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Pesome

MaToreHeTU4eCKOE €JUHCTBO MEXaHU3MOB NPOrPeCcCUPOBaHUA XPOHUYECKOrO NapoJOHTUTa M PeBMATOMAHOMO apTpUTa NoATBEPHAaeTCA 06WUMM
3B€HbAMM UMMYHOBOCNAANTENbHbIX PeaKLMiA.

MoBpexAeHne TKaHell NapoA0HTa OMOCPeA0BaHO LIUTOTOKCUYECKUMU 3ddeKTaMm BbipabaTbiBaeMbix 6akTepuamm Porphyromonas gingivalis pepmeH-
TOB 1 X MeTab0/MTOB. HelTpodu/ibl Cnocob6CTBYIOT PasBUTHIO MAPOAOHTUTA U YHaCTBYIOT B €ro MpOrpeccupoBaHny, pekpyTupys T-xennepsi 17 (Th17)
1 CNoco6CTBYA HAKOM/IEHMIO NNa3MaTUYECKUX KETOK B MOPaXKEHHbIX TKaHAX. AKTUBaLMA UMMYHOKOMMETEHTHbIX KNeTOK CNocobCcTByeT reHepaLum
aKTUBHBIX GOPM KNCNOPOAA, UHULMMPYIOLWMX CBO6OHOPaANKaNIbHOE OKUC/IEHNE INMN/AOB, YTO B COYETaHUM C HEBO3MOXHOCTBIO MX HEMTpannsaLmm
BC/1e/1CTBME CHUXKEHHOTO aHTMOKCMAAHTHOrO NOTeHUMana NpUBOANT K PasBUTUIO OKCUAATUBHOIO CTpecca.

CBA3b MeX/y PeBMaTOMAHbIM apTPUTOM U XPOHWUYECKUM NapOJOHTUTOM 6bi1a B LEeHTPe BHUMaHUA MHOTOUYNC/IEHHBIX UCCe0BaHUI, Y4TO 06yC0B-
NIeHO UX 06LMMM NaToreHeTUYECKNMM MexaHn3MaMmn. XpoHUYeCKoe BOCMNaseHne, CBA3aHHOE KaK C peBMaTON/HbIM apTPUTOM, TaK 1 C XPOHMYECKUM
NapoAOHTUTOM, CXOAHO Mo npeobnagatolieMy aAanTUBHOMY UMMYHHOMY GpeHOTUMY, gnucbanaHcy Mexay Npo — U NPOTUBOBOCMANNTE/IbHBIMU Lin-
TOKMHaMW. 3Ha4YMMbIM ABNAETCA BOB/EYeHMe MUKpoopraHusma Porphyromonas gingivalis B reHepaLuto aHTUTeN K LMTPY/I/IMHAPOBAHHBIM MenTu-
[aM y NauueHToB C peBMaToMAHbIM apTpuToM. O6wwHOCTb 3nuTona (SE)-kogupytowero annens HLA-DRB1, cBA3bIBalOLLEro LMTPYANMHUPOBaHHbIE
nenTuAbl, MOXET C/IYXWUTb OCHOBaHMEM A/ YTBEPK/AEHUA FeHeTUYECKO NpeApacrnooeHHOCTU 1 B3aMOMNOTEHLMPOBaHUA AaHHbIX 3a601eBaHUIA.
TakuMm 06pa3oM, MMeloLLanCa B3aMMOCBA3b XPOHNYECKOrO NapoAOHTUTa U PeBMATOMAHOrO apTpuUTa 060CHOBLIBAeT HEO6XOANMOCTb NPOBEAEHMA
1ccae/0BaHNIA, HanpaB/IeHHbIX Ha pa3paboTKy HOBbIX METOZ0B B AUArHOCTUKE, Ie4eHNM N NPodUIaKTUKE paccMaTpUBaeMbixX 3a60/1€BaHWI C Lie/bio
pa3oblueHns 0BLMX NaTOreHeTUYEeCKMX MeXaHU3MOB BOCMA/IMTE/NbHbIX PeakLUii 1 NpoLeccoB OCTeope3opOLMK, NPUBOAALLMX K CTOMKUM YHKLM-
OHa/IbHbIM U OpPraHNYeCKMM PacCTPOMCTBAM.
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Abstract

The pathogenetic mechanisms of progression of chronic periodontitis accompanied with rheumatoid arthritis is confirmed by the common parts of
immune-inflammatory reactions.

Damage to periodontal tissues is indirectly made by cytotoxic effects of enzymes and their metabolites produced by Porphyromonas gingivalis
bacteria. Neutrophils contribute to the progression of periodontitis and participate in its amplification by recruiting T-helper cells 17 and contributing
to the accumulation of plasma cells in the affected tissues. Activation of immunocompetent cells promotes the generation of reactive oxygen species
that initiate free radical oxidation of lipids, which, combined with the inability to neutralize them due to reduced antioxidant potential, leads to the
development of oxidative stress.

