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BOCITAZIUTEABHOE CTAPEHME ITAPOAOHTA

A.A. MOVICEEB, J1.C. KOITELIKII1

Poccuiickuit HaIMOHAaABHBIN MCCA@AOBATeABCKUI MeAuIMHCKIIT yauBepcuTeT uMm. H.V. ITuporosa, Mocksa, Poccuiickas Pegeparius

BocnanutenbHoe CTapeHune — 0fiHa U3 COBPEMEHHbIX KOHLEMNLMMN, XapaKTEPU3YIOLLMX BANOTEKYLLEE, XDOHUYECKOE BOCNaNeHne, KOTOPOe NOCTENEHHO
YCMNMBAETCA C BO3PAcTOM. BocnaneHune ABAAETCA KPUTMYECKM BasKHbIM MEXaHM3MOM 3almTbl OT MHdEKUMIA. 3a60oneBaHna NapogOHTa 3aHMMAIOT
Nuampytolee MecTo Cpeam NPUYMH 0bpaLleHns 3a CTOMaTONIOMMUYECKOM NOMOLLbIO, cocTaBnaa Ao 88% Bcex cnyyaes. OHM pacnpoCTpaHeHbl cpeam
NaLMeHTOB BCEX BO3PACTHbIX FPYMM M OKa3blBaOT 3HAUMUTE/IbHOE BAUAHME HE TO/IbKO Ha COCTOSHME NOIOCTM PTa, HO M Ha 0bLLiee 340p0BbE OPraHn3ma,
a TaKKe Ha KauecTBO XKM3HM YesloBeKa.

Lienb uccnepoBaHna: 0606WMTb MMEIOLIMECA AaHHbIE U MPOaHaNN3MPOBaTb NPOBEAEHHbIE paHee UCCIEe0BaHUA O MeXaHM3MaXx M 0COBEHHOCTAX
pa3BUTMA BOCNANUTENLHOIO CTAPEHMS, a Take chOpMUPOBaTb NOAXOAbI K KOPPEKLMM COCTOAHUM, aCCOLMMPOBAHHbIX C BOCMAIMTE/IbHbIM CTapeHUEM
napogoHTa.

Matepuan n MeToabl: NPOBEAEH CUCTEMATUUECKUI 0630p NUTEPATYPHbIX AaHHbIX, HailaeHo 15896 ny6MKaLmil, NpeAcTaBNeHHbIX B MEXAYHaPOAHbIX
3NeKTPOHHbIX 6a3ax AaHHbIx: PubMed, Google Search, Ebsco, Embase, Web of Science, ScienceDirect, SciELO v eLibrary. Ha ocHoBaHWM pa3paboTaH-
HbIX KpuTepues 6bi10 0TobpaHo 67 NyBANKaLMIA, KOTOPbIE BKAKOYAAW PE3YAbTaTbl M3yUYeHUs MeXaHU3MOB M 0COBEHHOCTe Pa3BUTUA BOCNAIUTE/IbHO-
rO CTapeHus B LEOM U TKaHeW NapoAoHTa B YAaCTHOCTH, a TAKXKE COBPEMEHHbIX TEXHO/IOMMI, HaNpPaB/IEHHbIX HAa KOPPEKLMIO BOCMANUTENbHbIX ABJIEHWI
B NapofoHTe. MeToa0N0rMa AaHHOro UCCNe0BaHNA COOTBETCTBYET TPEBOBAHUAM AN CUCTEMATUHECKMX 0630POB U MeTaaHann308 «PRISMAY.
PesynbTaThl: B UCCNEA0BAHMM NPOAHAIM3UPOBaHbI 1 0606LLEHbI PE3y/IbTaTbl MO U3YHEHUI0 MEXaHM3MOB U 0COBEHHOCTE TeYEHMsA BOCNAIMTEIbHOMO
crapeHus. Ocoboe BHUMaHWeE yAeNeHOo pa3BUTUIO BOCMANUTEIbHOIO CTapeHUs B TKaHAX NapogoHTa. 0603HaUYeHbl TEXHOOMMM, KOTOPbIE MOTYT CTaTb
NepcneKkTMBOM NepPCoOHMOULMPOBAHHON NPEBEHTUBHOM KOPPEKLMM COCTOAHMM, aCCOLMMPOBAHHbIX C BOCMA/IMTE/IbHbIM CTapEHWEM NAPOLOHTA U MO-
NOCTK pTa.

3aK/l0ueHMe: BOCMANNTE/bHbIA — O4HA U3 KOCHOBHbIX NPUYMH» GEHOTUMOB CTapeHus. CuctemaTtnyeckmii 0630p LoKasbiBaeT obwmit gucbanaHc 8
BOCNanMTe/bHbIX NPOLLECCaX, KOTOPbINA C BO3PACTOM MNOCTENEHHO CMELLAETCA B CTOPOHY YCUIEHWUA BOCMANEHMSA M HapyLIEHWA NPOTUBOBOCNANNUTENb-
HbIX MEXaHW13MOB.

KnioueBble cnoBa: cmapeHue, 8ocranumesnsHoe cmapeHue, cmapeHue 1o10cmu pma, cmapeHue napodoHma, 803pacmHsle U3MeHeHUs.
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INFLAMMATORY AGING OF THE PERIODONTIUM
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Inflammatory aging is a contemporary concept describing low-grade, chronic inflammation that gradually intensifies with age. Inflammation is a critically
important defense mechanism against infections. Periodontal diseases rank among the leading reasons for seeking dental care, accounting for up to 88%
of all cases. They are widespread among patients of all ages and have a significant impact not only on oral health but also on overall systemic health and
quality of life.

Objective: To summarize the available data and analyze previously conducted studies on the mechanisms and features of the development of inflammatory
aging, as well as to formulate approaches to the correction of conditions associated with inflammatory aging of the periodontium.

Methods: A systematic review of the literature was conducted. A total of 15,896 publications indexed in international electronic databases were identified,
including PubMed, Google Search, Ebsco, Embase, Web of Science, ScienceDirect, SciELO, and eLibrary. Based on the developed selection criteria, 67
publications were included that reported on mechanisms and features of inflammatory aging in general and of periodontal tissues in particular, as well as
on modern technologies aimed at correcting inflammatory manifestations in the periodontium. The methodology of this study complies with the PRISMA
guidelines for systematic reviews and meta-analyses.

Results: The study analyzed and summarized findings on the mechanisms and clinical features of inflammatory aging. Particular attention was paid to
the development of inflammatory aging in periodontal tissues. Technologies that may become promising tools for personalized preventive correction of
conditions associated with inflammatory aging of the periodontium and oral cavity were identified.

Conclusion: Inflammatory aging is one of the “main causes” underlying aging phenotypes. This systematic review demonstrates a general imbalance in
inflammatory processes that gradually shifts with age toward enhanced inflammation and impaired anti-inflammatory mechanisms.
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BBEOEHMUE

CrapeHue — CNOXKHbIN KOMMIEKC GEHOTUMMYECKMX U bYHKLM-
OHa/IbHbIX MPOAB/EHWIA, NPOTEKAIOWMI B NepuoA Mnocie NoaoBoro
co3peBaHua 1 Jo cmeptu [1]. CtapeHne 0bycn0BIEHO MHOXKECTBOM
baKkTOpOB, KOTOpblE NOCTENEHHO HapYLIAKOT BanaHC KakoveBbix byo-
JIOTMYECKMX MPOLLECCOB, TEM CaMblM HapyLIas rOMeocTas v NpuBoas
CO BPEMEHEM K YrHeTeHuto dusnonornyeckux GyHkumuin. OHO Kop-
PeNupyeT C HaKOMJEHUEM MOJEKYAPHDBIX MOBPEXAEHU, BKAOYAsA
HecTabuabHOCTb TEHOMA, NPOTEOTOKCUYHOCTD, YKOPOUEHUE TENIOMEP
W 3NUreHeTUYECKOe PeMOZENNPOBaHMe. BCé 3To npuBoaMT K U3Me-
HEHUAM Ha KNIETOYHOM U OPraHM3MEHHOM YPOBHSAX, BKIOYAA MeTa-
60/MYeCKUI CTPECC, AMCOYHKLMIO MUTOXOHAPWUIA, HapylleHue YyB-
CTBUTENBHOCTM K MUTATENbHbIM BELLECTBAM, UCTOLLEHWE CTBOJIOBbIX
KNETOK U XPOHUYECKOE BAJIOTEKYLLEE BOCMA/IEHME.

PaunoHanbHO QyHKUMOHMPYIOLWAs UMMYHHAsA CMCTEMa 3alluu-
LLIAET OT Pa3HOro PoZia ONacHOCTeN, B TOM YUCAE, OT MHOULMPOBaHUA
naToreHHoW MWKPOBMOTOW M BMPycamu. MIMMyHHas cucTema, nog-
[lepuBas roMeocTas TKaHel, ABNAETCA CUCTEMOM HabOAEHWA, BOC-
CTaHaB/VBasA NOBPEXKAEHNSA, BbI3BaHHbIE BHELUHUMU U BHYTPEHHUMM
dakTopamn. OCHOBHbIMM KOMMOHEHTAMU UMMYHWUTETA AB/AIOTCA
BPOXAEHHbBIE MEXaHWU3MbI, KOTOPbIE HE CNeLMbUYHbI U aKTUBUPYHOTCA
cpasy nocse Bo3aencTeusa GakTopa. /1loboe OTKIOHEHWE OT CPESHMX
3HAYEHUI B PEAKLMAX UMMYHUTETA, ByAb TO YPE3MEPHDIN U HEKOH-
TPONMPYEMBIA UMMYHUTET UM HELOCTATOYHAA Peakuys, NpuUBoOaAT
K NaTo/MIOrMYEeCKOMY COCTOAHMIO. MMMYHHblE MEXaHU3Mbl fieXaT B
OCHOBE BCEX MPOLIECCOB KU3HEAEATENIbHOCTU, U aKTUBALUA UMMYH-
HOW CUCTEMbI C BbICOKUM YPOBHEM MapKEPOB BOCMA/IEHUA CUMTAETCA
OAHWM U3 OCHOBOMO/IAratoLLLMX NPOLLECCOB CTAPEHUS, KOTOPOE MOMKHO
Ha3blBaTb «BOCMA/UTENbHbIM CTapeHuem» [2, 3]. BocnanutenbHoe
CTapeHue — OfiHa U3 COBPEMEHHbIX KOHLENLMI, XapaKTepU3yHoLLMX
He NPOXOAsALLEE, BAJIOTEKYLLEE U XPOHUYECKOE BOCMANEHUE, KOTOPOE
NOCTENEHHO YCUIMBAETCA C BO3PAcTOM. BaKHO, 4To BOCNauTebHOE
CTapeHu1e — 3TO He NPOCTO NPU3HAK BO3PACTa, OHO TaKKe crnocobcTay-
€T YXyALWeHNI0 340P0BbsA, BO3PACT-aCcCOLMMPOBAHHbIM 3aboneBaHu-
AM 1 obuemy ocnabneHuto opraHuama. Cneuuduueckme NpUYMHLI
BOCMA/IUTENBHOTO CTaPEHMUA 10 CUX NOP He ACHbI [4].

B HECKO/IbKMX WMCCNIEA0BaHUsAX ONMMUCAHbl XapaKTEPUCTUKM BOC-
NaNUTENbHOTO CTapeHus, Npuyém bonee paHHWe paboTbl cooblanu
NPEUMYLLECTBEHHO O LMPKY/IMPYIOLLMX BUOMApKEpax, a nocieaHune
nccnenoBaHus — 06 MHPUALTPALMM M aKTUBALMU UMMYHHBIMU KNeT-
KaMu pasNnYHbIX TKaHel. MccnenoBaHWs Nokasanu, YTo ¢ BO3PacTom
YPOBEHb LIMPKYIMPYIOLLUX UHTEPNENKNHA-6 (IL-6), dpaKkTOopa HeKpo3a
onyxonu (TNF-a), uHTepneiikunHa-1 (IL-1) u Apyrux npoBocnanuUTeNb-
HbIX MapKEPOB MOBLILIAETCA JaxKe Y abCoOTHO 340POBbIX Ntoaei
[5-8].

