [JaHMMU  KOHTPacTHOI
KOMM'toTepHOI ToMorpadii, € KpyroBe NOTOBLLEHHSI apTe-
pianbHOT CTiHkKM [14, 15].

Mpu 3any4eHHi iHWKx opraHiB npu 1gG4-A3 Takox
3apeecTpoBaHi: anepriyHi Nnpossu [16], ypaKeHHst LKipy —
Bi epuTemMaTo3HMx OnsWoK Ta NigWKipHUX BY3NuKIiB
[0 3anyyYeHHs 3HaYHWUX OiNAHOK LUKipW, L0 CYNpOBOOXKY-
I0TbCSl  BMHWKHEHHSIM cBepbexy (LkipHa nceBaonim-
doma). Takox onucaHo Bunagku lgG4-acouinosaHoro
MacTuUTY, NPOCTaTUTY, OPXiTY, NAapaTeCTUKYNAPHOi NCeBao-
NyXMUHW, KOHCTPUKTUBHOTO Nepukapanty [17].

MeTtoto poGotu Oyno BMBYEHHS ocobnuBocTi Aiar-
HocTuku 1gG4-acouiioBaHOro 3axBOPHOBaHHA i3 nmoniop-
raHHUM ypaxeHHsm. CraHgapTHoro nabopaTopHoro
nokasHuka, sikuin 6u Jitko nigTeBepauB IgG4-A3, Hemae.
Mapkepu 3ananbHOro npouecy, Taki Sk LWBWAKICTb OCi-
haHHa epuTpoumnTiB i C-peakTUBHUI GiNoK, He € Xapak-
TEPHUMWU AONsi LbOrO 3axBOPHOBaHHA. Y TpeTuHu abo
N MeHwe nadieHTiB i3 1gG4-A3 BUABNAIOTL aHTUHYKIe-
apHi aHtuTina (ANA), peBmatoigHui daktop (PP)
Yy HU3bKMX TUTpax. BuaBneHHs iHwux, 6Ginbw cneuu-
hivUHUX, ayTOaHTUTIN He € NPUTaMaHHOK O3HAKOK Aris
LUbOro 3axsoptoBaHHs [16]. Npu ypaxeHHi HMPOK YacTo
BUSIBNSIETbCA HU3bKUIA piBEHb KomnnemeHTy. Moxnusi
3MiHM y GioxiMiYyHOMY aHanisi KpoBi, IO CBiAYNTbL NpO
nopyLleHHs cyHKUiT opraHiB-MiweHen. Y 40% nauieHTiB
y cupoBatui KpoOBi BUSBNAOTb NIABULLEHHSI  PiBHS
eosnHoinie Ta IgE [1]. ¥ 30% nauieHTiB piBHi 1gG4
y CuUpoBaTLi KpOBi MOXYyTb ByTM y Mexax HopMarbHUX
3HauyeHb [16].

Ons  iHCTpyMeHTanbHOro OGCTEXEHHSI XBOpUX Ha
IgG4-A3 B nepuuy Yepry 3actocoByeTbcs KT Ta MarHitHo-
pe3oHaHcHa Tomorpadis, MET KT i3 18-cdTopaesokcu-
IMOKO3010, WO [J03BOMSE BUSIBUTU aKTWUBHI 3anarnbHi
ocepenky, AaTv OUiHKY MNOLUMPEHOCTI 3aXBOPHOBAaHHS
Ta peakuii Ha NiKyBaHHS, BU3HA4YUTM TOYHE Micue Ans
Gioncii [1, 4, 16]. Takox Ans Ai@rHOCTUKMA LUMPOKO
BMKOPUCTOBYIOTb XONaHrionaHkpeaTorpagito Ta ynsrpa-
3BYKOBE JOCMIOXKEHHS.

Onsa BusHauyeHHsi IgG4-A3 BUKOPUCTOBYIOTb AiarHOC-
TnuHi kputepii ACR/EULAR, 3anponoHoBaHi y 2019 p.,
WO BKMOYaE MOKPOKOBY AdiarHoctuky. [lo-nepuue,

fibrosis of retroperitoneal tissues, most commonly
occurring in middle-aged men and associated with
smoking. Patients may develop bilateral ureteral obstruc-
tion with pain syndrome and anuria; in other cases,
clinical signs of tubulointerstitial nephritis and membra-
nous glomerulonephritis, accompanied by low comple-
ment levels, are observed. Arterial involvement is
represented by IgG4-related aortitis, usually asympto-
matic, potentially debuting with aortic aneurysm rupture;
a characteristic feature, based on contrast-enhanced
computed tomography, is circumferential thickening
of the arterial wall [14—15].

Other reported manifestations of IgG4-RD include
allergic symptoms [16], skin involvement — ranging from
erythematous plaques and subcutaneous nodules to
extensive skin lesions with itching (cutaneous pseudo-
lymphoma). 1gG4-related mastitis, prostatitis, orchitis,
paratesticular pseudotumor, and constrictive pericarditis
have also been described [17].

Objective — there is no standard laboratory indicator
that clearly confirms 1gG4-RD. Markers of the inflam-
matory process, such as erythrocyte sedimentation rate
and C-reactive protein, are not characteristic of this
disease. In one third or fewer patients with 1gG4-RD,
antinuclear antibodies (ANA) and rheumatoid factor (RF)
are detected in low titers. The detection of other, more
specific autoantibodies is not typical for this disease [16].
Kidney involvement often shows low complement levels.
Changes in biochemical blood tests indicative of
organ dysfunction may occur. In 40% of patients, eleva-
ted levels of eosinophils and IgE are found in serum [1].
In 30% of patients, IgG4 levels in serum may be within
the normal range [16].

For instrumental examination of patients with 19G4-
RD, CT and MRI, PET CT with 18-fluorodeoxyglucose
are primarily used to detect active inflammatory foci,
assess disease spread, and treatment response,
and to determine the exact biopsy site [1, 4, 16]. Cholan-
giopancreatography and ultrasound are also widely
used for diagnosis.

The ACR/EULAR diagnostic criteria proposed in 2019,
which include step-by-step diagnostics, are used to
identify 19G4-RD. First, inclusion criteria are taken into
account: characteristic clinical or radiological signs
of target organ involvement. Second, exclusion criteria
are the absence of clinical: fever, no response to GC
therapy; laboratory: leukopenia, thrombocytopenia,
antineutrophil cytoplasmic antibodies (ANCA), ANA,
cryoglobulins; radiological: signs of infectious or oncolo-
gical process, light microscopy data characteristic of
other diseases. Additional exclusion criteria include
Castleman’s disease, Hashimoto’s thyroiditis, inflam-
matory bowel disease. Third, the data of light microscopy,
immunohistochemistry, the concentration of 1gG4 in
serum, bilateral involvement of lacrimal, parotid, sublin-
gual, submandibular salivary glands, chest, pancreas
and biliary tract, kidneys, retroperitoneal space are taken
into account. The fourth step involves considering
classification criteria if the entry criterion is met, no exclu-
sion criteria, and a total score of 20 or more points [4].