The connection between rheumatoid arthritis and chronic periodontitis has been the focus of numerous studies, due to their common pathogenetic
mechanisms. Chronic inflammation associated with both rheumatoid arthritis and chronic periodontitis is similar in its prevailing adaptive immune
phenotype, an imbalance between pro- and anti-inflammatory cytokines. The involvement of the Porphyromonas gingivalis microorganism in the
generation of antibodies to citrullinated peptides in patients with rheumatoid arthritis is significant. The similarity of the epitope (SE) encoding the
HLA-DRBT1 allele, binding citrullinated peptides, can act as a basis for the approval of the genetic predisposition and mutual potential of these diseases.
Thus, the proven connection between chronic periodontitis and rheumatoid polyarthropathies determines the significance of the analysis of the
data obtained and substantiates the need for strategic research aimed at developing new methods in the diagnosis, treatment and prevention of
the diseases for the purpose of breaking and separation of the common pathogenetic mechanisms of inflammatory reactions and osteoresorption
processes leading to persistent functional and organic disorders.
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deaminase, RA — rheumatoid arthritis, RANKL — membrane-bound receptor activator of nuclear factor kappa-, ROS — reactive oxygen species, TNF —
tumor necrosis factor

Introduction Currently, odontogenic infection is thought to play

Periodontal inflammatory diseases are one of the
most challenging socially-significant pathologies in the
world [1]. Their prevalence in the world is about 98 % and
they are one of the main causes of tooth loss [2]. Accord-
ing to the World Health Organization (WHO), the inci-
dence of periodontal diseases peaks at 35-45 years; in
recent years, such diseases have increasingly been found
in younger individuals [3]. The prevalence of periodon-
tal diseases in Russia has age-related features. In particu-
lar, their incidence in patients at the age of 32 is 48.2 %,
in patients aged 45 — up to 86 %, and in patients aged
65 — 100 % [4].

an important role in the development of somatic pathol-
ogy [5]. Periodontal pathogens, increased synthesis of
pro-inflammatory cytokines contribute to the develop-
ment of a systemic response and/or a number of sys-
temic autoimmune diseases; rheumatic diseases with
joint damage are of the greatest significance among such
conditions. In this group, rheumatoid arthritis has the
strongest pathogenetic relationship with inflammatory
periodontal diseases [6].

The NHANES (National Health and Nutrition Exam-
ination Survey) showed that the prevalence of chronic
periodontitis, as measured by the number of missing
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teeth, was four times higher in patients with rheumatoid
arthritis (RA) [7]. This conclusion is supported by epide-
miological and case-control studies, which have demon-
strated that patients with active RA have a significantly
higher prevalence of chronic periodontitis (defined by
various parameters, including bleeding, gingivitis, and
increased probing pocket depth) compared to patients
without RA [8]. In addition, the prevalence of RA in
patients with chronic periodontitis is higher than among
those without such pathology [6].

Confirmation of the pathogenetic relationship
between chronic periodontitis and rheumatoid arthri-
tis requires pointing out the much higher prevalence
of rheumatoid arthritis in patients with chronic peri-
odontitis (3.95 % compared to 1% in the overall popula-
tion) [9]. Interestingly, with high activity of rheumatoid
arthritis, the increase in the RBC sedimentation rate and
the increase in the level of C-reactive protein correlate
with a more severe degree of periodontal bone resorp-
tion [8].

There are similar genetic factors in patients with
chronic periodontitis and rheumatoid arthritis that con-
tribute to the development of these pathologies. More
than 50 % of the risk of developing RA is associated with
genetic factors, and the most significant genetic asso-
ciation in RA is the SE-coding gene HLA-DRBI1, which
contributes more than 80 % susceptibility to periodontal
tissue damage [7].

Immunological aspects of
the development of chronic
periodontitis

According to some sources, there are about
700 microorganisms in the oral cavity [10]. Microbio-
logical aspects of the pathogenesis of chronic periodon-
titis are the colonization of gingival pockets, mainly by
gram-negative anaerobic bacteria Porphyromonas gin-
givalis together with Agregatibacter actinomycetemcom-
itans, etc. Under the conditions of impaired microbiota
composition in combination with the effects of certain
immune cells, the above component is brought into
action as a pathological component [7]. P. Gingivalis
are primarily localized on the supragingival surface of
teeth and in the subgingival fissure, causing the destruc-
tion of periodontal supporting tissues by the produced
enzymes — proteinases, hemolysins, peptidyl-arginine
deaminases (PPAD) — and reacting with cellular com-
ponents [11]. These enzymes and metabolites (alkaline
and acid phosphatases, volatile sulfur compounds —
hydrogen sulfide, methyl mercaptan and dimethyl sul-
fide) have cytotoxicity as a result of the inhibition of
phospholipase A, and protein synthesis. The severity
of the inflammatory reaction is determined by local
and general, specific and nonspecific resistance [12].
Microorganisms form a dental plaque 24-48 hours after
brushing is stopped. The supragingival part of dental

plaque is predominantly represented by gram-positive
microorganisms, and the subgingival part — by gram-
negative microorganisms. [13]. The antigenic load and
effect of toxins increase the permeability of the epithe-
lium of the gingival sulcus and hypersecretion of sulcu-
lar fluid, which potentiates a further increase in capil-
lary permeability, together with the effects of bacteria
and leukotoxins. Phagocytes enter the connective tissue
and gingival fluid [14].