CTapeHue CBA3AHO C HAKOM/IEHWEM CTApPEIOLLMX KNETOK, KOTo-
pble NPMOBPETALOT BOCNANUTENbHbIN GEHOTUN, CBA3AHHBIN CO CTape-
Huem (SASP), 1 nposyLMpytoT 60/bLIOE KONMYECTBO Pa3HOOBPA3HbIX
OVOaKTUBHbIX MOJIEKY/, B TOM YMC/IE LIUTOKMHOB U XEMOKMHOB [9].
XpoHUYECKoe BOCNaseHWe Npu CTapeHUU, MOXKET BbiTb HOPMAbHOM
peakuyei Ha NOCTOAHHbIE NPOBOCMANMUTE/IbHBIE CTUMY/IbI U BKIOYA-
eT B cebs pag cneumduuecknx mexaHnusmos [10]. Yike U3BECTHO, 4TO
C BO3PacTOM QYHKLMA MUTOXOHAPWIA CHUNKAETCA, U HeJaBHO 6blio
YCTAHOB/IEHO, YTO MWTOXOHAPWANbHBIA CTPECC MOMKET Bbi3blBaTb
BOCMA/NIUTENbHYIO PEaKLMI0 3@ CYET BbICBODOXKAEHWA OKWUCAEHHOW
muToxoHapuanbHoi AHK (MTOHK) n OKMcneHHOro KapauonunuHa,
3anyckaa MHonammacomy NLRP3, NF-kB 1 nytb cGAS-STING [9]. Cko-
POCTb CTAaPEHMA U NPOTPECCUPYIOLLYIO CUCTEMHYHO SHTPOMUID MOMKHO
paccmaTpuBaTbh Kak MPOAO/IKAOLLEECA AUHAMUYECKOE PaBHOBECHE
MEKIY CMIaMM, BbI3bIBAOLLMMM BOCTIANEHUE, U €r0 NOCAEACTBUAMM,

INTRODUCTION

Aging is a complex set of phenotypic and functional mani-
festations that occur after puberty and continue until death [1].
Aging is determined by multiple factors that gradually disrupt the
balance of key biological processes, thereby impairing homeosta-
sis and eventually leading to suppression of physiological func-
tions. It correlates with the accumulation of molecular damage,
including genomic instability, proteotoxicity, telomere shorten-
ing, and epigenetic remodeling. Altogether, these changes lead
to alterations at both the cellular and organismal levels, including
metabolic stress, mitochondrial dysfunction, impaired nutrient
sensing, stem cell exhaustion, and chronic low-grade inflamma-
tion.

A properly functioning immune system protects the body
from various hazards, including infection by pathogenic microbi-
ota and viruses. By maintaining tissue homeostasis, the immune
system acts as a surveillance system, repairing damage caused
by external and internal factors. The principal components of
immunity are innate mechanisms, which are nonspecific and are
activated immediately after exposure to a harmful factor. Any de-
viation from the normal range of immune responses, whether ex-
cessive and uncontrolled immunity or insufficient response, leads
to pathological conditions. Immune mechanisms underlie all vital
processes, and activation of the immune system, accompanied
by elevated levels of inflammatory markers, is considered a fun-
damental process of aging, referred to as inflammatory aging [2,
3]. Inflammatory aging is a contemporary concept describing per-
sistent, low-grade chronic inflammation that gradually increases
with age. Importantly, inflammatory aging is not merely a sign of
aging; it also contributes to the deterioration of health, age-asso-
ciated diseases, and the overall weakening of the organism. The
specific causes of inflammatory aging remain unclear [4].

Several studies have described the characteristics of inflam-
matory aging. Earlier studies mainly reported circulating biomark-
ers, whereas more recent investigations have focused on immune
cell infiltration and activation in various tissues. Studies have
shown that, with age, the circulating levels of interleukin-6 (IL-
6), tumor necrosis factor (TNF-a), interleukin-1 (IL-1), and other
pro-inflammatory markers increase even in completely healthy
individuals [5-8].

Aging is associated with the accumulation of senescent
cells, which acquire a senescence-associated secretory pheno-
type (SASP) and produce large amounts of diverse bioactive mole-
cules, including cytokines and chemokines [9]. Chronic inflamma-
tion during aging may represent a normal response to persistent
pro-inflammatory stimuli and involves a number of specific mech-
anisms [10]. It is well established that mitochondrial function de-
clines with age, and recent evidence indicates that mitochondrial
stress can trigger an inflammatory response by releasing oxidized
mitochondrial DNA (mtDNA) and oxidized cardiolipin, thereby
activating the NLRP3 inflammasome, NF-kB, and the cGAS-STING
pathway [9]. The rate of aging and progressive systemic entropy
may be regarded as an ongoing dynamic equilibrium between
forces that drive inflammation and its consequences, on the one
hand, and counteracting mechanisms that maintain homeostasis,
on the other. Inflammatory aging, homeostasis, and resilience
mechanisms are schematically presented in Fig. 1 [6].

In the physiological context, aging plays an important role in
tissue remodeling during development, regeneration, and wound
healing, and it also serves an important tumor-suppressive func-
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a TaKXe NPOTUBOAENCTBYIOLMMIU MEXAHU3MaMU AN NoAAEPHKaHUSA
romeocTasa. BocnanutenbHoe CTapeHue, romMeocTas U MeXaHU3Mbl
YKM3HECTOMKOCTM CXEMATUYHO NpeAacTaBaeHsl Ha puc. 1 [6].

B d1310N0rMYECKOM KOHTEKCTE CTapeHUE UrPaeT BaXKHYO POsb
B PEMOZENMPOBAHUM TKAHEN BO BPEMS PAa3BUTUS, PETEHepaLmu 1 3a-
KUB/IEHWA PaH, a TaK¥Ke BbINOJHAET BaXKHYIO QYHKLMIO NOZAABNEHMA
pocTa onyxonei. BocnaneHue ABASETCA KPUTUYECKM BaKHbIM MeXa-
HU3MOM 33Tl OT MHEKLMIM, HO Ha CErOAHALIHWIA AeHb NOYTU HE
M3BECTHO, CMOCOBCTBYET /M CTapeHWE UMMYHHOM CUCTEMbI BOCMa-
JIEHVIIO B MOMW/IOM BO3PAcTe, W B KAaKOM CTEMEeHU MMMyHOCTapeHue
NPUBOAMT K XPOHUYECKOMY BOCMA/IEHUIO, CBA3AHHOMY C BO3PACTOM.
OfHUM 13 GaKTOPOB BOCMA/IMTENBHOTO CTapeHUA ABNAETCA UHObEK-
ums (BMpYyCHas 1 6akTepuanbHas). B ycnoBuMAX NOBbILEHHOO YPOBHS
HecrneundUUecKoro BOCMaNeHUs M3-3a BOCMANWUTENIbHOMO CTapeHWs
nobas «AONONHUTENbHAA [03a» CneuudUUYeckoro BoCnaneHus, Bbi-
3BaHHOMO WHOEKLIMEN, MOXKET MPEBLICUTL AONYCTUMBIV NOPOT, YTO
NPUBEAET K 3HAUUTENIbHOMY MOBPEKAEHUIO TKaHEN, 3a60/1€BaHMAM U
faxe cmepTu [4].

B 04HOM M3 UCCNenoBaHMWiA BbIIO MOKAa3aHo, YTO NAPOAOHTUT
MOeT bbITb He NPOCTO 3a60/1€BaHNEM, NPOFPECCUPYHIOLLMM C BO3pac-
TOM, HO M cnocobcTBytoWMM bonee bbicTpOMy BUONOrMYECKOMY CTa-
peHuio 3yboyentocTHoro annaparta [11].

Takum 06pa3om, XPOHWUYECKMe HeMHPEKLMOHHbIE BO3pacT-ac-
COLMMPOBaHHbIe 3a60N1eBaHUA, a TaKKe MHOEKLMOHHbIE NaToreHbl
1 BO3PACTHbIE HEPALMOHANbHbIE PEAKLLMM UMMYHHOW CUCTEMBI CMO-
cO6CTBYIOT XPOHUYECKOMY BOCManeHuto. Co34aéTCA MOPOUHbIN Kpyr:
BOCMa/NeHUe YCUNMBAETCA C BO3PACTOM, €ro MOAUGULMPYIOT conyT-
cTByHOLLME 3a60/1€BAHWA, YUTO NPUBOAUT K MOPAKEHUIO U Pa3PYLLEHUIO
OTZLeNbHbIX TKaHel 1 OpraHoB, B TOM YMC/ie NONOCTU PTa.

B 3TOM crcTemaTUyeckom 0630pe NpescTaB/eH AeTabHbIV aHa-
/N3 UCCNeA0BaHUIA NO BOMPOCY BOCMANWUTENLHOMO CTapPEHWs TKAHEN
NapofoHTa. Mbl aKLEHTMPYEM BHUMaHWE Ha TOM, KaK CTapeHue npu-
BOZMT K 3HA4YMTE/IbHbIM MPOBOCNAIUTE/IbHBIM CUTHAAM, U MOAYEPKH-
BaeM C/IOKHYIO B3aMMOCBSA3b MEXKY CTAPEHUEM KNETOK, MMMYHOCTa-
pEHMEM U BOCTANEHUEM, KOTOPbIE MPUBOAAT K YXYALIEHMIO 06LLErO 1
CTOMATO/IOMMYECKOro 3[10pOBbA B MOXUIOM BO3paCTe.

LLENb NCCNEAOBAHMUA

0606LWMTb MMetoLMecs AaHHbIe U NPOaHaNN3npPoBaTh NpoBe-
[EHHblE paHEee UCCNe0BaHNUA O MEXaHM3MaX U 0COBEHHOCTAX Pa3BU-
TWA BOCMA/IMTE/IbHOTO CTapeHus, a Takxke chopmmpoBaTb Noaxoabl K
KOPPEKLMU COCTOAHMI, aCCOLMMPOBAHHDBIX C BOCMAUTE/IbHBIM CTape-
HMEM NapoAOoHTa.

MATEPUAN U METOADbI

MeTozonorva AaHHOTO WCCAeA0BaHUA COOTBeTCTBYET Tpebo-
BaHMAM A1 CUCTEMATMUYECKMX 0630pOB M MeTaaHann3oB «PRISMA»
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses).

UcTouHUKKN nHPopmauum

Mouck nybanKauuii NPOBOAUNCA B BOCbMU 3MEKTPOHHbIX ba-
3ax AaHHbIX PubMed, Google Search, Ebsco, Embase, Web of Science,
ScienceDirect, SCiELO u elibrary 6e3 orpaHuyeHVs no rogy M3gaHus.

Puc. 1 MexaHu3msl 80CnasieHus, 20Meocmasa u #usHecmoUlkocmu
[6] (Singh A, et al. Cold Spring Harb Perspect Med. 2024;14(6):41197.
https://doi.org/10.1101/cshperspect.a041197)

Fig. 1 Mechanisms of inflammation, homeostasis, and life resilience
[6] (Singh A, et al. Cold Spring Harb Perspect Med. 2024;14(6):41197.
https.//doi.org/10.1101/cshperspect.a041197)
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tion. Inflammation is a critically important defense mechanism
against infections; however, it remains unclear whether immune
system aging contributes to inflammation in older adults and to
what extent immunosenescence drives age-related chronic in-
flammation. One factor underlying inflammatory aging is infec-
tion, both viral and bacterial. Under conditions of elevated non-
specific inflammation due to inflammatory aging, any “additional
dose” of specific inflammation caused by infection may exceed
the tolerable threshold, resulting in substantial tissue damage,
disease, and even death [4].