The management of these patients is based on the
rate of disease progression or the presence of remission,
ranging from watchful waiting to immediate treatment
in case of internal organ involvement. The literature
repeatedly reports instances of spontaneous remission
and lack of disease progression in untreated patients
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BPaxOBYIOTbCHA KpUTepil BKIIOYEHHS: XapaKTepHi KMiHiYHi
ab0 peHTreHomnoriYHi 03HaKNM ypakeHb OpraHiB-MilLeHeN.
Mo-gpyre, BiACYTHICTb KpUTEPIiB BUKMIOYEHHS: KNiHIYHMUX —
nnxomaHka, BIACYTHICTb edieKkTy Bif 3acTOCyBaHHs
rntokokopTukocTepoigis (FKC); nabopaTtopHux — nenko-
neHis, TpoMOoUMTONeHis, aHTUHENTPOdInbHI  UUTO-
nnasmatuyHi aHtutina (ANCA), ANA, kpiorno6yniHu;
PEHTIEHONOrYHI — O3HaKM IH(PEKUINHOIO YU OHKOOriY-
HOro npoulecy, AaHi CBITNOBOI MiKpocKonii, XapakTepHi
Ons iHWKX 3axeBoptoBaHb. [ogaTkoBi KpuTepii BUKIO-
YeHHs: xBopoba KactenmaHa, TupeoigMT XalimmoTo,
3anarnbHi 3aXBOPIOBaHHA KulleyHuka. [o-TpeTte: Bpaxy-
BaHHA [aHuX CBITMOBOI MiKpOCKONii, iMyHOriCcTOXiMil,
KOHueHTpauii IgG4 y cupoBaTui KpoBi, ABOGIYHOrO
YPaXeHHs1  CMi3HuX, OGinsByWHMX, Nig’a3vdHMX, nig-
HWXKHBOLLENENHUX CINIOHHMX 3arno3, [rpygHoi  KNiTKy,
NigLWNyHKOBOI 3aMo3mn Ta XXOBYOBUBIAHUX LUMAXIB, HAPOK,
peTponepuToHeansHOro MnpocTopy. YeTBepTM KpOKOM
€ BpaxyBaHHs knacudikauiiHuUX KpuTepiiB 3a HasB-
HOCTi BXiQHOr0 KpWUTEpito, BiACYTHICTb KpUTEPIiB BUKIIO-
YeHHS Ta 3aranbHin cymi Ginbe abo 20 6anis [4].

TakTuKa BEeOEHHSI TakMx XBOpUX DasyeTbcs Ha LWBWUA-
KOCTi MpOrpecyBaHHsl 3axBOplOBaHHA abo HasiBHOCTI
pewmicii, To6TO, BiA BWUYiKyBanbHOi TaKTUKW — OO Heraw-
HOro MiKyBaHHS MpU YpaKeHHi BHYTPILHIX OpraHiB.
Cepen niTepaTypHUX [aHUX HEO4HOPAa3oBO MOBIAOM-
nanocs Npo dakTU CNOHTaHHOI peMicii Ta BiACYTHICTb
NporpecyBaHHsi 3axBOPIOBAHHSA Y HenikoBaHUX nauji-
eHtiB [16, 18]. [llokasaHHAMM Onsa  NpU3HaAYEHHS
HeBigknagHoro nikyBaHHs npu |gG4-A3 € HasBHICTb
aopTuUTy, peTponepuToHeanbHoro ibpo3y, CTPUKTYp
NPOKCMMarnbHUX >KOBYOBUBIOHWUX LINSXiB, TyOynoiHTep-
CTULIAHOTO HedpuTy, nepukapauTy, naxiMeHiHriTy Ta
36inblUEHHs  MiaWwnyHKoBoi 3ano3n. |HKonu BUHWKaE
notpeba B ypreHTHOMY XipypriyHOMy BTpy4aHHi [2].

miokokopTtukoign (IK) Bu3HaHo npenapatamu nepLuoi
niHii anga iHAyKUii pemicii B yCiX XBOpUX 3 aKTUBHUM
IgG4-A3 3a BigCYTHOCTI NpoTuUnokasaHb. [1pusHayeHHs
npegHi3onoHy noynHatoTs 3 0,6 Mmr/kr macu Tina Ha goby.
Bignosiab Ha Tepanito K 3a3Bumyam cnocTepiraetbcs
NPOTArOM AEKINbKOX OHIB YW TUXKHIB, | MPOTArOM KiflbKOX
MicauiB  GinblWicTb nNauieHTIB  gocsAraloTb  peMmicii.
3HmxkeHHs go3n K nounHaloTe 3a 2—4 Tux. Big novaTky
nikyBaHHS BIQMNOBIAHO A0 MiKHapoAHWUX pekoMeHAauin.
Tepanito K nponoHyeTbCsi 3acTOCOBYBaTW BMPOOOBX
Tpbox pokis [10].

Cepen imyHocynpecopie (Npu 30GepeXeHHi akTuB-
HOCTi 3aXBOPIOBaHHSI) pPEKOMEHAYITb 3acTOCOBYBaTU
asationpuH, MikodeHonaty ModeTurn, MeTOoTpeKcar,
6-mepkanTonypuH, Takponimyc Ta uuknodocdamia [2].
Ane, Havikpawi pesynstatm y nauieHTiB i3 1gG4-A3
BiA3Ha4YeHO npu 3acTtocyBaHHi puTykcumaby (RTX),
Wo XxapaktepudyBanocs OinblW TpuBanuUM TEPMIHOM
6espeumauBHoro nepiogy. OpHak, npu nikyBaHHi RTX
3HaYyHO yacTille peecTpyBanuca Tsdkki iHdekuii Ta
rinorammarnofyniHemiss. KoHceHcycy LwWoao A03yBaHHSA
Ta TpuBanocTi 3acTocyBaHHA RTX vy nitepatypHux
OaHUX HaMu He 3HangeHo [18].

MpuynHoIO cMepTi y Uiei rpynu nauieHTiB BUCTYNaloTb
NereHeBi 3axBOPHOBAHHSI, PO3pVMB aHEBPU3MW aOPTH,
pak Ta iHLWWIi NPUYNHK 3anexHo Big, KNiHIYHOI kKapTuHn [18].

MeTta po6oTu — onucatu kniHidHun Bunagok 1IgG4-A3
i3 MONiopraHHNM ypaxkeHHsIM, 30Kpema cepLeBO-CyANHHOT
cucTeMu, Ta NIgKPecnuTM OocoBnMBOCTI  AiarHOCTUKK
i NikyBaHHS LUbOr0 3aXBOPIOBAHHS B yMOBax obMexeHol
[OCTYNHOCTI 40 cneundiyHux nabopaTopHUX JOCTIOKEHD.

[16, 18]. Indications for emergency treatment for
IgG4-RD include the presence of aortitis, retroperitoneal
fibrosis, strictures of proximal bile ducts, tubulointerstitial
nephritis, pericarditis, pachymeningitis, and pancreatic
enlargement. Sometimes urgent surgical intervention
is required [2].

GCs are recognized as the first-line drugs for inducing
remission in all patients with active 1gG4-RD without
contraindications. Prednisolone administration starts
at 0.6 mg/kg body weight per day. The response to GC
therapy is usually observed within a few days or weeks,
and most patients achieve remission within a few months.
GC dose reduction begins 2—4 weeks after the start of
treatment according to international recommendations.
GC therapy is recommended for three years [10].

