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PE3IOME

AxTyanbHicTb. PeBmatoigHui aptput (PA) Ta NapogoHTMT € XPOHIYHMMMK 3ananb-
HUMUW 3aXBOPHOBaHHSIMU, siki MatTb 6arato ChiNbHOrO y MexaHi3Max pO3BUTKY:
aKkTuBaLilo npo3ananbHUX LUTOKIHIB, iIMyHHY iH(INbTpaLiio TkaHuH, Aucbio3 mikpobioTn
Ta PYWHYBaHHS CNOMYYHOI i KICTKOBOI TKaHWHW. HakonnyyoTbCA HayKoBi 4OKa3wn TOro,
IO NapOdOHTUT MoXe ByTu He nuLie CynyTHBOK NAaTONOriEt, a M NOTEHUNHUM MyCcKO-
BMM hakTopoM po3BuTKy PA, 3okpema yepes yuacTtb b6akTepii Porphyromonas gingivalis.
Meta poboTu — y3aranbHUTM Cy4yacHi AaHi NpPOo NaToreHeTUYHW 3B’A30K Mik PA
i NapodoOHTUTOM, 3 aKLEeHTOM Ha ponb OpanbHOi MiKpOGIOTU B PO3BUTKY ayTOIMyH-
HUX MpoLeCiB.

Martepianu Ta metoau. [MpoBegeHO KOHTeHT-aHani3 nybnikauin i3 6a3 PubMed,
Clinical Key, Cochrane Library, EBSCO Ta Google Scholar. BigibpaHo gxepena,
LLIO BUCBITNIOOTb 3B’A30K MibX PA i napogoHTUTOM BignoBigHO A0 MpUHUMNIB AOKa30-
BOI MeanunnHn. Ornag nigrotoBneHo 3a HactaHoBo PRISMA.

PesynbraTi Ta ix o6roBopeHHsA. Porphyromonas gingivalis € 6akTepieto, IO ekc-
npecye dgepmeHT nentugunapriHi-geimiHaszy (PPAD), skuii 3gateH uMTpyniHyBaTtu
Ginkm xassiiHa. Lli 3MiHeHi Ginku posni3HalTbcs iIMyHHOK CUCTEMOI SIK YyXKOPIaHi,
O NPWU3BOAMTL [0 YTBOPEHHS creundiyHuX ayToaHTUTIN A0 UUTPYniHOBaHMX Ginkis.
Y naujeHTiB 3 PA 4acTo BUABMSAOTb BUCOKWIN piBEHb Takux aHTwTIn (anti-citrullinated
protein antibodies), a ix HasiBHICTb acouilioBaHa 3 O6inbl TskkMM nepebirom
3axBOPIOBaHHA. Y TKaHWHaX NapoOdOHTY MauieHTIB i3 NapoOg4OHTUTOM BUSIBNAIOTLCS
umuTpyniHoBaHi Ginku Ta cam cepmeHt PPAD. Kpim Toro, Aggregatibacter actino-
mycetemcomitans cnpusie HagMIpHOMY UMTPYNiHyBaHHIO 4epe3 akTuBaLilo HenTpo-
diniB i BMBINbHEHHA nosakniTMHHMX nactok (NETsS), Wo Takoxk Bege A0 reHepauii
ayToaHTureHiB. Y nauieHTiB i3 PA cnocTtepiraeTbCa 3Hadylla 3MiHa cknagy oparnbHOi
MikpobioTn — 3pocTtae YacTka P. gingivalis, Tannerella forsythia, Treponema denticola,
a TaKoX 3HWXKYETbCSl piBEHb KOMeHcanbHUx GakTepiit (Streptococcus, Actinomyces).
Lli 3miHM MOXyTb nepegyBaTu KNiHIYHUM CUMNTOMaM apTpuTy, WO Hagae MiKpo-
6iOTi NPOrHOCTUYHY LiHHICTb.

BucHoBku. HasiBHicTb napofgoHTUTY, ocobnmeo 3a yyacTi bakTepii P. gingivalis, moxe
CNpPUSITU PO3BUTKY ayTOIMYHHUX peakuii, xapaktepHux ans PA. OpanbHa mikpobiota
Biflirpae BaxnuBYy porib Y MOPYLUEHHI iIMyHHOI TONepaHTHOCTI, WO niaKkpecnioe Heob-
XiQHICTb IHTErpoOBaHOro MEAMKO-CTOMAaTOMOrMYHOro niaxoQy A0 BEeAEeHHs nauieHTiB
i3 3ananbHUMK 3axBOpHOBaHHAMU. AHani3 MikpoGioTM POTOBOI MOPOXHUHM MOXeE
CTaTu MEepCrneKkTUBHUM IHCTPYMEHTOM AN paHHbOI  AiarHOCTUKW, MOHITOPUHTY
Ta npodpinaktukmn PA, ocobnmeo B 0Cib i3 reHETUYHOK CXUIBHICTHO.
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ABSTRACT

Background. Rheumatoid arthritis (RA) and periodontitis are chronic inflam-
matory diseases that share multiple pathogenic mechanisms, including activation
of pro-inflammatory cytokines, immune cell infiltration, microbial dysbiosis, and
destruction of connective and bone tissues. Growing evidence suggests that perio-
dontitis may act not only as a comorbid condition but also as a potential trigger in the
development of RA, particularly through the involvement of Porphyromonas gingivalis.
Purpose — to summarize current data on the pathogenetic link between RA and
periodontitis, with a focus on the role of the oral microbiota in the development of
autoimmune processes.

Materials and Methods. A content analysis of publications from PubMed, Clinical Key,
Cochrane Library, EBSCO, and Google Scholar databases was conducted. Sources
that highlighted the association between RA and periodontitis in accordance with
the principles of evidence-based medicine were selected. The review was prepared
following the PRISMA guidelines.

Results. Porphyromonas gingivalis is a bacterium that expresses the enzyme pepti-
dylarginine deiminase (PPAD), which can citrullinate host proteins. These modified
proteins are recognized by the immune system as foreign, leading to the production
of specific autoantibodies against citrullinated proteins. High levels of such antibodies
(anti-citrullinated protein antibodies, ACPA) are frequently detected in RA patients
and are associated with more severe disease. Citrullinated proteins and the PPAD
enzyme itself are found in the periodontal tissues of patients with periodontitis.
In addition, Aggregatibacter actinomycetemcomitans promotes excessive citrulli-
nation via neutrophil activation and the release of neutrophil extracellular traps (NETs),
further contributing to the generation of autoantigens. RA patients exhibit significant
alterations in oral microbiota composition — an increased prevalence of P.gingivalis,
Tannerella forsythia, and Treponema denticola, along with a decrease in commensal
bacteria such as Streptococcus and Actinomyces. These microbiota shifts may precede
the clinical onset of arthritis, indicating potential prognostic value.

Conclusions. The presence of periodontitis, particularly involving P.gingivalis, may
contribute to the development of autoimmune responses characteristic of RA. The oral
microbiota plays a critical role in breaking immune tolerance, highlighting the need for
an integrated medical-dental approach in managing patients with inflammatory diseases.
Oral microbiota analysis may serve as a promising tool for early diagnosis, monitoring,
and prevention of rheumatoid arthritis, especially in genetically predisposed individuals.

Hladkykh FV. Immune crosstalk between periodontitis and rheumatoid arthritis: oral microbiota as a trigger of auto-
immunity. Kharkiv Dental Journal. 2025;2(1(3)):57-77. DOI: https://doi.org/10.26565/3083-5607-2025-3-07

BCTYN

INTRODUCTION

PeematoigHuin aptput (PA) — Lie XpOHiYHe, CUCTEMHE,
ayToiMyHHe 3axBoptoBaHHA (AI3), ske xapakTepusyeTb-
CA nporpecyloyum nepebirom i BUpaXXeHUM CUCTEMHUM
YPaXEHHSIM CMOMyYHOi TKaHWHW, 3 NEPEBaXKHOK rloKa-
nisauieto NaTonoriyHoro npoLecy B CUHOBIasnbHi 060-
noHui cyrno6is. KniHiyHO PA nposiBnseTbca nepeBaxHO
CUMETPUYHMM 3ananbHUM MoniapTPMTOM, LWO Ypaxye
K ApiOHI  (M’ACTHO-ChanaHroBi, NPOKCMManbHi  Mixda-
naHroBi), Tak i Benuki cyrnobu. OCHOBY naToreHesy
CTAHOBUTb aKkTMBaLis iMyHHOI BigMnoOBidi 3 MOAanbLUO
XPOHIYHOK  3ananbHOK  iH(INbTpaUied  CUHOBIANbHOI
MeMOpaH/ iIMyHOKOMMNETEHTHUMM KNiTUHAMK, iHOYKUIE
aHrioreHedy Ta (OPMYBaHHAM MaHyca — arpecuBHOI
rPaHynAuinHOI TKaHWMHKW, WO iHBa3ye Xxpsw, Ta Ccy6-
XoHApanbHy KiCTKy. Taka iHBasisi € OCHOBOK €pO3UBHUX
3MiH y cyrnoboBux CTPyKTypax, Lo 3 YacoM MpPU3BOAUTL
[0 HEe3BOpPOTHUX Aecdopmauin, BTpatu yHKUil Ta iH-
Baniguaauii nauieHTiB.

[MporpecyBaHHs PA CynpoBOLXYETbCA He nuwe
YypaKeHHSIM OMOPHO-PYXOBOro anapaTty, a W pO3BUTKOM
nosacyrrnoboBux NposiBiB — BACKynNiTiB, 0i6po3y nereHb,
aminoigosy, cepueBO-CYOUHHUX YCKMNafHeHb, LU0 3Ha4-
HOK MipOI0 BMMMBAIOTb Ha TPUBAMICTb XUTTA NauieHTiB.

Rheumatoid arthritis (RA) is a chronic, systemic
autoimmune disease (AID) characterized by a progre-
ssive course and pronounced systemic involvement
of connective tissue, with the pathological process
primarily localized in the synovial membrane of the
joints. Clinically, RA is manifested mainly by symmetric
inflammatory polyarthritis affecting both small (meta-
carpophalangeal, proximal interphalangeal) and large
joints. The pathogenesis is based on the activation of
the immune response, followed by chronic inflammatory
infiltration of the synovial membrane by immunocompe-
tent cells, induction of angiogenesis, and the formation
of pannus — an aggressive granulation tissue that
invades cartilage and subchondral bone. This invasion
underlies erosive changes in joint structures, which
eventually lead to irreversible deformities, loss of function,
and disability of patients.

The progression of RA is accompanied not only
by musculoskeletal involvement but also by the deve-
lopment of extra-articular manifestations-vasculitis,
pulmonary fibrosis, amyloidosis, and cardiovascular
complications — which significantly affect patients’ life
expectancy. Without proper early diagnosis and timely
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be3 HanexHoi paHHbOI [fiarHOCTUKM Ta CBOEYaCHOI
naTtoreHeTM4Hoi Tepanii PA npu3BoguTb OO BUpaxe-
HOMO 3HWXEHHSA SAKOCTi XMWUTTH, TSDKKOI (PYHKLiOHanbHOT
HegoCTaTHOCTI W CYTTEBOrO CKOPOYEHHS TpuUBarocTi
KutTa [1].

EnigemionoriyHi gocnigXeHHs BKasyloTb Ha BUCOKY
nowmpeHictb PA, — BiH ypaxye npubnusHo 1% Hace-
MNEHHS1 NNaHeTu, WO 3yMOBIOE MOro 3Ha4YHWA MeamKo-
couianbHui Tarap [2]. XKiHkn xBOpilOTb yTpWui YacTille,
HDXK YonoBikM, a Hanbinblla 3axBOPHOBaHICTb CMOCTepi-
raetbcsa y BikoBin kateropii 40-60 pokis, Lo, 3 ornsgy
Ha EKOHOMIYHO aKTUBHWIA BiK, Ma€ CEPWO3Hi Hacnigku
SIK 4ns ocobucToro, Tak i Anst rpoMaACcbKoro 300poB’s.
Monpu uucneHHi gocnigpkeHHs, etionoris PA 3anuwa-
€TbCSl OCTAaTOMHO He BCTaHOBMEHOW. BogHovac cyyacHa
HaykoBa napagurma nigTpumMye nonicakTopHy KOHUen-
Lil0 MOro BUHUKHEHHS, 3rigHO 3 SIKOK BuMpillanbHy porb
BigirpaloTb reHeTU4Ha CXMIbHICTb (30Kpema, acouiauiga
3 anensmu HLA-DRB1), nopylweHHA MeXaHi3MmiB LeHT-
panbHOi Ta nepudepuyHoi iIMyHHOI TOMEpPaHTHOCTI,
a TakoX BMNMB (paKTOpiB AOBKINMAA, BKMAYAOYM iH-
deKUiiHi areHTW, TIOTIOHOMANIHHA Ta 3MiHW cknagy
MikpobioTu [3].

Ockinekn PA € cuctemMHMM 3ananbHUM 3axBOpto-
BaHHSIM, 3pOCTa€e iHTEpeC A0 MOro NOTEHLUINHUX 3B’A3KiB
3 HWWMK XPOHIYHUMKM NaTomMoriAMK, siKi MarTb CRifbHI
iMyHonaTonoriyHi mexariamu. OcobnvBoi yBaru 3acny-
rOBY€ NapodOHTUT — XPOHIYHE 3axXBOPHOBAHHA TKaHUH
NapodoHTy, WO BUSABMNSE yucrneHHi napaneni 3 PA sk
Ha piBHi iIMyHHOro aucbanaHcy, Tak i B acnekTi TKAHUHHOT
JecTtpykuii. 3okpema, obuaBa cTaHU xapakTepusytoTbcs
aKTMBALjED BPOMKEHOr0 Ta afanTUBHOIO iMYHITETY,
npoaykuieto npo3ananbHUX LUTOKIHIB, TakMx SK iHTep-
nenkiH-1 (IL-1), caktop Hekposy nyxnuH o (TNF-a),
iHTepnenkiH-6 (IL-6), akTuBauieto ocTeoknacToreHesy
Ta ypaXeHHsIM CNofy4Hoi i KICTKOBOI TKaHWHW. 3a gaHu-
MW HU3KW [OChigKeHb, NApOAOHTUT MOXEe BMCTyNaTu
He nuwe K CynyTHs NaTonoris, a M 9K NOTeHUinHWUA
mMoamndikytoumin gaktop nepebiry PA, cnpusitoum inoro
3aroCTPEHHIO Ta PE3NCTEHTHOCTI 40 Teparnii.

MapodoHTUT — Le XPOHiYHe AUCOIOTUYHE 3ananbHe
3aXBOPIOBAHHS, L0 YPAXYE TKAHWHWU NApPOL4OHTY, Y TOMY
yncni sicHa, nepiofoHTanbHy 3B'sI3KY, LEMEHT KOpEHS
Ta anbBeonspHy KicTKy. Moro naTtoreHes mnos’szaHuit
3i CTilikolo AMCGi03HOK MIKPOGHOM KOroHi3aLjieto 3y6o-
SICEHHUX KMLIEeHb, LWO iHIUiloE aKTUBHY iMYHHY Bigno-
Biob opraHiamy. Y npouec 3any4atoTbCsl 5K KOMMOHEHTU
BPOOKEHOro iMyHITeTY (HenTpodinu, makpodarm, MOHO-
untn), Tak i agantusHoro (T- i B-nimdpoumTnn), wo cy-
NPOBOAXKYETLCSA XPOHIYHUM 3ananeHHsIM, MOPYLUEHHSAM
perynsaTopHUx MexaHi3miB i noganbluol pesopbuieto
KiCTKOBOI TKaHWHW. HakonuyeHHs npos3ananbHuX mepia-
TOpIB y NoKanbHOMY ocepefKy Cnpusie BTpaTi TKAHUHHOI
APXITEKTOHIKM, 3HKEHHIO MiLLHOCTi 3y60osiCEHHUX 3B’'A3KIB
Ta OCTaTOYHI BTpaTi 3ybiB y TXKKMX BUNagkax [4—6].

YpaXeHHs1 NapodoHTy € HaA3BUYaHO MOLUMPEHUM
asuwemM y nonynsadii. 3a cyvacHumu enigemionoriy-
HAMW OaHWMUW, NApOAOHTUT BUABNSAETbCS Y 45-62% no-
pocnvx ocib, npy LbOMY MOLUMPEHICTE Ta TSKKICTb
CTaHy 3pocTalTb i3 BIKOM, a TakoOX Y MNPUCYTHOCTI
CynyTHIX MeTaboniyHMX i cepueBo-CyaNHHNX MOPYLUEHb.
Ocob6nvMBe 3aHENOKOEHHSI  BWKIUKAE BCTAHOBMEHMN
3B’A30K MiX MapOAOHTUTOM i PO3BUTKOM HU3KU CUCTEM-
HMX 3aXBOPHOBaHb, 30KPEMa LIyKPOBOro AiabeTy 2-ro Tuny,
aTepockneposy, iwemiyHoi XBOpoOM cepusi, XPOHIYHOT
OGCTPYKTUBHOI XBOpOOW nereHb, HOBOYTBOPEHb, XpPO-

pathogenetic therapy, RA leads to a marked decrease
in quality of life, severe functional impairment, and
a significant reduction in life expectancy [1].

Epidemiological studies indicate a high prevalence
of RA — it affects approximately 1% of the global
population, which causes a considerable medical and
social burden [2]. Women are three times more likely
to be affected than men, and the highest incidence is
observed in the 40-60 age group, which, given its
economically active status, has serious implications
for both individual and public health. Despite numerous
studies, the etiology of RA remains not fully elucidated.
At the same time, the current scientific paradigm sup-
ports a multifactorial concept of its origin, according
to which genetic predisposition (in particular, association
with  HLA-DRB1 alleles), disruption of central and
peripheral immune tolerance mechanisms, as well as
influence of environmental factors, including infec-
tious agents, smoking, and changes in microbiota
composition [3].

Since RA is a systemic inflammatory disease,
there is growing interest in its potential links with other
chronic conditions that share common immunopatho-
logical mechanisms. Particular attention is given to
periodontitis — a chronic disease of the periodontal
tissues — which shows numerous parallels with RA both
in terms of immune imbalance and tissue destruction.
In particular, both conditions are characterized by the
activation of innate and adaptive immunity, production
of pro-inflammatory cytokines such as interleukin-1 (IL-1),
tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
activation of osteoclastogenesis, and damage to con-
nective and bone tissues. According to several
studies, periodontitis may act not only as a comorbid
condition but also as a potential modifying factor
in the course of RA, contributing to its exacerbation
and resistance to therapy.

Periodontitis is a chronic dysbiotic inflammatory
disease that affects the periodontal tissues, including
the gingiva, periodontal ligament, root cementum, and
alveolar bone. Its pathogenesis is associated with
persistent dysbiotic microbial colonization of the gingival
crevices, which triggers an active immune response
from the host. Both innate immunity components
(neutrophils, macrophages, monocytes) and adaptive
immunity (T and B lymphocytes) are involved in the
process, accompanied by chronic inflammation, dis-
ruption of regulatory mechanisms, and subsequent
bone resorption. The accumulation of pro-inflammato-
ry mediators in the local site contributes to the loss of
tissue architecture, weakening of the gingival attach-
ment, and ultimately, tooth loss in severe cases [4—6].