One study demonstrated that periodontitis may not merely
be a disease that progresses with age, but also a condition that
contributes to accelerated biological aging of the dentoalveolar
system [11].

Thus, chronic noncommunicable age-associated diseases,
as well as infectious pathogens and age-related dysregulated im-
mune responses, contribute to chronic inflammation. A vicious
circle forms: inflammation increases with age, is modified by co-
morbid conditions, and ultimately leads to the damage and de-
struction of individual tissues and organs, including those of the
oral cavity.

This systematic review presents a detailed analysis of stud-
ies addressing the inflammatory aging of periodontal tissues.
We focus on how aging leads to pronounced pro-inflammatory
signaling and emphasize the complex interplay among cellular
senescence, immunosenescence, and inflammation, all of which
contribute to deterioration of general and oral health in older
age.

PURPOSE OF THE STUDY

To summarize the available data and analyze previously
published studies on the mechanisms and features of the devel-
opment of inflammatory aging, as well as to formulate approach-
es to the correction of conditions associated with inflammatory
aging of the periodontium.

METHODS

The methodology of this study complies with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses) guidelines for systematic reviews and meta-analyses.
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B nccneposaHue Bowam nybavkaumm ¢ 2015 no 2025 roa, Kpome 3T0-
ro, BKNtOYeHbl Age nybamkaumm 2009 n 2013 rogos, KOTOpbIE, Ha Hall
B3IN14, COAEPMKAT BaXkHYI0 MHPOPMALIMIO, HEOBXOAUMYIO A1 BKAKOYE-
HMA B 0630p. CTOMT OTMETUTD, YTO M3YYEHWUEM CTAPEHWUS POTOBOI No-
NIOCTU U TKaHEN NapOAOHTA A0 HACTOALLETO BPEMEHM MOYTU HUKTO He
3aHWMaCA, AOCTYMNHbI Wb €ANHUYHbIE UCCNEA0BAHMA; Mbl ABIAEMCA
OZHWMM M3 OCHOBOMO/IOXHWUKOB AaHHOTO HAay4YHOTO HanpaBaeHuA.

CTpaTerusa 3/1eKTPOHHOro NOUCKa

MpU NoUCKe MCMONb30BaNUCh CReAyloLMe KKYEBbIE CNOBA
(Ha pyccKomM U aHIMICKOM A3blKax): BOCMA/JIMTENbHOE CTapeHue,
CTapeHue MOMOCTU PTa, CTapeHWe NapOAOHTa, BO3PAcTHble U3Me-
HEHMWA NONIOCTU PTa, MeXaHW3Mbl CTApEHUs, BOCNAUTENbHbIE 3a60-
NleBaHUA MapPOAOHTa, NapofoHTuT, inflammatory aging, oral cavity
aging, periodontal aging, age-related changes in the oral cavity, aging
mechanisms, inflammatory periodontal diseases, periodontitis.

Kpome 3T10ro, 661am M3yyeHbl BubaMorpaduueckme UCTOUHMKM
HaaeHHbIX NY6/IMKaLMIA U U3 HUX JOMOMHUTENBHO BPYYHYHO 0TObpa-
Hbl NOAXOAALLME UCCNEA0BAHMS.

Mpouecc c6opa AaHHbIX

lMowcK BbINONHANCA ABYMA HE3aBUCUMbIMU UCCNEL0BATENAMM U
nocnesHui pa3s obHosnsnca 10 pespana 2025 roga. OrpaHnyeHns no
A3bIKY My6AMKaALMIA OTCYTCTBOBAM.

Kputepuu otbopa uccnegosaHuii

MepBoHaYanbHO MybAMKauuy GbiiM OTOBPaHbI MO HA3BaHMIO
(15896 nybnukaumit), LybamkaTbl MccnesoBaHMt BNOCNEACTBUM Bblan
yaaneHbl v B nogbopke Haxogunoch 11660 nybavkaumi. Mocne storo
Obl/IM UCKNOYEHA YacTb Ny6AMKaLMI 13-3a OTCYTCTBUA 3HAYMMOCTM.
Mpouecc BbIGOPKM 1 KpuTepun 0Tbopa UccAef0BaHWUIA NPeaCTaB/eH B
BuAe 61oK-cxembl (puc. 2).

Kputepuu BrkaloueHus nybaukaumm B o63op

B ny6iuvKaumax npuseaeHbl pesyibTaTbl MCCIeA0BaHUI in vitro,
in vivo (B TOM YMcne paHLOMMU3MPOBAHHbIE KOHTPOIMPYEMbIE UCC/e-
[0BaHMA) 1 0630pOB NINTEPATYPSI.

Kputepuu uckniouenus nybnmkaumii us o6sopa

My6anKaumm UckNtoYanncb M3 0630pa B Cayyae, ECAK: Mooable
nauueHTbl Ao 18 neT; onucatenbHble paboTbl, 63 YETKO CTPYKTYpU-
POBaHHbIX PE3Y/ILTAaTOB U BbIBOZLOB. CMOPHbIE BONPOCHI, CBA3aHHbIE C
BK/IOYEHMEM UM UCKNIOYEHUEM OTAENbHBIX UCCAeA0BaHuMi B 0630p,
paspeLuanncb NyTém obCyKAEHNA U LOCTUKEHMA KOHCEHCYCa.

B cooTBETCTBMM C YCTaHOBAEHHBIMU KpuUTepuAMM oTbopa AnA
aHann3a 6b110 BbI6PaHO 67 Hay4HbIX NyBAUKALLMIA, KOTOPbIE BNOCAEA-
CTBUW BOLL/IN B CUCTEMATUYECKUIA 0630p.

PE3Y/NIbTATbI U UX OBCYXXAEHUE

Oco6eHHOCTU TeYeHUA BOCMANUTENbHbIX NPOLECCOB B

TKaHAX NapOAOHTA NOXUABIX Ntoaei

3nuTtenunii obpasyeT nNepBuYHbLIA Gapbep, MPensTCTBYOLLMIA
NPOHWKHOBEHUIO NaToreHoB. CNtoHA NOMOraeT yaansTb NaToreHbl C
MOMOLLbBIO MEXaHWUYECKOr0 CMbIBaHWUA U QEPMEHTATUBHBIX CUCTEM.
Bo3pacTHoe cHUKeHMe BbIpaboTKM CNtOHbI M3-3a U3MEHEHUI DYHKLK-
OHa/IbHOW aKTUBHOCTU C/IIOHHbIX KEeNE3 MOMKET NPUBECTU K yBenye-
HUIO BpEMeHW NpebbiBaHUSA NaTOreHOB Ha CM3UCTOM 060/104Ke pTa
M TKaHAX eCHbl, NOBbILWAA PUCK 3apaxkeHus. MoTepsa cneumanusmpo-
BaHHbIX GYHKLMIA U3-3a CBA3AHHDBIX CO CTAPEHUEM U3MEHEHWI B KOH-
dopmaumm xpomatuHa (cnefoBaTenbHO, M3MEHEHHOW 3KCnpeccuu
reHOB) MOXeT BbITb NPUYNHOIN HaBNOAAEMOTO CHUKEHNA IPDEKTMB-
HocTn 6apbepa. C BO3pacTom snuTenvanbHble bapbepbl NOCTENEHHO

Information sources

The literature search was conducted in eight electronic data-
bases: PubMed, Google Search, Ebsco, Embase, Web of Science,
ScienceDirect, SciELO, and eLibrary, without restriction by year of
publication. The review included publications from 2015 to 2025;
in addition, two papers published in 2009 and 2013 were includ-
ed because, in our opinion, they contain important information
relevant to the review. It should be noted that, to date, the aging
of the oral cavity and periodontal tissues has received very limit-
ed scientific attention, with only a few studies currently available;
we consider ourselves among the pioneers of this research field.

Electronic search strategy

The following keywords were used in the search (in Russian
and English): inflammatory aging, oral cavity aging, periodontal
aging, age-related changes in the oral cavity, aging mechanisms,
inflammatory periodontal diseases, periodontitis.

In addition, the reference lists of the identified publications
were examined, and relevant studies were further selected man-
ually.

Data collection process

The search was performed by two independent investiga-
tors and was last updated on February 10, 2025. No language re-
strictions were applied.

Study selection criteria

Initially, publications were screened by title, yielding 15,896
records. After the removal of duplicate studies, 11,660 publica-
tions remained. Subsequently, a portion of the publications was
excluded because of a lack of relevance. The selection process
and study selection criteria are presented in the flow diagram

(Fig. 2).

Inclusion criteria

The review included publications reporting results from in
vitro and in vivo studies (including randomized controlled trials)
and literature reviews.

Exclusion criteria

Publications were excluded from the review if they involved
young patients under 18 years of age or represented descriptive
works without clearly structured results and conclusions. Disput-
ed issues related to the inclusion or exclusion of individual stud-
ies were resolved through discussion and consensus.

In accordance with the established selection criteria, 67 sci-
entific publications were ultimately selected for analysis and in-
cluded in the systematic review.

RESULTS AND DISCUSSION

Features of inflammatory processes in the periodontal tis-
sues of older adults

The epithelium forms the primary barrier that prevents
pathogen penetration. Saliva helps remove pathogens through
mechanical clearance and enzymatic systems. An age-related
decline in salivary secretion, due to changes in the functional
activity of the salivary glands, may prolong the retention time of
pathogens on the oral mucosa and gingival tissues, thereby in-
creasing the risk of infection. Loss of specialized functions caused
by age-related changes in chromatin conformation and conse-
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TEPAIOT LLENOCTHOCTb U3-3a CTAPEHUA CaMUX SMUTENMABHBIX KNETOK,
a TaK:Ke, BO3MOMHO, U3-3a HAPYLLEHWA CTPYKTYPbI NIOTHbIX 6EKOBbIX
KOHTAKTOB, YTO MPUBOAMT K 06pa3oBaHUI0 6OMbLIMX NPOMEKYTKOB
MEXIY KNeTKamu, Yepes KOTopble MOTyT NPOHUKaTb NatoreHbl. Kpo-
Me TOr0, UI3MEHEHWA B LIeSIOCTHOCTU remaTosHLedpannyeckoro bapbe-
pa mMoryT cnocobcTBoBaTb NPOHUKHOBEHMIO UMMYHHbIX KJETOK MM
naToreHoB, Hanpumep, 6aktepumn Porphyromonas gingivalis, koTopas
ABNAETCA OLHOW U3 OCHOBHBIX 3TUONOTMYECKUX NPUYMH NAPOLOHTUTA,
Y4YaCTBYIOLMMM B BOCMA/IEHUM LIEHTPAbHOW HePBHOM cucTembl [4].

IKCNepUMeHTaIbHble UCCNe0BaHMA NOKa3au, YTo Y NOMKUAbIX
ntofei B Te4eHWe 3-HeJeNbHOTO OTCYTCTBUA MMIMEHMYECKOMO yXoaa
33 N0/I0CTbIO PTa 06PA30BbIBANOCH TAKOE KE KOJIMYECTBO BUONNEHKH,
KaK M Y MONOAbIX JIOAEN, HO MPU STOM TMHIMBUT Pa3BMBAICA Yalle,
UEM Yy MONOAbIX Ntoaei. M3mepeHus KOMYecTBa AECHEBOMN KUAKO-
CTU 1 MOPPOMETPUYECKME U3MEPEHUA, BbIMOSHEHHbIE B 06pa3Liax
61oncuK AecHbl, NOKa3anu, YTo BOCManeHne AEecHbl, pa3BuBLLIEECs Y
NOXMAbIX Ntofen, 6bino bonee BbipaKeHHbIM U XapaKTepPU30BaioCh
60/1bLLIMM KONMYECTBOM BOCNA/IMTENbHBIX KJIETOK, YeM COOTBETCTBYIO-
Llee NopakeHue gecHbl B 0bpasue bonee monogoro nauvenTa [12]. Y
NOXW/bIX NH0AEN TaKke Habnogannch 6onee BbICOKME YPOBHM anb-
ba-2-makpornobynuHa, 1gG3 v B-nuMPoLmMTOB B SECHEBOW KUAKOCTH,
a TaKKe CHUKEeHWEe KONMYEeCTBa NOAMMOPQHO-AAEPHbIX EMKOLMTOB
[13, 14].