Among immunosuppressants  (with  persistent
disease activity), azathioprine, mycophenolate mofetil,
methotrexate, 6-mercaptopurine, tacrolimus, and cyclo-
phosphamide are recommended [2]. However, the
best results in patients with IgG4-RD have been obse-
rved with rituximab (RTX), characterized by longer
relapse-free periods. However, severe infections and
hypogammaglobulinemia were more frequently regis-
tered during RTX treatment. No consensus on the dosage
and duration of RTX use was found in the literature [18].

The causes of death in this group of patients include
lung diseases, aortic aneurysm rupture, cancer, and
other causes depending on the clinical picture [18].

Purpose — to present a clinical case of IgG4-RD with
multi-organ involvement, particularly affecting the c
ardiovascular system, and to highlight the diagnostic
and therapeutic challenges associated with limited
access to specific laboratory tests.
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MATEPIAAU TA METOAU AOCAIAXEHHS

KAiHi4YHMI BUNAAOK

[o TepaneBTu4yHOro BigAineHHa KomyHanbHOro
HeKoMepLiNHOro nignpuemcTBa XapKiBCbKoi MiCbKOT pagm
«Micbka kniHiyHa nikapHa Ne 13» HanpukiHui 2022 p.
6yB rocnitanisoBaHuin 4Yonosik 54 p. 3i ckapramu Ha
36inbleHHs 06’eMy XMBOTa, 3agWLLKy NPU MiHIManbHUX
i3NYHNX HaBaHTaXEHHsX, cnabkicTb, nepiognyHuin Ginb
y niBoMy nneyoBomy cyrnobi, wWinbHi Habpsiku cTon,
FOMINOK, O CYyNPOBOAXYIOTLCA cBepbixeM Ta noyepso-
HIHHSIM LWKipy. HabpsknicTb y NpUBYLLHIYA Ta nigwenenHin
JinsiHKax, CyxiCTb B O4ax, Mep3nsikyBaTiCTb, OHiMiHHSA
nanbuiB kucTen Ta cton (puc. 1-3).

Puc. 1. CianoageHit 6insiByLLIHMX Ta NigLWenenHux CIMHHUX 3ano3
Fig. 1. Sialadenitis of the parotid
and submandibular salivary glands

MATERIALS AND METHODS

Clinical Case

At the end of 2022, a 54-year-old man was admitted
to the therapeutic department of the Municipal Clinical
Hospital No. 13 of the Kharkiv City Council with com-
plaints of abdominal distension, shortness of breath
with minimal physical exertion, weakness, periodic pain
in the left shoulder joint, dense swelling of the feet and
shins, accompanied by itching and redness of the skin.
Swelling in the parotid and submandibular areas, dry-
ness in the eyes, cold intolerance, numbness of the
fingers and toes. (Figures 1-3).

Puc. 2. CianoageHiT 6insiByLIHMX Ta NiALENenHUX CIIMHHUX 3aro3
Fig. 2. Sialadenitis of the parotid
and submandibular salivary glands

Puc. 3. Ocepepku rinepnirmeHTauii, rinepkepartosy
Fig. 3. Areas of hyperpigmentation and hyperkeratosis
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AHaMHe3 3axBOpPIOBaHHA: BBaxae cebe XBopuM
npotarom GaraTboX POKiB, KONMM BMeEpLUE MovaB Big3Ha-
YaTu NiABULLEHHST apTepianbHOro TUCKY (MakcumarbHO
no 180/110 mm. pT. cT.). Binb y npaBomMy nne4yoBomy cyr-
noGi 3'siBunucb Gnuabko poky Tomy. MoripleHHs cTaHy —
OCTaHHi Aekinbka micsuis.

AHaMHe3 XWUTTA: BEHEPWUYHi 3aXBOPIOBAHHSI, aKTUB-
HUA  TyGepkynbo3, xBopoba bBoTkiHa B MomnogocTi,
LuyKpoBuin fiabet 3anepedye. AnepronoriyHuii aHamHes
He o6TspkeHui. LLkionuei 3Buykm — 3anepedvye. Onepa-
TUBHI BTPYYaHHS — 3anepeuye.

EnianemionoriyuHnn aHamHe3: Ha SARS-Cov-2 xBo-
pis y 2020 p., BakUMHOBaHUN OOHOPA30BO BaKLMHOO
Coronovac.

Mpu 06’€KTUBHOMY OOCTEXEHHi: 3aranbHui CcTaH
cepedHbol TsXKKOCTI. KoHCTUTyuif: HopmocTeHik. Nono-
KEeHHS: akTuBHe. CBigoMicTb: sicHa. 36inblUueHHa niglle-
nenHux, GinaABYWHMX CnNMHHUX 3ano3. LkipHi nokpusm:
UYUCTI, )KOBTYBATO-Oyporo Kosmbopy, YLiNIbHEHI Ha romin-
Kax, HWKHIX OBOX TPETMHaX CTEroH, i3 MyLLEeHHsSM Ha
roMinkax, posrmHanbHin MOBepxHi niBoro nikta. Typrop
i enacTnyHicTb 36epexeHi. MomipHoi BonorocTi. Cnnsosi
3BMYANHOrO KOMnbopy, 4ucTi. lMepudepuyni nimdatuyHi
By3nu He 306inbleHi. KictkoBo-cyrmobosa i M'si3oBa
CUCTEeMM: YyTNMBICTb MpW Nanbnauii Ta pyci y niBomy
nnevoBomy cyrnobi, 6inb npu nanbnauii napaeBepTe6-
panbHO y340BX XpebTa 3 akLeHTOM Yy LUMIWHOMY BiaAini.
CepueBo-cyanHHa cuUCTEMa: TOHU cepus MPUImyLLeHi,
PUTMIYHI, akueHT Il TOHy Ha aopTi Ta nereHeBOMYy CTOB-
Oypi, cucToniyHmni Wym Ha BepxiBui Ta 5-1n Touui. Mynbc
3a[0BIiNbLHOTO HaMOBHEHHA Ta Hanpyru, Ps = YUCC = 76
3a 1 xB., AT 123/89 mm. pT. cT. lnxanbHa cuctema: rpygHa
KniTka npaBunbHOi dopmun. epkyTopHO — nereHeBuii
3BYK. AyCKYnbTaTMBHO — [OWMXaHHS >XOpPCTKe, ocrabneHe
B HWXHIX Bigginax, 3 obox OGokiB KpeniTywodi Xxpunu.
YaP = 17 3a 1 xB. TpaBHa cuctema: 3K BOJSIOMMHN,
obknageHunii Ginum  HanboToMm. KMBIT CUMETPUYHWUIA,
npv nanbnauii M'siknin, 36iNbLIEHNIA 3a paxyHOK acuuTy.
MeviHka NnanbnyeTbCst NO Kpato pebepHoi ayrun. CenesiHka
He nanbnyetbes. CTyn — odhopmneHun, 6e3 NaTonoriYyHmX
powmiwok. CevoBunyckaHHs — BinbHe, 6e3bonicHe,
B AOCTaTHiN KinbkocTi. Habpsikn cton, rominok, CTEroH.
KoopavmHatopHi npobu i3 NOMipHUM MNpoMaxyBaHHAM.
MopyLweHb nepugepuyHoOi YyTNMBOCTI, CUNN HEMAE.