Periodontal damage is an extremely common condi-
tion in the population. According to current epidemio-
logical data, periodontitis is found in 45-62% of adults,
with its prevalence and severity increasing with age,
as well as in the presence of concomitant metabolic
and cardiovascular disorders. Of particular concern is
the established association between periodontitis
and the development of several systemic diseases,
including type 2 diabetes mellitus, atherosclerosis,
ischemic heart disease, chronic obstructive pulmonary
disease, neoplasms, chronic hepatopathies, as well as
RA. According to the results of multicenter studies,
there is a bidirectional pathophysiological link between
periodontitis and these conditions, particularly due to
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HiYHMX renatonariii, a Takox PA. 3rigHo 3 pesynsratamu
MYNbTULEHTPOBMX OOCNISKEHb, iCHYE ABOGIYHMIA naTo-
bisioNnoriyHNn  3B’A30K MiXK NApPOAOHTUTOM Ta LUUMMU
cTaHamu, 30KpemMa 3aBAsikM LmMpkynsuii 6akTepianbHUX
NpoayKTiB, TakMX $K ninononicaxapugu, Ta CUCTEMHIN
NpoaykLuii npo3ananbHUX UWUTOKIHIB, sIKi MOrmmbniowTb
3aranbHe 3ananexHs [1].

Takum yunHom, sk PA, Tak i napogoHTUT, Knacuaiky-
I0TbCSA K XPOHiYHi 3ananbHi 3axBOpIOBaHHSA, siki 06’en-
Hye TpvBanui nepebir, CXUNbHICTL OO0 NpOrpecyBaHHs,
CUCTEMHUIA BMMMB Ha OPraHiaM, a TakoX BupiwanbHa
ponb iMyHHOT cucTemMu Yy natoreHesi. Obuaea cTaHu
XapaKkTepusylTbCsl akTUBALED $IK BPOMPKEHOro, Tak
i aganTMBHOIO IMYHITETY, HagMIpHOIO NpoAyKUie npo-
3ananbHUX LUTOKIHIB, MOpPYLUEHHAM anonTo3y, Ae3pery-
NAUielo KNITUHHOT BiANOBIAI Ta aKTMBHOW iHGINbTpauieto
YPaKEHUX TKaAHWH iIMyHOKOMMETEHTHUMMU  KIMiTUHAMMU.
Ui natodisionoriuHi nogibHocTi, pasom i3 KNiHIYHUMYK
CMNOCTEPEXEHHSAMN LLIOAO YacToro noegHaHHst PA 3 napo-
OOHTUTOM, bOpMYIOTh NIArPYHTSA Anst nornnbneHoro fo-
CRiDKEeHHS MDKCUCTEMHUX B3aEMO3B’A3KIB, SIKi MOXYTb
Matu He nuwe [AiarHoCTUYHe, a W NPOrHOCTUYHE
Ta TepaneBTUYHE 3HAYEHHSI.

Y Mexax cydacHOi TeHAeHUil 0o MixaucumnniHap-
HOI iHTerpauii MeguyHux 3HaHb 3pOCTaE HayKoBUM
iHTepec A0 MiIKpPOBIONOriYHMX YMHHUKIB, WO BMSMBAOTb
Ha cucTeMHi ayToiMyHHi npouecn. Ocobnuey yBary
npuBepTae OoCHiaKeHHs1 poToBOiI MiKpobioTM SIK MoTeH-
LifnHOro mxepena TpurepiB Ans ayTOIMyHHUX 3aXBOPHO-
BaHb. Y LEHTpi Uuiei koHuenuii — rinotesa npo pornb
nopyLueHb cumbiody MikpoGHOro cepefioBuLLa NOPOXKHM-
HW poTa y popMyBaHHI NaTOMOriYHOI iIMYyHHOI BiANOBIAI,
30aTHOI  BMXOOUTUM 3a MeXi MICUEBOro  OCepeaky.
HaiiGinblunin iHTEepec BUKNWKAE rpamHeraTMBHUIA aHae-
po6 Porphyromonas gingivalis (gnani — P.gingivalis),
NpeacTaBHUK KNAacU4YHOI Tpiagu nepionaToreHis, 4o SKOi
TakoX BxogaTb Treponema denticola Ta Tannerella
forsythia. Len komnnekc, BigOMWUA $K «4EpPBOHWUN
KOMMNIIEKC», ICTOPUYHO aCoOLETBCSA 3 TshKKMMU dop-
MaMy NapodOHTUTY Ta Mae BUPaXeHy 34aTHICTb
0o apresii, iHBasii TKaHWH, a TakoX (HOPMYBaHHA CTil-
kMx GionniBok, WO 3abe3nevyoTb TpuBarne BUKUBAHHSA
GakTepiit B yMOBaXx rinoKcii napogoHTanbHOT KMLLEHI.

P. gingivalis Buainsetbcs cepen iHWUX MikpoopraHis-
MIiB 3aBOSKM YHiKarnbHMM NaTOrEHHWM BNACTUBOCTSM.
BiH 3gaTHUM npoaykyBaTWM HU3KY MPOTEOniTUYHUX hep-
MEHTIB, 30KpeMa TriHrinaiHiB, siki po3wennoTb 6inku
Xa3siiHa, KOMMOHEHTU MIXKITITUHHOrO MaTpUKCy Ta Mone-
Kynu iMyHHOI BigMNOBIAi, IO cnpusie NOpYLUEHHIO NoKanb-
Horo iMyHHoro romeoctasy. Lle, y cBoto uepry, Bege
[0 MOCUNEHHS MICLEBOro 3anarieHHsi, XpoHiYHOro auc-
6io3y Ta copmyBaHHS MONIMIKPOGHOrO MNaToOreHHoro
KOHCOpLiyMy, 30aTHOro NepCcUCTyBaTh y TKaHWHAxX napo-
OOHTY Ta BUKNMKaTW cucteMHi ecpextun [4]. BctaHoBneHo,
Wwo came 4epes3 3pgaTtHicTb Pgingivalis 0o BTpyYaHHs
B MeXaHi3Mu iMyHHOI perynsuii, BiH MoOXe iHiuitoBaTu
ayToiMyHHi npouecu, xapaktepHi ansa PA.

YnpoOooBX OCTaHHIX AecATuniTb Bigbynacst icToTHa
eBonoLis B pO3yMiHHI naTtoreHe3y NapogoHTUTY. PaHiwe
OoMiHyto4olo Oyna KoHLenuisi, 3rigHO 3 sIKOK 3axBOpHo-
BaHHS 3yMOBOBANOCh MPUCYTHICTIO crneundiyHux na-
TOreHHMX MikpoopraHiamis. [lpoTe i3 BRpoBamKEHHAM
BMCOKOTEXHOMOTMYHUX METOpIB, 30KpeMa MeTareHOMIKu,
MeTaTpaHCKpUNTOMiKM Ta MeTabonomiku, cdopmysa-
nacst HoBa napagurma, sika akUeHTye yBary Ha AuHamiLi

the circulation of bacterial products such as lipopolysa-
ccharides and the systemic production of pro-inflamma-
tory cytokines, which exacerbate overall inflammation [1].

Thus, both RA and periodontitis are classified as
chronic inflammatory diseases, characterized by a pro-
longed course, tendency to progression, systemic
impact on the body, and the decisive role of the immune
system in their pathogenesis. Both conditions are marked
by activation of both innate and adaptive immunity,
excessive production of pro-inflammatory cytokines,
disruption of apoptosis, deregulation of cellular res-
ponse, and active infiltration of affected tissues by
immunocompetent cells. These pathophysiological
similarities, along with clinical observations of the
frequent coexistence of RA and periodontitis, form the
basis for further investigation of intersystem interac-
tions, which may have not only diagnostic but also
prognostic and therapeutic significance.

Within the current trend of interdisciplinary integra-
tion of medical knowledge, there is growing scientific
interest in microbiological factors influencing systemic
autoimmune processes. Special attention is drawn to
the study of the oral microbiota as a potential source
of triggers for autoimmune diseases. At the core of
this concept is the hypothesis of the role of microbial
symbiosis disturbances in the oral cavity in forming
a pathological immune response capable of extending
beyond the local site. Of greatest interest is the Gram-
negative anaerobe Porphyromonas gingivalis (hereafter —
P.gingivalis), a representative of the classical perio-
dontal pathogen triad, which also includes Treponema
denticola and Tannerella forsythia. This complex, known
as the «red complex», has been historically associated
with severe forms of periodontitis and exhibits a strong
ability to adhere, invade tissues, and form persistent
biofilms, which allow prolonged bacterial survival in the
hypoxic environment of the periodontal pocket.

P.gingivalis stands out among other microorganisms
due to its unique pathogenic properties. It is capable of
producing a number of proteolytic enzymes, particularly
gingipains, which degrade host proteins, components
of the extracellular matrix, and immune response mole-
cules, thereby disrupting local immune homeostasis.
This, in turn, leads to enhanced local inflammation,
chronic dysbiosis, and the formation of a polymicrobial
pathogenic consortium capable of persisting in perio-
dontal tissues and inducing systemic effects [4]. It has
been established that it is precisely due to P.gingivalis’s
ability to interfere with immune regulatory mecha-
nisms that it can initiate autoimmune processes
characteristic of RA.

Over the past decades, there has been a significant
evolution in the understanding of periodontitis patho-
genesis. Previously, the dominant concept held that
the disease was caused by the presence of specific
pathogenic microorganisms. However, with the advent
of high-throughput technologies such as metagenomics,
metatranscriptomics, and metabolomics, a new para-
digm has emerged that focuses on the dynamics of
microbial functional activity and ecological imbalance
within the biofilm. In this context, periodontitis is viewed
as a consequence of a dysbiotic shift in the sym-
biotic microbial ecosystem, which provokes a loss
of immune tolerance and triggers a cascade of
chronic inflammation.
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byHKUiOHaNbHOI aKTUBHOCTI MIKpOGIOTM Ta MNOpPYLUEHHI
ekonoriyHoro GanaHcy y GionniBui. Y LbOMY KOHTEKCTI
NapofdoOHTUT pPO3MSAAaETbCA sK  Hacnigok AucbioTuy-
HOro 3cyBy cuMOGIOTMYHOI MikpOOHOI  ekocucTemu,
WO MNPOBOKYE BTpaTy TOMEPAHTHOCTI iIMYHHOK cucTte-
MOIO Ta 3arnyckae Kackaz XPOHIYHOro 3anarneHHsl.

Ouncbio3, AK KNOYOBUN MNATOrEHETUYHUIA MeXaHi3Mm,
BKIMOYAE He NuLle KinbKiCHi, a W (PyHKUiOHanbHi 3MiHU
y cknagi MikpobioTu. Baxnueum € Te, L0 MikpoopraHiamm
B yMoBax Aucbio3y He AitoTb i30MbOBaHO, a BCTynawTb
y CKnagHi CuHepriyHi B3aemopii, SKi BKMYalTb KOO-
nepaTtuBHy perynsuilo reHiB BipyneHTHOCTI, meTabo-
niYyHy B3aEMO3aneXHiCTb, OOMIH CUrHaNbHUMWU MOMEKY-
namy Ta B3aeMHy akTuBaLilo (akTopiB NaTOreHHOCTi.
Taki iHTerpoBaHi MIKpOOHI Mepexi 3aaTHi edeKTUBHO
GrnokyBaTV 3axuMCHi MexaHi3Mu XxassiiHa, YHEMOXIMBIO-
loun enimiHauito iHdekuii. BHacnigok uboro chopmyeTbea
cTabinbHe AMcbioTuyHe cepedoBULLE 3 BUCOKUM MNaTto-
FEHHMM MOTEHLanoMm, sike CrpUsie He Nnule noKanbHil
OecTpykuil nMapodoHTy, a W CUCTEMHOMY MOLUMPEHHIO
nposananbHUX curHanie — ocobnmeo B Ocib i3 reHeTuny-
HOto abo iIMYHHOI CXUINbHICTIO 40 po3BuTKy Al3.

Okpemy Hilly B CyyacHin Hayui 3armMaloTb gocnig-
XKEHHSI, WO BMBYAKTb B3aEMO3B'SI30K MiXK OparbHO
MiKpobGiOTOIO  Ta  ayTOIMyHHUMU  3aXBOPHBAHHAMM,
3okpema PA. Y ubomy acnekTi ocobnuBa yBara 3oce-
pemxeHa Ha 3pgaTtHocTi P.gingivalis po excnpecii dep-
MEeHTYy  nenTuaunapridiH-geimiHasn  (peptidylarginine
deiminase — PPAD), dkun katanisye UMTpyniHyBaHHS
GinkiB xassiiHa — npouec, y SIKOMY apriHiHOBI 3anuLiku
aMiHOKMCIOT NEePETBOPIOTLCA Ha UMUTPYNiH. Y pesynb-
Tati ui 6inkM HabyBalOTb HOBMX AHTUIEHHMX BMacTu-
BOCTEM | CTaloTb MilIEHHIO AN YTBOPEHHS aHTUTIN
0o uuTpyniHoBaHux GinkiB  (anti-citrullinated protein
antibodies — ACPA). ACPA BBaxaloTbCsi BMCOKOCMeLM-
diyHMMKN Mapkepamu PA i BigirpaloTb BaxnuBy porb
y QiarHocTuui Ta NpOrHo3yBaHHi LbOro  3axBOpto-
BaHHa [7]. Bigomo, wo cepono3ntmeHicTb 3a ACPA
Yacto nepegye kniHiYHOMY AeblTy apTpuTy Ha Kinbka
poOKiB, WO Hadae UMM aHTWUTinam 0cobMnMBOro 3Ha4YeHHs
ONsi NEPBMHHOIO CKPUHIHTY Y rpynax puauky.

Kpim Toro, BcTaHoBneHo, wo P.gingivalis wmae
30aTHICTb MPOHUKATN Yy CUCTEMHWUIA KPOBOTIK, Ae iHiLitoe
aKTMBaUilo AeHOPUTHUX KNiTUH | T-nimdouunTiB y nepu-

depnyHnX  NiMoigHMX opraHax, LWo Npu3BOaUTb
0O reHepanisauii 3ananbHoi  Bignosigi. Lle cnpusie
He nuwe NiATPMMAaHHI0O  XPOHIYHOro  3ananeHHs,

ane " MOTEHUINHO NPWCKOPIOE PO3BUTOK i nporpecy-
BaHHA PA. Y KniHiYHMX CnocTepexeHHaX niareepa-
XEHO, WO MpUCYTHICTb P.gingivalis y napogoHTanbHuX
KALUEHSIX 3HAYHO uYacTille BUSBNSAETLCA Yy NaLieHTIB
i3 pgiarHoctoBaHuM PA, npuyomy ii piBeHb Koperoe
3 aKTUBHICTIO 3ananbHoro npotecy B cyrnobax [7].

3 ornagy Ha BuknageHe, P.gingivalis po3rnagaetbca
SIK NepcneKkTMBHa MilleHb ANsi NPOdIiNakTUYHKUX i Tepa-
NeBTUYHUX CTpaTerin y nauieHTiB 3 BUCOKUM PU3NKOM
po3BuTKy PA. AHani3 cknagy opanbHoi MikpobioTn —
30KpeEMa LOCHiMKEHHS CNMHK abo BMiCTY napogoHTanb-
HUX KWLWEeHb — HabyBae 3HaYeHHs sk HeiHBa3UBHWIA
iHCTPDYMEHT paHHbOrO BWSIBMEHHSI iIMYyHONATOMNOMNYHUX
3MiH. Takui nigxig moxe OyTW iHTErpOBaHWI Yy CUCTEMY
nepcoHarni3oBaHoi MeguunHK, [O03BOMSYN  34INCHI0-
BaTW paHHIO ideHTuiKaLilo nauieHTiB, siki NoTpebytoTb
MOHITOPMHIYy abo NpPEeBEeHTMBHOIO BTPy4YaHHS 3 OGOKy
peBmMaTonoris, CToMartosnoris Ta iMyHOsOriB.

Dysbiosis, as a key pathogenetic mechanism, invol-
ves not only quantitative but also functional changes
in the microbiota composition. Importantly, micro-
organisms under dysbiotic conditions do not act in
isolation but engage in complex synergistic interactions,
which include cooperative regulation of virulence genes,
metabolic interdependence, exchange of signaling
molecules, and mutual activation of pathogenicity
factors. These integrated microbial networks can
effectively block host defense mechanisms, making
infection elimination impossible. As a result, a stable
dysbiotic environment with high pathogenic potential
is formed, which contributes not only to local perio-
dontal destruction but also to the systemic dissemination
of pro-inflammatory signals — especially in individuals
with genetic or immune predisposition to the develop-
ment of autoimmune diseases.

A distinct niche in modern science is occupied
by studies exploring the relationship between the oral
microbiota and autoimmune diseases, particularly RA.
In this context, special attention is focused on the ability
of Pgingivalis to express the enzyme peptidylarginine
deiminase (PPAD), which catalyzes the citrullination
of host proteins-a process in which arginine residues
in amino acids are converted into citrulline. As a result,
these proteins acquire new antigenic properties and
become targets for the formation of anti-citrullinated
protein antibodies (ACPA). ACPA are considered highly
specific markers of RA and play an important role
in the diagnosis and prognosis of this disease [7].
It is known that ACPA seropositivity often precedes
the clinical onset of arthritis by several years, which
gives these antibodies particular importance for
primary screening in at-risk groups.

In addition, it has been established that P.gingivalis
has the ability to penetrate the systemic bloodstream,
where it initiates the activation of dendritic cells and
T lymphocytes in peripheral lymphoid organs, leading
to the generalization of the inflammatory response.
This contributes not only to the maintenance of chronic
inflammation but may also potentially accelerate the
development and progression of RA. Clinical observa-
tions have confirmed that the presence of Pgingivalis
in periodontal pockets is detected significantly more
often in patients diagnosed with RA, and its levels
correlate with the activity of the inflammatory process
in the joints [7].

In light of the above, Pgingivalis is considered
a promising target for preventive and therapeutic
strategies in patients at high risk of developing RA.
Analysis of the oral microbiota composition-particularly
the examination of saliva or the contents of periodontal
pockets-is gaining importance as a non-invasive tool
for early detection of immunopathological changes.
This approach can be integrated into a personalized
medicine system, enabling early identification of pa-
tients who require monitoring or preventive intervention
by rheumatologists, dentists, and immunologists.
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MeTta po6GoTu — y3saranbHUTM cCydacHi gaHi npo
NaTOreHeTUYHNA 3B’A30K MiXK PEeBMaTtoigHMM apTpUTOM
i NApPOOOHTUTOM, 3 aKLEHTOM Ha poSib OparibHOI MiKpo-
6ioTV B pO3BUTKY ayTOIMYHHMX NPOLECIB.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Migbip nybnikauin BukOHaHO 3a 6azamm AaHux

PubMed (https://pubmed.ncbi.nim.nih.gov/),  Clinical
Key Elsevier (https://www.clinicalkey.com), Cochrane
Library (https://www.cochranelibrary.com/), eBook

Business Collection (https://www.ebsco.com/) Ta Google
Scholar (https://scholar.google.com/), B $kux BWCBIT-
noBanUCb  BiAOMOCTI MNP0 MATOreHETUYHUA  3B’SI30K
mix PA i napogoHTuTOM. Ha nepwomy etani nposo-
OUnuM  NOLWYK JniTepaTypHUX [pKepern 3a  KH4YoBMMHU
crnoBamu: peBMATOIOHUIA apTpwuT, NapogoHTwT, Porphy-
romonas gingivalis, mikpobHa 6ionniBka, Mikpobiom,
poToBa NOPOXHWHA, LUMTPYNiHyBaHHA. Ha apyromy etani
BMBYaNMCb pe3toMe cTaTen Ta BukNoYanuch nybnikauii,
AKi He Bignosiganu kKputepiam AocrnigkeHHd. Ha Tpe-
TbOMY €Tani BMBYanM MOBHi TeKCTW BigibpaHunx cTaTen
Ha BIAMOBIOHICTL KPUTEPIIM BKIMIOYEHHS [0 Crnucka
niTepatypu Ta peneBaHTHICTb focnigxeHb. KpuTtepiamu
BKIMOYEHHA nybnikauin go BuOipku, ska nignsrana
KOHTeHT-aHanidy, 6ynu: 1) BMCBITNEHHA Cy4acHuX Bifo-
MOCTEN oo naToreHeTM4Horo 3B’A3ky Mik PA i napo-
OOHTMTOM; 2) BIiONOBIQHICTb AOCNIMKEHb  KIMHOYOBUM
3acajaM [o0Ka3oBOi MeauuuHu; 3) BIiOKPUTUI [OCTyn
0o noBHoTekcTtoBOi  ctatti.  Ornsg nNiAroToBneHo
y BIiOMOBIOHOCTI [0 KMWYOBWUX 3acaj HaCTaHOBU
PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) [8].