KNeTKM NepuosoHTaNbHOM CBA3KM NOMKMAbIX NHOAEN XapaKTepu-
3yl0TCA YBENMYEHUEM MPOAYKLMN MeaUaTopoB BOCNANEHUA aKTVBa-
Topa niasmuHoreHa [15], npoctarnaHauHa E2 (MIE2), nHTepneiikmuHa
(1N) 1B, [16, 17] n UN-6 [18], no cpaBHEHUIO C KNETKaMK bonee Mono-
AbIMK NaumeHTos [19].
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quently altered gene expression may underlie the observed decline
in barrier efficiency. With age, epithelial barriers gradually lose in-
tegrity due to senescence of epithelial cells and, possibly, disrup-
tion of tight junction structure, resulting in larger intercellular gaps
through which pathogens may penetrate. In addition, changes in
the integrity of the blood—brain barrier may facilitate the entry of
immune cells or pathogens, such as Porphyromonas gingivalis, a
major etiological agent of periodontitis, into the central nervous
system, thereby contributing to neuroinflammation [4].

Experimental studies have shown that, during a 3-week pe-
riod without oral hygiene, older adults formed the same amount
of biofilm as younger individuals; however, gingivitis developed
more frequently in the older group. Measurements of gingival
crevicular fluid volume and morphometric analyses of gingival bi-
opsy samples demonstrated that gingival inflammation in older
adults was more pronounced, characterized by a greater number
of inflammatory cells, than the corresponding gingival lesion in
younger patients [12]. Older adults also exhibited higher levels
of alpha-2-macroglobulin, 1gG3, and B lymphocytes in gingival
crevicular fluid, as well as a reduced number of polymorphonu-
clear leukocytes [13, 14].

Periodontal ligament cells from older individuals exhibit
increased production of inflammatory mediators, including plas-
minogen activator [15], prostaglandin E2 (PGE2), interleukin (IL)-
1B [16, 17], and IL-6 [18], compared with those from younger pa-
tients [19].

Plasminogen activator (PA) is a serine protease that converts
plasminogen into plasmin and is secreted by many cell types, in-
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AKTuBaTOp nnasmuHoreHa (MA) npeactasnset coboit cepuHo-
BYIO MpOTeasy, KOTopas aKTUBMPYET NAA3MMHOIEH B NIA3MUH U Cce-
KPETUPYETCA MHOMMMM TUMAaMMK KIETOK, BK/KOYaA MapoAOHTabHble
dKnbpobnactbl. KNETKM NOXKUALIX NHOAEN NOKa3ann 60MbLIYI0 aKTUB-
HocTb MA 1 6on1bLuyto sKkcnpeccuto MPHK tMA no cpaBHEHMIO C KNeTKa-
MK Monogpix ntogeit [20]. AHanuns pacnpeaenenms MNA nokasan, uto B
340p0BOM napogoHTe MA sKcnpeccupyeTcsa B NOBEPXHOCTHbBIX KETKax
CoeMHUTENbHOrO anuTenus. OAHAKO Y MALMEHTOB C NAPOAOHTUTOM
MA 3KcnpeccupyeTca BO BCEM 3MNUTENMANbHOW BbICTUAKE MapPOAOH-
TaNbHOMO KapMaHa. M3meHeHWe xapakTepa pacnpeaenenus MNA B 3a-
BMCMMOCTU OT COCTOAHWA NapOAOHTa NO3BONAET NPEAMNON0KUTD, UTO
MA MOKEeT y4acTBOBaTb B NAapOAOHTa/IbHOM romeocTase [14, 21].

YpoBHu tTA 1 MHrMBUTOPa aKkTMBaTOpa NAasmuHoreHa-2 (MAU-
2) Bbile B AECHEBOM KUAKOCTU NALMEHTOB C NAPOAOHTUTOM, YEM Y
3/10pOBbIX NaLMeHTOB [22]. Y NauMeHTOB C BbICOKUM YPOBHEM MOTEPU
aNbBEONAPHOM KOCTM Habnkopanuce 6onee BbicoKMe ypoBHM tMNA u
MAN-2, 4em y NALMEHTOB C HU3KMM YPOBHEM NOTEPU aNbBEONAPHOM
KocTu. MoBblweHHasA npoayKuma MA, BblI3BaHHaA CTapeHUEM, MOXKET
MOBAMATL Ha AecHeBble GUbPOBNACTbI M NEPUOLOHTA/IbHYIO CBA3KY, a
TaK¥Ke ycyrybutb BOCNanuTe bHbIN NPOLLECC U PAcnag, BHEKNETOYHOTO
MaTPMKCA B TKAHAX NAPOAOHTa Y NOXMAbIX toger [15, 20].

MrE2 BblpabaTbiBaEeTCA B pe3ybTaTe MeTaboM3ma apaxmaoHo-
BOM KMUCNOTbI MO LIMKIOOKCUTEeHA3HOMY MyTU U UrpaeT obLuenpusHaH-
HYIO PO/Ib B BOCMANNTE/IbHOM MPOLLECCe 3a CYET PACLUMPEHUs COCy-
[10B, NOBbILIEHMA UX NPOHULAEMOCTU U CTUMYAALMM HOLMLIENTOPOB
TMCTaMMHOM U BpaanuUMHUHOM. MFE2 MOMKET OKa3biBaTb KOCBEHHOE
BAUAHME HA Pe30pbLMI0 aNbBEONAPHOWM KOCTU 33 CYET CTUMYAIALMK
OCTEOKNACTOB AENCTBUEM APYIMX LUTOKMHOB, YYaCTBYIOLMX B STOM
npouecce [23]. Y nauneHToB ¢ NapOLOHTUTOM BbICOKME ypoBHM MIE2
ObIIM CBA3AHDBI C TAXKECTbIO 3a60/1€BaHMIA MAPOAOHTA U yBEIMYEHUEM
noTepu anbBeonsapHoi Koctu [24, 25]. Bonee BbicoKas npoayKums
MrE2 B KNETKaX NEPUOLOHTANIbHOMN CBA3KM Y MOMKUANbIX NHOAEN MOKET
6bITb NPUYMHOI 6oNee BbICOKOW CKOPOCTU Pe30p6LMK aNbBEONAPHOIM
Koctu [17, 26]. XoTa cBoitcto MME2 nHMbuposatb U/1-12 moxeT no-
CTaBWTb NOA, Yrpo3y CNOCOBHOCTb MOMKWUAbIX NOAEN INMMUHMPOBATD
nHoekumto [27], MME2, TakkKe B 3HAYUTENbHOW CTEMEHM y4acTByeT B
pa3pyLUeHUM TKaHel NapogoHTa [28] 1, TakMm 0bpa3om, ero nosbile-
HME MOKET 06 BACHATD, NO KpalHel Mepe YacTUYHO, yCUAeHMe BOCna-
NeHVA NapoAoHTa, HabAAEMOE Y NMOXKUALIX NOAEN.

B Lenom, faHHble CBUAETENLCTBYIOT O TOM, YTO CTapeHMe Cylle-
CTBEHHO BNMAET Ha KPUTUYECKME BPOXKAEHHbIE KNETOYHbIE U MOose-
KY/NIAPHbIE PeaKLMK TKaHel AEceH, KOTopble MOryT CnocobCcTBOBATH
60s1e€e BbICOKOMY PUCKY NAPOLOHTUTA C BO3pacToM. Kpome Toro, cTa-
PEeHMe TaKKe BAUAET Ha BaXKHble HETaTUBHbIE MEXaHWU3MbI PEryALmMm
BOCMa/IeHUs ¥ BOCCTAHOB/IEHWA TKaHel. Ha AaHHbI MOMEHT HEACHO,
CBA3aHbl /I 3TU U3MEHEHMA C KOHKPETHLIM TUMOM KNETOK (3anuTenw-
a/bHble KNEeTKM, G1bPoBAacTbl AN UMMYHHbIE KNETKM) UAW OHU AB-
NATCA 06LLei XapaKTePUCTMKOM A1 BCETO NapOA0HTa.

B nccnepoBaHuu in vitro [29] coobuiaeTtca 06 yBenMYeHUM CUH-
Te3a MN-1B u akcnpeccun mPHK UM-1B B ¢pubpobnactax noxmblx
nopen. dGubpobnactbl NOKMUABIX NMALMEHTOB MMEAN BONbLIyO NPO-
aykupio MN-6 nog BospeiicTBMem aunononvcaxapuagos (/1NC) u3
Campylobacter rectus no cpaBHeHuto ¢ ¢pnbpobaacTamm MonoabIx
nauueHTos [18]. MN-1B saBnsetca Hanbonee aKTUBHLIM LUTOKMHOM
B npouecce pe3opbumn Koctu, oH B 15 pa3 bonee aktuBeH, yem M-
1a, v 8 1000 pa3 6onee aktmBeH, yem PHO-B. Bbino 06HapYKEHO, UTO
Y NaLMEHTOB C TAXENbIM NAapOLOHTUTOM ypoBeHb UN-1B B ABa pasa
BblLUE, YEM Y MALMEHTOB C NETKOM U CPeaHEeN TAKECTU NAPOLOHTUTOM.
B apyrom uccneposanum [30] coobLLanoch, YTo NaLmMeHTbl C notepei
a/IbBEONIAPHOM KOCTHOW TKaHu umenu bonbwe W/-1B B gecHeBon
KMAKOCTM MO CPABHEHWIO C MALMEHTaMM C NapoAoHTOM be3 noTtepu

cluding periodontal fibroblasts. Cells from older individuals ex-
hibited greater PA activity and higher expression of tissue-type
plasminogen activator (tPA) mRNA than cells from younger indi-
viduals [20]. Analysis of PA distribution showed that, in healthy
periodontal tissues, PA is expressed in the superficial cells of the
junctional epithelium. However, in patients with periodontitis, PA
is expressed throughout the epithelial lining of the periodontal
pocket. The change in the pattern of PA distribution depending
on periodontal status suggests that PA may be involved in peri-
odontal homeostasis [14, 21].

The levels of tPA and plasminogen activator inhibitor-2 (PAI-
2) are higher in the gingival crevicular fluid of patients with peri-
odontitis than in healthy individuals [22]. Patients with greater
alveolar bone loss showed higher levels of tPA and PAI-2 than pa-
tients with less severe bone loss. Increased PA production associ-
ated with aging may affect gingival fibroblasts and the periodon-
tal ligament, aggravate the inflammatory process, and promote
extracellular matrix breakdown in the periodontal tissues of older
adults [15, 20].

PGE2 is produced through the cyclooxygenase pathway of
arachidonic acid metabolism and plays a well-established role in
the inflammatory process by inducing vasodilation, increasing
vascular permeability, and stimulating nociceptors through hista-
mine and bradykinin. PGE2 may also indirectly influence alveolar
bone resorption by stimulating osteoclast activity via other cyto-
kines involved in this process [23]. In patients with periodontitis,
elevated levels of PGE2 were associated with disease severity
and increased alveolar bone loss [24, 25]. Higher production of
PGE2 by periodontal ligament cells in older adults may be one
of the reasons for the increased rate of alveolar bone resorption
[17, 26]. Although PGE2's ability to inhibit IL-12 may compromise
older individuals' capacity to eliminate infection [27], PGE2 also
plays a major role in periodontal tissue destruction [28]; thus, its
elevation may at least partially explain the enhanced periodontal
inflammation observed in older adults.