3a pesynsraTamm nabopaTopHMX AaHMX MaTosno-
riYHMX 3MiH Yy KNiHIYHOMY aHanisi KpoBi Npu rocnitanisauil
He BWsIBMEHO, Npu GioOXiMiYHOMY [AOCHiaAXeHHi BCTaHOB-
NeHOo NiABULLEHHS PiBHA KpeaTuHiHY y Mexax Big 123,0 go
142,2 MKMONb/MIT, iHLIMX MNOPYLUEHb BUSIBNEHO He Byno.

MauieHT KOHCYyNbTOBaHUM peBmartonorom. [1ns Bu-
KMIOYEHHS CUCTEMHOrO 3aXBOPKOBAHHA CMOMYy4YHOI TKa-
HUHK, 30kpema, IgG4 A3, mig yac rocnitanisauii npose-
peHo Taki pocnigpkeHHs. 30.01.2023 p.: TPOMoOHiH | —
0,16 nr/mn; K®K 26 OfO/n (Hopma ansa 4yonosikis 39,0—
308,0 Og/n.), aHTnHykneapHi aHTuTina (ANA, metog IFT)
1:100 (< 1:100 — HeratmBHui pe3ynbrat), ANCA -
HeraTuBHi, iMyHorno6yniH E (Ig E 3aranbHuiA, cupoBaTka)
93,9 MO/mn (Hopma meHwe 100,0 MO/mn), imyHo-
rmobyniH M (Ig M, cuposatka) — 0,68 r/n (Hopma 0,40—
2,30 r/n), imyHorno6yniH G (Ilg G, cuposatka) 23,26 r/n
(Hopma 7,00-16,00 r/n).

Y30 cnuHHMX 3ano3: cianoageHit GinsByWHUX Ta
nigwenenHnx crimHHnx 3anod. OcKinbkn Ha MOMEHT rocni-
Tanisauii y Xapkosi gocnimxkeHHs Ha |gG4 He nposoau-
nuncs, JOBECTU HasiBHICTb [aHoi nartororii Ta nigreep-
antn giarHo3 He Oyno moxnueum. [MoninweHHsa cTaHy
BiA3Ha4yanu npu 3actocyBaHHi [KC.

Medical History: The patient considers himself ill
for many years, first noting an increase in blood pressure
(up to 180/110 mm Hg). Pain in the right shoulder
joint appeared about a year ago. The condition has
worsened in recent months.

Life History: The patient denies venereal diseases,
active tuberculosis, Botkin’s disease in youth, and dia-
betes mellitus. No allergic history. No bad habits. Denies
any surgical interventions.

Epidemiological History: The patient had
SARS-Cov-2 in 2020 and was vaccinated once with t
he Coronovac vaccine.

Objective Examination: The general condition is of
moderate severity. Constitution: normosthenic. Position:
active. Consciousness: clear. Enlargement of subman-
dibular and parotid salivary glands. Skin: clean, yellowish-
brown color, thickened on the shins, lower two-thirds of
the thighs, with flaking on the shins and the extensor
surface of the left elbow. Skin turgor and elasticity are
preserved. Moderately moist. Mucous membranes of
normal color, clean. Peripheral lymph nodes are not
enlarged. Musculoskeletal and muscular systems:
tenderness on palpation and movement in the left
shoulder joint, pain on palpation paravertebrally along the
spine with emphasis in the cervical region. Cardiovas-
cular system: heart tones are muffled, rhythmic, accent
of the second tone on the aorta and pulmonary trunk,
systolic murmur at the apex and 5th point. Pulse is
satisfactory in filling and tension, HR = 76 per minute,
BP 123/89 mm Hg. Respiratory system: the chest has
a proper shape. Percussion — pulmonary sound.
Auscultation — breathing is harsh, weakened in the lower
parts, crepitant rales on both sides. RR = 17 per minute.
Digestive system: tongue moist, coated with white plaque.
The abdomen is symmetrical, soft on palpation, increased
due to ascites. The liver is palpable at the edge of the
costal arch. The spleen is not palpable. Stool is formed,
without pathological inclusions. Urination is free, painless,
and in sufficient quantity. Swelling of the feet, shins,
thighs. Coordination tests show moderate miscalculation.
No peripheral sensitivity or strength disturbances.

Laboratory Results: No pathological changes were
found in the clinical blood test upon hospitalization. The
biochemical study revealed elevated creatinine levels
within the range of 123.0 to 142.2 ymol/ml, with no other
abnormalities detected.

The patient was consulted by a rheumatologist.
To rule out systemic connective tissue disease, particu-
larly 1gG4-RD, the following studies were conducted
during hospitalization on January 30, 2023: Troponin I:
0.16 pg/ml; CK: 26 U/l (normal for men 39.0-308.0 U/l);
Antinuclear antibodies (ANA, IFT method): 1:100 (< 1:100—
negative result); ANCA: negative; Immunoglobulin E
(lg E, serum): 93.9 IU/ml (normal < 100.0 [U/ml);
Immunoglobulin M (Ig M, serum): 0.68 g/l (normal 0.40—
2.30 g/l); Immunoglobulin G (Ig G, serum): 23.26 g/l
(normal 7.00-16.00 g/l).

Ultrasound of Salivary Glands: Sialoadenitis of the
parotid and submandibular salivary glands. As 1gG4
testing was not available in Kharkiv at the time of
hospitalization, it was not possible to confirm the diag-
nosis. Improvement was noted with the use of gluco-
corticoids (GC).
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OopatkoBi OocnigXeHHA: 3aranbHUK aHania cedi
6e3 naTonoriyHMx 3MiH, MOKa3HWKKM Koaryrnorpamu Ta
ninigHoro Npointo — y Mexax HOPMMU.

IMyHOrno6yniH G 3aranbHui Npu NepLIoMy Ta Apyromy
BUMIpIOBaHHI He3HayHo nigsuweHun: 31.01.2023 p. —
23,26 r/n, 12.04.2023 p. — 18,85 r/n (npwn Hopmi 7—16 r/n).

AHani3 MokpoTuHHA (17.04.23 p.): nevikountn — 40—
50 B n/3; epuTpoLUTM — HEMaE; anbBEONAPHi KNiTUHU
(makpodbarun) — mano; BornokHa, ibpuH — Hemae; cnipani
Kypwmana — Hemae; MBT — Hemae. CITO TEST
SARS-CoV-2 (koxHoi rocnitanisawii) — HeraTUBHWUIA.

AHania KpoBi Ha Mapkepu BipyCHUX renaTuTiB
(12.04.2023 p., 09.08.2023 p.): HBs Ag — HeraTuBHWN;
aHTM-HCV (cyMm.) — HeraTuBHU.

22.04.2023 p.: AT po pBocnipanbHOi Ta OAHO-
cnipanbHoi, ANA, ANCA, KOMMOHEHTM KOMMIIEMEHTY
C3 1a C4 — HeratuBHi, SS-A, aHtuTina Ig G, pisenb TTI
Ta T4, Ginkosi dpakLii y Mexax HoOpManbHNX 3Ha4Y€EHb.

lpyna kposi Ta pesyc-daktop (09.08.2023 p.): B(lll)
Rh+. Nuwe 18.01.2024 p. CPB 7,8 mr/n., npu iHwWMX
rocnitanisauisix pisHi CPB 6ynu y mexax HopMu.