PE3YABTATU TA IX OBFOBOPEHHS

Po3BUTOK cMMBIOTUYHOI MikpOoGioTH

Y POTOBI! NOPOXXHUHI

PoTtoBa nopoxHvuHa niogvHW € Hag3BMYaMHO cknag-
HOIO Ta (PYHKLiOHANbHO AMHAMIYHOK aHaTOMIYHOO eKo-
CMUCTEMOIO, O BUKOHYE He nuwe NepBuHHI yHKLT,
NOB’A3aHi 3 TPABNEHHSAM | MOBINEHHSAM, ane  Cryrye Kno-
YOBMM OcepeaKkoM MiKpobHOI kornoHisauii. BoHa yTBoptoe
YHiKanbHe cepegoBuLle, Ske NigTPUMYE XUTTEQIANBHICTD
LUMPOKOrO  CrMeKTpa KOMEHCcarnbHUX  MIKpOOpraHiamis,
3aBASAKN MOCTINHOMY AOCTYNY A0 HYTPIEHTIB i3 CRWHMW,
Xi Ta TKaHWHHOrO ekcygaTty, BUCOKI BOMOrocTi, CTa-
6inbHOMY TeMNepaTypHOMY PEXUMY Ta HasiBHOCTI Pi3HMX
piBHIB AOCTYNHOCTI KuCHIO. MoegHaHHsA aepobHux, da-
KynbTaTMBHO-aHaepobHux i obniraTHo-aHaepobHNX yMOB
3abesneuye opmMyBaHHSA CKNagHOi MikpoOHOI eko-
CUCTEMW 3 BUCOKMM PiBHEM MeTabomniyHOi aKTMBHOCTI.

Ocobnuey ponb Yy cTabinbHOCTi MikpobHoro 6ioue-
HO3y BigirpaloTb HeeniTenioBaHi TBepdi (3yow) Ta M'siKi
(Hanpuknag, sicHa, A3uK, NigHeGiHHs, crnu3oBa 06OMOH-
Ka LWik) noBepxHi, Aki He nigpalTbesa disionorivHoMy
OHOBJIEHHIO, LIO CTBOPIOE YMOBW Ans [OBroTpyBanol
agresii MiKpOOpraHiamiB i YTBOPEHHSI CTPYKTYpPOBaHUX
Gionnisok. Lli GionniBkm — uUe He NpOCTO BUMAOKOBI
CKyM4eHHs MiKpoopraHiamiB, a cknagHi MikpoGHi cninb-
HOTK, WO MalTb 3A4aTHICTb 4O CaMOOpraHisadii, BHYT-
PiLLHBOT KOMYHiKaUii (KBOPYMHOrO CUrHariHry) Ta B3aemo-
Ail 3 MakpoopraHiamom, 30Kpema 3 KriTuHaMu enitenito,

Objective — to summarize current data on the
pathogenic link between rheumatoid arthritis and
periodontitis, with an emphasis on the role of oral micro-
biota in the development of autoimmune processes.

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/), which presented infor-
mation on the pathogenic connection between RA
and periodontitis. At the first stage, a search for literature
sources was carried out using the following keywords:
rheumatoid arthritis, periodontitis, Porphyromonas gin-
givalis, microbial biofilm, microbiome, oral cavity, citru-
llination. At the second stage, article abstracts were
reviewed and publications not meeting the research
criteria were excluded. At the third stage, the full texts
of the selected articles were examined for compliance
with the inclusion criteria and relevance to the study.
The inclusion criteria for the sample of publications
subject to content analysis were as follows: 1) presen-
tation of current data on the pathogenic relationship
between RA and periodontitis; 2) compliance with the key
principles of evidence-based medicine; 3) open access
to the full text of the article. The review was prepared
in accordance with the key principles of the PRISMA
guideline (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [8].

RESULTS AND DISCUSSION

Development of the symbiotic microbiota
in the oral cavity

The human oral cavity is an extremely complex
and functionally dynamic anatomical ecosystem that
performs not only primary functions related to digestion
and speech, but also serves as a key site of microbial
colonization. It forms a unique environment that supports
the viability of a wide range of commensal micro-
organisms due to constant access to nutrients from
saliva, food, and tissue exudate, high humidity, stable
temperature conditions, and varying levels of oxygen
availability. The combination of aerobic, facultative anae-
robic, and obligate anaerobic conditions enables the
formation of a complex microbial ecosystem with a high
level of metabolic activity.

A special role in the stability of the microbial bio-
cenosis is played by non-epithelialized hard (teeth) and
soft (e.g., gingiva, tongue, palate, buccal mucosa)
surfaces that are not subject to physiological renewal,
which creates favorable conditions for long-term adhe-
sion of microorganisms and the formation of structured
biofilms. These biofilms are not just random accumu-
lations of microorganisms, but complex microbial
communities capable of self-organization, internal
communication (quorum sensing), and interaction with
the host, particularly with epithelial cells, fibroblasts,
and immunocompetent elements. Biofilms can become
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dibpobnactamy " iMyHOKOMNETEHTHUMU €ENEMEHTaMMU.
BionniBkn cTaloTb MNOTEHUIMHUMKU pe3epByapamMu narto-
GiOHTIB | TPMrepom Anisi XPOHIYHOrO 3anarneHHs 3a yMOBU
nopyLueHHs 6anaHcy 3 60Ky iMyHHOI cuctemu.

CTaHOM Ha CbOroAHi BiAOMO, IO Yy POTOBIN MOPOX-
HWHI 30,0pOBOIT NIOANHK iaeHTUdikoBaHo noHag 700 Buais
MikpoopraHiamiB, Garato 3 skux nepebyBaloTb y CUM-
GioTMYHMX abo MyTyaniCTUYHMX BiAHOCMHAX 3 OpraHis-
Mom rocnogapsi [9]. 3oopoBuii MikpoGioM POTOBOI NOPOXK-
HUHU DOPMYETLCA SK pe3ynbTaT AenikaTHOI B3aemogil
MK IMYHHOK cUCTeMOK rocnogapsi, MixbakTepianb-
HAMM KOHKYPEHTHUMK B3aeMogdismMu Ta akTopamu
cepegoBuwa. Came uen cTaH [OMHaMIYHOI piBHOBa-
rm 3anobirae rinepkonoHiszauii natoreHHMMM Mikpoopra-
Hi3Mamu Ta cnpusie POpMyBaHHIO iIMYHHOT TONEPaHTHOCTI.

Y pasi nopyLlleHHsI romeocTasy, 3yMOBIIEHOIO 3HU-
XKEHHAM iMYHHOI BigMNOBIAi, 3MiHAMM B paLioHi Xapuy-
BaHHS, HeaJeKkBaTHOW ririeHolo abo 3acTocyBaHHSAM
aHTMBIOTKKIB LUMPOKOro cnekTpa fAji, BigdyBaeTbCa 3CyB
MikpobHoro cknagy B 6ik naTtobiOHTHOro AOMiHYBaHHS.
TakMn  guchio3 cnpuuuHsie nopylleHHss  Gap’epHoil
dyHKUii cnn3oBoi 0GOMOHKM Ta akTUBYE BPOMKEHI
M aganTuBHi iMyHHI MexaHiamu. [locTiiHa HasiBHICTb
Gionniskn, 0cobGNMBO B MPULLMIAKOBMX 30HaX SICEH, MPO-
BOKYE XPOHiYHEe 3anarneHHsi, iHiLinoBaHe B3aeMogicto
MIKpOBGHMX NPOAJYKTIB XUTTEQIANBHOCTI 3 peuenTopamu
enitenianbHUX KNiTMH, Makpodoarie i AEHOPUTHUX KNITUH.
YHacnigok uporo BioOyBaeTbCcsi cekpeuis npo3ananb-
HUX uuToKiHiB (IL-1B, IL-6, TNF-o) Ta aktusauis
OCTEOKNACTOreHesy, WO MNpu3BOAWUTL [0 NPOrpecuB-
HOI OecCTpyKUil TKaHUH NapogoHTa, 3 KMiHIYHUMKU Npos-
BaMu y BUrNsAi NapoaoHTuUTy [7].

dopmyBaHHS MiKpoBIOTN POTOBOT NMOPOXHUHU PO3MO-
YMHAETBLCA HEBOOB3i MiCNsi HAPOMKEHHS N € KPUTUYHO
BaXNMBUM ANsi HOPMAnbHOrO iIMYHHOrO [03piBaHHS,
MeTaboniyHoi aganTauii Ta CTaAHOBMEHHSI OpanbHOro
romMmeoctasy. Yxe npoTAroM Meplnx TFOAUH KUTTSA
Ha Cru3oBi 0OOMOHL HOBOHaPOMKEHUX BUSIBNSAIOTLCA
TUMOBI  NPEeACTaBHWKM  KOMEHCanbHOI  Mikpodhnopwu,
3okpema Staphylococcus epidermidis Ta npeacTaBHUKK
pony Streptococcus, siki BACTYNawTb NEPLUNMK KOMOHi-
3atopamu. OpHUM 3 Mepwux OOMIHYIYMX BUAIB,
WO 3’ABMNSETbCA B POTOBIN MOPOXHWMHI HOBOHapoOOKe-
Horo, € Streptococcus salivarius, sIKMA BUSIBNSETLCS
BXe npotaroM nepwux 8 rogmH nicna nonoris [10].
Llen mikpoopraHiam € niOHEpHMM BWOOM, LUO 3aBLAKK
3naTHoCTi Ao aaresii, npogykuil aHTUMiKpobHMX nenTuais
Ta MOAYMIOBaHHIO MicLUeBOi iMYyHHOI BignoBigi, CTBO-
plOE CMpUATAMBI YMOBU [ANsi 3aCENieHHs] HaCTYMHUX
MiKpOBHMX NpeacTaBHUKIB.

Ha etani npopisyBaHHsi 3y6iB BigOyBaeTbcs kapau-
HanbHa nepebynoBa Mikpoekonorii pOTOBOI MOPOXHUHW.
MosiBa HOBUX, TBEPAMX i HEPEreHepykUnx MOBEPXOHb,
TakMX sIKk emanb 3y6iB, CTBOPIOE [A0OATKOBI MiKPOHiLUi
anst GakTtepianbHoi agresii Ta GionniBKOYTBOPEHHS.
BogHovac i3 uum cnocTepiraeTbCs 3MiHa Xap4yoBOro
pauioHy — nepexig Big MOMOYHOrO A0 3MiWIAHOro TUMy
rogyBaHHs, WO 3MiHIOE SKICHUA Ta KinbKiCHUA cknajg
MikpobHoro cybcTpaty. Lli dhaktopu cnpusitoTe 3Ha4HOMY
NigBULLEHHIO MIKPOGHOrO  pi3HOMaHITTS, 30iNbLUEHHIO
KINbKOCTI  ¢pakynsTaTMBHMX Ta obniraTHMX aHaepobis
i ycknagHeHH0 6ionniBkOBMX CTPYKTYP.

Y npoueci cTaHOBNEHHS MiKpoBioMy pOTOBOI MOPOX-
HWUHW CMnoCTepiraeTbCs iHAMBIQyanisauia moro cknagy,
Wwo dopMyeTbCs Nig BNMBOM FEHETUYHMUX, €KOMOMNYHNX
i NOBEAIHKOBUX YNHHWMKIB. Y 300pOBUX AiTEN Ta 4OPOCHMX

potential reservoirs of pathobionts and a trigger for
chronic inflammation when immune balance is disrupted.

To date, it is known that more than 700 species
of microorganisms have been identified in the oral
cavity of a healthy person, many of which exist in
symbiotic or mutualistic relationships with the host
organism [9]. A healthy oral microbiome is formed as
a result of delicate interaction between the host immune
system, interbacterial competitive relationships, and
environmental factors. This state of dynamic equilibrium
prevents hypercolonization by pathogenic microorga-
nisms and promotes the formation of immune tolerance.

In the event of homeostasis disruption, caused by
reduced immune response, changes in diet, inadequate
hygiene, or the use of broad-spectrum antibiotics,
a shift in microbial composition toward pathobiont
dominance occurs. Such dysbiosis leads to a disruption
of the mucosal barrier function and activates both
innate and adaptive immune mechanisms. The constant
presence of biofilm, especially in the cervical regions
of the gums, provokes chronic inflammation initiated
by the interaction of microbial metabolic products
with receptors of epithelial cells, macrophages, and
dendritic cells. As a result, pro-inflammatory cytokines
(IL-1B, IL-6, TNF-a) are secreted, and osteoclastoge-
nesis is activated, leading to progressive destruction
of periodontal tissues, with clinical manifestations in
the form of periodontitis [7].

The formation of the oral microbiota begins shortly
after birth and is critically important for proper immune
maturation, metabolic adaptation, and the establishment
of oral homeostasis. Already within the first hours of life,
typical representatives of the commensal microflora
are found on the mucous membrane of newborns,
particularly Staphylococcus epidermidis and members
of the genus Streptococcus, which act as primary
colonizers. One of the first dominant species to appear
in the newborn’s oral cavity is Streptococcus salivarius,
which is detected within the first 8 hours after birth [10].
This microorganism is a pioneer species that, due to its
ability to adhere, produce antimicrobial peptides,
and modulate the local immune response, creates
favorable conditions for the settlement of subsequent
microbial representatives.

During the teething stage, a radical reorganization
of the oral microecology occurs. The appearance
of new, hard, and non-regenerating surfaces such as
tooth enamel creates additional microniches for bacterial
adhesion and biofilm formation. At the same time,
changes in diet are observed-a transition from milk
to mixed feeding-which alters both the qualitative
and quantitative composition of the microbial substrate.
These factors contribute to a significant increase in
microbial diversity, an increase in the number of
facultative and obligate anaerobes, and a greater
complexity of biofilm structures.

During the establishment of the oral microbiome,
an individualization of its composition is observed, which
is shaped by genetic, environmental, and behavioral
factors. In healthy children and adults, the dominant
bacteria are usually gram-positive facultative anaerobes,
mainly representatives of the genera Streptococcus
and Actinomyces, which play an important role in
maintaining ecological balance. These microorganisms
implement a number of mechanisms to control patho-
genic bacteria species — through competition for
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3a3Buyall JOMIHYIOTb pamMmno3uTUBHI  hakynbTaTUBHO-
aHaepoOHi GakTepii, roNoBHUM YMHOM NPEACTABHUKU
poaiB Streptococcus i Actinomyces, $iKi BUKOHYIOTb
BaXNMBY ponb Y NigTPMMaHHI ekororiyHoro 6anaHcy.
Lli mikpoopraHiamu peani3ytoTb HW3KYy MeXaHi3MiB KOHT-
pont Hag NaToreHHMW BUAAMU — Yepe3 KOHKYPEeHLito
3a XKMBUINbHI PEYOBUHW, iHOYKUiO NpodyKuii aHTUMIK-
poGHUX crnonyk (bakTepiouMHiB), a TakoX Mogynsuito
MicLeBoOl iIMyHHOI BiAnoBiOi 3 akTMBaUi€ld TornepaHTHUX
T-KNITUHHUX NONYNSALIR.

disionoriyHa piBHOBara MiX CUMBOIOTUYHOK MiKpO-
cdnopoto Ta iMyHHOK CMCTEMOIO rocrnogapsi 3abesnedye
CTiVKiCTb OpanbHOro cepefoBuLLa Ta BiACYTHICTb KMiHIYHO
3HaYyLLMX 3ananbHUX NPOUECIB y TKaHWHaX NapodoHTa.
OpHak 3a yMOB BTpaTy Liboro 6anaHcy BMHuUKae Anchios —
3MiHa CTpyKTypu 1 dyHKUii Mikpobiomy, wWo Beae
[0 (opMyBaHHS npo3ananbHOro MikpocepenoBsuLa,
nocuneHHs npoaykuii  ninononicaxapuais, akTmsauil
Toll-nogibHux peuentopie (TLR) Ta 3anycky XpoHi4HOro
iIMYHHOTO 3anarneHHs.

MikpoBHa GioNAIBKA K KAIOYOBUA €EAEMEHT

natoreHesy NApPOAOHTUTY

MikpoGioMm poTOBOI MOPOXHWHM € Haa3BUYaHO
cknagHoto, 6araTOKOMMOHEHTHOI Ta  BUCOKOOpPraHi-
30BaHOK GionoriyHow cucTemol, Lo OpMYETLCS
M niaTpyumyetbcs 'y Burnagi GaratoBugoBux GionniBok.
Lli GionniBkn LWinbHO agre3yTbCs OO0 SK M'SKUX, Tak
i TBEpAMX aHaToMiYHMX cybcTpartiB, 3okpema o emarni
3y6iB, Ae BOHM HabyBalTb (POpMM 3yOGHOrO HasboTy.
3aBOsikM  HASAABHOCTI  PiBHOMAHITHMX EKOSOMYHUX  Hill,
CchOpPMOBaHNX YHIKanbHOK aHaToOMI€ld POTOBOI MOPOX-
HUHK, PI3UKO-XIMIYHMM MiKpOCEPELOBULLIEM, BMIMBOM
CIMUHKW, 3anuwiKkamu XK, MexaHiYHUMKU YMHHUKaMU
(KyBaHHS, MOBMEHHS) Ta TemnepaTypHOK CcTanicTio,
CTBOPIOKTLCA ONTUMarnbHi  YMOBWM Anst  NiATPUMaHHS
XKUTTEQIANBHOCTI pe3nMAEHTHMX MiKpoopraHiamie. Opanb-
HUA MikpoGioM 3Ha4HO BIOPI3HAETLCA Big MiKpoGioT
HLUMX aHATOMIYHUX 30H, TaKMX SIK LUKipa abo KULLEYHMK,
He nuwe 3a BMAOBMM CKMAOAOM, a W 3a CTyneHeM
cTabinbHOCTI Ta 3gaTHICTIO 4O camoperynsuii B ymoBax
NMOMIPHMX 30BHILLUHIX BMMMBIB.

BaxnuBo nigkpecnuTu, Wo cneundiyHicTb Mikpob-
HOro cknagy oparnbHoi 6ionniBkM 3HA4YHOK Mipot BM3Ha-
YaeTbCca MapamMeTpamMu MiCLIEBOro MikpocepeaoBuia —
piBHEM pH, OOCTYMHICTIO KUCHIO, TEMNEPATYPOIO, Xapak-
TepoM JOCTyNHoro cybeTpaTy (ByrneBoau, rmikonpoTeiny,
aMiHOK1CNOTK), HasIBHICTIO iOHIB KanbLito Ta docdopy.
[MeBHI TakCOHM MOXYTb YCNILWHO KOMOHI3yBaTU nulle
Ti AiNsHKW, ge ui daktopy nepebysatoTb y disionoriyHo
NPUAHATHOMY [fiana3oHi. TakuMm 4YMHOM, Mikpobiom
pPOTOBOI MOPOXHUHM nepebyBae B MOCTIAHIN cuMBIio-
TWUYHIN B3aemodii 3 opraHi3MOM fOAWMHKU, BUKOHYHOYM
KPUTUYHI YHKLUiT — Big yyacTi y doOpMyBaHHi KOMOHi3a-
LiMHOT pe3nCTEeHTHOCTI OO0 MaToreHiB A0 MOAYMNHOBaHHSA
PO3BWTKY IMyHHOI CUCTEMU CNM30BUX 0OOMNOHOK. KomeH-
canbHi GakTepii He nuwe BUTICHAIOTbL NaToOGIOHTIB
KOHKYPEHTHUMU MeXaHi3Mamu, a W MpUrHivylTb Hag-
MipHy iMyHHY BianoBigb Yepes iHribyBaHHs Toll-nogibHmx
peuenTopiB (TLR) abo aktuBauito TonepaHTHMX Nimdo-
uuTiB, 3anobiralo4m XpoHiYHOMY 3ananeHH:o [12].