Overall, the data suggest that aging substantially affects crit-
ical innate cellular and molecular responses in gingival tissues,
potentially increasing the risk of periodontitis with advancing
age. In addition, aging also affects important negative regulato-
ry mechanisms of inflammation and tissue repair. At present, it
remains unclear whether these changes are associated with a
specific cell type, such as epithelial cells, fibroblasts, or immune
cells, or whether they represent a general characteristic of the
periodontium as a whole.

An in vitro study [29] reported increased IL-1B synthesis
and elevated IL-1B mRNA expression in fibroblasts from older
individuals. Fibroblasts from older patients also showed great-
er IL-6 production in response to lipopolysaccharides (LPS) from
Campylobacter rectus compared with fibroblasts from younger
patients [18]. IL-1B is the most active cytokine involved in bone
resorption; it is 15 times more active than IL-1a and 1000 times
more active than TNF-B. It was found that patients with severe
periodontitis had IL-1pB levels twice as high as those in patients
with mild to moderate periodontitis. Another study [30] report-
ed that patients with alveolar bone loss had higher IL-1B levels
in gingival crevicular fluid than patients with periodontium un-
affected by bone loss. The levels of IL-1qa, IL-1B, plaque accumu-
lation, gingival crevicular fluid, and gingival inflammation were
compared between young adults (20-22 years) and older adults
(61-65 years) in an experimental periodontal disease model [14,
31].
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KOCTHOM maccbl. YposHu U/1-1a, U/1-1B, HakonneHns 3ybHoro Hanéra,
[LleCHEBOW KMAKOCTM M BOCMANEHMA AECEH Y MOoAbIX Ntogen (20-22
rofia) v NoXunbix ntogen (61-65 net) cpaBHMBaNM NPU IKCNEPUMEH-
TanbHOM 3aboneBaHunmM napogoHTa [14, 31].

MpoaHanun3npoBaH xapaktep cekpeumn UI-1 n UN-6 npu 3abo-
NeBaHMAX NAPOLOHTA Y XKEHLWWMH B MeHonay3e. AHA/IM3 pe3ynbTaTos
NoKasan, YTo NaUMeHTKM B MEHOMAY3€, KOTOpPble He NPUHMMAAK rop-
MOHbI, UMenu bonee BbicOKMe nokasatenn U-1B u IL-6, Yem naum-
€HTKM, NoNy4YaBLIMe roOpMOHanbHyto Tepanuio. U1-6 urpaet BaxkHyro
ponb B /M3UCE KOCTEN npw napofoHTuTe. OH CTUMY/AMPYET POCT U
nponudepaLmio NpeaLecTBEHHMKOB ocTeoknacTos [18]. Bonee Bbico-
Kas KoHueHTpauma UN-1B n UN-8 TakKe Habatoganack y NaLMeHTOK ¢
AedUumMTOM 3CTPOoreHa no CPaBHEHMIO C NauMeHTKamm 6e3 Hero [32,
33]. bbina BblABMHYTA rMNOTE3a O TOM, YTO Bo/blUee BbICBOBOXKAEHME
WN-1B KneTkamm NepuopoHTaIbHOM CBA3KM MOMKWUAbIX NHOAEN MOKET
NpeacTaBnATbL COO0M BaXKHbIN GAKTOP YBENMYEHMA CKOPOCTU pe3opb-
LMK aNbBEONAPHON KOCTM Yy NOXKMAbIX NauueHToB [17, 26, 29].

MmmyHOCTapeHUe NapofoHTa

MIMMyHOCTapeHWe — 3TO NpoLEecc, NpeacTaBAsAowWwmiA coboii
NPOrpeccuBHY0 MOAUGUKALMIO UMMYHHOM CUCTEMBI, KOTOpas npu-
BOAMT K 6o/bLUelt BOCMPUUMUYMBOCTU K UHOEKLMAM, HEONIA3NAM U
ayTOMMMYHUTETaM, NPEAMNONOKMTENBHO OTPAXKan A/UTENbHYI0 aH-
TUFEHHYI0 CTUMYNALMIO U/UAK CTPECCOBble PEaKLLMKM, BO3HUKAlOLMe
Ha NPOTAXEHUU BCEW XM3HM, OObIYHO COYETAOLLYHOCA C NPOrpeccu-
pyOLLMM yBENNYEHWEM NPOBOCMANUTENBHOO CTaTyCca, Ha3biBaeMoro
«BOCMANUTENbHbIMY. B COOTBETCTBMM C OnpeaeneHnem MMMYyHOCTa-
peHUA BbIN0 BbICKA3aHO NPEANO/OKEHWE, YTO KYMYNIATUBHbIV 3PbEKT
ANWUTENbHOTO BO34EWCTBMA Ha NAPOAOHT MUKPOOHOW MHGEKLMM, No
KpaiiHel mepe YacTU4HO, CnocobCcTBYeT ahPeKTam CTapeHUs ITUX TKa-
Hel. TakMm 06pa3om, TaKKe Oblna BblABMHYTA TMMNOTE3a, YTO U3ME-
HeHWA B GYHKLUMM Pe3UAEHTHBIX MMMYHHBIX U HEMMMYHHBIX KNEeTOK
NapofoHTa CNocobCTBYIOT NOAAEPHKAHMIO BOCMAAeHUs Npu ero 3abo-
neBaHuAxX. CTapeHne MOXHO OXapaKTepu3oBaTb KONMYECTBEHHBIMM
M KauyeCTBEHHbIMW M3MEHEHUAMM MMMYHHOM cucTembl (puc. 3 [14]).
Takum 06pa3om, B 3MOXy MPELM3MOHHON U NePCOHANN3UPOBAHHOM
MeAMLMHBI U CTOMATONOrMKU GEHOMEH UMMYHOCTapeHUA U BOcnane-
HUS, BbIPXKAIOLLMIACA B BO3PACTHbIX U3MEHEHUAX NapPOAOHTa, TpebyeT
60nee NoNHOrO NOHUMaHWS.

MHTepecHo, 4TO 3TOT MOBbIWEHHbIA BOCMAAWUTENbHbIV CTaTyC
XapaKTepeH KaK ANs NOXWAbIX NIOAEN, KOTOpble CTapetoT ycnewHo
(T.e. 6e3 conyTcTBylOWMX 3ab0N€BaHMIA), TaK U 415 TEX, KTO CTapeeT
«HeyaauHo» [34-36]. Takum obpasom, 6blna BblABMHYTA rMnoTe-
33, YTO CyLLECTBYET NOPOr, 33 KOTOpPbIM HebnaronpuaTHble abdeKTbI
MMMYHOCTapeHWs U BOCMaJeHWUs NPUBOAAT YEN0BEKA K HeyaayHOMY
cueHapwio cTapenus [35]. JeicTBuTENbHO, HEA@BHME WUCCEA0BaHMUA
NOKa3blBaOT, YTO COBMAZAAMOLLANA C BO3PACTOM NOTEPA HOPMAsbHOW
CNOCOBHOCTM BPOXKAEHHOTO W aJanTMBHOTO MMMYHHOTO OTBETA B
COYETaHUUN C XPOHUYECKMM BOCMANEHWUEM HU3KOM CTEMEHU TANKECTU
MPUBOAWT K U3MEHEHWIO MMMYHOKOMMETEHTHOCTU U criocobeTyeT
naToreHesy pasHoobpasHoro yncna 3abonesaxuii [14, 37].

HeadpdeKTUBHbIV BPOKAEHHDBI UMMYHUTET MPUBOAMUT K XPOHU-
YECKON MepcUCTEHLMM NATOTEHOB U HEpaspeLlleHHOMY AeCTPYKTUB-
Homy BocnaneHuto. OCHOBHbIM U3MEHEHMEM, OTBETCTBEHHbIM 3a UM-
MYHOCTapeHwue, aBnaeTcs obLuee CHUNKeHUe aHTUreHcneLuduyeckoro
MMMYHWTETA, BbI3BAHHOE CYLLECTBEHHbIM YMEHbLUEHNEM KOIMYECTBa
HaWBHbIX NIMMPOLMTOB B pe3y/ibTaTe CHUNKEHUA NPOAYKLMM TUMYCOM
T-KNeToKk 1 0bpa3oBaHMA NPeAWecTBEHHUKOB B-KNeToK B KocTH [38,
39]. NpeanonaraeTcs, YTo B NAPOAOHTE HU3KOE KOIMYECTBO 3TUX IUM-
doLMTOB MMeeT peLualoLLee 3HaYeHWe /17 NOAAEPHKaHWA roMeocTasa
MEXAY TKAHAMM NapoAOHTa X03AMHA U BaKTepUanbHbIMU BAALLKaMK,

180

The pattern of IL-1B and IL-6 secretion in periodontal diseas-
es in menopausal women was also analyzed. The results showed
that menopausal patients who did not receive hormone therapy
had higher IL-1B and IL-6 levels than those receiving hormonal
treatment. IL-6 plays an important role in bone lysis in periodon-
titis. It stimulates the growth and proliferation of osteoclast pre-
cursors [18]. Higher concentrations of IL-13 and IL-8 were also ob-
served in patients with estrogen deficiency compared with those
without it [32, 33]. It has been hypothesized [17, 26, 29] that the
greater release of IL-1B by periodontal ligament cells in older in-
dividuals may represent an important factor contributing to the
increased rate of alveolar bone resorption in older patients [17,
26, 29].

Immunosenescence of the periodontium

Immunosenescence is a process involving progressive mod-
ification of the immune system, leading to increased suscepti-
bility to infections, neoplasms, and autoimmune disorders, pre-
sumably reflecting prolonged antigenic stimulation and/or stress
responses occurring throughout life, usually in combination with
a progressive increase in the pro-inflammatory state referred to
as “inflammaging.” In accordance with the definition of immu-
nosenescence, it has been suggested that the cumulative effect
of long-term exposure of the periodontium to microbial infection
contributes, at least in part, to the aging-related changes in these
tissues. Thus, it has also been hypothesized that changes in the
function of resident immune and non-immune periodontal cells
contribute to the persistence of inflammation in periodontal dis-
eases. Aging can be characterized by quantitative and qualitative
changes in the immune system (Fig. 3) [14]. Therefore, in the era
of precision and personalized medicine and dentistry, the phe-
nomenon of immunosenescence and inflammation, manifested
by age-related changes in the periodontium, requires a more
comprehensive understanding.

Interestingly, this elevated inflammatory status is charac-
teristic both of older adults who age successfully, that is, without
comorbidities, and of those who age unsuccessfully [34-36]. It
has therefore been hypothesized that there is a threshold beyond
which the adverse effects of immunosenescence and inflamma-
tion shift an individual toward an unfavorable aging trajectory
[35]. Indeed, recent studies show that the age-associated loss
of the normal capacity of both innate and adaptive immune re-
sponses, combined with chronic low-grade inflammation, results
in altered immunocompetence and contributes to the pathogen-
esis of a wide range of diseases [14, 37].

Inefficient innate immunity leads to chronic pathogen per-
sistence and unresolved destructive inflammation. The principal
change responsible for immunosenescence is a general decline
in antigen-specific immunity, driven by a substantial reduction in
the number of naive lymphocytes resulting from decreased thy-
mic T-cell production and reduced generation of B-cell precursors
in the bone marrow [38, 39]. In the periodontium, it is assumed
that a low number of these lymphocytes is critical for maintain-
ing homeostasis between host periodontal tissues and bacterial
plague, as is the role of the neutrophil population [40]. Thus, it
may be assumed that the reduced frequency of these cells in old-
er adults can diminish the ability to contain subgingival infection
in this population (Fig. 4) [14].