KT (16.01.2023 p.): nimcdageHonaTtia 3aovepeBuH-
HOro MPOCTOPY, MOPOXHWHWM Maroro Ta3a, NaxoBWUX 30H;
renatomeranisi (He MOXHa BUKITHOUUTM MOYATKOBI NPOSIBU
umposy), kapgiomeranisi, KT-o3Haku nereHeBoi rinep-
TeHsii, KT-o3Haku XOSJ1, nicnssananbHi 3MiHW NereHb,
mManuin feobiyHun rigpoTtopakc; KT-o3Haku ABobiYHOro
CMacTU4HOro CMrMoiguTy, gonixocurma; kuna COL 1 cr,,
mManun TasoBuh acumt, KT-03Hak opraHiyHoi nartonorii
rornoBHOro Mo3ky He BusiBneHo; KT-o3Haku nonicermex-
TapHOro OCTEOXOHAPO3Y, CNOHAMNOATPO3y XpebTa.

PenTtreHorpadist OI'K npwm rocnitanisadii: (08.04.2023,
08.08.2023, 17.01.2024, 01.07.2024 p.): nBobi4yHa NHeB-
MOHiIfl, BipOrigHO 3acCTiNHOro reHesy. fABuUWiA nepesaH-
Ta)XEHHs1 B Marilomy Kori KpoBoobiry.

PeHTreHorpagpia OF'K npwu Bunucui 3i crauioHapy
(17.04.2023, 22.08.2023, 10.07.2023): no3uTMBHa
OWHaMmika y BUMMSAi 3MEHLUEHHs1 AiNsHOK 3aTeMHEHHS
3 obox 6okiB, y iHWOMY — 36epexeHHs paHie paiar-
HOCTOBaHMX 3MiH.

MopiBHaHHA Y3[L cepusa Big 15.02.2023 p. Ta
05.07.2024 p.: 36epiraeTbcs annsTauis npaeoro nepea-
cepasi, MpaBoro LUfyHOYKa, BiAHOCHA HEOOCTaTHICTb
TpUKycniganeHoro knanaHa (Big 2-ro cT. oo 2-3 cT.),
nomipHa nereHeBa rinepteHsia (CTJIA — Big 50 po
45 MM.pT.CT.), NOKanbHUX NOPYLUEHb CKOPOTIIMBOCTI Mio-
Kapga He BusSIBNEHO, diactoniyHa gucdyHkuis | Tuny,
He3Ha4yHu ibpo3 CTynoK MiTpanbHOro knanada, aop-
TanbHOro KnanaHa, atepocknepos kopexs aoptu, ®BJILL
30epexeHa, ane 3a 3Ha4eHHAM MeHwe: Big 64 0o 55%, —
nepukapa He 3MiHEHO.

EKI(08.04.2023;17.04.2023;08.08.2023,22.08.2023,
17.01.2024, 08.07.2024): CuHycoBui puTMm. BepTukanbHe
nonoxeHHs EBC. OsHakM nepeBaHTaXeHHs1 NpaBoro
nepeacepasa. YCC 71-76/xs.

y30 O4I (08.04.2023, 08.08.2023; 18.01.2024,
25.06.2024): Tenatomeranisi, KanbUMHO3HMI hiOGPO3
Ne4iHKM, XPOHIYHMI XOMNeuuCTUT, acuuT, cnign piguHn
B NrieBparnbHUX MOPOXHMUHAX.

Tect Wnpmepa Big 28.04.2023 p. 3 060x 60kiB 2 MM
(Hopma > 15 Mm).

LUBnakicte  HECTUMYNBLOBAHOIMO  CAVHOBUAINEHHS
0,6 mn/xB (HopmanbHa), CTUMYNbOBAHOTO — 2 MI/XB
(HopmanbHa).

Kaninsipockonis: paHHin  «cknepogepMiYHMin  naT-

TEPH», 03HaKM BEHO3HOIO 3aCTol0 (puc. 4).

Y3[ apTepit HWXHIX KiHUiBOK Big 26.04.2023 p.,
21.06.2024 p.: exorpadiyHi 0O3HAKM reMoguMHaMiyHO

Additional Studies: General urine analysis: no patho-
logical changes; Coagulogram and lipid profile: within
normal limits.

Total immunoglobulin G was slightly elevated in
the first and second measurements: January 31, 2023:
23.26 g/l; April 12, 2023: 18.85 g/l (normal 7-16 g/l).

Sputum Analysis (April 17, 2023): Leukocytes:
40-50 per field; Erythrocytes: none; Alveolar cells
(macrophages): few; Fibers, fibrin: none; Curschman-
n’s spirals: none; M. tuberculosis: none; CITO TEST
SARS-CoV-2 (each hospitalization): negative.

Blood Tests for Viral Hepatitis Markers (April 12, 2023,
August 9, 2023): HBs Ag: negative; Anti-HCV (total):
negative.

April 22, 2023: Antibodies to double- and single-
stranded DNA, ANA, ANCA, complement components C3
and C4: negative; Antibodies to immunoglobulin G SS-A,
TSH and T4 levels, protein fractions: within normal limits.

Blood Group and Rh Factor (August9,2023): B(l1l) Rh+;
Only on January 18, 2024, CRP 7.8 mg/l; during other
hospitalizations, CRP levels were within normal limits.

CT Scan (January 16, 2023): Retroperitoneal lympha-
denopathy, pelvic cavity, inguinal zones; Hepatomegaly
(cannot exclude early cirrhosis); Cardiomegaly; CT signs
of pulmonary hypertension; CT signs of COPD; Post-
inflammatory lung changes; Small bilateral pleural
effusion; CT signs of bilateral spastic sigmoiditis, dolicho-
sigma; Small bowel ascites; No CT signs of organic brain
pathology; CT signs of polysegmental osteochondrosis,
spinal spondyloarthrosis.

Chest X-ray upon hospitalization (April 8, 2023;
August 8, 2023; January 17, 2024; July 1, 2024): Bilateral
pneumonia, likely of congestive origin; Signs of small
circulatory overload.

Chest X-ray upon discharge (April 17, 2023;
August 22, 2023; July 10, 2023): Positive dynamics
in the form of reduced areas of darkening on both sides;
Retention of previously diagnosed changes.

Comparison of Echocardiograms from February 15,
2023, and July 5, 2024: Persistent dilation of the right
atrium, right ventricle; Relative insufficiency of the
tricuspid valve (grade 2 to 2-3); Moderate pulmonary
hypertension (PAP from 50 to 45 mm Hg); No local
myocardial contractility disorders detected; Type | dia-
stolic dysfunction; Mild fibrosis of the mitral valve leaflets,
aortic valve; Aortic root atherosclerosis; Preserved left
ventricular ejection fraction but decreased: from 64 to
55%; No pericardial changes.

ECG (April 8, 2023; April 17, 2023; August 8, 2023;
August 22, 2023; January 17, 2024; July 8, 2024): Sinus
rhythm; Vertical heart position; Signs of right atrial
overload; HR 71-76/min.