OkpiM nokanbHOI Aii, MiKpoGioM NOPOXHUHWU poTa
BMKOHYE CUCTEMHi cyHKLUii, 6epyun yyacTb y BaraTbox
disionoriyHnx npouecax. 3okpema, BiH Bigirpae Bax-
nuBy ponb y peanisauii eHTEPOCNMHOBOrO LUNsAXY MeTa-
Goniamy HiTpatiB — nitrate—nitrite—nitric oxide pathway —

nutrients, induction of antimicrobial compound pro-
duction (bacteriocins), as well as modulation of the
local immune response with activation of tolerant
T-cell populations.

The physiological balance between the symbiotic
microflora and the host immune system ensures the
stability of the oral environment and the absence of
clinically significant inflammatory processes in the
periodontal tissues. However, when this balance is lost,
dysbiosis occurs-a change in the structure and function
of the microbiome that leads to the formation of a pro-
inflammatory microenvironment, increased production of
lipopolysaccharides, activation of Toll-like receptors (TLRs),
and the initiation of chronic immune inflammation.

Microbial biofilm as a key element
in the pathogenesis of periodontitis

The oral microbiome is an extremely complex,
multicomponent, and highly organized biological system,
formed and maintained in the form of multispecies
biofilms. These biofilms are tightly adhered to both soft
and hard anatomical substrates, particularly to the
enamel of teeth, where they form what is known as
dental plaque. Thanks to the presence of various eco-
logical niches formed by the unique anatomy of the oral
cavity, the physicochemical microenvironment, the
influence of saliva, food residues, mechanical factors
(chewing, speaking), and temperature constancy,
optimal conditions are created for maintaining the
viability of resident microorganisms. The oral micro-
biome significantly differs from the microbiota of other
anatomical zones such as the skin or intestines, not only
in terms of species composition but also in terms of
its stability and ability to self-regulate under moderate
external influences.

It is important to emphasize that the specificity of
the microbial composition of the oral biofilm is largely
determined by the parameters of the local microenvi-
ronment-pH level, oxygen availability, temperature,
the nature of available substrates (carbohydrates, glyco-
proteins, amino acids), and the presence of calcium
and phosphorus ions. Certain taxa can successfully
colonize only those areas where these factors remain
within physiologically acceptable ranges. Thus, the oral
microbiome remains in constant symbiotic interaction
with the human body, performing critical functions-from
contributing to colonization resistance against pathogens
to modulating the development of the mucosal immune
system. Commensal bacteria not only displace patho-
bionts through competitive mechanisms but also
suppress excessive immune responses by inhibiting
Toll-like receptors (TLRs) or activating tolerant lympho-
cytes, thereby preventing chronic inflammation [12].

In addition to local effects, the oral microbiome
performs systemic functions, participating in many
physiological processes. In particular, it plays a signi-
ficant role in the enterosalivary nitrate metabolism
pathway — the nitrate—nitrite—nitric oxide pathway — which
has a direct influence on vascular tone, blood pressure
levels, and endothelial function. Oral bacteria capable
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SKMA Mae GesnocepefHii BNAMB Ha CYAMHHUIA TOHYC,
piBeHb apTepianbHOro TUCKY Ta eHaoTenianbHy yHKLit0.
BakTepii poToBOI NOPOXHWHW, 30aTHI peayKyBaTu HiTpaTu
0O HITpUTIB, BWUCTYNalTb KIOYOBOK JTAHKOK  LbOro
LUNsSXY, 0COBNMBO Y KOHTEKCTi MNOKCUYHMX CTaHiB, KOnu
eHpotenianbHa NO-cuHTasza yHKUIOHYE HeaoCTaTHbO.
TakMM 4uHOM, AMcHGi03 opanbHoro Mikpobiomy Moxe
MaTn OAanekoCsbkHi HacnigkM Ans CUCTEMHOIO 3[40pPOB’s,
30KpeMa Ans cepueBo-CyaAnHHOI cuctemu [13, 14].

MpoTe, cumGio3 Mk MiKpoGioMOM POTOBOI MOPOX-
HMHM Ta opraHiaMOM rocnofapsi € BKpaw AWHaAMIYHUM
i 4yyTAMBUM [0 Ail eK30- Ta eHOOreHHUX AeTepMiHaHT.
lMoBeaiHkoBI hakTOpW (HE3A0pOBE XapdyBaHHS, Heaoc-
TaTHA ririeHa, KypiHHA, BXMBAHHSA arnkororo), Mncuxo-
€MOLIHUI CTaH, MeaMKkaMeHTOo3Ha Tepanis (aHTUBioTUKK,
iMyHOCynpecaHTH), a TakoX couiarnbHO-eKOHOMIYHI YMH-
HUKW 304aTHi CMPUYMHATKA 3CyB Y MIKpoOGHOMY cknagi
3 nepexogom Bifg cumbio3y go aucbiosy. OucbioTuuHmin
Mikpobiom BTpavae yHKUiOHanNbHY CTiNKICTb, MigBULLY-
€TbCs1 PiBEHb 3ananbHUX MapKepiB, 30inbLUyeTbCS Kirnb-
KICTb OMOPTYHICTUYHMX NaTOreHiB, WO NiABULLYE PU3UK
PO3BUTKY SIK NMOKanbHWUX (Kapiec, FiHrBIT, NapoOgoOHTUT),
TaK i CMCTEMHUX YcCKnagHeHb (aTepocknepos, Aiabet
2-ro TMny, HepoadereHepaTuBHi xBopobu) [12—14].

Micna npodeciiHoro abo LWoAeHHOro ririeHiYHoro
OuMLLEHHA 3yOHMX MOBEPXOHb, BiAOyBaeTbCA HeramHa
apcopbuisi BUCOKOMONEKynsipHMX OinkiB CnvMHW Ha oro-
NeHy MOBEPXHIO emari, WO MpU3BOAUTL OO0 YTBOPEHHSI
Tak 3BaHoi HabyToi nniBku — acquired pellicle. Lis nnie-
Ka, LWO YTBOPKETLCA Ha KpucTamax rigpokcuanartury,
€ BMCOKOOPraHi30BaHOK CTPYKTYpOl, [0 cknagy sikoi
BXOAATb [NIKONPOTEiHN (MyuWHW, cTaTepuHu), dep-
MeHTU (o-aminasa), nponiH-36aradveHi 6inku, arnTUHIHW.
BoHn He nuwe 3MiHOWTL i3nKO-XiMiYHI  XapakTe-
PUCTUKN MNOBEPXHi (MiApOINbHICTb, enekTpocTaTUYHUA
noTeHuian), ane " BM3HAYalOTb CMEKTP MiKpOOPraHis-
MiB, 30aTHUX OO0 agresii Ha no4yatkoBoMy eTani Gio-
nniBkoyTBOpeHHs [7, 11].

Apgresis 6akTepinn fo 3yGHOI noBepxHi — ue Garato-
CTyneHeBa nogisl, B ki 6epyTb ydacTb sk crneuundiyHi
MONEKYNsipHi  B3aemofii, Tak | HecneundiyHi cunu,
Taki Ik enekTpocTaTU4Hi, BaHaepBaanbCcoBi, rigpodostHi
edektn. Cnoyatky [0 nenikynu nNpUeEQHYOTbCA rpam-
NO3UTUBHI (baKynbTaTUBHO-aHaEePOOHi KOKU Ta Nanuyku —
nepeBaHO  nNpeacTaBHUMKM  pogiB  Streptococcus
(3okpema S.sanguinis, S.mitis) Ta Actinomyces, ski
MalTb BMUCOKY adiHHICTb OO0 KOMMOHEHTIB nenikynu.
Hanpuknag, S.sanguinis 3B’A3yeTbCs 3 o-aminasoto,
a Actinomyces — 3i cTaTepyHoM i NnponiHoBMMK Binkamu.
Lli paHHi konoHizaTopy CTBOPIOIOTb MIKPOEKOCUCTEMY,
Lo NIATPUMYE Koarperawito HaCTynHUX BUAIB.

dopmyBaHHs cTabinbHoi  GionniBku BigbyBaeTbLCA
LUMSIXOM KoOMepaTUBHMX MiKBUOOBWUX B3AEMOLiN, ayTo-
reHesy 1 eksononicaxapugHoi matpuui. Y noganbLiomy
[o GionniBkM NpUELHYIOTLCS FpamMHeraTvBHI aHaepobHi
GaKTepii 3 HKYMM aare3avBHUM MOTEHUianoM, siki 3gaTHi
dopmyBaTU MiXBMAOBI koarperatn. OgHUM 3 Takux K-
YOBWX MOCTOBWX OpraHiamMiB € Fusobacterium nucleatum,
Lo 3aBasiku ekcnpecii cneumdivHnx 6inkis (RadD, Fap2)
YTBOPKOE PYHKLIOHaNbHI MOCTU MK paHHIMU Ta Ni3HIMK
KomnoHizaTopamu, BKMYHO 3 Porphyromonas, Prevotella,
Capnocytophaga Ta iHWNMW.

CyuyacHi mikpockoniyHi metoau, 3okpema CLASI-FISH,
[03BONWMM  AEeTanbHO onucatu CcKnagHy TpUBUMIpHY
apxiTekTypy OGionniBku. 3okpema, BUSIBNEHO CTPYKTYpuU
TUNY «3yOHWMI TKak», Y LEHTpi akux gomiHye Coryne-

of reducing nitrates to nitrites serve as a key link in
this pathway, especially in hypoxic conditions where
endothelial nitric oxide synthase is insufficiently active.
Thus, dysbiosis of the oral microbiome can have
far-reaching consequences for systemic health, part-
icularly for the cardiovascular system [13, 14].

However, the symbiosis between the oral micro-
biome and the host organism is extremely dynamic and
sensitive to exogenous and endogenous determinants.
Behavioral factors (unhealthy diet, poor hygiene, smoking,
alcohol consumption), psychoemotional state, medication
(antibiotics, immunosuppressants), and socio-economic
conditions can all lead to a shift in microbial compo-
sition from symbiosis to dysbiosis. A dysbiotic micro-
biome loses its functional stability, inflammatory
markers increase, and the number of opportunistic
pathogens grows, which raises the risk of both local
complications (caries, gingivitis, periodontitis) and
systemic ones (atherosclerosis, type 2 diabetes, neuro-
degenerative diseases) [12—-14].

After professional or daily hygienic cleaning of
the tooth surfaces, there is immediate adsorption of
high-molecular-weight salivary proteins onto the exposed
enamel surface, leading to the formation of the so-called
acquired pellicle — acquired pellicle. This film, formed
on hydroxyapatite crystals, is a highly organized struc-
ture composed of glycoproteins (mucins, statherins),
enzymes (a-amylase), proline-rich proteins, and agglu-
tinins. These components not only alter the physico-
chemical characteristics of the surface (hydrophilicity,
electrostatic potential) but also determine the spectrum
of microorganisms capable of adhering during the initial
stage of biofilm formation [7, 11].

Bacterial adhesion to the tooth surface is a multistep
event involving both specific molecular interactions and
non-specific forces such as electrostatic, van der Waals,
and hydrophobic effects. Initially, gram-positive facul-
tative anaerobic cocci and rods-mainly representatives
of the genera Streptococcus (particularly S.sanguinis,
S.mitis) and Actinomyces — bind to the pellicle due to
their high affinity for its components. For example,
S.sanguinis binds to a-amylase, while Actinomyces
binds to statherin and proline-rich proteins. These early
colonizers create a microecosystem that supports
the coaggregation of subsequent species.

The formation of a stable biofilm occurs through
cooperative interspecies interactions, autogenesis, and
the development of an exopolysaccharide matrix. Later,
gram-negative anaerobic bacteria with lower adhesive
potential join the biofilm, forming interspecies coaggre-
gates. One of the key bridging organisms is Fuso-
bacterium nucleatum, which, through the expression
of specific proteins (RadD, Fap2), forms functional
bridges between early and late colonizers, including
Porphyromonas, Prevotella, Capnocytophaga, and others.

Modern  microscopic  techniques, particularly
CLASI-FISH, have made it possible to describe in detail
the complex three-dimensional architecture of the biofilm.
For instance, «hedgehog» structures have been iden-
tified, with Corynebacterium matruchotii dominating
the center, surrounded by numerous filamentous
bacteria (Leptotrichia, Capnocytophaga) and coccal
forms (Streptococcus, Haemophilus, Aggregatibacter).
This architecture ensures spatial stability and metabolic
syntrophy among the species, promoting the long-term
survival of the biofilm under changing conditions.
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bacterium matruchotii, a HaBKONO — YUCHEHHi HUTKO-
nopi6Hi 6akTepii (Leptotrichia, Capnocytophaga) Ta KokoBi
dopmn (Streptococcus, Haemophilus, Aggregatibacter).
Lis apxitekTypa 3abesnevye npocTopoBy CTabinbHICTb
Ta MeTaboniyHy CUHTPOMil0 MiX BMOAMW, CNPUSIOYM
[JOBroTpMBanomy icHyBaHH0 GionmniBkM y 3MiHHMX YMOBax.

OkpeMmi aHaTOMIYHI AiNsAHKA NOPOXHUHM poTa (S3UK,
niaHebIHHA, WOoKK, 3yOu) MaloTb BNacHy MIiKPOOHY HiLlly,
sika 3anexuTb Bif PiBHS 3BONOXEHHS!, OOCTYMY KUCHIO,
HasiBHOCTI cyOCTpaTiB Ta MeXaHIYHOro HaBaHTaXKEHHS.
BionniBkn noainalTbCA Ha HaOACEHHI Ta MiOsICEHHI.
HapsiceHHi GionniBkn yTBOPHOKOTLCA HaL KPaeMm SICEH,
XapaKkTepuayTbCa BULLUMM PIBHEM OKUCHEHHS Ta JOMi-
HYBaHHSAM rpamno3nTuBHOi donopu. Y pasi HegocTaTHLOT
ririeHn BinOyBaeTbcst OpMyBaHHA MaPOAOHTANbHUX
K/WeHb, Oe nepeBa)atoTb aHaepoOHi naTtoGioHTK, Taki
K Porphyromonas gingivalis, ski MawTb 340aTHICTb
0o iHBasii y kniTMHM rocnogaps, iHribyBaHHsS anonTosy
Ta aKTuBauii npo3ananbHWX CUrHanbHUX  LUAAXIB
(Hanpuknag, NF-kB), cnpusitoum nporpecii napogoHTuTy.

3a gaHMMn HU3KK JocnimKeHb, 3okpema [7], yyacTb
Taknx aHaepobHMX OakTepit B iHINbTpauii TKaHWH
pPOTOBOI MOPOXHWHW MNOB’si3aHa He nuwe 3 nokKanb-
HOK [OecCTpyKuieto, ane M i3 CUCTEMHUM 3ananeHHsiM,
WO MNOTEHUINHO acOUilOETECS 3 PO3BUTKOM aTepo-
ckneposy, PA, uykpoBoro piabety Ta xBopobu AnbL-
reimepa. Takum 4YMHOM, opanbHa GionniBka He € i30-
NbOBAHOK CTPYKTYpPOK, a IHTErpanbHOK YacTUHOK
cknagHoi GionoriyHoi cuctemu, WO BNMMBaAE Ha 3aranb-
He 300pOB’s NMIOAVHMN.

MeTab6oAiMHA aKTUBHICTb

MiKkpo6ioMy pPOTOBOI MOPOXHUHMU:

BMAMB HO iIMYHHUU 6AAGHC Ta 6ap’epHY doyHKLiIO

MeTabonitv, WO CWHTE3YTbCA PEe3NOEHTHUMMU
KOMeHcanbHUMN MikpoopraHiamamun, € He nuwe noGiy-
HUMMW NpoAyKkTaMm ix MeTaboniyHoi akTUBHOCTI, a 1 Bax-
nMBUMU MefiaTopamu, siki BigirpaloTb LieHTpanbHy porb
y NiATPUMAaHHI iIMyHHOro romMmeocTtasy Ik Ha MiCLeBOMY,
Tak i Ha cuctemMHoMy piBHAX. BoOHM yHKUiIOHYIOTE
SIK CUrHanbHi MOnekynu, siki 3aaTHi MoaynoBaTM akTUB-
HICTb LUMPOKOro crnekTpa iMYHHMX KMiTWMH, BMMMBaKYn
Ha GanaHc M MposananbHUMKW Ta NpoTU3ananbHUMK
peakuisiMu, a TakoX BU3Ha4alouu CTyniHb iIMYHHOI Tone-
paHTHOCTI crnmM3oBux obornoHok. Metabonitn, Wo BUpo6-
NATLCS HOPMOGOPOK POTOBOI MOPOXHUHM, 30KpPEMa
B cKnagi 6ionniBok, MaloTb 3HAYEeHHS He nuwe Aans
nokanbHOro cepefoBulia, ane M MNOTEHUIMHO BnnvBa-
I0Tb HA CUCTEMHI iIMyHHI MeXaHi3MKn Yyepe3 TpaHCnokaLito
Yy KPOBOTIK ab0 LWNAXOM iHAYKUIT BTOPUHHUX iMYHHMX
kackagis [13].

OpHielo 3 HaWbGinbWw JOCRiMKEHUX | KNiHIYHO 3Ha-
YyLWmMX rpyn Takmx meTaboniTiB € noxigHi TpunTodaHy.
Y HopMmi L-TpunTtodhaH, sik He3amiHHa amiHoKMcnoTa,
meTabonisyeTeca nig Aieto epmeHTy TpuntodaHasw,
SIKUA EKCNPeCyeTbC HU3KOK KOMEeHcanbHuX OGakTepin,
30KpeMa npeacTaBHWkamu pogy Lactobacillus. Y pesynb-
TaTi UbOro MpoLecy YTBOPHKTLCA iHOOMbHI CMOMyKM,
30kpema iHgon-3-auetaTt, iHgon-3-anbgeria  Ta  iHWi
noxigHi, €Ki BUCTynawTb NPUPOAHUMU  RiraHAamu
ana apunbHoro peuentopa ByrnesogiB (AhR — aryl
hydrocarbon receptor). AktnBauis AhR B enitenianbHux
Ta iIMYyHHUX KNiTMHAX CnNM3oBUX OOOMOHOK 3anyckae
TPaHCKPUNUiNHI nporpamu, Wo cnpusioTb andepeHuiauii
T-perynatopHux knituH (Treg), Ta iHAYKYye npogykuito
npoTtm3ananbHUX UuTokKiHiB, Takmx sk IL-10. Kpim Toro,

Certain anatomical areas of the oral cavity (tongue,
palate, cheeks, teeth) have their own microbial niche,
which depends on the level of moisture, oxygen avail-
ability, presence of substrates, and mechanical load.
Biofilms are divided into supragingival and subgingival.
Supragingival biofiims form above the gingival margin,
are characterized by a higher level of oxidation, and
are dominated by gram-positive flora. In the case of
insufficient hygiene, periodontal pockets form, where
anaerobic pathobionts such as Porphyromonas gin-
givalis prevail. These bacteria are capable of invading
host cells, inhibiting apoptosis, and activating pro-
inflammatory signaling pathways (e.g., NF-«kB), contri-
buting to the progression of periodontitis. According to
several studies, including [7], the involvement of such
anaerobic bacteria in the infiltration of oral tissues is
associated not only with local destruction but also with
systemic inflammation, which is potentially linked to the
development of atherosclerosis, RA, type 2 diabetes, and
Alzheimer’'s disease. Thus, the oral biofim is not
an isolated structure but an integral part of a complex
biological system that affects overall human health.