Periodontal damage starts as an acute inflamma-
tion characterized by an increase in the number of neu-
trophils that migrate into the gingival fissure through
the periodontal epithelium and have the capacity for
biosynthesis of chemokines and cytokines with pro-
inflammatory, anti-inflammatory and immunoregu-
latory properties. Neutrophils can induce the recruit-
ment of interleukin-17-producing CD4-positive T
helper cells 17 at the site of infection or inflammation
by releasing chemokines. In addition, they may pro-
mote the proliferation and differentiation of B cells
into plasma cells, which are responsible for antibody
production. Activated neutrophils express the activa-
tor of the membrane-bound receptor for nuclear factor
kappa-B (RANKL), a key osteoclastogenic cytokine,
thereby promoting bone resorption by osteoclasts [15].
These latter ideas suggest that neutrophils may contrib-
ute to the development of periodontitis, not only by
initiating damage but also by participating in its pro-
gression [15].

Macrophages are an important source of pro-
inflammatory cytokines such as interleukin-1p (IL-1p),
tumor necrosis factor (TNF), matrix metalloprotein-
ases (MMP), and prostaglandin E2 [16], which play
an important role in the development of inflamma-
tion. Also, an increase in their level in gingival tissue
and gingival fissure fluid is observed in patients with
chronic periodontitis [17].

According to current concepts, the chronization of
the inflammatory process primarily contributes to the
hyperproduction of non-specific body defense factors
by cells: pro-inflammatory cytokines (IL-1p, IL-6, IL-8,
IL-18, TNF) in response to the action of pathogenic
microorganisms [18].

Due to the chemotactic action of pro-inflammatory
mediators, periodontal tissues are infiltrated by neu-
trophils and macrophages. Their subsequent secretory
degranulation leads to the release of matrix metallopro-
teinases (MMP), which are important in the develop-
ment and maintenance of chronic inflammation [19].
MMP are Zn** and Ca?*-dependent endopeptidases,
which are catabolism enzymes for most extracellular
matrix proteins. Collagenase-1 (MMP-1) is respon-
sible for the cleavage of type I collagen. It is produced
mainly by fibroblasts, as well as such cells as macro-
phages, monocytes, osteoblasts, endothelial cells, and
chondroblasts. Several studies showed increased levels
of MMP-8 and MMP-9 in periodontal tissues [20].
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MMP-8 (collagenase-2) plays a critical role in the final
stages of the development of chronic periodontitis and
remodeling of periodontal tissues. It is secreted mainly
by neutrophils and their precursors, as well as fibro-
blasts, monocytes, macrophages, plasma cells, and dif-
ferentiated granulocytes [19]. It should be noted that
an increased level of MMP-8 (up to 65 ng/mL) in gin-
gival fluid was found in patients with severe chronic
periodontitis, as well as patients with untreated forms
of aggressive types [21]. Some authors established that
II-1p and tumor necrosis factor (TNF) contribute to
excessive production of MMP-9 (collagenase-4), which
stimulates increased permeability, damage to the struc-
ture of tooth tissues, and tooth decay [22].

The generation of pro-inflammatory cytokines by
lymphocytes and the direct effect of the enzymes pro-
duced by bacterial cells on collagen structures [18]
play an essential role in the destructive processes of the
periodontium.

Free radical oxidation processes [23] play a signifi-
cant role in the etiopathogenesis of chronic periodonti-
tis. Due to an excessive inflammatory response to bac-
terial plaque, tissue destruction occurs, which leads to
increased generation of reactive oxygen species (ROS) by
WBC [24]. The cytotoxic effect of ROS is brought into
action in the peroxidation of lipid structures of both
cell membranes and the extracellular matrix. ROS per-
oxidation disrupts the physicochemical properties of
proteins, which leads to the manifestation of oxidative
degradation and protein aggregation. Impaired func-
tions of proteins as the components of transport and
enzyme systems of cells result in the impaired constancy
of the internal environment [25]. In addition, ROS can
cause depolymerization of the extracellular matrix (par-
ticularly glycosaminoglycans) and enzymes (particularly
MMR) [26].

Lack of control over lipid peroxidation (LPO) reac-
tions not only causes impaired metabolic processes,
but also contributes to the development of structural
changes in tissues and suppression of body defense
mechanisms [25]. According to several reports, LPO
activation results in the destruction of the intermediate
epithelium and periodontal tissues, leading to patho-
logical tooth mobility. Also, due to the activation of
free radical oxidation processes, regeneration processes
are impaired, periodontal pockets and bone resorption
develop [26].

With periodontitis, there is a decreased activity of
key enzymes of the body’s antioxidant defense: cata-
lase, superoxide dismutase, glutathione peroxidase,
cytochrome oxidase. An increase in sulthydryl groups
is observed, which indicates the cleavage of proteins.
In addition, the triggering of free radical oxidation pro-
cesses is indicated by an increased level of active prod-
ucts of thiobarbituric acid in gingival fluid; these are the
main products of the free radical peroxidation of poly-
unsaturated fatty acids [27].

Pathogenetic relationship
between chronic periodontitis
and rheumatoid arthritis

The unity of general pathological processes in the
progression of periodontitis and rheumatoid arthritis,
i.e., concomitant action of cellular and humoral immu-
nity through cytokine regulation (IL-1f, IL-6, IL-8,
IL-18, TNF), as well as the role of LPO in the destruc-
tion of collagen structures, extracellular matrix of sub-
gingival spaces, as well as the predominant activation of
osteoclasts, confirm the possibility of interdependence
and mutual potentiation of these pathological condi-
tions [28].