The age-related decline in the percentage and absolute
number of naive and regulatory T- and B-lymphocytes, togeth-
er with an increase in the size of the memory T-cell pool, leads
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Puc. 3 Bo3pacmHsie usmeHeHUA 8 8pOMOEHHOU UMMYHHOU hyHKUUU
8 nepuodoHme [14]. 1. XeMomaKcuc 8pOMOEHHbIX UMMYHHbIX Kre-
MOK, MAaKux Kak Helimpogunel, Makpopaau, 0eHOpUMHbIe Kaemku
U HamypaneHsle Kunnepbl, 3HAYUMENLHO HAPYWAemca y NOMUsbLIX
ntodell. BawHo ommemums, Ymo ama yHKUUA eaufem KaK Ha Mu-
2payuIo, MAK U Ha 8bIX00 U3 80CNGAUMENbHbLIX Mecm. Takum 06pasom,
makoe usmeHeHUe 8 3MOM MPAHCNOPMe KAemoK MOXEem Nosausms
He MOsbKO HO UHUYUQUUIo, HO U Ha peweHue socnasneHus. 2. Y no-
Huneix adell aHMuU2eH-npe3eHMamueHaa GYHKUUA BPOIMOEHHbIX
UMMYHHBIX K1eMOoK, MaKux Kaxk 0eHOpUmHsele Kaemku, Asaaemca ouc-
(DYHKUUOHANBHOU U3-30 CHUMEHUA 3KCNPEeCcuu KOoCMUMyaupyrujux
benkos. AMK — aHmuzeHnpedcmasnaowas knemxa. 3. BpoxodéHHoie
UMMYHHbIe KAemKku om noxcunbix stoodeli demoHcmpupytom Hapy-
weHue a2ouumo3a, a Makxe CHumeHue cnocobHocmu ybusams
(hazouumo3uposaHHbie MuxkpoopeaHusmsl (Ebersole JL, et al. Aging,
inflammation, immunity and periodontal disease. Periodontol. 2000.

2016;72(1):54-75. https.//doi.org/10.1111/prd.12135)

Fig. 3 Age-related changes in innate immune function in the
periodontium [14]. 1. Chemotaxis of innate immune cells, such as
neutrophils, macrophages, dendritic cells, and natural killer cells, is
significantly impaired in older adults. Importantly, this function affects
both migration to and egress from inflammatory sites. Therefore,
alterations in this cellular trafficking may influence not only the initiation,
but also the resolution of inflammation. 2. In older adults, the antigen-
presenting function of innate immune cells, such as dendritic cells,
becomes dysfunctional because of reduced expression of costimulatory
proteins. APC — antigen-presenting cell. 3. Innate immune cells from
older individuals exhibit impaired phagocytosis, as well as a reduced
capacity to kill phagocytosed microorganisms (Ebersole JL, et al. Aging,
inflammation, immunity and periodontal disease. Periodontol. 2000.

2016;72(1):54-75. https.//doi.org/10.1111/prd.12135)

nofo6Ho TakoBoMy B nonynauum Helutpodunos [40]. Takum obpasom,
MOXXHO MPEAMNON0MKMUTb, YTO CHUMKEHME YACTOTbl ITUX KIETOK Y MOXM-
NbIX NIOAEN MOMKET NPUBECTM K CHUMKEHMIO CNOCOBHOCTU CAEpXMBaTb
noAAecHeBY0 MHPEKLMIO Y NOXKMUAbIX Ntogel (puc. 4 [14]).
Mpennonaraetcs, YTo BAMAHME CTAPEHWUS HA TKAHW MAPOLOHTA
OCHOBAHO Ha MOJEKYAPHbBIX U3MEHEHUAX B MAaCcCMBE KNETOK Mapo-
[lOHTa, COYeTaHWe KOTOPbIX, KaK MonaratoT, YCMAMBAET pe3opbumio
a/IbBEONAPHOMN KOCTU Y NOXUALIX Ntofaer. CunTaeTca, 4to 3TM adpdek-
Tbl OTpaxaioT: 1) usmeHéHHyo anddepeHumMposky/npoamdepaumio
K/NIETOK, Y4aCTBYHOLLMX B BUONOTMYECKMX NpOLIECCaX B KOCTU (ocTeob-
NacTbl, OCTEOKNACTbI); 2) YCUAGHHYIO PEaKLUMIO Ha MUKPOBMOTY no-
NIOCTU pPTa, MOAMOULMPOBAHHYIO CTPECCOPaMM OKpPYIKatoLel cpeapl,
NPUBOAALLYI0 K CEKPeLMM LMTOKMHOB/XEMOKWMHOB, Y4acTBYIOWMX B
pe3opbumm KOCTHOM TKaHK; 3) CUCTEMHbIE SHAOKPUHHbIE U3MEHEHUS,
CBA3aHHbIE C peakumMaMm Xo3anHa u Gusmnonormyeckumm/natonornde-
CKMMM peaKLmMaMM KOCTHOM TKaHM ¢ Bo3pacTom [41].
MHOroYncAeHHbIE UMMYHHbIE M HEMMMYHHbIE KNETKM NapOoAoH-
Ta B3aMMOZEMCTBYIOT KaK C ocTeobnactamu, Tak U ¢ OCTEOKIACTaMu,
Moaynupys b6anaHc ¢pusmonornyeckoro obpasosaHus U pesopbumm
KOCTW, NPY 3TOM KOCTHbI1 MeTab0IM3M TaKKe MOXKET MOAY/IMPOBaTb-
€A MHOXEeCTBOM $aKTOpPOB, BKAKOYAA cTapeHue [42, 43]. B yacTHocTH,
CTapeHue BAUAET Ha NoAAePKaHMe HOPMabHOTO PEMOAEIMPOBAHMA
1 MeTabo/IM3ma KOCTH, YTO NPUBOAMT K YCUIEHUIO pe3opbLmm KocTu,
BHYTPEHHUM U3MEHEHMUAM B apXMTEKTYPE KOCTU U CHUMKEHMIO YCTOM-
YMBOCTU K nepenomam [44]. 3aecb n3bpaHHble NPOBOCNANNUTENbHbIE
LMTOKMHbI, NO-BUAMMOMY, MIpaloT PELLaloWylo Po/ib B YCUIEHUM
ocTeoknactoreHesa [45] , Torga Kak NpOTMBOBOCMNA/IUTE/IbHbIE LIUTO-
KMHbI 06ecneynBatoT MONEKYNAPHY0 06paTHYO CBA3b, NOAABAAN-

to reduced diversity of both T and B cells. In addition, T cells in
older adults exhibit a more pronounced cytotoxic T-helper 1 (Tc1)
effector phenotype, resulting in an intrinsic shift toward a more
inflammatory and cytotoxic environment. This age-associated
narrowing and skewing of the lymphocyte compartment leads
to attenuation of some immune responses and enhancement of
others. Thus, the increased inflammation observed in the peri-
odontium of older adults may be a secondary effect arising from
the inability to mount appropriate and effective adaptive im-
mune responses, as a result of age-related changes that, under
normal conditions, effectively control excessive microbial growth
in periodontal tissues.

It is assumed that the impact of aging on periodontal tis-
sues is mediated by molecular changes in the array of periodontal
cells, which are believed to enhance alveolar bone resorption in
older adults. These effects are thought to reflect: 1) altered dif-
ferentiation/proliferation of cells involved in bone biological pro-
cesses (osteoblasts and osteoclasts); 2) an enhanced response to
the oral microbiota, modified by environmental stressors, leading
to secretion of cytokines/chemokines involved in bone resorp-
tion; and 3) systemic endocrine changes associated with host
responses and physiological/pathological bone tissue reactions
during aging [41].

Numerous immune and non-immune periodontal cells in-
teract with both osteoblasts and osteoclasts, modulating the
balance between physiological bone formation and resorption,
while bone metabolism itself may also be modulated by many
factors, including aging [42, 43]. In particular, aging impairs nor-
mal bone remodeling and metabolism, leading to increased bone
resorption, intrinsic changes in bone architecture, and reduced
resistance to fractures [44]. Selected pro-inflammatory cytokines
appear to play a crucial role in enhancing osteoclastogenesis [45],
whereas anti-inflammatory cytokines provide molecular feedback
that suppresses bone loss processes [46]. IL-4 and transforming
growth factor-beta have also been shown to inhibit osteoclasto-
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Puc. 4 BospacmHbie adanmusHsle U3MeHeHUs UMMyHUmema npu 3a60s1esaHusx napodoHma [14]. Bo3apacmHoe CHux#eHue NPpoueHmHo20
COO0EPHAHUA U KOAU4ecmaa HausHbIX U pe2ynamopHeix T- U B-KaemoyHslx AUMpOyUMel 8 CO4EMAHUU C y8eaudeHuemM pasmepa nyna T-knemok
namamu npusodum K ymeHblWeHUto pasHoobpasus Kak T-, mak u B-knemok. Kpome moeo, T-knemku noxcunsix sodeli umerom 60nswiull geHo-
mun yuMomoKcu4ecKux aghgpexkmopos T-xesinepos-1 u Tcl, 861361808 BHYMPEHHUE USMEHEHUSA 8 Bosee 80CNanUMesbHY/UUMOomMOKCUYECKYIO
cpedy. 3mo 8bI38aHHOE B03PACMOM CyHeHUE U NePeKoc KOMNAPMMeHMa AUM@POLUUMO8 NpusodUM K 0c1abeHUK0 U yCUseHU 0meemos coom-
gemcmeeHHo. Takum 06pa3om, nogbiuieHHoe socnaneHue, Habtodaemoe 8 napodoHmMe y nox unbix todel, Moxem 6bims 8MOPUYHbIM 3 hek-
MOM, B03HUKAIOWUM U3-30 HECNOCOBHOCMU 8b1380Mb COOM8eMcmMayowue U 3(hheKkmusHbie a0anmueHble UMMYHHbIE PEAKUUU 8 pe3yabmame

803pACMHbIX U3MeHeHUl, Komopble 8 HopMe 3¢hheKMUBHO KOHMPOAUPytom u3bbiMoYHbIl MUKpobHbIl pocm 8 mKkaHax napodoHma (Ebersole
JL, et al. Aging, inflammation, immunity and periodontal disease. Periodontol. 2000. 2016;72(1):54-75. https.//doi.org/10.1111/prd.12135)

Fig. 4 Age-related adaptive immune changes in periodontal diseases [14]. The age-related decline in the percentage and absolute number of
naive and regulatory T- and B-lymphocytes, together with an increase in the size of the memory T-cell pool, leads to reduced diversity of both T
and B cells. In addition, T cells in older adults exhibit a more pronounced cytotoxic T-helper 1 (Tc1) effector phenotype, resulting in an intrinsic
shift toward a more inflammatory and cytotoxic environment. This age-associated narrowing and skewing of the lymphocyte compartment
leads to attenuation of some immune responses and enhancement of others. Thus, the increased inflammation observed in the periodontium of
older adults may be a secondary effect arising from the inability to mount appropriate and effective adaptive immune responses, as a result of
age-related changes that, under normal conditions, effectively control excessive microbial growth in periodontal tissues (Ebersole JL, et al. Aging,
inflammation, immunity and periodontal disease. Periodontol. 2000. 2016,72(1):54-75. https://doi.org/10.1111/prd.12135)

LY NPOLLECChl NOTEPU KOCTHOM Macchl [46]. TakKe bbl10 NMoKasaHo,
yto U-4 n TpaHchopmupytowmii GpakTop pocta-b6eta MHIMbUpYyLoT
ocTeoKknactoreHes [47, 48]. Takum 06pPa3oM, MOXKHO MPELCTaBMUTD,
KaK 0OCyaaBLUMECA paHee BO3PACTHbIE U3MEHEHMA B QYHKLMM KaK
BPOMAEHHDIX, TaK M aAaNTUBHbBIX UMMYHHbIX KNETOK MOFYT HanpAmYyto
BAMATb HA METAB0IM3M M PEMOAEIMPOBAHME KOCTHOW TKaHW, CBA3aH-
Hble ¢ 3aD60/1€BAHMAMM NAPOLOHTA.