Metabolic activity
of the oral microbiome:
impact on immune balance and barrier function

Metabolites synthesized by resident commensal
microorganisms are not only byproducts of their meta-
bolic activity but also important mediators that play
a central role in maintaining immune homeostasis,
both at the local and systemic levels. They function as
signaling molecules capable of modulating the activity
of a wide range of immune cells, influencing the balance
between pro-infammatory and anti-inflammatory res-
ponses, and determining the degree of mucosal immune
tolerance. Metabolites produced by the normal oral
flora, particularly within biofilms, are important not only
for the local environment but may also potentially
affect on systemic immune mechanisms through trans-
location into the bloodstream or by inducing secondary
immune cascades [13].

One of the most studied and clinically significant
groups of such metabolites are tryptophan derivatives.
Under normal conditions, L-tryptophan, as an essential
amino acid, is metabolized by the enzyme tryptophanase,
which is expressed by several commensal bacteria,
particularly representatives of the genus Lactobacillus.
As a result of this process, indole compounds are formed,
including indole-3-acetate, indole-3-aldehyde, and
other derivatives, which act as natural ligands for the
aryl hydrocarbon receptor (AhR — aryl hydrocarbon
receptor). Activation of AhR in epithelial and immune
cells of mucosal surfaces triggers transcriptional programs
that promote the differentiation of regulatory T cells (Treg)
and induce the production of anti-inflammatory cyto-
kines such as IL-10. In addition, AhR activation is
associated with enhanced epithelial barrier function
and reduced expression of genes responsible for the

Ornsp nitepatypu

Literature review



XapkiBcbkuin cTomatonorivyHmm xypHan. 2025. T. 2. Ne 1(3). C. 57-77

Kharkiv Dental Journal. 2025;2(1(3)):57-77

ISSN 3083-5607 (Online)

akTmBauis AhR acouitoeTbesl 3 nocuneHHsMm 6ap’epHoi
YHKUIT eniTenito Ta 3MEHLUEHHSIM eKCnpecii reHis,
Wo BigNoOBiAalTb 3a NPoAyKUito npo3ananbHUX mepia-
TopiB. TakMum 4YmHOM, meTabonitm TpuntodaHy MmarTb
NOTYXXHUIN iIMyHOMOZyntoYMA noTeHuian, i AhR posrns-
[aeTbCs  SIK  MEepcrneKkTMBHa TepaneBTUYHA  MilleHb
y JiKyBaHHi XPOHIYHUX 3ananbHWX CTaHiB, Takux $K
BMPA3KOBUIM KONMIT, Mcopia3, pecnipaTopHi aneprosmn
Ta ayTOIMYHHI ypaXKeHHs1 crim3oBux o6onoHok [13].

[o iHWOT KNYoBOi rpynu iMyHOMOAYMIOYMX MeTa-
OoniTiB HanexaTb KOPOTKOMAHLIOIOBI >XMPHi  KMCMOTU
(SCFA — short-chain fatty acids), 3okpema OyTupar,
auetar Ta nponioHaT. BoHM yTBOPHOHOTLCS LUMSAXOM
depMeHTaLii HeaNreCToBaHNX Xap4yoBUX BOSIOKOH aHae-
pOGHUMYK BakTepisiMu, L0 KOSMOHI3yloTb SIK KULLEYHMK,
Tak i poToBYy NopoxHuHY. SCFA 6epyTb y4acTb Y YACNEH-
HUX MexaHi3max perynsauii iMmyHHOI Bignosiai, 3okpema
yepes B3aEMOZil0 3 peuentopamm KniTUHHOI MOBEPXHi,
Takmmn a9k GRP43 (G-protein-coupled receptor 43),
O EKCMNpPEecyeTbCsl Ha IMYHOKOMMETEHTHUX KIiTUHaX —
Makpodarax, 4EHOPUTHUX KNiTUHAX, HenTpodinax. AKTu-
Bauis GRP43 npu3BoguTb OO0 MPUrHIYEHHA cekpedii
npo3ananbHux unTokiHie (Hanpuknag, TNF-a, IL-6, IL-18),
obMexeHHs iHdInbTpauil IMyHHUX KNiTUMH Yy  3anarnbHi
BOrHMWaA Ta crabinisauii kniTMHHoro metaboniamy
B YMOBaX OKWUCHOIO CTPECYy.

Baxnueoto BnactuBicTio SCFA € ixHA 34aTHicTb
BNNMBATU Ha EnireHeTu4Hi mMexaHiamu. 3okpema, OyTu-
paT gie sk iHribitop rictoHgeauetunas (HDAC), 3miHto-
04N CTaH XpPOMAaTMHY Ta PEryriolYM EKCNpecito reHi.,
3anyyeHux y audepeHuiauito T-kniTUH, NpogykKuito iHTep-
nevikiHiB Ta akTuBauito cdparountis. Y Takun crnoci6 SCFA
3abe3neuyloTb THy4yke I adanTMBHE MpOrpamyBaHHs
imyHHOI Bignosigi. Kpim Ttoro, SCFA 3pgaTHi akTMByBaTu
npouec aytodarii — MmexaHiaMm gerpagadii Ta nepepooku
MOLUKOKEHUX KNITUHHUX KOMMOHEHTIB, SIKMA BOAHOYAC
€ KPUTMYHUM A8 OYULLEHHS KMITUHU Big BHYTPILIHBLO-
KNiITUHHWUX NaToreHiB, cTabiniszauii iMyHHOro crartycy
Ta npeseHTauii aHTureHiB. AyTtodparia Takox Bigirpae
BaXNMBY pofb Yy (POPMYBaHHI TONMEpPaHTHOCTI Crn30oBoil
000noHKM 00 KoMeHcanbHoiI Mikpodonopu [15, 16].

3 ornsigy Ha 3a3HadveHe Bulle, meTabonitu, npoay-
KOBaHi pe3naeHTHOK MIKpOriopo, BUKOHYHOTb HU3KY
dyHOaAMeHTanbHMX YHKUIA, $Ki  BUXOAATb  Aaneko
3a Mexi MicueBoi perynsuii. BoHn BnnvBakTb Ha Mop-
dororivyHy UinicHicTb eniTenianbHoro Gap’epa, NiaTpW-
MYIOTb MOro romeoctas i 3anobiraloTb NPOHUKHEHHIO
naToreHHMX MikpoopraHiamis. IMyHomogyntowya  Aaiga
SCFA Ta iHOONbHMX CMOMyK € He nuwe Hacnigkom
MiKpOBGHOI aKkTUBHOCTI, ane h KPUTUYHOK MepesyMOBOIO
3abe3neyeHHs 3axucTy OpraHiamy Big HagMipHOro
3ananeHHs, ayToiMyHHUX MopyleHb Ta iHGeKUinHOoI
ceHcmbinizadii. CtabinbHicTb MikpobiomM-onocepeakoBa-
HOro MeTaboniyHoro OHY pPO3MMSAAaETLCS CbOroAHi
SIK OOQMH 3 OCHOBHWX GioMapkepiB 3aranbHOro iMyHHOro
300pOB’st NIOANHN.

Binbwe TOro, cyyacHi gocnigkeHHs cBigyaTb Mpo
noTeHuian BUKOPUCTAHHA  MIKPOBHMX  MeTaboniTiB
K IHCTPYMEHTIB nepcoHanioBaHoi MeguuuHu — Ans
NPOrHO3yBaHHS PU3MKY 3anarnbHUX 3axXBOPHOBaHb, MOHi-
TOPUHrY ePeKTUBHOCTI iIMyHOTepanii, a TakoX CTBOPEHHS
HOBMX KraciB hapmakonoriyHux npenapariB, 3acHoBa-
HUX Ha Mikpobiomiui. Y KOHTEKCTi KniHiYHOI racTpoeH-
Teponorii, a TakoX NapogoHTONorii, rM1boke pPo3yMiHHSI
poni MikpobHMx MeTaboniTiB € HeobxigHMM Ons pos-
poGKM edEeKTUBHMX MPEBEHTUBHUX | TepaneBTUYHUX

production of pro-inflammatory mediators. Thus, trypto-
phan metabolites have strong immunomodulatory
potential, and AhR is regarded as a promising thera-
peutic target in the treatment of chronic inflammatory
conditions such as ulcerative colitis, psoriasis, respiratory
allergies, and autoimmune lesions of the mucous
membranes [13].

Another key group of immunomodulatory metabo-
lites includes short-chain fatty acids (SCFAs), particu-
larly butyrate, acetate, and propionate. They are produced
through the fermentation of indigestible dietary fibers
by anaerobic bacteria colonizing both the intestine and
the oral cavity. SCFAs participate in numerous mecha-
nisms regulating the immune response, particularly
through interaction with cell surface receptors such as
GRP43 (G-protein-coupled receptor 43), which is expre-
ssed on immunocompetent cells-macrophages, dendritic
cells, neutrophils. Activation of GRP43 leads to suppre-
ssion of the secretion of pro-inflammatory cytokines
(such as TNF-a, IL-6, IL-1B), limitation of immune cell
infiltration into inflammatory sites, and stabilization of
cellular metabolism under oxidative stress conditions.

An important property of SCFAs is their ability to
influence epigenetic mechanisms. In particular, butyrate
acts as an inhibitor of histone deacetylases (HDAC),
altering chromatin structure and regulating the expre-
ssion of genes involved in T-cell differentiation, inter-
leukin production, and phagocyte activation. In this way,
SCFAs provide flexible and adaptive programming of
the immune response. In addition, SCFAs are capable
of activating the process of autophagy-a mechanism for
degrading and recycling damaged cellular components,
which is also critical for clearing intracellular pathogens,
stabilizing immune status, and presenting antigens.
Autophagy also plays an important role in establishing
mucosal tolerance to commensal microflora [15, 16].

Given the above, metabolites produced by resident
microflora perform a number of fundamental functions
that go far beyond local regulation. They influence the
morphological integrity of the epithelial barrier, maintain
its homeostasis, and prevent the penetration of patho-
genic microorganisms. The immunomodulatory action
of SCFAs and indole compounds is not only a result
of microbial activity but also a critical prerequisite for
protecting the body from excessive inflammation,
autoimmune disorders, and infectious sensitization.
The stability of the microbiome-mediated metabolic
background is now considered one of the main bio-
markers of overall human immune health.

Moreover, modern studies indicate the potential for
using microbial metabolites as tools of personalized
medicine-for predicting the risk of inflammatory diseases,
monitoring the effectiveness of immunotherapy, and
developing new classes of pharmacological agents
based on microbiomics. In the context of clinical gastro-
enterology, as well as periodontology, a deep under-
standing of the role of microbial metabolites is essential
for developing effective preventive and therapeutic
strategies based on restoring microbiome balance.
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cTparTerii, WO FPYHTYIOTbCA Ha NpUHLUMNAx BiAHOBMEHHS
MikpoGioMHoro 6anaHcy.

MapoAOHTONATOreHU

AK TPUrepu CUCTEMHOI ayToiMyHi3auii npu PA

Y 3Ha4yHOi 4YacTuHM nauieHTiB 3 PA KniHiYHO BUMSB-
NSETLCA CYNYTHIW MApPOOOHTUT — XPOHIYHE 3ananbHe
3aXBOPIOBAHHS TKAHWH MApOAoHTa, SIke Y Takux Bunagkax
yacTo Mae Ginbll arpecuBHWUA, PE3NUCTEHTHWUIA OO CTaH-
napTtHoi Tepanii nepebGir Ta paHHi 03HaKM TKaHWUHHOI
pectpykuii. CniBicHyBaHHA PA Ta napogoHTUTY, Ik ABOX
XPOHIYHUX 3axBOPIOBaHb 3 [AOMiHyBaHHSAM iMyHO3a-
NnanbHOro KOMMOHEHTA, BUSIBIMSIE BUPAXKEHWUWA KIiHIYHWUA
napaneniam i NigTpUMye rinotesy Npo HasiBHICTb Chifb-
HUX NaTOreHeTM4YHUX MexaHiamiB. Ha MonekynsipHoMy
piBHi 0obuaBa CTaHM XapakTepusylTbCs 3anyyYeHHsM
OOHOTUNHUX  ePEeKTOPHMX  MediaTopiB  3ananeHHs
(IL-1, TNF-a, IL-6), a TakoX NigBMLLEHOI aKTUBHICTIO
MaTPUKCHUX MeTarnonpoTteiHas, wo ©GepyTb YyyacTb
y gerpagadii nosakniTMHHOro MaTpukcy. HasBHiCTb
3aranbHUX iIMYHOreHETUYHUX (paKTopiB PU3UKY, TakUx
Ak HocinctBo anenie HLA-DRB1, a Takox KypiHHS
SIK eKOmNoriYHMA MoaudikaTop iMyHHOI BignoBigi, niacu-
noe MNpUNyLWeHHA Mpo  TiCHUA  iMyHONATOreHeTUYHUIN
3B’5130K MiX LMK ABomMa Hosonoriamu [17—-19].

3pocTalounin  HayKoBUIN iHTEpec 30cepedxyeTbcs
Ha porni MiKpoGioMy pOTOBOI MOPOXHUHM SIK MOTEHLIAHOIO
TpUrepa CUCTEMHMX ayTOIMYHHMX peakLii, 3okpema
y koHTekcTi PA. XpoHiyHa iHdeKUis, xapakTepHa Ans
NapogoHTUTY, i3 MOCTIMHOI aKTUBALiE BPOOKEHMUX
Ta ajanTUBHWUX IMYHHUX MeXaHi3MiB, pO3rnsiaaeTbCst
SIK €KOMOFMYHUM YMHHMK, WO 34aTeH iHiuioBaTu BTpaTy
TONEepaHTHOCTI A0 BnacHux aHTureHiB. CydacHi mone-
KyNapHi OOCNiOKeHHs OEMOHCTPYHOTh, WO Aesiki nato-
reHHi MikpoopraHiamu poTOBOI MOPOXHMHU 34aTHI BUKIN-
KaTu NOCTTPaHCNSLiAHI 3MiHK BinkiB opraHiamy-rocnogaps,
3 YTBOPEHHSIM HOBUX eniToniB, AKi pO3ni3HaOTLCA iIMyH-
HOK CUCTEMOK SIK YYXXOpigHi, WO Bede [0 3anycky
ayTOIMYHHUX peakLii.

OfHuUM i3 TakmMx MexaHi3miB € UUTpymniHyBaHHS —
depmeHTaTMBHa Moaudikauis GinkiB 3a ydacTio nentu-
aunapriHiHgesamiHasn (PAD), y npoueci sikoi apriHiH
3aMIHIOETbCSA Ha UUTPYAiH, WO ICTOTHO 3MIHIOE CTPYKTYpPY
Ginka i cnpusie Moro aHTUreHHoCTi. Y KOHTEeKCTi iHdek-
UinHOT rinotean ocobnuey yBary npuBeptae epmeH-
TanbHa akTuBHiICTb PPAD — yHikanbHOro depMeHTy,
wo ekcnpecyetbcs Pgingivalis — aHaepobHum rpam-
HeraTMBHUM napogoHTonatoreHoM. Ha BigmiHy Big PAD
ccaBuiB, bakTepianbHa pPAD Moxe camocTilHO 3pgjlic-
HIOBaTW UMTPYriHyBaHHst GinkiB xa3siiHa ©6e3 nonepeg-
HbOI aKkTMBauii, MpPoAyKyr4n Oinku-ayToaHTUreHn, siKi
€ MiweHsmn gns ACPA. Y TBapuHHNX MOZENsx KonareH-
iHOYKOBaHOrO apTpuUTy MoOKa3aHo, WO iHiKyBaHHA
P.gingivalis nocvunioe ayToiMyHHe 3ananeHHsi Ta Npoayk-
uito aHTUTin go konareHy Il Tuny, ToAi SK LWTamu
3 iHakTuBauieto reHa pPAD He cnpuuMHsAOTbL nofiGHoro
edekty [20-22].

Binbwe Toro, pPAD 3gateH nigaaBaTucsa aytouuTpy-
NiHyBaHHIO, BHACMiQOK 4YOro YTBOPKOKTLCA He nulie
€K30reHHi ayToaHTUreHu, a " cneuudivHi iMyHOreHHi
KOMMNMEKCH, WO aKkTMBYKTb TymMoparnbHy BignoBigb.
Y nauienTiB i3 PA BUSBNAIOTb HasABHICTb cneumdivyHmx
IgG po uutpyniHoBaHoro pPAD, fki BiACYTHi y 300pOBUX
oci6 abo y nauieHTiB i3 i3onboBaHUM nepebirom
napogoHTuty. Llem dakt cBiguMTb Npo MNOTEHUINHY
pornb pPAD He nuwe sik dpakTopa moaudikauii 6inkis,

Periodontopathogens
as triggers of systemic autoimmunity in RA

A significant proportion of patients with RA are
clinically diagnosed with concomitant periodontitis —
a chronic inflammatory disease of the periodontal
tissues, which in such cases often presents with a more
aggressive course, resistance to standard therapy,
and early signs of tissue destruction. The coexistence
of RA and periodontitis, as two chronic diseases with
a dominant immunoinflammatory component, demonst-
rates clear clinical parallels and supports the hypothesis
of shared pathogenetic mechanisms. At the molecular
level, both conditions are characterized by the invol-
vement of similar inflammatory effector mediators
(IL-1, TNF-q, IL-6), as well as increased activity of matrix
metalloproteinases involved in the degradation of the
extracellular matrix. The presence of common immuno-
genetic risk factors, such as carriage of HLA-DRB1
alleles, along with smoking as an environmental
modifier of the immune response, strengthens the
assumption of a close immunopathogenetic link bet-
ween these two nosologies [17-19].

There is growing scientific interest in the role of the
oral microbiome as a potential trigger of systemic autoim-
mune responses, particularly in the context of RA. Chron-
ic infection characteristic of periodontitis, accompanied by
constant activation of innate and adaptive immune mech-
anisms, is considered an environmental factor capable
of initiating the loss of tolerance to self-antigens. Modern
molecular studies demonstrate that certain pathogenic
microorganisms of the oral cavity are capable of inducing
post-translational modifications of host proteins, resulting
in the formation of new epitopes that are recognized by
the immune system as foreign, leading to the initiation of
autoimmune reactions.

One of these mechanisms is citrullination -
an enzymatic modification of proteins involving pepti-
dylarginine deiminase (PAD), in which arginine is con-
verted to citrulline, significantly altering the protein
structure and enhancing its antigenicity. In the context
of the infectious hypothesis, particular attention is drawn
to the enzymatic activity of pPAD-a unique enzyme
expressed by Pgingivalis, an anaerobic gram-negative

periodontopathogen. Unlike host-derived PAD in
mammals, the bacterial pPAD can independently
citrullinate host proteins without prior activation,

producing autoantigenic proteins that become targets
for ACPA. In animal models of collagen-induced arthritis,
infection with P.gingivalis has been shown to enhance
autoimmune inflammation and the production of anti-
bodies to type Il collagen, whereas strains with inacti-
vated pPAD genes do not produce this effect [20-22].