Exposure to certain environmental factors, such as
smoking, genetic background (HLA-DRBI1-SE), gut
microbiome, P. gingivalis infection, and more recently,
A. actinomycetemcomitans (microbial dysbiosis), leads
to local changes in proteins due to citrullination [ 28, 29].

P. Gingivalis causes the activation of proteases and
peptidyl-arginine deaminase (PPAD), which generates
citrullinated proteins via post-transcriptional removal
of the guanidine group of terminal arginine from pro-
teins (keratin, felargin, collagen, fibrin) and triggers the
synthesis of antibodies to citrullinated proteins (ACPA),
which are represented by antibodies to cyclic citrulli-
nated peptide (ACCP), modified citrullinated vimentin
(AMCYV), and some other antibodies [30, 31].

The consequence of impaired tolerance to citrul-
linated proteins is the triggering of the activation of
immunocompetent cells (dendritic cells, macrophages,
T and B lymphocytes), which triggers the subsequent
production of pro-inflammatory cytokines and, as a
result, the activation of type 1 T helper cells (Thl) and
Th17 cells. Their stimulation results in the produc-
tion of interferon-y (IFN-y), IL-2, IL-17, IL-21, TNE,
leading to the activation of B lymphocytes, which are
subsequently transformed into plasma cells responsible
for the production of autoantibodies of the IgG isotype
[32]. Therefore, the received signal against citrulli-
nated epitopes in joints leads to increased expression of
rheumatoid factor (RF) and antibodies to citrullinated
peptides, which contributes to the development of
immune complexes. The resulting immune complexes
are phagocytized by neutrophils and macrophages of
the synovial membrane, which leads to damage to neu-
trophils, the release of lysosomal enzymes, histamine,
serotonin, kinins, prostaglandins, leukotrienes and the
development of exudative and proliferative changes in
the synovium and cartilage. Damage to the joint tissues
by immune complexes leads to further autoantibody
production and contributes to the chronicity of the
inflammatory process [7].

Hyperproduction of pro-inflammatory cytokines
(TNE, IL-1, IL-6, IL-17) leads to the increased produc-
tion of RANKL. Moreover, TNF can bind to the type
1 TNF receptor on the surface of osteoclasts, thereby
stimulating osteoclastogenesis [33].
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Notably, A. actinomycetemcomitans leads to the
hypercitrullination of neutrophils and the activation
of citrulline enzymes, which are also involved in the
impaired immune tolerance to host molecules. These
immune complexes intensify the inflammatory process,
which can aggravate the course of rheumatoid arthritis.
Also, autoantibodies may contribute to the inflammatory
process by direct activation of osteoclasts by interacting
with citrullinated vimentin, which is expressed on the
membrane of osteoclast precursors, leading to bone and
cartilage damage (Fig. 1) [7].

The activation of mast cells that secrete heparin and
serotonin should be noted. It leads to exudative and
proliferative inflammation of the synovial membrane of
joints (synovitis), which is characterized by the produc-
tion of lymphocytic infiltrates, accumulation of macro-
phages, development of neoangiogenesis, proliferation of
synovial membrane cells and fibroblasts, with the forma-
tion of an aggressive tissue — pannus. [33, 34]. Synovitis
causes changes to the cellular structure of synovia due
to the increased number of macrophage-like (MLS) and
fibroblast-like synoviocytes (FLS). MLS produce chemo-
kines and growth factors, which leads to the activation of
local FLS expressing IL-6, prostanoids, MMP, as well as
chronic synovitis [35].

Therefore, citrullination of proteins may represent a
biological mechanism that strengthens mutual influence
between rheumatoid arthritis and chronic periodontitis.

Periodontitis

!

P. Gingivalis ocHoBHOW 3TMONOrMYECKUI
¢dakrop, Bbipabartbisatowmii PPAD

il

Wagner et al. (2015) proposed a “two-hit” model
of the impact of chronic periodontitis on rheumatoid
arthritis: the first “hit” is initiated by an increase in the
prevalence of PAD-producing P. gingivalis in the peri-
odontal microenvironment, which increases local citrul-
lination of peptides and the generation of antibodies to
citrullinated proteins. The second “hit” is represented
by the cross-reactivity of periodontal-generated ACPA
to antigens that are in the microenvironment of a joint,
which further exacerbates chronic autoimmune inflam-
mation caused by rheumatoid arthritis [36].

In addition, there are similar genetic factors in
patients with chronic periodontitis and rheumatoid
arthritis that contribute to the development of these
pathologies. It is possible that several common genetic
disorders are associated with increased susceptibility to
these diseases. One of the potential genetic mechanisms
linking rheumatoid arthritis and chronic periodontitis
is a common epitope (SE)-coding HLA-DRB1 allele
[37]. HLA-DRBI alleles that encode the major his-
tocompatibility complex class II beta chain can bind
citrulliniropeptides, which can increase the immuno-
genicity of autoantigenic citrullinated arthritis peptides
(38, 39].

Therefore, a growing number of experimental and
clinical studies has undoubtedly demonstrated that there
is a strong link between rheumatoid arthritis and chronic
periodontitis (Figure 2) [7].