Abdominal Ultrasound (April 8, 2023; August 8, 2023;
January 18, 2024; June 25, 2024): Hepatomegaly;
Calcified liver fibrosis; Chronic cholecystitis; Ascites;
Traces of fluid in pleural cavities.

Schirmer Test (April 28, 2023): 2 mm on both sides
(normal > 15 mm).

Unstimulated saliva flow rate: 0.6 ml/min (normal);
Stimulated: 2 ml/min (normal).

Capillaroscopy: Early «scleroderma pattern»; Signs
of venous congestion (Figure 4).

ltrasound of the Lower Limb Arteries (April 26, 2023,
June 21, 2024): Echographic signs of hemodynamically
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3Ha4YHOr0 aTePOCKNEPOTUYHOIO YPaXKEHHST apTepi HMXKHIX
KiHLiBOK 3 MaricTpanbHO-3MiHEHNM TUMNOM KPOBOTOKY.

at

PeHTreHorpadisi wuniiHoro Bigainy xpe6rta (11.08.2023):
nonicermMeHTapHM OCTEOXOHAPO3, AeOPMYIOHYUIA CMOH-
Aounbo3s Ha pieHi C5-C6, C7-Th1.

Mopanbli KOHCynbTauii peBmaronoramu, Kapaio-
noramu, rocniTanisadii 40 npodinbHUX  BiagineHb
BMKIIOYANU CUCTEMHY MaTosoril0 CrnoMyYHOI TKaHWHK
yepe3 HEMOXIMBICTb MPOBECTU AiarHOCTUKY 3axBOpH-
BaHHA Yy XapkoBi — BIACYTHICTb MOKasHWKa Yy Mpauci
naboparopili, BapTiCTb OOCNIMKEHHSA Ta BigMoBa ixaTu
y iHWe micTto YkpaiHu. XBopuii O6yB BU3HaHWIA iHBaNigom
Opyroi rpynu 3a cepueBO-CyANHHUM 3aXBOPHOBAHHAM.

LiarHos: IXC. Oudy3Hui kapaiocknepos. ATepockre-
po3 aopTu. [unATtauis npaBoro nepeacepas, nNpaBoro
WwnyHo4vka. BigHocHa HepoCTaTHICTb TPUKYyCnigansHOro
knanaHa, 2 cT. NomipHa nereHesa rinepteHsis (CTJIA —
50 mm.pt.cT.). TinepToHiyHa xBopoba Il cT, 2 cT, pusuk 3.
CH I 3i 36epexeHoto OBJLW = 64,36% (Big 15.02.23).
AcumT. XpOHIYHWUIA €pPO3MBHUIA TacTpuT, CTadid pemicii.
XpOHiyHMIA ayodeHiT, cTtagia pemicii. Kuna COL | ct.
lenatomerania. XXH Il cr. (WK 3a CKD-EPI
50 wmn/xB./1,73m?). TinepteHanBHa Hedponatia. [JOA,
0edOpMYOYMI  OCTEOAPTPO3  MIEYOBUX,  KOMIHHUX
cyrno6iB, peHTreH-aminm I-Il ct., MPC 1 cT.

KoxHoro pasy, Konu [eKOMMEHCOBaHUW nauieHT
HaOXoAMB A0 Haworo BiadineHHsi, 3actocyBaHHs [KC
NpMBOAWMMO [0 3HAYHOrO MOMIMWEHHS CTaHy. Takox
nauieHTy npoBogmnacs Tepanis ce4YoriHHMMK 3acobamu,
HM3MM, FKC, aHTubioTnkamu.

PE3YABTATU TA iX OBTOBOPEHHS

Pesynbratn nikyBaHHA: npu 3actocyBaHHi [KC Biag-
OyBanocs nokpaLleHHs CTaHy XBOPOro y BUIMsAi perpecii
HabpskiB Ta 3aduvwikn, 3MeHweHHa 6onw y cyrmo-
6ax Ta iHgypaTMBHOro HabpsKy LUKipu rominok Ta ii rinep-
nirmeHTauii. OgHak nicns koxHoro BeeaeHHs NKC npots-
rOM [EeKiNbKoX AHIB 3'sIBNSANOCS «nyLeHHs» (puc. 5, 6),
3MeHLLYBanuch NposBK cianoageHiTy Ta acuuty (puc. 7).

Ak TiNbkM 3'BUNAcCA MOXIMBICTb NPOBEAEHHS [O-
cnigxeHHa Bmicty 1gG4 noro oppasy 6yno Bu3HayeHo.
3 oTpumaHHAM pesyneraTy BMmicTy IgG4 Bipg 26.04.2024 p. —
443 wr/gn, (Hopma 3,0-201,0 mr/gn.) BignoeigHO OO
KnacudikauiiHMX KpUTEpiiB: BPaxOBaHO HasABHICTb Kpu-
TepiiB BKMOYEHHS Ta BIACYTHICTb KPUTEPIIB BUKITHOYEHHS,

significant atherosclerotic lesions of the lower limb
arteries with a main-altered type of blood flow.

I

Puc.4. CvHgpom PeinHo
Fig. 4. Raynaud’s syndrome

Cervical Spine X-ray (August 11, 2023): Polyseg-
mental osteochondrosis, deforming spondylosis at the
levels of C5-C6, C7-Th1.

Further consultations with rheumatologists, cardio-
logists, and hospitalizations in specialized departments
excluded systemic connective tissue pathology due to the
inability to conduct the necessary diagnostics in Kharkiv —
absence of the indicator in the laboratories’ price lists,
cost of the study, and refusal to travel to another city in
Ukraine. The patient was recognized as a second-degree
disabled person due to cardiovascular disease.

Diagnosis: IHD; Diffuse cardiosclerosis; Athero-
sclerosis of the aorta; Dilation of the right atrium and right
ventricle; Relative insufficiency of the tricuspid valve,
grade 2; Moderate pulmonary hypertension (PAP -
50 mm Hg); Hypertension, grade Il, stage 2, risk 3;
CHF 11B with preserved LVEF = 64.36% (as of February 15,
2023); Ascites; Chronic erosive gastritis, remission stage;
Chronic duodenitis, remission stage; Hiatal hernia,
grade |; Hepatomegaly; CKD stage Ill (GFR by CKD-EPI
50 ml/min/1.73m?); Hypertensive nephropathy; DOA,
deforming osteoarthritis of the shoulder and knee joints,
radiographic changes grade I-Il, PFS grade 1.

Each time the decompensated patient was admitted
to our department, the use of glucocorticoids (GCs)
led to significant improvement. The patient was also
treated with diuretics, NSAIDs, GCs, and antibiotics.

RESULTS AND DISCUSSION

Treatment Results: With the use of GCs, the patient’s
condition improved, evidenced by the regression of edema
and dyspnea, reduction of joint pain, and indurative edema
of the skin on the shins and its hyperpigmentation.
However, after each GC administration, «peeling» appea-
red within a few days (Figures 5, 6), and the manifes-
tations of sialoadenitis and ascites decreased (Figure 7).