CrapeHue KaK paKTop pucKa 3aboseBaHuit napoaoHTa

Bo3pacT MOKeT 6bITb MOTEHUMANbHBIM GAKTOPOM pUCKa 3ab0-
NeBaHUI NapoAoHTa. Bo3pacT cBA3aH ¢ HEKOTOPOI yMepeHHoI noTe-
peit NapoAOHTaNbHOIO NPUKPENIEHMA U aNbBEONAPHOMN KOCTH, HO Cam
no cebe, y 340p0OBOro B3POC/IOrO Ye/I0BEKa, HE MPUBOAMT K KpUTHYe-
CKOM NnoTepe NapoaoHTaNbHOW NOAAEPHKU. XOTA yMmepeHHas noteps
a/bBEO/IAPHOI KOCTU M MApOA0HTa YacTo BCTPEYAETCA Y MOXMIbIX Jt0-
[el, TAKENDIA NAPOAOHTUT He ABNAETCA eCcTeCTBEHHbIM CNesCTBUEM
cTapeHus. ToNbKO NPY HaMYMM BOCMANIEHWA MAPOAOHTA U3MEHEHUA
KNMHMYECKMX NAapaMeTpoB yCyrybaatoTCa v NPUBOAAT K noTepe GyHK-
umm [49- 51]. 3To conyTCTBYIOLLEE M3MEHEHWE 300POBbA NAPOAOHTA
¥ BOCMasiEHME NApOLOHTA Ha CamoM fene HabnoaaeTcs y 3HauuTeNb-
HOM YacTu NOXKMAOro Hacenenus [14, 52, 53].
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genesis [47, 48]. Thus, it is possible to see how the age-related
changes in the function of both innate and adaptive immune cells
discussed above may directly affect bone metabolism and remod-
eling associated with periodontal diseases.

Aging as a risk factor for periodontal diseases

Age may be a potential risk factor for periodontal diseas-
es. Aging is associated with some moderate loss of periodontal
attachment and alveolar bone, but by itself, in a healthy adult,
it does not lead to critical loss of periodontal support. Although
moderate alveolar bone and periodontal loss are often observed
in older adults, severe periodontitis is not a natural consequence
of aging. Only in the presence of periodontal inflammation do
changes in clinical parameters worsen and lead to functional loss
[49-51]. This concomitant deterioration in periodontal health and
periodontal inflammation is, in fact, observed in a substantial
proportion of the elderly population [14, 52, 53].

A cross-sectional study analyzing disease duration demon-
strated greater attachment loss and alveolar bone loss in older
age groups, since clinical attachment level and bone loss are irre-
versible indicators of previous disease progression [54].
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MonepeyHoe WCCNeOBaHWE, NpPOaHaNU3MpoBaBllee  AW-
TeNbHOCTb 3ab0/1eBaHMA, NPOAEMOHCTPUPOBANO BONbLLYO NOTepto
NPUKPENNEHNA U NOTEPIO aNbBEONAPHON KOCTU Cpeam CTapLiMX BO3-
PACTHbIX TPYNM, MOCKO/IbKY KNMHWUYECKUI YPOBEHb NPUKPENIEHUA U
rnoTeps KOCTHOM Macchl ABAAKOTCA HeobpaTUMbIMKM MOKasaTensamu
npeaWwecTBYHOLEro Te4eHUa 3abonesaHuma [54].

JIoHrWTIOAHbIE UCCNef0BaHUA, NOCBALLEHHBIE NOTEHLMANbHBIM
CBA3AM MeX[y BO3pacToM W NoTepel NMPUKPENSEeHUs Wan notepen
KOCTHOM TKaHW, MOKa3anM CTAaTUCTUUYECKM 3HAUYMMYIO CBA3b MeEXAY
BO3PACTOM M 4acToToM 3aboneBaHui napofoHTa [55-57]. OgHako 310
BO3PACTHOE YBE/IMYEHWE PUCKA HE MOKET BbITb IMHEMHbBIM, NOCKO/b-
Ky HEKoTopble 1ccnefoBaHus [58-62] He NOKa3bIBAIOT CYLLLECTBEHHbIX
Pa3nnumMii B BO3PACTHbIX rpynnax crapwe 65 net. Hanbonee BaKHbIN
KAMHUYECKUIA BbIBOA, KOTOPbIV MOXHO CAeNaTb, Kacatowmica spdek-
TOB CTapeHUs, 3aK/1I04AETCA B TOM, YTO, XOTA 3a60/1€BaHMA NapOAOHTa
CBA3aHbl CO BPEMEHEM, a CTapeHMe camo No cebe ABNAETCA NPUYMHON
HEeKOTOpPOW MOTepU MPUKPENNEHWUS U NMOTEPU KOCTHOM Macchl, ypo-
BEHb €ro Be/IMYMHbI BPAZ, M ByAeT UMETb CyLLeCTBEHHOE KAMHUYe-
CKoe 3HaueHue [63].

Bo3moxHble NoAX0Abl K KOPPEKL UM BOCNANNTENBHOTO

CTapeHUA NapojoHTa U NONOCTH pTa

Mcxoaa M3 AaHHbIX, NPEACTaBAEHHbIX HaMKU B 3TOM CUCTEMA-
TUYeCcKOM 0630pe, MOXHO NPeanoNoXuTb, YTo ecan 3bdeKTUBHO,
CBOEBPEMEHHO U M3bMpaTeNbHO BO3AEICTBOBATb Ha BOCManeHue
C MOMOLLBI0 BMELUATE/bCTB, YCTPaHALWMX narybHble nmocneacTsma
BOCMA/IUTENBbHOMN Cpeabl, COXPAHAS 3aLLUUTHYIO GYHKLMIO MMMYHHOM
cucTEMBI U CNOCOBCTBYA BOCCTAHOBAEHMIO U PereHepaLumn nospek-
JOEHHBIX MaKpO- U MUKPOCTPYKTYP, TO 3TO NPUBEAET K yBENUYEHMIO
NPOAOMKUTENBHOCTM U KA4ECTBA KU3HW HaceNeHUA.

OKunaaetca, YTo NPOTMBOBOCMANUTENbHBIE (AKTOPLI MO CBOEM
npvpoge ByayT ymeHbluaTb BOCManeHWe, B TOM Yncie BO3pPaAcTHOe.
Hanpumep, MOLLHbIM MPOTUBOBOCMANNTE/IbHBIM NOTEHLMANOM 06-
nagaet uutokuH W/1-37. AHanornyHbiM 06pasom, YpoBEHb MpPOTH-
BOBOCMANUTeNbHOro UutokmHa WJ1-10 oTpuuaTtenbHO Koppenupyert ¢
BO3PaCTOM, OH BXOAWT B NPOTUBOBOCMANUTENbHDBIN KNacTep BMecTe C
xonectepuHom JIMBI 1 cBA3aH € XOPOLIMM NPOrHO30M Y MALMEHTOB
C OCTPbIM KOPOHapPHbIM CMHAPOMOM. AHTaroHuct peuentopa WJ-1
(MN-1RA) 6nokupyeT nepegady curHanos WJ/1-1 n cuntaetca NpoTuso-
BOCNannTeNbHbIM MeanaTopom. OpHako yposeHb W/1-1RA nonoxu-
Te/IbHO KoppenvpyeT ¢ Bo3pactom u Koppenupyet ¢ U1-6 n C-peak-
TUBHbIM 6e/1IKOM. TakMM 06pa3om, 6b1/10 BbICKA3aHO NPEANO/OKEHME,
yto H6anaHc mexay U1-1RA n UN-1 moxKeT BbITb 60/1e€ BaKHbIM, YEM
ypoBeHb UJ1-1RA cam no cebe, Ana oLeHKM ypoBHA BocnaneHus. Mep-
CMEKTUBHbIMU NOAXOAAMM, KOTOPbIE B HACTOALLEE BPeMA TECTUPYHOT-
€A Ha NtoAAX, ABNAIOTCA YCUNEHWE MUTOGAruu ¢ NOMOLLLbIO BBEAEHMA
YpPONuUTUHa A UK yaaneHve CTapetoLmx KNeTOK C MOMOLLbIO HOBbIX
CEHOIMTUYECKMX NpenapaTos [4].

B HacToALee BpemsA CyLLECTBYET MHOXECTBO PasInyHbIX Gapma-
KONOTMYeckmx U HedapMaKoNOrMYecKMX NOAX0A0B ANA YMEHbLUEHUA
BOCManeHua. B sTy rpynny BXoAAT pas/MyHble KNacCbl Npenapatos,
BKJ/IKOYAA CannuunaThl (Hanpyumep, aLeTUACANULMAOBAA KUCIO0Ta, UK
acnupKH), NPOV3BOAHbIE NPOMUOHOBOW KUCNOTbI (TaKME KaK HamnpoK-
CEH), NPOM3BOAHbIE YKCYCHOM KMUCNOTbI (Hanpumep, MHAOMETALMH),
OKCMKaMbl (TakMe KaK MMPOKCMKaM), MPOW3BOAHbIE aHTPaHWIOBOM
KMCAOoTbl (Hanpumep, medeHaMMHOBAA KUCNOTA), @ TaKkKe Cenek-
TUBHbIE MHIMOUTOPbI LMKIOOKCUTEHa3bl-2, TaKMe KaK LeNeKoKCHb.
YTBepKAaNoch, YTO Apyrue Knaccbl NeKapcts 3GPEKTUBHO yMeHb-
LIAIOT BOCMA/NIEHWE, BK/IKOYAA N103apTaH U OMera-3 KUpHble KUCAOTbI
(8 dopme pblibbero *upa). OTHOCUTENBHO HEAABHO BbINO NOAYYEHO
HECKO/IbKO MOHOK/IOHA/IbHbIX aHTUTEN, KoTopble u3bupatenbHo 610-

Longitudinal studies investigating potential relationships be-
tween age and attachment loss or bone loss have shown a statis-
tically significant association between age and the frequency of
periodontal diseases [55-57]. However, this age-related increase
in risk may not be linear, since some studies [58-62] have shown
no significant differences among age groups over 65 years. The
most important clinical conclusion regarding the effects of aging
is that, although periodontal diseases are associated with time,
aging itself causes some attachment loss and bone loss, and the
magnitude of these changes is unlikely to be of major clinical sig-
nificance [63].

Possible approaches to correcting inflammatory aging

of the periodontium and oral cavity

Based on the data presented in this systematic review, it
may be assumed that if inflammation is effectively, timely, and
selectively targeted through interventions that eliminate the
harmful consequences of the inflammatory environment, while
preserving the protective function of the immune system and
promoting repair and regeneration of damaged macro- and mi-
crostructures, this will lead to an increase in both life expectancy
and quality of life in the population.

Anti-inflammatory factors are expected, by their nature, to
reduce inflammation, including age-related inflammation. For
example, the cytokine IL-37 possesses strong anti-inflammatory
potential. Similarly, the level of the anti-inflammatory cytokine
IL-10 negatively correlates with age; it is part of an anti-inflamma-
tory cluster together with HDL cholesterol and is associated with
a favorable prognosis in patients with acute coronary syndrome.
The IL-1 receptor antagonist (IL-1RA) blocks IL-1 signaling and is
considered an anti-inflammatory mediator. However, IL-1RA lev-
els positively correlate with age and also correlate with IL-6 and
C-reactive protein. Thus, it has been suggested that the balance
between IL-1RA and IL-1 may be more important than the IL-1RA
level alone for assessing the degree of inflammation. Promising
approaches currently being tested in humans include enhancing
mitophagy through the administration of urolithin A and eliminat-
ing senescent cells with new senolytic drugs [4].