Rheumatoid arthritis

!

Bacteria/peptide act as an additional antigen
in the production of autoantibodies

Genetic factors (HLA-DRB1-SE)

Increase IL-1, IL-6, IL-17, TNF

[

Production of MMPs, RANK/RANKL,
activation of osteoclasts

Predominance of Th1, Th2, Th17

Activation of free radical lipid oxidation processes

Processes of osteoresorption, tissue remodeling

Figure 1. The main factors of the formation of chronic generalized periodontitis and rheumatoid arthritis [7]
Notes. PPAD -peptidyl-arginine deiminase; Th1 — T-helper cell type 1; Th2 — T-helper cell type 2; Th17 — T-helper cell type 17; IL-1 — interleukin-1; IL-6 — interleukin-6;
TNF — tumor necrosis factor; IL-17 — interleukin-17; RANK-L — receptor activator of nuclear factor kappa-p; MMP — matrix metalloproteinase
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Figure 2. Pathogenetic connection of chronic generalized periodontitis and rheumatoid polyarthritis [7]
Notes. PPAD — peptidyl-arginine deiminase; T-1 — T-lymphocyte; DK — Dendritic cell; MF — macrophage; B-1 — B-lymphocyte; Th1 — T-helper cell type 1;Th17 — T-helper
cell type 17; IL-1 — interleukin-1; IL-2 — interleukin-2;IL-6 — interleukin-6;IL-8 — interleukin-8; TNF — tumor necrosis factor; IL-17 — interleukin-17;IL-21 — interleukin-21;
RANK-L — receptor activator of nuclear factor kappa-; MFS — macrophage-like synoviocytes; FLS — fibroblast-like synoviocytes; MMP — matrix metalloproteinase;

PG — prostaglandins

Conclusion

The presented summarized studies make a strong
case for a pathogenetic relationship between the mecha-
nisms of progression of chronic periodontitis and rheu-
matoid arthritis.

The correlation between both diseases is confirmed
by the high incidence of the combination of both pathol-
ogies in the population, the presence of a common epit-
ope (SE) encoding HLA-DRBI allele, the production of
cross-reacting antibodies that cause the combined effect
of autoimmune and inflammatory processes, leading to
systemic effects of cytokines at the body level, which
explains the increased risk of this pathology in chronic
periodontitis.

The link between rheumatoid arthritis and chronic
periodontitis is due to the infection of periodontal tis-
sues with P. Gingivalis, leading to the activation of prote-
ases, PPAD and the production of citrullinated proteins,
impaired tolerance to which leads to the activation of
immunocompetent cells. Such triggering of autoaggres-
sive reactions is critical in the development of rheu-
matoid arthritis in chronic periodontitis. Several pro-
inflammatory cytokines (TNF, IL-1, IL-6, IL-17) increase

the production of RANKL and stimulate osteoclastogen-
esis inducing bone resorption.

Further study of the mutual influence of these
pathologies will allow developing new methods for
diagnosing and managing these nosologies and pre-
venting their progression at the early stages of their
development. Good oral hygiene and timely detection
of the initial stages of periodontitis can prevent the
possible development of rheumatoid arthritis in indi-
viduals with a genetic predisposition to this pathology.
Available evidence of the presence of systemic inflam-
mation makes a strong case for introducing genetically
engineered biological preparations into the treatment
algorithms for these diseases. The identification of
close relationships will facilitate the development and
manufacturing of agents that will have an effect on both
RA and chronic periodontitis. The summarized study
results indicate the need for close interaction between
dentists and rheumatologists, as well as for screen-
ing immunological examination of individuals with
chronic periodontitis, especially those of early working
age, in order to prevent the development or slow down
the progression of rheumatoid arthritis.




Apxub BHyTpeHHE MeAnunHbL ® Ne 3 o 2022

OB3OPHBIE CTATbHU

Bknap aBTOpOB:

Bce aBTOpbI BHEC/IM CYLECTBEHHBIN BKAaZ, B MOArOTOBKY paboTbl, Npoy/n
1 006punn GUHaANLHYIO BEPCUIO CTaTbk Nepes nybankaumen

MopaauH '.B. (ORCID ID: https://orcid.org/0000-0003-2010-3296):
pa3paboTka KOHLenuum u gnsaiHa, cbop, aHanus v MHTeprpeTaums AaH-
HbIX, PeAaKTUPOBaHWe TEeKCTa PYKOMUCH, YTBEPXKAEHNE OKOHYATENIbHOrO
BapuaHTa pyKonucm

3axeaToB A.H. (ORCID ID: https://orcid.org/0000-0003-1433-0337):
pa3paboTka KOHLeNuMn 1 gusaiiHa, c6op, aHanu3 U UHTeprpeTaLus AaH-
HbIX, HanWcaHvWe W peAaKTUPOBaHME TEKCTa PYKOMUCH, YTBEPXKAeHWe
OKOHYaTe/IbHOro BapuaHTa pyKonucu.

Mapwmna A.1O. (ORCID ID: https://orcid.org/0000-0003-0415-1132):
c60p, aHa/M3 1 MHTeprpeTaLma AaHHbIX, HanNMcaHue U peAaKTUpoBaHUue

TEKCTa PYKOMUCH, YTBEPK/AEHME OKOHYATE/IbHOTO BapuaHTa PyKOMUCH.