Moreover, pPAD is capable of autocitrullination,
resulting in the formation of not only exogenous auto-
antigens but also specific immunogenic complexes that
activate the humoral response. In patients with RA,
specific 1IgG antibodies to citrullinated pPAD have been
detected, which are absent in healthy individuals or in
patients with isolated periodontitis. This indicates the
potential role of pPAD not only as a protein-modifying
factor but also as a direct bacterial autoantigen capable
of initiating and sustaining autoimmune inflammation
in the context of genetic susceptibility.
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ane n sik 6esnocepenHbOro GakTepianbHOrO ayToaHTu-
reHy, Lo 3gaTeH 3anyckatu i nigTpMMyBaTu ayToiMyHHe
3ananeHHs B YyMOBax reHeTUYHO| CXUIbHOCTI.

[HW1M BaXXNNBUM MIKPOOHMM YMHHUKOM, LLO acoLilo-
€TbCA 3 ayToiMyHHOW Bignosigaw npu PA, € Aggregati-
bacter actinomycetemcomitans. Llein MikpoopraHiam
npoaykye newnkotokcuH A (LtxA — leukotoxin A), sikui
iHOyKYy€e nopyLueHHs mopdonorii HelTpodinis, 30kpema
aKTMBAL,0 MpOLeCy YTBOPEHHS MO3aKMITUHHUX HEWTPO-
dinbHMx nactok (NET — neutrophil extracellular traps).
Y Mexax umx CTPYKTyp noKanisylTbCa LMTPYNiHOBaHI
Ginku, WO BUBINbHAIOTLCSA Y 3HAYHIN KiNbKOCTI, aKTUBYHO4M
ayToaHTUreHHy npeseHTauilo. Y Tou yac gk P.gingivalis
CMPUYMHAE €eK30reHHe UUTPYniHyBaHHS, A.actinomy-
cetemcomitans aktusye eHpgoreHHy PAD HewTpodinis,
TakMM YMHOM MOCUIIIOKOYM BMAcHWUM iMyHO3ananbHUN
edekT i cnpustoun npogykuii ACPA Ta pesmaTtoigHoro
cakTopa [23].

[okasn Ha KopucTb pori opanbHoro Mikpobiomy
B nartoreHesi PA Oynu nocwneHi pesynstatamu [Ao-
cnigpkeHb, WO MNpOAEMOHCTPYBanu CyTTEBI BiAMIHHOCTI
B MikpoOHOMY cknagi cnuHuM Ta 3yBHOro Hanboty
y XBopux Ha PA NOpiBHAHO 3 KOHTPOMbHWUMW rpynamu.
Y nauieHTiB i3 PA BUMABNAETbCA 3HWKEHHA Pi3HOMAHITTS
KomeHcanbHoi dnopu, aucbioTuyHe 36inblUeHHS npen-
cTaBHuKiB pogis Prevotella, Leptotrichia, Porphyromonas,
a TaKoX 3MEHLUEHHSI KiNbKOCTi CUMOIOHTHMX BUAIB.
Mpodpini  MikpoGioT MaTb NPSAMUIA  KOPENSALINHNIA
3B’A30K 3 KNiHIYHMMMK iHOMKaTOpaMmy akTUBHOCTI 3axBO-
ptoBaHHsl, TakMMM $K piBeHb C-peakTuBHoro 6inka,
KinekicTb 6onicHux cyrnobis Ta TuTpn ACPA. KomnnekcHi
JiarHoCTWYHI  anropuTMmn, WO 6asylTbCst Ha aHanisi
oparnbHOro Mikpobiomy, OEMOHCTPYHOTb BUCOKY aHani-
TUYHY YYTNMBICTL | cneumdivHicTb (MoHap 80%), a ix
KOMOGiHaUis 3 KMLWKOBMM Ta CIMHHMM MiKpOBiOMHUMYM
JaHUMKM  O03BONSIE  OOCArTM  We  BULWOI  TOYHOCTI
051 PaHHBOrO BUSABIIEHHS 3aXBOPOBaHHSA [17, 23].

Takum  4MHOM, MIKpOGiOM pPOTOBOI  MOPOXHUHU
HabyBae 3Ha4YeHHs He nule noKanbHoro dakTopa
pu3nMKy, a W CWUCTEeMHOro iMyHHOro Mogudikatopa,
WO 34aTeH iHiuiloBaTy, NiATpMMYyBaTUM Ta NOTeHUiloBaTu
possuTok PA. Moro cTpykTypHi, MetaboriuHi Ta aHTu-
FEHHI XapaKTePUCTMKN pOo3rNsAgaloTbCs AK MOTEHUiNHI
Giomapkepn ans crpatudpikauii pu3nKy, MOHITOPUHTY
edeKTUBHOCTI Tepanii, a TakoX ANnA NpPOrHo3yBaHHSA
KniHiYyHoro nepebiry 3axBoptoBaHHA. Hapani iHTerpa-
Lis gaHMx MikpobioMikM [0 KNiHIMHOI NpakTUKM MoXe
BIOKPUTM HOBi TOPWM3OHTM AnS  NEPCOHani3oBaHOro
nigxogy [0 AiarHOCTWKWM Ta NiKyBaHHS CUCTEMHUX ayTo-
IMYHHUX MaTomnorii i3 3anyyYyeHHsM cnv3oBux Gap’epis,
30KpeMa y koHTekcTi PA.

IMyHONATOreHes NapoAOHTUTY:

poAb P.gingivalis y XpOHiHHOMY 3anAAEHHI

TA PYMHYBAHHI TKQHHWH

3ybosiceHHa KueHs1 € (PYHKUIOHanNbHO BaXMBOH),
ane aHaTOMIYHO BpPa3NMBOIO 30HOK, sika MOCTIMHO 3a-
3Hae BNNMBY MIKpPOopy POTOBOI MOPOXHUHU. Y HOPMIi
uer npocTip BUKOHYE Gap’epHy Ta OpeHaxHy yHKLUIT,
3ab6e3neuyroun epeKkTUBHY B3aEMOZI0 MiXX PE3NAEHTHOK
MiKpOhriopolo Ta iIMYHHOK CUCTEMOK Cnn3oBoi 0bo-
noHku. OfHak y pasi nopyLLeHHs MikpoOHOro romeocTasy,
30Kkpema nig 4Yac (QopMyBaHHsI MaTOreHHoi Gionmnisky,
3y00siCEHHa KWLLUEHSI CTae OCepenKoM aKTMBHOMO 3ana-
neHHs. B Takux ymoBax iHiuiloeTbCA Kackap peakuin
BPOKEHOIO iMYHITETY, CMNPsSIMOBaHWA Ha OOMEXEHHS

Another important microbial factor associated with
the autoimmune response in RA is Aggregatibacter
actinomycetemcomitans. This microorganism produces
leukotoxin A (LtxA), which induces morphological
changes in neutrophils, particularly the activation of
neutrophil extracellular trap (NET) formation. These struc-
tures contain citrullinated proteins that are released
in large quantities, thereby activating autoantigen
presentation. While Pgingivalis causes exogenous
citrullination, A.actinomycetemcomitans activates endo-
genous PAD in neutrophils, thereby amplifying its own
immunoinflammatory effect and promoting the produc-
tion of ACPA and rheumatoid factor [23].

Evidence supporting the role of the oral microbiome
in RA pathogenesis has been strengthened by studies
demonstrating significant differences in the microbial
composition of saliva and dental plaque in RA patients
compared to control groups. Patients with RA exhibit
reduced diversity of commensal flora, dysbiotic in-
creases in the abundance of Prevotella, Leptotrichia,
and Porphyromonas species, as well as a decrease
in the number of symbiotic species. Microbiota profiles
have a direct a correlational link with clinical indicators
of disease activity, such as C-reactive protein levels,
the number of tender joints, and ACPA titers. Compre-
hensive diagnostic algorithms based on oral microbiome
analysis demonstrate high analytical sensitivity and
specificity (over 80%), and when combined with gut
and salivary microbiome data, they allow for even greater
accuracy in early disease detection [17, 23].

Thus, the oral microbiome is gaining recognition
not only as a local risk factor but also as a systemic
immune modulator capable of initiating, sustaining,
and potentiating the development of RA. lts structural,
metabolic, and antigenic characteristics are being
considered as potential biomarkers for risk stratification,
therapy monitoring, and prognosis of clinical outcomes.
In the future, integrating microbiome data into clinical
practice may open new horizons for a personalized
approach to the diagnosis and treatment of systemic
autoimmune disorders involving mucosal barriers,
particularly in the context of RA.

Immunopathogenesis of periodontitis:

the role of P.gingivalis in chronic inflammation

and tissue destruction
The gingival sulcus is a functionally important but
anatomically vulnerable zone that is constantly exposed
to the oral microbiota. Under normal conditions, this
space performs barrier and drainage functions, ensuring
effective interaction between resident microflora and
the mucosal immune system. However, when microbial
homeostasis is disrupted-particularly during the forma-
tion of a pathogenic biofilm-the gingival sulcus becomes
a focus of active inflammation. In such conditions,
a cascade of innate immune responses is initiated
to contain microbial invasion. The main effector cells
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MikpobHoi iHBa3ii. OCHOBHMMM KniTMHaAMKU-edpeKTopaMm
LbOro 3axucTy € HeMTpoinu Ta mMakpodaru, siKi pekpy-
TYIOTbCH [0 MiCUsi ypaXKeHHs Yy BigNoBiAb Ha CUrHamnbHi
MOMEeKymnu, CEeKpeToBaHi eniteniouMtamm Ta ¢ibpobnac-
Tamu. [XHS aKTUMBHICTb BKMOYae haroumTos, CekpeLiito
npo3ananbHuUX MegiaTopiB, YTBOPEHHS aKTUBHMX (DOPM
kucHio (ADPK) Ta iHiyiauio npouecy opmyBaHHA no3a-
KNiTUHHMX HenTpodpinbHuX nactok (NET — neutrophil
extracellular traps).

Y pasi konoHisauji kuweHi P.gingivalis, ska € Buco-
KoaganToBaHUM  aHaepobHMM  NapOoAOHTOMATOreHOM,
3a3HayeHi iIMyHHIi MexaHi3Mu CyTTEBO MNOPYLUYIOTHCS.
P.gingivalis 3patHa iHOyKyBaTU NPOMOHIOBaHe BWXK-
BaHHA HeWTpoginie, 3anobiratouy ix anonTosy, Lo
NiATPUMYE XPOHIYHE 3ananeHHs Ta Chpusie Hakonu-
YEHHI0 HEeWTPOMINbHOro iHGINETPaTy B TKaHUHAxX napo-
JoHTa [7]. Takmin edeKT CynpOBOAXYETbCS MOCUIIEHOIO
npogykuieto A®K i uuTokiHiB, BknoyHO 3 IL-8, TNF-a
Ta IL-1B, sKi aKTMBYIOTb BTOPUHHI XBUIi 3anarneHHs.
Lle mMoxe posrnsgatucs sK KOMMeHcaTopHa peakuis
Ha nigBuvlleHe MikpoOHe HaBaHTaXEHHsl, NpPOTe BOHA
BOOHOYAC iHILilOE OKCUOATMBHE YLUKOAXEHHS KNiTUH
Ta MO3aKMNiTMHHOIO MAaTPUKCY, MOPYLUYHYM  TKaHWH-
HWUI romeocTas.

Kpim Toro, P.gingivalis yHukae iMyHHOro Harnsgy,
NpoHUKawuM B eniTenianbHi  KNITUHW  NapodoHTY
Ta MOAYMOYM IMYHHY BiAMNOBIAb 32 AOMOMOIOK aKTU-
Bauii Toll-nogibHux peuentopiB TLR2 i TLR4. 3anyyeHHs
apanTopHoro Ginka MyD88 (myeloid differentiation
primary response 88) 3abe3neyye 3MilLleHHS1 CUrHanb-
Horo kackagy B Oik nposananbHoro ceHoTuny 3 nopy-
WEeHHAM  dYHKUiOHanbHOi  edeKTUBHOCTI  HEeWTpo-
ginis [24]. MNMpu uboMy peani3yeTbCs iMyHHa TonepaHT-
HicTb go GakTepii, Wo [dae i 3Mory nepcucTyBaTu
B TKaHMHaX TpuBanui 4ac.

He meHwWw BaxnuBoto € aisa P.gingivalis Ha makpodaru,
SKi  3a3BMYal KOOPAMHYIOTb nepexid Big 3ananeHHs
0o pesonouii. bakTepis 3gaTtHa 3HUXKYBaTU eKcnpecito
dakTopa iHribyBaHHsi Mirpauii makpodarie (MIF — macro-
phage migration inhibitory factor), Tm camum nopyLuy-
Ioun iX cparouuTapHy (YHKUil0 Ta NPOMOHrytoun dasy
3ananeHHs. Kpim Toro, riHrinaiH Kgp, npoTeonitTuyHumn
depmMeHT, aKkui ekcnpecyetbes P.gingivalis, cenekTuBHo
NPpUrHidye xemoTtakcuc makpodparis 4o Micub nokanisauii
anonTOTUYHUX HEWTPOINiB, nepeLukomKaoumn KnipeHcy
KNITUHHMX 3anuuikis. Lle npu3Boante 00 3aTPUMKM
OYMLLEHHS1 BOTHMLLA 3anarieHHss Ta CTBOPKE YMOBM
Ons Moro XpoHisauii [25].

Oco6nvBO 3arpo3nMBUM € HENpPSMU  iIMyHOMOAY-
niotounn edpekt P.gingivalis Ha CTPyKTYypu NapoOAOoHTY.
IHdikyBaHHA eniTenianbHUX KNiTUH MPUrHiYye CUHTE3
XEMOKIHIB, HEOOXiAHUX ANs peKpyTMEHTY HenTpodinis,
Togi sk chibpobracTu 38’A3KOBOrO anapaty y nNpuUcyTHOCTI
naToreHy 3HWXYHTb EKCMpPECi KOMOHIECTUMYITHOHYOro
¢aktopa (M-CSF), wo npurHivye gudepeHuiauito
n akTmBauito makpodpariB. lMogibHe npuxoBaHe nopy-
LUEHHS XeMOKIHOBOro npodinto opMye «iMyHHO HiMe»
cepefoBulle, B SKOMY edpekTMBHa iMyHHa BIgNOBIAb
He MOXe pearizyBaTuCsl HaneXHUM YUHOM.

Lli edbekTn, xo4a 1 nputamaHHi eSKMM iHLIMM npea-
CTaBHMKaAM NaTOreHHOro KOHCOPL{iyMy POTOBOI MOPOX-
HWHKU, HaMbiNbl SCKpaBO MNPOSBMSIOTLCS Y BUMAOKY
P.gingivalis, fika [eMOHCTpye KOMMMEKCHY 34aTHICTb
[10 3MiHK IMYyHHOTO MikpooTodeHHsl. |i 3oaTHicTb MaHiny-
NOBaTU BPOMKEHUM IMYHITETOM, YHUKATU €deKTUBHOIO

of this defense are neutrophils and macrophages,
which are recruited to the site of infection in response
to signaling molecules secreted by epithelial cells and
fibroblasts. Their activity includes phagocytosis, secre-
tion of pro-inflammatory mediators, and the production
of reactive oxygen species (ROS) and initiation of the
formation of neutrophil extracellular traps (NETSs).

When the sulcus is colonized by P.gingivalis, a highly
adapted anaerobic periodontopathogen, these immune
mechanisms are significantly disrupted. P.gingivalis
is capable of inducing prolonged neutrophil survival
by preventing apoptosis, thereby sustaining chronic
inflammation and promoting the accumulation of neutro-
philic infiltrates in periodontal tissues [7]. This effect is
accompanied by enhanced production of ROS and
cytokines, including IL-8, TNF-a, and IL-1B, which
trigger secondary waves of inflammation. While this
may be considered a compensatory response to
increased microbial load, it simultaneously initiates
oxidative damage to cells and the extracellular matrix,
disrupting tissue homeostasis.

Moreover, Pgingivalis evades immune surveillance
by invading periodontal epithelial cells and modulating
the immune response through activation of Toll-like
receptors TLR2 and TLR4. Recruitment of the adaptor
protein MyD88 (myeloid differentiation primary res-
ponse 88) shifts the signaling cascade toward a pro-
inflammatory phenotype while impairing the functional
efficacy of neutrophils [24]. This leads to immune
tolerance toward the bacterium, allowing it to persist
in tissues for extended periods.

Equally important is the effect of Pgingivalis on
macrophages, which normally coordinate the transition
from inflammation to resolution. The bacterium can
downregulate the expression of macrophage migra-
tion inhibitory factor (MIF), thereby impairing phagocytic
function and prolonging the inflammatory phase.
In addition, Kgp gingipain, a proteolytic enzyme
expressed by Pgingivalis, selectively inhibits macro-
phage chemotaxis to sites of apoptotic neutrophil
accumulation, preventing the clearance of cellular
debris. This results in delayed resolution of inflammation
and creates conditions for its chronicity [25].

Particularly concerning is the indirect immunomodu-
latory effect of P.gingivalis on periodontal structures.
Infection of epithelial cells suppresses chemokine
synthesis, of chemokines required for neutrophil recruit-
ment, while ligament fibroblasts, in the presence of the
pathogen, downregulate the expression of macrophage
colony-stimulating factor (M-CSF), thereby suppressing
macrophage differentiation and activation. This hidden
disruption of the chemokine profile creates an «immune
silent» environment, in which an effective immune
response cannot be properly executed.

These effects, although characteristic of some other
members of the pathogenic oral consortium, are most
pronounced in the case of P.gingivalis, which demonst-
rates a complex ability to alter the immune microenviron-
ment. Its capacity to manipulate innate immunity,
evade effective elimination, and maintain an immuno-
logically favorable niche makes it a key factor in the
chronicity of periodontal inflammation. The resulting
environment supports low-grade but persistent inflam-
mation that contributes to tissue destruction and the
progression of periodontitis [7].
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3HULLEHHS Ta MiATPUMYBATK IMYHOSONYHO CNpUATIUBY
HiLy, pobuTthb ii KNKOYOBUM YMHHUKOM Y XPOHi3aLii napo-
JOHTanbHOro 3ananeHHsi. CdopmoBaHe TakMM YMHOM
cepefoBulle MiATPMMYE HU3bKOPIBHEBE, ane MocCTilHe
3ananeHHsl, Lo Cnpusie PyWHYBaHHIO TKaHWH i npo-
rpecyBaHH0 NapoaoHTUTY [7].

Takum YnHOM, y naToreHesi napogoHTuTy P.gingivalis
Bigirpae ponb He nuwe 6Ge3nocepeaHbOro AeCTPYKTUB-
HOro areHTa, a W aKkTMBHOro iMyHOMOAYNATOpa, SIKWUA
BTPYy4aeTbCA B TOHKE PErynsATopHe mnone B3aemogil
Mk GakTepieto, KniTMHamu enitenito, ¢ibpobnactamu,
HenTpodhinamm Ta Makpodparamn. 3HMXKEHHS edek-
TMBHOCTI iIMYyHHOro KnipeHcy, nporoHrauis 3ananbHoi
dasn Ta akTMBaLis BTOPUHHUX Mpo3ananbHUX Kackagis
CTBOPIOKOTL YMOBM NS MOPYLUEHHS PiBHOBary Mix
daszamu yLIKOMKEHHS Ta penapadii. Takuii gucbanaHc
Yy KOHTEKCTi TpuBanoi ©GakTepianbHOi MPUCYTHOCTI
Bege A0 MoOpdOMYHKLUiOHANbHUX 3MiH Y NapoAdoHTI,
SIKi KIMIHIYHO MPOSIBNAOTLCS MEPCUCTYOYMM  3ananex-
HsM, OpMyBaHHSM MMOOKMX KULIEHb Ta nporpe-
CYH040I0 pe3opbLieto anbBeoNsApHOI KICTKU.