Upon availability of a study to determine the patient’s
IgG4 level, it was immediately assessed. The result
obtained on April 26, 2024, showed an IgG4 level of
443 mg/dl (normal range 3.0-201.0 mg/dl). According
to the classification criteria, inclusion criteria were met,
exclusion criteria were absent, and the score was
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nopaxoBaHo Ganwu 3a BiANOBIAHUMW OOMEHaMW, OTpU-
mMaHo 54 Ganu (4ns BCTAHOBMEHHS AiarHo3y AOCTaTHLO
20 6anis) [4].

calculated according to the relevant domains, reaching
54 points (20 points are sufficient for diagnosis) [4].

Puc. 5. IHgypaTBHUIA Habpsk rominok
Fig. 5. Indurative edema of the shins

LiarHo3: IgG4-acouiioBaHe 3axBoploBaHHA 3 ypa-
XKEHHSIM  AuxanbHOI CUCTEMMU  (MHEBMOHIT, NNEBPUT
(anamuecTtnyHo), XO3J1 rp O (Il ct 3a GOLD, J1H Il cT1.),
renatobiniapHoi cuctemu (aTpodpivyHMIn LUMPO3 MNeEYiHKK
B cTagdil AekoMneHcalii, renatomerarnisi, CKneposyuni
XOnaHriT, ¢ibpo3ytounii NaHKpeaTuT), HUPOK (ABOBIYHMI
TybynoiHTepcTuuiansbHuin  Hedpput, XXH Il cr. (LLUKD
3a CKD-EPI 50 wmn/xB./1,73M2), rinepTeH3nBHa Hed-
ponarisl), CMIMHHUX Ta Cni3HMX 3ano3 (MmapoTwT, 3axXBO-
PIOBaHHS MiALLENenHNX CIIMHHUX 3arno3, CUHAPOM CyXOro
oka — IV cCTyniHb nNPUWUrHiYeHHs CNbO30YyTBOPEHHS),
cepusi (oudpy3Huin kapaiocknepos, gunsitadis npasBoro
nepegcepas, NpaBoro LWyHo4Ka, rineptpodia Mmiokapaa,
nepeBakHO 3a paxyHOK IiBOro LUMyHOYKa, AiacTonivyHa
aucyHkuis | Tuny, BiAHOCHA HeOoCTaTHICTb Tpu-
KycniganbHoOro knanaHa 2 CT., MOMipHa rnereHesa
rineptensis (CTJIA — 60 MM.pT.CT.), rinepToHi4YHa xBopoba
Il ct., 2 cT, pusuk 3. CH IIb 3i 36epexeHoo PBJILL
55% (Big 07.07.24), acuut), PEC (nimdageHonaris
no3ao4yepeBNHHOIO MPOCTOPY Ta Maroro Tasa), CyauH
(cvHOopom PeliHO, «paHHili cKnepoaepMiYHUIi naTtTepH»),
wkipy (iHOypaTMBHUI HabpsiK LUKIpWM rOMINoOK, ocepenku
rinepnirmeHTauji, ncesgonimdoma LWkipyu, remocnaepos),
iMyHHI nopywieHHs (Ig G4 Big 26.04.2024 p. 443 wmr/aon.),
aHeMisi 3amiliaHoro reHesy (54 6ann).

BpaxoBytoun BulesasHayeHe, Oyna npoBeaeHa
Kopekuia Tepanii. lNMauieHTy npu3HayeHo MeTunnpeHi-
30M0H 32 Mr Ha o6y 3i 3HWKEHHsSIM [03U BignoBigHO
0o Aditounx npotokoniB fikyBaHHA K, npu nikyBaHHi
BiA3Ha4YeHO mMoraHy nepeHoCUMICTb ModQeTina Miko-
deHonata (cvHOpoM Aucnencii), Big 3acTOCyBaHHS
puTycknmaby XBOPUI BiOMOBUBCS Yy 3B’SI3KY i3 BUCOKOIO
BapTicTio npenaparty. [NoBepHyBCcst A0 NpUIAOMY Nnakee-
Hiny no 200 mMr 2 pasu Ha AeHb. TakoX NpoaoBXyBaB
Tepanito: aueTtuncaniymnosa kucriota 100 mr 1 pas
Ha peHb; Giconponon 5 Mr Ha AeHb, paminpun 2,5 mr
Ha geHb, posyBactatmH 10 Mr Ha AeHb, MaHTOMPO30M
40 Mr 1 pa3 Ha f[eHb 3a BUMOrOK, CMiPOHOMNAKTOH
50 mr 1 pa3 Ha goby, kcapenTo no 2,5 Mr 2 pa3u Ha AeHb,
ypcogesokcmxoniea kucnora no 500 mr Ha aeHb (puc. 8).

Puc. 6. IHaypaTBHUIA HabpsK rominok
Fig. 6. Indurative edema of the shins

Puc. 7. CianoageHit, acumt
Fig. 7. Sialoadenitis, ascites

Diagnosis: IgG4-associated vasculitis with respiratory
system involvement (pneumonitis, pleuritis (anamnes-
tically), COPD grade D (stage Il per GOLD, grade llI
respiratory failure); Hepatobiliary system involvement
(atrophic cirrhosis in the decompensation stage, hepato-
megaly, sclerosing cholangitis, fibrosing pancreatitis);
Kidney involvement (bilateral tubulointerstitial nephritis,
CKD stage lll (GFR by CKD-EPI 50 ml/min/1.73 m?),
hypertensive nephropathy); Salivary and lacrimal glands
involvement (parotitis, submandibular gland disease, dry
eye syndrome — grade IV tear production suppression);
Heart involvement (diffuse cardiosclerosis, dilation
of the right atrium and right ventricle, myocardial hyper-
trophy mainly of the left ventricle, type | diastolic dysfunc-
tion, relative insufficiency of the tricuspid valve grade 2,
moderate pulmonary hypertension (PAP — 60 mm Hg),
hypertension grade I, stage 2, risk 3, CHF IIB with
preserved LVEF 55% (as of July 7, 2024), ascites);
RES (retroperitoneal and pelvic lymphadenopathy);
Vascular involvement (Raynaud’s syndrome, «early
scleroderma pattern»); Skin involvement (indurative
edema of the shins, hyperpigmentation foci, skin
pseudolymphoma, hemosiderosis); Immune disorders
(IgG4 level on April 26, 2024: 443 mg/dl); Anemia of
mixed origin (54 points).

Therapy Adjustment: The patient was prescribed
methylprednisolone 32 mg daily with dose reduction
according to current GC treatment protocols. Mycophe-
nolate mofetil was poorly tolerated (dyspeptic syndrome).
The patient refused rituximab due to the high cost.
Returned to taking Plaquenil 200 mg twice a day.
Continued therapy included: Acetylsalicylic acid 100 mg
once daily; Bisoprolol 5 mg daily; Ramipril 2.5 mg dai-
ly; Rosuvastatin 10 mg daily; Pantoprazole 40 mg once
daily as needed; Spironolactone 50 mg once daily;
Xarelto 2.5 mg twice daily; Ursodeoxycholic acid 500 mg
daily (Figure 8).