Author Contribution:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication

Poryadin G.V. (ORCID ID: https://orcid.org/0000-0003-2010-3296):
conception and design; collection, analysis and interpretation of the
data, edit of the submitted article, approval of the final version of the
submitted article.

Zakhvatov A.N. (ORCID ID: https://orcid.org/0000-0003-1433-
0337): conception and design; collection, analysis and interpretation of
the data, edit of the submitted article, approval of the final version of the
submitted article.

Parshina A.Yu. (ORCID ID: https://orcid.org/0000-0003-0415-1132):
collection, analysis and interpretation of data, writing and editing of
the text of the submitted article, approval of the final version of the
submitted article.

Cnucok autepatypsi/ References:
1. Tibdrcio-Machado CS, Michelon C, Zanatta FB, et al.

The global prevalence of apical periodontitis: a systematic
review and meta-analysis. Int Endod J. 2021; 54(5):712-
735. doi: 10.1111/iej.13467.

2. Jakovljevic A, Nikolic N, Jacimovic |, et al. Prevalence of
Apical Periodontitis and Conventional Nonsurgical Root
Canal Treatment in General Adult Population: An Updated
Systematic Review and Meta-analysis of Cross-sectional
Studies Published between 2012 and 2020. | Endod. 2020;
46(10):1371-1386. doi: 10.1016/j.joen.2020.07.007.

3. bnawkosa C.Jl.,, MapTbaHoBa M. B. Ponb cpeAcTB rurneHsbl
B MpeAYNpexAeHnmn Kapueca 1 3a6o/ieBaHuii NapojoHTa
y Iy, MonoAoro BospacTa. Poccuiickas ctomaTosiorus.
2016; 9(4):51-53. doi:10.17116/rosstomat20169451-53
Blashkova S L, Martyanova M V. The role of preventive
hygiene in the prevention of caries and periodontal disease
in young age. Russian Stomatology. 2016;9(4):51-53.
doi:10.17116/rosstomat20169451-53

4. G.A.Roth, M. Cunningham, A. Afshin et al. Global,
regional, and national age-sex-specific mortality for
282 causes of death in 195 countries and territories,
1980-2017: a systematic analysis for the Global Burden of
Disease Study 2017. The Lancet. 2018; 392(10159):1736-
1788. d0i:10.1016/50140-6736(18)32833-2.

10.

1.

12.

13.

14.

15.

3opuna O.A., AlimagmHoBa H.K., bopuckuna O.A., n gp.
OCHOBHbI€ V3MeHeHUA HOPMabHON MUKPOGIOPbI
napo/oHTa NPU XPOHNYECKOM reHepan30BaHHOM
Napo/OHTHTE, BbIAB/IEHHbIE C MOMOLLI0 MeTareHOMHOro
cekBeHMpoBaHusA. Poccuiickas ctomaTtonorus. 2017;
10(2):41-48. doi: 10.17116/rosstomat201710241-48.
Zorina OA, Aymadinova NK, Boriskina OA, et al. Major
changes in the normal periodontal microbiome associated
with chronic generalized periodontitis as detected by
metagenomic sequencing. Russian Stomatology. 2017;
10(2):41-48. doi: 10.17116/rosstomat201710241-48.

[In Russian]

Madianos, P.N., Bobetsis, Y.A., Offenbacher S.

Adverse pregnancy outcomes (APOs) and periodontal
disease: pathogenic mechanisms. Journal of

Clinical Periodontology. 2013; 40(14): 170-180.

doi: 10.1111/jcpe.12082.

de Molon RS, Rossa C Jr, Thurlings RM, et al. Linkage of
periodontitis and rheumatoid arthritis: current evidence
and potential biological interactions. International
journal of molecular sciences. 2019; 20(18):4541-4586.
doi:10.3390/ijms20184541.

P. Bender, W.B. Biirgin, A. Sculean et al. Serum antibody
levels against Porphyromonas gingivalis in patients with
and without rheumatoid arthritis — a systematic review
and meta-analysis. Clin Oral Investig. 2017; 21(1):33-42.
doi: 10.1007/s00784-016-1938-5.

Esberg A, Johansson L, Johansson |, Dahlgvist SR.

Oral Microbiota Identifies Patients in Early Onset
Rheumatoid Arthritis. Microorganisms. 2021; 9:1657.
doi: 10.3390/microorganisms9081657.

Lundmark A, Hu YOO, Huss M, et al. Identification

of Salivary Microbiota and Its Association With

Host Inflammatory Mediators in Periodontitis.

Front Cell Infect Microbiol. 2019; 21(9):216.

doi: 10.3389/fcimb.2019.00216.

Nadim R, Tang J, Dilmohamed A et al. Influence of
periodontal disease on risk of dementia: a systematic
literature review and a meta-analysis. Eur ] Epidemiol.
2020;35(9):821-833. doi: 10.1007/s10654-020-
00648-x.

Bobetsis YA, Graziani F, Giirsoy M, et al. Periodontal
disease and adverse pregnancy outcomes. Periodontol
2000. 2020; 83(1):154-174. doi: 10.1111/prd.12294.