Takum 4ymHOM, Porphyromonas gingivalis BucTynae
He nuwe sk TUNOBWI MapogOoHTONaToreH, 3aaTHUn 6es-
nocepenHbOo YLIKOMAXKYBATWU TKAHWHW, ane i sik BUCOKO-
creujianizoBaHuin mMoaynatop iMyHHOI Bignosigi, LWo
cTpaTeriyHO BTPYYaeTbCsl Yy B3aeMofii MK pe3ngeHT-
HAMMK KNiTUHAMW NapoAOHTa Ta KMHYOBUMW KOMMOHEH-
TamMu BpomKeHoro iMyHiTeTy. [i 3paTHicTb 3miHoBaTU
yHKUiOHanbHWUIA hbeHoTMN eniTeniounTiB, HEeNTpoQinis,
ibpobnactie Ta Makpodaris crnpusie opMyBaHHIO
XPOHIYHOro 3ananbHoOro MikpocepeaoBula, B SIKOMY
nopyLLyeTbCst AenikatHuii 6anaHc Mk dasamu 3ana-
neHHs i penapauii. Y TakoMy CTaHi iMyHHI MexaHi3mu,
ski B HOpMmi 3abe3nevyloTb romeoctas Ta Gap’epHui
3axucT, HabyBaloTb OECTPYKTMBHOIO MOTEHLUiany, TpaHc-
copmytoum GisionoriyHy peakuito y naToreHeTUYHUA Kac-
Kag, Wo Beae A0 HE3BOPOTHOI BTpaTW TKaHWH NapodoHTa.

MepBuHHY BiONOBiAb Ha MIKpOOHE HaBaHTaXEHHS
3a6e3nevytoTb NoniMopgHOSIAEPHI NENKOUNTM — 30KpeEMa
HelTpopinKu, $Ki nepwmnmMn pekpyTylTbCca Yy  Mixeni-
TenianbHWUM NPOCTip y BiANOBIAb HA XEMOKIHOBI CUrHarnMu.
Y 300poBUX ymoBax HemTpodinu BigirpaloTb MpoTek-
TOPHY poOfb, 3AiNCHIOYN AerpaHynsuito, npoaykKuito
oKcuaaHTiB, darounto3 i opmMyBaHHA MNO3aKMITUHHUX
nactok (NET). 3aBaosku umm mexaHiamam BOHM nokani-
3yH0Tb iH(heKUiHUIA npouec i 3anobiratoTe GakTepianbHin
iHBasii. [poTe B ymoBax XpOHIYHOro 3ananbHOro cepeno-
BuLLA, ocobnmBo 3a HasBHoCTI P.gingivalis, ui KNiTUHW
CTaloTb [Xepernom HagMipHOI nNpoaykuii nposananbHUX
megiatopis (IL-8, TNF-a, IL-1B), A®K Ta npoteonitnu-
HUX PepMeHTIB, $IKi MOLUKOAXYIOTb CrOMYyYHOTKaHWUHHI
CTPYKTYPW, CAPUHMHSAOYN NPOrpecytody aecTpykuito [5].

EniTenianbHi kepaTMHOUNUTY, O BUCTUMAIOTb SICEHHY
NMOBEPXHIO, € He NuLle nacuBHUM Gap’epom, a N aKkTuB-
HAMW y4YaCHMKaMu iMyHHOro 3axucTty. BoHu 3pgatHi
posnisHaBaTV MaToreH-acoLiioBaHi MONEKYNsipHi CTPykK-
Typu vepe3 Toll-nogibHi peuenTtopu (TLR) Ta iHiyitoBaty
NpoayKLito XeMOKiHIB (Hanpuknag, IL-8) Ta aHTUMIKpOOHMX
nenTuais, 3okpema gedeHauHis. Lli curHann dpopmytoTtb
XEeMOKIHOBUMA  TpadieHT, WO CNpusie  PeKpyTMEHTY
HenTpodhinie i makpodparisB oo Micusa iHdekuii. Y napi
3 (pibpobnactamu, €Ki BignNOBigalOTb 3a MNPOAYKLIO
MaTpuKcHUX MetanonpoteiHad (MMP — matrix metallo-
proteinases), Ui kniTMHWM GepyTb yyacTb y disionoriyHin
pemoaynsuii TkaHuH. OpHak Yy CTaHi UUTOKIHOBOrO
HaBaHTaXXEHHSI B YMOBaX XPOHIYHOrO 3ananeHHs ix

Thus, in the pathogenesis of periodontitis,
P.gingivalis functions not only as a direct destructive
agent but also as an active immunomodulator, interfering
with the delicate regulatory field of interaction between
the bacterium, epithelial cells, fibroblasts, neutrophils,
and macrophages. Reduced efficiency of immune
clearance, prolongation of the inflammatory phase,
and activation of secondary pro-inflammatory cascades
create conditions for an imbalance between phases
of tissue damage and repair. This imbalance, in the
context of prolonged bacterial presence, leads to
morphofunctional changes in the periodontium, which
clinically manifest as persistent inflammation, formation
of deep periodontal pockets, and progressive alveolar
bone resorption.

Therefore, Porphyromonas gingivalis acts not only
as a typical periodontopathogen capable of directly
damaging tissues, but also as a highly specialized
modulator of immune responses, strategically interfering
with interactions between resident periodontal cells
and key components of innate immunity. Its ability to
alter the functional phenotype of epithelial cells, neutro-
phils, fibroblasts, and macrophages contributes to the
development of a chronic inflammatory microenviron-
ment, in which the delicate balance between the phases
of inflammation and repair is disrupted. In such a state,
immune mechanisms that normally ensure homeostasis
and barrier protection acquire destructive potential,
transforming a physiological response into a patho-
genic cascade that leads to irreversible loss of perio-
dontal tissues.

The primary response to microbial burden is provided
by polymorphonuclear leukocytes-particularly neutrophils,
which are the first to be recruited into the interepithelial
space in response to chemokine signals. Under healthy
conditions, neutrophils play a protective role by degranu-
lating, producing oxidants, performing phagocytosis,
and forming extracellular traps (NETs). Through these
mechanisms, they localize the infectious process
and prevent bacterial invasion. However, in a chronic
inflammatory environment-especially in the presence
of P.gingivalis — these cells become a source of excessive
production of pro-inflammatory mediators (IL-8, TNF-a,
IL-1B), reactive oxygen species (ROS), and proteolytic
enzymes, which damage connective tissue structures
and cause progressive destruction [5].

Epithelial keratinocytes that line the gingival
surface are not merely a passive barrier but active
participants in immune defense. They are capable
of recognizing pathogen-associated molecular patterns
via Toll-like receptors (TLRs) and initiating the production
of chemokines (e.g., IL-8) and antimicrobial peptides
such as defensins. These signals create a chemokine
gradient that promotes the recruitment of neutrophils
and macrophages to the site of infection. Alongside
fibroblasts, which are responsible for the production of
matrix metalloproteinases (MMPs), these cells contribute
to physiological tissue remodeling. However, under
cytokine overload in chronic inflammation, their repa-
rative function is lost, and their proteolytic activity
further exacerbates matrix degradation [26].

Macrophages — cells that coordinate interactions
between innate and adaptive immune branches -
are a central immunological node in the pathogenesis
of periodontitis. Depending on microenvironmental
signals, they can differentiate into M1 or M2 phenotypes.
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penapatvBHa (YHKUiS BTpPa4aeTbCsi, a MpOTEONiTUYHA
aKTUBHICTb NyLle NOCUIIOE Aerpaadiio maTpukcy [26].

LleHTpanbHUM iMyHOMOrYHUM BY3rIOM Yy naToreHesi
NapofoHTUTY € Makpodary — KNiTUHKU, SKi KOOPAMHYHTb
B3aEMOAi0 MK BPOMKEHUMU Ta afanTUBHUMW NaH-
Kamn iMyHiTeTy. 3anexHo Big curHaniBs MiKpOOTOYEHHS,
BOHW 3aaTHi audbepeHuitoBatucs y M1- abo M2-cbeHo-
TMnn. Y npucyTtHocti  Pgingivalis cnoctepiraetbcs
ctabinbHa nonsipusauis B Hanpsmky M1-cbeHoTumny,
O CYMNpOBOOXKYETLCA CeEKpeLieo npo3anarnbHUX LUTo-
kiHiB (TNF-a, IL-6, IL-1B), cTUMymIOIOHMMX OCTEOKNacTo-
reHes. [lepexin po M2-cpeHoTuny, acouiioBaHOro
i3 3aroeHHsiM, ONOKYeTbCA 3a PaxyHOK MPUrHIYEHHS
dakTopiB pereHepauii, BkntodHo 3 MIF T1a IL-10.
Takum 4MHOM, Makpodaru niATPUMYIOTb 3anareHHs,
CNpuYsIOYK NPOrpecyBaHHI0 KiICTKOBOT pe3opouii.

Ha piBHi aganTvBHOro iMyHiTETY AOMiHYylOUY pOfb
Bigirpatotb CD4* T-nimcpouutn. Ocobnueo 3HauYyLLOO
€ Th17-nonynsuia, ska npogykye IL-17 — uUWUTOKIH,
wo iHaykye ekcnpecito RANKL (receptor activator
of nuclear factor kappa-B ligand) Ha ocTteobnacrtax
Ta T-kniTMHax, 3anyckawuy Kackap OCTEOKMacToreHesy.
BogHouac Treg-kniTwHW, SIKi B HOPMi MaloTb CTPUMY-
BaTW HagMipHY iIMYHHY aKTUBHICTb, B YMOBax XPOHiIYHOT
CTUMynNsLii BTpayalTb CBOI CynpecopHi dyHKuii abo
nigaaTbcs PEeHOTUNOBIM TpaHcdopmauii. Y nisHi dasn
3ananbHOro npouecy iMyHHa BigNOBiAb 3MilLlyeTbCs
B Oik B-kniTMHHOI akTMBaLjii 3 yTBOPEHHAM nnasmaruy-
HUX KMiTUH, SIKi NPOJYKYIOTb aHTUTINAa A0 KOMMOHEHTIB
Mikpo6HOi 6ionniBkM. IX HakonUMyYeHHs B NapoaoHTarnb-
HUX TKaHWHaxX acoLileTbCA 3 YTBOPEHHsIM nimdoigo-
nogibHNX CTPYKTYp, WO NiATPUMYKOTb XPOHiYHEe 3ana-
NEeHHS Ta TKaHWMHHY AecTpykuito [27].

KiHLeBOlO eheKkTOpHOI NaHKOK Y PyMHYBaHHI TKaHWH
napogoHTa € OCTeOKNacTu — cnewianisoBaHi KNITUHW,
BignoBiganbHi 3a pesopbuito kicTku. MaTonoriyHa akTu-
Balis UbOro npouecy AeTepMiHOBaHa MigBULLEHUM
piBHemM RANKL npu 3HWXKEHIn KOHUEeHTpauii 1noro
gpisionoriyHoro aHTaroHicta — octeonpoterepuy (OPG).
Y Ttakomy wmikpocepegoBuili RANKL 3B’a3yetbcs 3 pe-
uentopom RANK Ha ocTeoknacrax, CTUMYyMOYM iX
audpbepeHuiadito Ta aktusauito. OgHOYACHO aKTUBYOTLCA
MaTpuKcHi meTtanonpoteiHasn (MMP-8, MMP-9, MMP-13),
SKi pyWHytoTb konareH | Tuny, ¢iOpoHeKTUH, naMiHiH
Ta iHWi KOMMNOHEHTM NO3aKMNiTUHHOIO MaTpuKcy, Nornmo-
noo4dn KicTKOBI BTpaTu. Pesynbtatom € OeCTPYKTUBHUMN
npouec, Lo Nporpecye BiA MapriHanbHUX 30H o rmunbo-
KMX anikanbHUX GiNSAHOK anbBeonsipHoi KicTkn [28—30].

KniHiyHuin nepebir NapogoHTUTY XapakTepusyeTbcs
BMPaXXEHOK TeTEPOreHHICTIO — K 3a Temnamu nporpe-
CyBaHHsI, TaK i 3a XapaKkTepoM YypaxeHHs. 3rigHo 3 cy-
YacHow knacudikauieto, BU3HA4YalOTb 4YOTMPKM cTagii
3aXBOPIOBaHHs, WO ©Ga3ylTbCs Ha CTyneHi BTpatu
NPUKPINNEHHS, MWOUHW  NapOL4OHTANbHUX  KULLEHb
Ta 3anyyYeHHs CTPyKTyp nmapopoHTa. papauii Bigobpa-
XaTb WBMAKICTE nepebiry, sika 4YacTo acouiloeTbcs
3 CUCTEMHUMU (paKTOpPaMu pU3NKY — TaKUMW SIK LyKpO-
BMI pOiabeT, TOTIOHOMANIHHSA, iMyHocynpecis abo cnag-
KOBIiCTb. Y paHHix chasax KniHi4Hi NposiBU MOXYTb OyTu
MiHIManbHUMKM abo MackyBaTuCsl, ofHaK 6e3 HanexHoil
[iarHOCTMKM  3axBOPIOBaHHSA mporpecye Ao  hopmy-
BaHHS [MNOOKMX KULLEHb, PYXOMOCTi 3y6iB, BTpaTu
OKIIO3iNHOT PYHKLUIT Ta ecTeTUYHUX gedekTis [5].

OTxe, natoreHe3 NapoAoOHTUTY cnig  po3rnsagaTtu
SIK CKnagHy, 6aratoakTopHy Ta MynbTUKNITUHHY MOZENb,
O BKIOYAE B3aeMOZitl0o MK natoreHHUMu GakTepismu,

In the presence of P. gingivalis, there is a sustained
polarization toward the M1 phenotype, which is accom-
panied by the secretion of pro-inflammatory cytokines
(TNF-a, IL-6, IL-1B) that stimulate osteoclastogenesis.
The shift toward the M2 phenotype, associated with
healing, is blocked due to the suppression of regene-
rative factors, including MIF and IL-10. As a result,
macrophages sustain inflammation and contribute to
the progression of bone resorption.

Alt the level of adaptive immunity, CD4* T lympho-
cytes play a dominant role. Particularly significant is
the Th17 population, which produces IL-17 — a cytokine
that induces the expression of RANKL (receptor activator
of nuclear factor kappa-B ligand) on osteoblasts and
T cells, thereby initiating the osteoclastogenesis cas-
cade. At the same time, Treg cells, which normally
function to restrain excessive immune activity, lose
their suppressive functions or undergo phenotypic
transformation under conditions of chronic stimulation.
In the later phases of the inflammatory process, the
immune response shifts toward B-cell activation with
the formation of plasma cells that produce antibodies
against microbial biofilm components. Their accumu-
lation in periodontal tissues is associated with the forma-
tion of lymphoid-like structures that support chronic
inflammation and tissue destruction [27].

The final effector arm in periodontal tissue destruc-
tion is formed by osteoclasts-specialized cells respon-
sible for bone resorption. The pathological activation of
this process is driven by elevated levels of RANKL
and a reduced concentration of its physiological anta-
gonist-osteoprotegerin (OPG). In such a microenviron-
ment, RANKL binds to the RANK receptor on osteo-
clasts, stimulating their differentiation and activation.
Simultaneously, matrix metalloproteinases (MMP-8,
MMP-9, MMP-13) are activated, degrading type | colla-
gen, fibronectin, laminin, and other components of
the extracellular matrix, thereby exacerbating bone loss.
The result is a destructive process that progresses
from the marginal zones to the deep apical regions of
the alveolar bone [28-30].

The clinical course of periodontitis is characterized
by pronounced heterogeneity-both in terms of progre-
ssion rate and the nature of the lesions. According to the
current classification, four stages of the disease are
defined, based on the degree of loss of attachment,
depth of periodontal pockets, and involvement of perio-
dontal structures. The gradations reflect the rate of
progression, which is often associated with systemic
risk factors such as diabetes mellitus, smoking, immuno-
suppression, or heredity. In the early stages, clinical
signs may be minimal or masked; however, without
proper diagnosis, the disease progresses to the forma-
tion of deep pockets, tooth mobility, loss of occlusal
function, and aesthetic defects [5].

Thus, the pathogenesis of periodontitis should be
viewed as a complex, multifactorial, and multicellular
model involving interactions between pathogenic bac-
teria, cells of the innate and adaptive immune systems,
resident periodontal structures, and inflammatory signal-
ing molecules. This integrative approach provides
a deeper understanding of the mechanisms of tissue
destruction underlying the disease and opens the
door to targeted therapies aimed at correcting immune
responses, restoring tissue architecture, and preventing
progressive loss of periodontal structures.
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KNiTUHaMM  BPOMXKEHOr0 W  adanTUBHOMO  IMYHITETY,
pPe3NOEHTHUMWN CTPYKTypamy MNapofdoHTa Ta CcurHanb-
HAMW MoOneKkynamm 3ananeHHs. Takui iHTerpaTuBHUIA
niaxig [ossonsie rmublie 3po3ymiTy MexaHiamu OecTpyk-
Lii, WO nexaTb B OCHOBI 3axXBOPKBaHHSA, Ta BigkpuBae
MOXIMBOCTI ANa  TapreTHoi Tepanii, CnpsiMOBaHOI
Ha KOpeKUilo iMyHHUX peakLuii, BiQHOBNEHHS TKaHWHHOI
apxiTekTypu Ta npodpinakTuky nporpecytoyoi BTpaTtu
NapofoOHTaNbHNX CTPYKTYP.

P.gingivalis sk iHiLiaTop ayToimyHisauii npu PA:

MOAEAb (MOABIMHOTO BAYHAHHS)

CydacHa imyHonaToreHeTu4Ha KoHuenuis PA Bce
yacTile po3rnsagae uen CUCTEMHUIA ayToiMyHHUI npoLec
y TiCHOMY 3B’sI3Ky 3 XPOHIYHMMM iH(EeKUisMN CriM30oBuX
060noHOK, 30KkpeMa 3 NaTonoriYyHMMM NpoLiecaMm B poTo-
Bilh NopoxHuWHi. OfHieto 3 HanbinbLw O6r'pyHTOBaAHMX MO-
Jernen, sika NosiCHIOE B3aEMO3B’A30K MiXK MapoOAOHTUTOM
i PA, € koHuenuia «nogBiMHOro Bny4YaHHs» (two-hit
model), Wo npornoHye OBOXeTanHWA MexXaHi3m 3anycky
ayToiMyHHOrO Mnpouecy 3a yyacTi crneuudivyHoro nato-
reHy — P.gingivalis [4]. Lla mogenb NoeaHye nokanbHy
iHbeKLilo B NapoAoHTi 3 NoganbLUO CUCTEMHOK iMYH-
HOI Aucperynsuieto, O 3peLwTol Npu3BoauTb A0 BU-
HWKHEHHS KniHiYHMX npossis PA (puc. 1).

P.gingivalis as an initiator of autoimmunity in RA:
the «two-hitm model
The current immunopathogenetic concept of RA
increasingly considers this systemic autoimmune pro-
cess in close connection with chronic mucosal infections,
particularly with pathological processes in the oral
cavity. One of the most substantiated models expla-
ining the link between periodontitis and RA is the
«two-hit» model, which proposes a two-phase mecha-
nism of autoimmune initiation involving the specific
pathogen P.gingivalis [4]. This model combines local
infection in the periodontium with subsequent syste-
mic immune dysregulation, which ultimately leads to the
emergence of clinical manifestations of RA (Fig. 1).