Unfortunately, multi-organ involvement caused by
IgG4-RD was confirmed on autopsy: involving the
submandibular salivary glands, liver (sclerosing cho-
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Puc. 8. MauieHT yepes 1,5 poky Big no4aTky cnoctepexeHb
Fig. 8. The patient 1.5 years after the start of observations

Ha xanb, noniopraHHe ypaXeHHs, CrpUYnHEHe
IgG4-A3, nioTBEpaXXeHO Ha ayToncii: 3 ypaXeHHsiM
nigwenenHMx CAMHHMX 3anos, neviHkn (CKNneposyrouunii
XOMaHriT, uMpo3), niawnyHkoBoi 3ano3m (dibpo3Hni
NaHKpeaTuT i3 3aroCTPEHHSIM), HUPOK (ABOGIYHMI TyByno-
iHTepcTuLlianbHun - HedpuT), LWkipn (ibpo3 aepmu,
nponicpepavis apibHMx cyauH). lMepepaxyHok 3a Bia-
NnoBigHMMM [JOMeHaMW 3 ypaxyBaHHSM MonepenHbol
KNiHIYHOI KapTuHW, pesyneraTtiB nabopatopii Ta Ao-
cnigxeHb BcTaHoBMB 66 6aniB. uTaHHA 3any4veHHs
CepLeBO-CyAMHHOI CUCTEMM MOITIO 3anuLiaTtucsa OUCKy-
TabenbHUM: 3a pesynbTatamMu  po3TMHY  BU3HAYeHO
KOHLEHTPUYHY rinepTpodiito  cepus, MepeBaxHO 3a
paxyHOK MiBOro LWnyHo4ka Ta acuut. OfgHak, 3a AaHumu
niTepaTtypv onucaHi BUNagku nepukapauTy, NoB’si3aHOro
i3 1IgG4-A3 [1] Ta nepukapauTy 3 ypaxeHHsaM Miokapaa,
6yno ouiHEHO SIK PecTPUKTUBHY Kapgiomionartito [19-20].

BUCHOBKHU

Haw kniHiYHMA BMNAQoOK OEMOHCTPYE nosiopraHHe
ypaxeHHa npu 1gG4-A3 (IgG4-noB’sizaHi cianoageHir,
NMHEBMOHIT, NneBpwuT, NiMdageHonaTis, renatomeranis,
LMpPO3, XOMNEuuUCTUT, [OMePYOHEdPUT, PECTPUKTUBHA
Kapaiomionaris, iHOypaTMBHUIA HaOPSK LWKIpU TOMINOK,
ocepefku rinepnirmeHTauii, ncesgonimcgoma) 3a Bia-
CYTHOCTI cneundivyHnx 3MiH 3 BOKy TpaauUinHUX MeToaiB

langitis, cirrhosis), pancreas (fibrous pancreatitis with
exacerbation), kidneys (bilateral tubulointerstitial ne-
phritis), skin (dermal fibrosis, small vessel proliferation).
Recalculation according to the relevant domains, taking
into account the previous clinical picture, laboratory
results, and studies, established 66 points. The issue
of cardiovascular system involvement could remain
debatable: autopsy results determined concentric
hypertrophy of the heart, mainly due to the left ventricle,
and ascites. However, literature describes cases of
pericarditis associated with 1gG4-RD [1], and pericar-
ditis with myocardial involvement evaluated as restric-
tive cardiomyopathy [19-20].

CONCLUSIONS

Qur clinical case demonstrates multi-organ involve-
ment in IgG4-RD (IgG4-related sialadenitis, pneumonitis,
pleuritis, lymphadenopathy, hepatomegaly, cirrhosis,
cholecystitis, glomerulonephritis, restrictive cardiomyo-
pathy, indurative edema of the skin of the shins, hyperpig-
mentation foci, pseudolymphoma) in the absence of
specific changes from traditional examination methods.
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obcTexeHHsl. B Hawomy kniHiyHOMy Bunagky 6yno
BMSIBMEHO 3MiHM nepeBaxHO 3 BOKy cepueBO-CyAUMHHOI
cuctemMu, yHKUiOHanbHI MOKa3HUKM AKOI  nomninwysa-
nnca npu 3actocyBaHHi [KC. KntoyoBuMuM ansi BCTaHOB-
neHHs giarHo3dy Oynu pesynstatv NiOBULLEHHS PiBHS
IgG4 y cupoBartui KpoBi (iMyHOriCTOXiMiYHE AOCNIMKEHHS
nauieHT He 3mir BukoHaTtu). [lporpecyBaHHs 3axBo-
ptoBaHHs, KpiM 3actocyBaHHs [KC, Takox BKrovae
CMMMTOMaTUYHE MiKyBaHHS YPaXKEeHNX OpraHiB Ta CUCTEM.
Ha anb, YHUKHYTU HE3BOPOTHMX MOLUKOOXEHb OpraHiB
He BOAnocs, OCKiNbKM Npouec AiarHOCTUKW YCKMaaHo-
BaBCH MOPYLUEHHSIM NOTCTUKN B YMOBax BOEHHOIO 4acy
Ta MaTtepianbHUMN MOXITMBOCTAMM NauieHTa.
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In our clinical case, changes were predominantly found
in the cardiovascular system, whose functional indicators
improved with glucocorticoid use. Key to establishing
the diagnosis were the results of elevated 1gG4 levels
in serum (the patient could not perform immunohisto-
chemical examination). Disease progression, besides
glucocorticoid use, also included symptomatic treatment
of the affected organs and systems. Unfortunately,
irreversible organ damage could not be avoided due to
diagnostic process complications caused by war-time
logistical disruptions and the patient's financial
constraints.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

3 noyatky nybnikauii nepwmx sunagkis Ilg G4-A3 6ynu otpumani
CYTTEBI [OCAMHEHHSA Y BWBYEHHI KNiHIYHOI KapTUHW 3axBOpHo-
BaHHs1, enigemionorii, natoreHe3dy Ta nikyBaHHA. Ane sanuwa-
I0TbCA  BaXK/IMBMMW MUTAHHA CBOEYaCHOI [AiarHOCTMKM Ta
obi3HaHoCTi Wwopo uiei Hosomorii nikapamy pisHUMX crneujanb-
HOCTeN, NPOAOBXEHHS BMBYEHHSI MaToreHesy ANsi BU3HAYEHHS
HOBUX Liinen onsa tepanii, NOMMNWeHHA AiarHOCTUYHUX MiaXoA4iB
Ta 3MEHLUEeHHs BapTOCTi OOCTEXEeHb, CTBOPEHHS pPEECTpy
nauieHTiB i3 UMM PiOKICHUM 3aXBOPIOBAHHAM Ta MOXIMBICTb
IXHBOrO CRINIKyBaHHA [ANs NOJOMAaHHSA HEBU3HAYeHOCTi 4vepes
HasiBHICTb XBOPOOW.
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Prospects for further research

Since the publication of the first cases of IgG4-RD, significant
progress has been made in studying the clinical presentation
of the disease, its epidemiology, pathogenesis, and treatment.
However, important issues remain, such as timely diagnosis
and raising awareness of this condition among physicians
of various specialties. Continued research into the pathogenesis
is needed to identify new therapeutic targets, improve diagnostic
approaches, reduce examination costs, establish a registry
of patients with this rare disease, and provide opportunities
for patient communication to address uncertainties associated
with the disease, along with support and education.
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