Bilyi A.K., Antypenko L.M., Ivchuk V.V,, at al. I2-heteroaryl-
[1,2,4]triazolo[1,5-c]quinazoline-5(6 H)-thiones and
their S-substituted derivatives: Synthesis, spectroscopic
data, and biological activity. ChemPlusChem. 2015;
80(6): 980-989. doi: 10.1002/cplu.201500051.

Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota
in periodontal disease. Periodontol 2000. 2020;
83(1):14-25. doi: 10.1111/prd.12296.

Hajishengallis G, Korostoff JM. Revisiting the Page

& Schroeder model: The good, the bad and the
unknowns in the periodontal host response 40 years
later. Periodontology 2000. 2017; 75(1): 116-151.

doi: 10.1111/prd.12181.

209



210

REVIEW ARTICLES

The Russian Archives of Internal Medicine @ Ne 3 e 2022

16.

7.

18.

19.

20.

21.

22.

23.

24.

Cekici A, Kantarci A, Hasturk H, et al. Inflammatory and
immune pathways in the pathogenesis of periodontal
disease. Periodontology 2000. 2014; 64(1):57-80.

doi: 10.1111/prd.12002.

Kang W, Hu Z, Ge S. Healthy and Inflamed Gingival
Fibroblasts Differ in Their Inflammatory Response

to Porphyromonas gingivalis Lipopolysaccharide.
Inflammation. 2016; 39(5):1842-1852.

doi: 10.1007/510753-016-0421-4.

Huang, N., Dong, H., Luo, Y., et al. Th17 Cells

in Periodontitis and Its Regulation by A20.

Frontiers in immunology. 2021; 12:125-137.

doi: 10.3389/fimmu.2021.742925.

Zhang Y., Li X. Lipopolysaccharide-regulated production of
bone sialoprotein and interleukin-8 in human periodontal
ligament fibroblasts: the role of toll-like receptors 2 and
4 and the MAPK pathway. Journal of periodontal research.
2015; 50(2):141-151. doi: 10.1111/jre.12193.

Tpuropkesuy O.C., Mokpos I'B., Kocosa /1.1O.
MaTpuKCHble MEeTanNoNPOTeNHa3bl U UX UHTUBUTOPSI.
®apmakokuHeTnka n PapmakoanHamuka. 2019; 2: 3-16.
doi: 10.24411/2587-7836-2019-10040.

Grigorkevich O.S., Mokrov G.V., Kosova L.Yu. Matrix
metalloproteinases and their inhibitors. Pharmacokinetics
and Pharmacodynamic. 2019; 2: 3-16. doi: 10.24411/2587-
7836-2019-10040 [InRussian].

BasapHsbiii B.B., MonywwHa J1.I., MakcumoBa A.1O.

1 ap. KAMHUKO-AMArHOCTNYECKNE XapaKTepPUCTUKN
CaNNBapPHbIX MaTPUKCHbIX METAaNI/IONPOTENHA3 KaK
NoTeHLNaNbHbIX GUOMAapPKEPOB MPU XPOHUYECKOM
napogoHTuTe. JlabopaTtopHas cayx6a. 2020; 9(4): 54-58.
doi: 10.17116/labs2020904154.

Bazarny V.V,, Polushina L.G., Maksimova A.Yu., et al.
Clinical and diagnostic characteristics of salivary matrix
metalloproteinases as potential biomarkers in chronic
periodontitis. Laboratory service. 2020; 9(4): 54-58.

doi: 10.17116/labs2020904154[In Russian].

Leone A., Uzzo M. L., Rappa F,, et al. Immunohistochemical
expression of apoptotic factors, cytokeratins, and
metalloproteinase-9 in periapical and epithelialized
gingival lesions. FoliaHistochemCytobiol. 2012;

50(4): 497-503. doi: 10.5603/FHC.2012.0070.
Cagesbesa H. H. CocToAHMe cncTeMbl NEPEKUCHOTO
OKUCNEHUA NMUNUAOB U aHTUOKCUAAHTHOM 3aLUThI

y NaLMeHTOB XPOHUYECKWUM FreHepasM30BaHHbIM
napoAoHTUTOM |-l cTeneHmn TAXeECTH, coveTatoWerocs

c napasutosamu. JournalofEducation, HealthandSport.
2015; 5(12): 465-476. doi: 10.5281/zenodo.35707.
Savel’eva N.N. The state of the lipid peroxidation system
and antioxidant protection in patients with chronic
generalized periodontitis I-1l severity, combined with
parasitosis. Journal of Education, Health and Sport. 2015;
5(12): 465-476. doi: 10.5281/zenodo.35707 [In Russian].
Callaway D. A. Jiang J. X. Reactive oxygen species and
oxidative stress in osteoclastogenesis, skeletal aging and
bone diseases. Journal of Bone and Mineral Metabolism.
2015; 33(4): 359-370. doi: 10.1007/s00774-015-0656-4.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Almubarak A, Tanagala KKK, Papapanou PN, et al.
Disruption of Monocyte and Macrophage Homeostasis

in Periodontitis. Front Immunol. 2020; 11: 330.
doi:10.3389/fimmu.2020.00330.