3ananeHHA AceH CHMCTEMHA 3BTOIMYHHICTD MNowwupenHa enitonie
Gingival inflammation Systemic autoimmunity Epitope spreading
NapopoHTAT
Periodontitis |MyHHa ||- 'E ||. 1B
P gingivalis mignosige ACPA —_—
o @
IMyHHI
UmtpyniHysaqna Ginkie A/ ¥
cnuoRol oBonoHKK KOMNNEKCH
Foy-peuentopu
Citrulinitation of —— ACPA -_Jpa wEHHA cyrnobis

mucosal proteins

Joint damage

Puc. 1. MaToreHeTnyHa Mogenb «NoABIHOIO BRyYaHHsi» y hOpMyBaHHI 3B’s13Ky Mi>X NapoAoHTUTOM i peBMaToigHuM aptputom (PA)
Fig. 1. Pathogenetic «two-hit» model linking periodontitis and rheumatoid arthritis (RA)

Ha nepwomy eTani uUbOro naTOreHeTU4HOro Cclie-
Hapito y BignoBigb Ha TpuBany KonoHisadito siceH Hakre-
pieto Pgingivalis y TkaHnHax napogoHTa (OpMYyeETbCHA
XPOHiYHe 3ananbHe Mikpocepegosuwe. lNig gieto PPAD,
Lo eKcnpecyeTbcs BUKNOYHO P.gingivalis, BinbyBaeTbcs
iHTEHCUBHE UUTPYNiHyBaHHS GinkiB CnvM30BOi 0OOMOHKM.
BHacnifgok UbOro yTBOPIOKOTLCS HEKAHOHIYHI  Binkosi
enitonu, SKi € YyXopigHUMW AN iIMyHHOI cucTemu
xas3siiHa. Taki uuTpyniHOBaHi CTPYKTYpWU BUSIBASOTHCS
y TKaHUHax fiCeH y nauieHTiB i3 NapogoOHTUTOM, LWO nia-
TBEPOXKYE NOKanbHYy aHTUrEHHY CTMMYIsLito B nosacyr-
noboBux 3oHax. IMyHHa cucTema BignoBigae Ha Ui
mMoaudikoBaHi Oinku npopykuielo aHTUTIN Jo UUTpyni-
HoBaHux nentugie (ACPA — anti-citrullinated protein
antibodies), ski MalTb BMCOKY cneuundidHicTe go PA.
Baxnueo, Wo uel npouec Moxe TpuBaTh 6e3 KniHiYHMX
NposiBiB CyrnobGOBOro YpaXeHHs!, L0 Y3roaXyeTbcs
3 ceponoriyHMMn  gaHmuMmn  npo  BusiBneHHs ACPA
3a pokM 0O AeBITY 3aXBOPIOBaHHS.

In the first stage of this pathogenetic scenario,
in response to prolonged colonization of the gingiva
by P.gingivalis, a chronic inflammatory microenviron-
ment forms in the periodontal tissues. Under the influence
of PPAD, which is exclusively expressed by P.gingivalis,
intensive citrullination of mucosal proteins occurs.
As a result, non-canonical protein epitopes are formed,
which are foreign to the host's immune system.
These citrullinated structures are found in gingival
tissues of patients with periodontitis, confirming local
antigenic stimulation in extra-articular sites. The immune
system responds to these modified proteins by produ-
cing anti-citrullinated protein antibodies (ACPA), which
are highly specific to RA. Importantly, this process
can occur without clinical manifestations of joint involve-
ment, which is consistent with serological data indicating
the presence of ACPA years before disease onset.

The second stage of the model is associated
with the phenomenon of epitope spreading-an immuno-
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Opyrvii eTan moaeni NOB’Ai3aHMN i3 ABULLEM MOLUK-
peHHs eniToniB (epitope spreading) — iMYHOMOriYHUM
MexaHi3MOM, y XOAi siIKoro iMyHHa BiAnOBiAb, NEPBUHHO
crnpsiMoBaHa MNPOTU €K30reHHMX abo 3MiHeHMX O6inkie
CNn30BOI, MOCTYMNOBO MNEPEeKnoyaeTbCsl Ha ayTOnoriyHi
Ginkn opraHiamMy, 30Kpema Ha UWTPYyniHOBaHi KOMMO-
HeHTK cyrnoboBOro xpsiLia Ta CUHOBIANbHOI 0OOMOHKM.
MigkntoyeHHa Fcy-peuenTopiB A0 hOpMyBaHHSA iMyHHUX
KOMMNIEKCIB, aKTUBaLisi KOMMMEMEHTY Ta yyacTb KMiTUH
edeKTopHOI naHkM agantueHoro iMyHiTety (Th1, Th17,
B-nimdoumnTtn) cnpusaoTb NEPCUCTEHLT 3ananbHOro npo-
uecy Ta MOro nepexogy B XpoOHiuHy dasy. lMoctynose
pyViHyBaHHs CyrnoboBoro anapaty CcTae KhiHiYHUM
NPOsSIBOM BXE Ha 3aBepluanbHUX eTanax Lboro ayTo-
iIMyHHOrO Kackagy.

ExkcnepumeHTanbHi  gOCNigXeHHs Haganu nepe-
KOHNUBI AOKa3M Ha KopuUCTb Uiei mogeni. Y muwavmx
MoAensix KonareH-iHayKoBaHOro apTpuTy iHiKyBaHHA
wrtamom P.gingivalis gukoro Tuny npv3Boguno 40 nocu-
NEHHS 3ananbHOro MpoLecy, NPUCKOPEHHS PYMHYBaHHS
XPSILLOBOI TKAaHWMHW Ta MPOrpecuBHOI pe3opOuii KicTKu.
Hambinbl 3Hadywum € Te, Wo uen edekT 4iTko
acouinoBaHUi 3 akTMBHICTIO BakTepianbHOro hbepmeHTy
PPAD — mMyTaHTHI wTamu, y skux uen epMeHT reHe-
TWYHO iHaKTMBOBaHWWA, He 34aTHi CNPUYMHATU NOAiGHI
3MmiHW. Tinbkn y Muwen, iHdikoBaHux P.gingivalis,
wo ekcnpecye PPAD, y wmicui iHdekuii BUABNATLCA
unTpyniHoBaHi Ginku, a B cupoBatui kpoBi — ACPA,
WO CBiAYNTb MNpPO cneundivyHnin 3B’A30K MK OGakTepi-
anbHo-iHOyKoBaHoW Moaudikauieto 6GinkiB i 3anyckom
ayToiMyHHOI peakuii [31].

Lli gaHi niaTBepoxyoTb ponb P.gingivalis sik kntoyo-
BOrO MiKpoGHOro Tpurepa y OpMyBaHHi nepexigHol
NaHK1n MK NoKanbHO iH(EKLIEI Ta CUCTEMHOK NaTo-
norieto. BignoeigHo Ao MoAeni «NOABINHOMO BRyYaHHS»,
nepBuMHHa ceHcubinisauis, wo dopmMyeTbcss B napo-
OOHTanbHIM  TKaHWHI, CTBOPKOE OCHOBY AN BTpatu
iMyHHOI TonepaHTHOCTI. [loganblue nowupeHHsa ayTo-
iMyHHOI BiOMNOBIAI OXONME BXe eHAOreHHi 6inku cy-
rmoGiB, CNpUYMHSIOYM KnacuyHy kapTuHy PA 3 ioro
KNiHiKkoO-MOpMONOoriYHNMN  O0COBNUBOCTAMKU. Takum  4u-
HoMm, P.gingivalis He nuwe iHililoe MicueBun 3ananbHU
npouec, ane n cTBOplOE yHOAAMEHT ANs CUCTEMHOI
ayToiMYHHOI aKkTuBaLii.

Ha cborogHi Mogenb «noggiiHOro BryYaHHsi» Habyna
LUMPOKOrO BWU3HAHHS $IK KOHLENTyanbHa OCHOBa [Ans
MOSICHEHHS 3B’AI3KY MK XPOHIYHMM NapogoHTUTOM i PA.
BoHa iHTerpye padi cepoenigemionorii, MikpoGionorii,
iMyHoMorii Ta ekcnepMMeHTanbHOI NaTonorii, NPOMoHy-
04N  EOMHUA MEXaHICTUYHUMIA  NaHUtor, WO MNoeaHye
nokaneHy GakTepianbHy iHdekuilo 3 imyHonaToreHe3om
CUCTEMHOrO 3axBopltoBaHHs [4]. 3 no3uuin KniHivHOI
NPaKTUKKU Us Modenb NiAKPecnioe BaXKMUBICTb MixXauc-
uunniHapHoro nigxody A0 NauieHTiB i3 NapoaoHTUTOM
i PA, a Takox BigKkpuBae nepcnekTnBM TapreTHoi npodi-
NaKTUKM Ha paHHiX AOKMiIHIYHNX eTanax XBopoou.

BUCHOBKHU

PesmaTtoigHun apTpuT i NapoAOHTUT € XPOHIYHUMM
3ananbHUMN  3aXBOPIOBAHHAMM  3i  CMIMIbHUMKU  iIMYHO-
naToreHeTUYHNMM MexXaHiamamy — akTuBauielo nposa-
nanbHUX LMTOKIHIB, iH(PiNbETpaUield iMyHHUMU KniTMHamu,
OEeCTPyKUiEl0 TKaHWUH | CXMMbHICTIO [0 CUCTEMHOro

logical mechanism in which the immune response,
initially directed against exogenous or modified mucosal
proteins, gradually redirects toward autologous pro-
teins of the body, particularly citrullinated components
of joint cartilage and the synovial membrane. The invol-
vement of Fcy receptors in immune complex formation,
complement activation, and the participation of effector
cells of the adaptive immune system (Th1, Th17,
B lymphocytes) contribute to the persistence of the
inflammatory process and its transition to a chronic
phase. The gradual destruction of the joint apparatus
becomes clinically evident only at the final stages of
this autoimmune cascade.

Experimental studies have provided compelling
evidence in support of this model. In murine models
of collagen-induced arthritis, infection with wild-type
P.gingivalis led to enhanced inflammation, accelerated
cartilage degradation, and progressive bone resorption.
Most notably, this effect is clearly associated with the
activity of the bacterial enzyme PPAD-mutant strains
in which this enzyme is genetically inactivated are unable
to produce such changes. Citrullinated proteins are
found only at the infection site in mice infected with
P.gingivalis expressing PPAD, and ACPA are detectable
in their blood serum, indicating a specific link bet-
ween bacterially induced protein modification and the
initiation of an autoimmune response [31].

These findings confirm the role of Pgingivalis as
a key microbial trigger forming a transitional link bet-
ween local infection and systemic pathology. According
to the «two-hit» model, the initial sensitization formed
in periodontal tissue lays the foundation for loss of
immune tolerance. The subsequent spread of the auto-
immune response then targets endogenous joint proteins,
resulting in the classical clinical and morphological
presentation of RA. Thus, P.gingivalis not only initiates
local inflammation but also establishes the basis for
systemic autoimmune activation.

Today, the «two-hit» model has gained wide recogni-
tion as a conceptual framework for explaining the link
between chronic periodontitis and RA. It integrates data
from seroepidemiology, microbiology, immunology,
and experimental pathology, offering a unified mecha-
nistic pathway connecting local bacterial infection with
the immunopathogenesis of systemic disease [4].
From a clinical practice perspective, this model high-
lights the importance of an interdisciplinary approach
to patients with periodontitis and RA and opens new
prospects for targeted prevention at the early, preclinical
stages of the disease.

CONCLUSIONS

Rheumatoid arthritis and periodontitis are chronic
inflammatory diseases with shared immunopatho-
genetic mechanisms-including activation of pro-inflamma-
tory cytokines, immune cell infiltration, tissue destruction,
and a tendency toward systemic involvement. Their in-
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BMNNMBY. X B3aEMO3B’A30K MiATBEPOKYE HEOOXiAHICTb
iHTErpoBaHoOro MeaMKo-CTOMaTosoriYHOro niaxony Ao Be-
[EHHS NauieHTIB.

Porphyromonas gingivalis — kno4oBU NapoaoHTO-
naTtoreH — 34aTeH iHiUilOBaTU ayToOiIMYyHHI npouecu
yepes ekcnpecito depmeHty PPAD, wo npu3soguTb
0O YTBOPEHHS LMTpyniHOBaHMX GinkiB i cneuudivHmx
aHTuTin (ACPA). Le pobutb 6GakTepito MNOTEHUIHUM
TPUrepoM PO3BUTKY PEBMATOIAHOMO apTpuUTy, 0CO6NMBO
Y FEHETUYHO CXWUIbHMX OCIb.

AHani3 opanbHOi MikpobioTH, 30kpema BM3HAYEHHS
npucyTHocTi P.gingivalis i npoginto MikpobHux meTtabo-
niTiB, BiOKPMBAE NepcnekTMBM ANs paHHbOI AiarHoc-
TUKW, MPOrHO3yBaHHA Ta TapreTtHol npodpinaktukn PA,
IO MiOKPECnoe pornb POTOBOI MOPOXHMHM SIK BaXKMMBOI
iMyHHOI MiLLIEHi Yy CUCTEMHIN naTonorii.
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terrelationship confirms the need for an
medical-dental approach to patient care.

Porphyromonas gingivalis, a key periodontopatho-
gen, is capable of initiating autoimmune processes
through the expression of the PPAD enzyme, which
leads to the formation of citrullinated proteins and spe-
cific antibodies (ACPA). This makes the bacterium
a potential trigger for the development of rheumatoid
arthritis, especially in genetically predisposed individuals.

Analysis of the oral microbiota, particularly the detec-
tion of Pgingivalis and profiling of microbial metabolites,
presents new opportunities for early diagnosis, prog-
nosis, and targeted prevention of RA, emphasizing
the role of the oral cavity as an important immune
target in systemic pathology.
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Prospects for further research

In the context of growing scientific interest in the role of the
oral microbiota in the pathogenesis of rheumatoid arthritis,
future research should focus on elucidating the molecular
mechanisms underlying autoimmune sensitization, particularly
those involving Porphyromonas gingivalis and its PPAD enzyme.
Special attention should be given to the development of highly
sensitive non-invasive methods for detecting periodontopatho-
gens in biological fluids, enabling early diagnosis of susceptibility
to systemic autoimmune disorders. Investigating the predictive
value of oral microbiome imbalances in individuals with genetic
predisposition to RA remains a relevant direction. Future clinical
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cxunbHicTio go PA. Y noganbloMy [AOUiNbHO MPOBOAMTU
KNiHiYHi  BUNpODOYBaHHA LWOAO BMANUBY —aHTMbGakTepianbHoOl
Ta npobioTnyHOi Tepanii Ha piBeHb ayToaHTWTIN i nepebir PA,
a TakoX OUuiHBaTU edEeKTUBHICTb IHTerpoBaHoOro nigxoay
i3 3any4YeHHsIM CTOMAaTOMOriYHOro CynpoBoAy A0 PeBMaTororiy-
HOI NpakTVkn. BuWBYEHHA IMYHOMOAYMIOKYNX BNacTMBOCTEN
MiKpoBHUX MeTaboniTi, iXHbOI poni y dopMmyBaHHi TonepaHT-
HocTi abo, HaBnakW, 3amycky 3ananbHOro Kackagy, Moxe
CTaTu KMioYeM A0 CTBOPEHHSI HOBUX TepaneBTUYHUX CTparerii,
CnpsIMOBaHMX Ha MikpoGiom. Takum 4MHOM, noganbLli gocnig-
XEHHS1 B LUbOMY HanpsiMi MarTb noTeHuian ans (opmyBaHHS
HOBUX Mapagurm y giarHocTuui, npodinaktuui Ta nikysaHHi PA,
SIK MikpoBioM-acoLiioBaHOrO 3aXBOPIOBAHHS.

KoHdAikT iHTepeciB

ABTOp pyKonuCy CBIAOMO 3acBigyye BIACYTHICTb haKTUYHOro
abo MOTeHLINHOro KOHMIKTY iHTEpeciB WOAO pe3ynbraTiB Ljei
pobotn 3 apmMaueBTUYHMMKM  KOMMAHISMK, BUPOGHMKaMU
GiomMmeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiM1, Yni NPoayKTH,
nocnyr, iHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HagaHux Martepianie abo ski cnoHcopysanv
nposeaeHi JOCMiaXEHHS.

IHdpbopMauis npo doiHAHCYBAHHS

Crtatta € parMeHTOM NnaHoBOi HayKoBO-AOCHiAHOI po6oTn
kadpenpy iHdeKUiHNX XBopob Ta KNiHiYHOI iMyHonorii Xapkis-
CbKOTO HauioHanbHoro yHisepcuteTy imeHi B.H. KapasiHa MiHic-
TepcTBa OCBITU | Haykn YkpaiHu «BuBYeHHs poni iMyHHUX,
aBTOIMYHHMX Ta MeTaboniYHMX po3nagiB y natoreHesi Ta Hacnig-
Kax iHpekuiiHoro npouecy, Lo BUKMUKaHUIA GakTepisMu, Bipy-
camu, BipycHo-bakTepianbHMMK acouiauisMu  Mpyu  FTOCTPOMY,
3aTSHKHOMY Ta XPOHiYHOMY nepebiry XBopobu Ta yaOoCKOHaNeHHs!
TaKTUKK NiKyBaHHS», HOMep AepxaBHoi peectpauii 0123U105022,
TepMiH BuMKOHaHHS:: 2023-2028 pp., KepiBHWK — 3aBigyBadka
kadbenpw iHdeKUiiH1X XBOpob Ta KniHiYHOT iMyHonorii, kaHauaaT
MeaunyHUX Hayk, goueHt O.B. Bonobyesa.
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B ranysi OXOpPOHM 3[0pOB’A 3a cneuianbHicTio «MeguumHa»
(kaHaupaT MEeAUYHMX Hayk), OOKTOpaHT kadeapw iHeKuinHux
XBOpo6 Ta KMiHi4YHOI iMyHonorii XapKiBCbKOro HauioHanbHOro
yHiBepcuTeTy iMeHi B.H. KapasiHa MiHicTepcTBa OCBiTY i Hayku
YkpaiHu; cTapLumin HayKoBuUii criBpoBIiTHWK BigAiny npomMeHeBoi
natonorii Ta naniaTMBHOI MeauunHu [epxaBHOi YyCTaHOBM
«lHCTUTYT MeguuHoi pagionorii Ta onkonorii imeHi C.M. pu-
rop’eBa HauioHanbHOI akagemii MeauyHUX HayK YKpaiHu»;
Byn. Mpuropis CkoBopoawm, 6ya. 82, m. Xapkis, YkpaiHa, 61024;
e-mail: fedir.hladkykh@gmail.com
Mo6.: +38 (099) 782-78-72
BHecok aemopa: idesi 00crioxeHHs, po3pobka du3aliHy,
niobip nimepamypHux Oxepers, npPoeedeHHs eKcrepu-
MeHmarbHUX 00CidXeHb, CMamuCmuYHe orpayto8aHHsI
ompumaHux 0aHux, HarucaHHs meKkcmy cmammi.

trials are warranted to assess the impact of antibacterial and
probiotic therapies on autoantibody levels and disease pro-
gression, as well as to evaluate the effectiveness of integrated
care models involving dental support in rheumatologic practice.
Exploring the immunomodulatory properties of microbial meta-
bolites and their role in either maintaining tolerance or initiating
inflammatory cascades may offer new therapeutic avenues
targeting the microbiome. Thus, further research in this field
holds the potential to shape new paradigms in the diagnosis,
prevention, and treatment of rheumatoid arthritis as a micro-
biome-associated disease.
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