Fang C, Wu L, Zhao M}, et al. Periodontitis Exacerbates
Benign Prostatic Hyperplasia through Regulation of
Oxidative Stress and Inflammation. OxidMedCellLongev.
2021; 2021: 2094665. doi:10.1155/2021/2094665.
Kongtoposa E.B., MpbiTkoB B.A., Bracos AT, n ap.
MeTabonnyeckne HapyLIeHUSA NMPU XPOHUYECKOM
reHepasn30BaHHOM NapojoHTuTe. Poccuiickuii
CTOMaTON0rYeCKMii )ypHan. 2016; 20(5): 251-256.

doi: 10.18821/1728-28022016;20(5):251-256.

Kondjurova E.V., Prytkov V.A., Vlasov A.P,, et al.
Metabolic disorders in chronic generalized periodontitis.
Russian Journal of Dentistry. 2016; 20(5): 251-256.

doi: 10.18821/1728-28022016;20(5):251-256 [In Russian].
Perricone C, Ceccarelli F, Saccucci M, et al.
Porphyromonas gingivalis and rheumatoid arthritis.

Curr Opin Rheumatol. 2019; 31(5):517-524.
doi:10.1097/BOR.0000000000000638.

Engstrom, M., Eriksson, K., Lee, L., et al. Increased
citrullination and expression of peptidylarginine
deiminases independently of P. gingivalis and A.
actinomycetemcomitans in gingival tissue of patients with
periodontitis. Journal of Translational Medicine. 2018;
16(1): 214-240. doi:10.1186/5s12967-018-1588-2.

Poulsen TBG, Damgaard D, Jergensen MM, et al.
Identification of potential autoantigens in anti-CCP-
positive and anti-CCP-negative rheumatoid arthritis using
citrulline-specific protein arrays. Sci Rep. 2021;11(1):17300.
doi:10.1038/541598-021-96675-z.

Konig, M.F., Abusleme, L., Reinholdt, J, et al.
Aggregatibacter actinomycetemcomitans-induced
hypercitrullination links periodontal infection to
autoimmunity in rheumatoid arthritis. Science
translational medicine. 2016; 8(369): 176-369.

doi: 10.1126/scitranslmed.aaj1921.

Bettner LF, Peterson RA, Bergstedt DT, et al. Combinations
of anticyclic citrullinated protein antibody, rheumatoid
factor, and serum calprotectin positivity are associated
with the diagnosis of rheumatoid arthritis within

3 years. ACR Open Rheumatol. 2021; 3(10): 684-689.
doi:10.1002/acr2.11309

3axsaToB A.H., Kosnos C.A., ATknuna H.A. n ap.
JVHaMKKa yPOBHSA LIUTOKMHOB NPU SKCMEPUMEHTA/IbHOM
nocTTpaBMaTU4YecKoM apTpute. MeanLHcKan
uMMyHonorus. 2016; 18(1): 91-96. doi: 10.15789/1563-
0625-2016-1-91-96.

Zahvatov A.N,, Kozlov S.A., Atkina N.A,, et al. Time
course of cytokine levels in experimental posttraumatic
arthritis. Medical Immunology (Russia). 2016; 18(1): 91-96.
doi: 10.15789/1563-0625-2016-1-91-96 [In Russian].

B Mclnnes, Georg Schett.Pathogenetic insights

from the treatment of rheumatoid arthritis. Lancet.

2017; 389(10086): 2328-2337. doi: 10.1016/S0140-
6736(17)31472-1.




Apxub BHyTpeHHE MeAnunHbL ® Ne 3 o 2022

OB3OPHBIE CTATbHU

35. Muxannosa A.C., JlecHak O.M. Perynatopsl pocTa
naHHyca npy peBMaTouAHOM apTpUTe, ABAAOLNECH
NOTEHLMaNbHBIMU MULIEHAMU 6MONOrMYECKON Tepanum.
CoBpeMeHHas pesMatosiorus. 2018; 12(1): 55-59.
doi: 10.14412/1996-7012-2018-1-55-59.

Mikhaylova A.S., Lesnyak O.M. Pannus growth regulators
as potential targets for biological therapy in rheumatoid
arthritis. Modern Rheumatology Journal. 2018; 12(1): 55-
59. doi: 10.14412/1996-7012-2018-1-55-59 [In Russian].

36. Wagner CA, Sokolove J, Lahey L}, et al. Identification
of anticitrullinated protein antibody reactivities in
a subset of anti-CCP-negative rheumatoid arthritis:

association with cigarette smoking and HLA-DRB1 ‘shared

37.

38.

39.

epitope’ alleles. Ann Rheum Dis. 2015; 74(3):579-586.
doi: 10.1136/annrheumdis-2013-203915.

Varshney S, Sharma M, Kapoor S et al. Association
between rheumatoid arthritis and periodontitis in an adult
population — A cross sectional study. ] Clin Exp Dent.
2021;13(10):980-986. doi:10.4317/jced.57562.

Choi YY, Lee KH. Periodontitis as a Risk Factor for
Rheumatoid Arthritis: a Matched-Cohort Study. Int Dent .
2021; 71(6): 516-521. doi:10.1016/j.ident}.2021.01.006.
Machado, Pedro M. Measurements, composite

scores and the art of ‘cutting-off'. Annals of

the rheumatic diseases. 2016; 75(5): 787-790.

doi: 10.1136/annrheumdis-2015-208274.

211