At present, there are numerous pharmacological and
non-pharmacological approaches for reducing inflammation.
This group includes various classes of drugs, such as salicylates
(for example, acetylsalicylic acid, or aspirin), propionic acid de-
rivatives (such as naproxen), acetic acid derivatives (for example,
indomethacin), oxicams (such as piroxicam), anthranilic acid de-
rivatives (for example, mefenamic acid), as well as selective cyclo-
oxygenase-2 inhibitors such as celecoxib. Other classes of drugs,
including losartan and omega-3 fatty acids (in the form of fish oil),
have also been reported to reduce inflammation effectively. More
recently, several monoclonal antibodies have been developed
that selectively block inflammatory mediators (cytokines) and
chemokines, as well as their receptors. In addition, new mole-
cules have been created that selectively inhibit the NLRP3 inflam-
masome and suppress the inflammatory process [4].

As an additional pharmacological agent for slowing inflam-
matory aging, the well-tolerated and widely prescribed antidi-
abetic drug metformin has been used. Metformin blocks NF-«kB
signaling and the subsequent transcription of pro-inflammatory
cytokines, and also activates autophagy [4]. In addition to sys-
temic approaches to correcting inflammatory aging, local meth-
ods aim to reduce the intensity of inflammatory processes in
periodontal tissues. One of the most promising and innovative
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KMPYIOT MeAMaTOPbl BOCMNANEHMA (LUTOKMHDBI) M XEMOKMHbI U/Uan UX
peuenTtopbl. Kpome Toro, 6biaM co3aaHbl HOBblE MOJIEKY/IbI, KOTOPbIE
nsbupatenbHo 610KkMpytoT nHPnammacomy NLRP3 u KynupyroT Boc-
nanuTenbHbl npouecc [4].

B KauyecTBe AONOMHWUTENBbHOTO $apMaKONOrMYECKOro CPeacTsa
ANA 3aMe/IeHNsA BOCNAZIMTENbHOMO CTapPEHUsA UCMNO/Ib3YETCA XOPOLIO
MEPEHOCMMBIV M 4acTO Ha3Ha4YaeMbllii NPOTUBOAMADETUYECKUIA Npe-
napat metdpopmmnH. MeTdopmmH 6aokMpyeT nepesady curHanos NF-
KB 1 nocneaytoLyto TPAHCKPUNLMIO NPOBOCMAIUTENbHbIX LLUTOKMHOB,
a TakKe akTMBMpyeT aytodaruto [4]. NIOMMMO CUCTEMHbIX NOAXOAOB K
KOPPEKLMM BOCNAZIMTENIHOTO CTaPEHUS, CYLLECTBYIOT M MECTHble Me-
TOZbl, HaNPaBNeHHbIE HA CHUXKEHWUE MHTEHCUBHOCTM BOCMA/IUTENbHbIX
MPOLLECCOB B TKaHAX MapofoHTa. OgHUM U3 Hambonee nepcnekTus-
HbIX M MHHOBALMOHHbIX CMOCOBOB ABNAETCA ayTocepoTepanms — Npo-
Leaypa, NpeanonaratoLLas BBeAeHNe B TKaHW NapOA0OHTa CbIBOPOTKU
KpoBM, 06eAHEHHOW KNETOYHbIMM 31eMeHTamu. [JaHHaa MeToamKa
6blna paspaboTtaHa cneupanmctamm Kadbegpbl NapogoHTonornm Teep-
CKOro rocyfapCTBEHHOr0 MEAULMHCKOMO YHUBEPCUTETA M OCHOBAHA
Ha MpUHUMNEe penporpammmpoBaHna makpodaros. CyTb MeToaa 3a-
KNtovaeTcA B TpaHchopmaumm makpodaros U3 NpoBOCMAUTENBHOTO
¢deHoTMNA B NPOTMBOBOCMA/IUTENbHBIA $EHOTUM, YTO cnocobcTayeT
3HAYUTENBHOMY CHUMKEHWUIO BocmaneHus. IGPEKTUBHOCTL AaHHOTO
noaxoaa bbina NoATBEPKAEHA B XOA4€ UCCAeA0BaHUM, NPOBEAEHHbIX
Hay4HOW rpynnoi nog pykosoactBom B.A. PymsHueBa. PesynbTaTbl
MOKasanu, YTo aytocepoTtepanus 0bnafaeT BbICOKON KAMHWUYECKOM
3QHEKTUBHOCTBIO B KYNMPOBAHMMU NI0KAJIbHbIX BOCMAAWUTE/bHBIX NPO-
LLeCCOB B TKaHAX NapoLoHTa [64, 65].

Kpome Toro, 8 2023 rogy KONNEKTUB YYEHBIX MO PYKOBOACTBOM
[O.A. Movceesa 1 B.A. PymaHuesa pa3paboTan HOBYIO TEXHOMOMMIO,
MONYYMBLUYIO HA3BAHWE KMHTPANEPMOMNOKETHOrO rasibBaHOpOpe3a»
(oT aHrn. Periodontal Pocket — napopoHTaNbHbIN KapMaH). ITOT METOZA,
BK/IIOYAET UCMONB30BaHWE HaHOMpenapaTa rMApPOKCMAA Meaun-Kanb-
umMs, 0b613aJAOLWEro CUIbHBIM aHTUMUKPOBHBIM AeicTBUEM, CNOCO6-
HbIM 0BTYpMpPOBaTb MesbYalluMe OTBEPCTUA AEHTUHHbIX KaHa/bLEeB
KopHs 3yba, cnocobCTBys CTepUAM3aLLUM BCEX MUKPOCTPYKTYP na-
POLOHTa. [lJaHHanA TeXHO/MorMA NPOAEMOHCTPUPOBANA BbICOKME pe-
3y/IbTaTbl B CHUXKEHUM BOCMANEHUS U YNYYLLEHUM COCTOSHUA TKaHen
NapoAOHTa, YTO AenaeT eé NepcreKTMBHbIM MHCTPYMEHTOM B COBpe-
MEHHOW NapogoHToN0rMM [66].

MepcneKkTUBHOM MOKET CTaTb TEXHONOMMA MPUMEHEHUA KOHLLEH-
TPaTOB TPOMOOLMTOB, TakMX Kak boratbii Tpombouutamu GubpuH
(PRF), ¢nbpuH 6oraTbiit neikoumtamm u Tpomboumutamu (L-PRF), a
TaKKe YCOBEPLUEHCTBOBaHHbIM $ubpUH 6Horatbiii TpombouuTamu
(A-PRF), cnocobcTBytolme NogaBneHnto BOCNaNEHNS, YCKOPEHHOMY
3a)KMB/IEHME PaH M pereHepaumm TKaHel [67].

3AKNIOMEHMUE

BocnanuTtenbHoe cTapeHue CTaHOBUTCA OAHOM M3 MPUOPUTET-
HbIX «OCHOBHbIX MPUUYMH» HEHOTUMOB CTapeHUs. MHOroUYMCNeHHbIE
HabNofEHUA CBMAETENLCTBYIOT O TOM, YTO BOCMaNeHWe ABNAETCA
(baKTOpOM pUCKa Pa3BUTUA XPOHUYECKUX 3aboneBaHUit (B Tom uncie
BOCMaNWUTENbHbIX 3aboneBaHWii NapofoHTa), MybTUMOPBUAHOCTY,
MHBANUAHOCTU, XPYMKOCTU U CMEPTHOCTH, MO3TOMY BUAMTCA pasym-
HbIM, B MEPBYLO o4epesb, BOPOTbCA CO CTapeHUeM, NOAABAAA BOCMA-
NeHve. B3aMmocBsAsb Mexay MMMYHOCTapeHWUEM W BOCMAIUTE/IbHbIM
CTapeHWeM C/I0XKHa, MHOTOrpaHHa M BK/IOYAeT B3aumogeicTaue
MEKAY BPOXKAEHHBIM M aAaNTUBHbIM 3BEHBAMMU UMMYHHOM CUCTEMDbI,
a TaK)Ke CTaperoLLMMM KNeTKamMy HEMMMYHHOM cucTembl. C BO3pacTom
MMMYHHas cMCTEMA CTaHOBUTCA MmeHee 3PpHEKTUBHOM, YTO NPUBOAUT
K HECNOCOBHOCTU YAANATb CTapEroLLME KNETKMU U PasBUTMIO CUCTEMHO-
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methods is autoserotherapy — a procedure that involves inject-
ing blood serum depleted of cellular elements into periodontal
tissues. This technique was developed by specialists from the
Department of Periodontology at Tver State Medical University
and is based on the principle of macrophage reprogramming. The
essence of the method lies in transforming macrophages from a
pro-inflammatory to an anti-inflammatory phenotype, thereby
significantly reducing inflammation. The effectiveness of this ap-
proach has been confirmed in studies conducted by a research
group led by V.A. Rumyantsev. The results showed that autosero-
therapy has high clinical efficacy in controlling local inflammatory
processes in periodontal tissues [64, 65].

In addition, in 2023, a team of scientists led by D.A. Moi-
seev and V.A. Rumyantsev developed a new technology called
“intra-periodontal pocket galvanophoresis” (from the English
“periodontal pocket”). This method uses a nanopreparation of
copper-calcium hydroxide, which has strong antimicrobial prop-
erties and can seal the smallest openings of dentinal tubules in
the tooth root, thereby promoting the sterilization of all peri-
odontal microstructures. This technology has demonstrated high
effectiveness in reducing inflammation and improving the condi-
tion of periodontal tissues, making it a promising tool in modern
periodontology [66].

A promising direction may also be the use of platelet con-
centrates such as platelet-rich fibrin (PRF), leukocyte- and plate-
let-rich fibrin (L-PRF), and advanced platelet-rich fibrin (A-PRF),
which help suppress inflammation, accelerate wound healing,
and promote tissue regeneration [67].

In addition to systemic approaches to managing inflamma-
tory aging, there are also local methods aimed at reducing the
intensity of inflammatory processes in periodontal tissues. One of
the most promising and innovative approaches is autoserothera-
py, a procedure that involves administering blood serum depleted
of cellular elements into periodontal tissues. This technique was
developed by specialists from the Department of Periodontology
of Tver State Medical University and is based on the principle of
macrophage reprogramming. The essence of the method is trans-
forming macrophages from a pro-inflammatory to an anti-inflam-
matory phenotype, thereby contributing to a marked reduction in
inflammation. The effectiveness of this approach was confirmed
in studies conducted by the research group led by V.A. Rumyant-
sev. The results showed that autoserotherapy has high clinical ef-
ficacy in controlling local inflammatory processes in periodontal
tissues [64, 65].

In addition, in 2023, a team of researchers led by D.A. Moi-
seev and V.A. Rumyantsev developed a new technology called
intraperiodontal pocket galvanophoresis. This method involves
the use of a copper—calcium hydroxide nanopreparation with
strong antimicrobial activity, capable of obturating the smallest
openings of the root dentinal tubules and thereby contributing
to the sterilization of all periodontal microstructures. This tech-
nology demonstrated strong results in reducing inflammation and
improving the condition of periodontal tissues, making it a prom-
ising tool in modern periodontology [66].

Another promising approach may be the use of platelet con-
centrates, such as platelet-rich fibrin (PRF), leukocyte- and plate-
let-rich fibrin (L-PRF), and advanced platelet-rich fibrin (A-PRF),
which contribute to suppression of inflammation, accelerated
wound healing, and tissue regeneration [67].
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ro BocnaneHus. MpueeaEHHbIN Bbille CUCTEMATUYECKMI 0630p 0Ka-
3bIBaeT 06LWmiA AncbanaHc B BOCMA/UTEbHbIX NPOLIECCAX, KOTOPbIN C
BO3PAcTOM MOCTENEHHO CMELLAETCA B CTOPOHY YCU/IEHWA BOCTIANEHUS
1 HapyLIEHWsA NPOTUBOBOCTANNTENBbHBIX MEXaHWU3MOB.

Bo3pacT accoummpoBaH ¢ HebonbLLIOoW NoTeper NapoAoHTaIbHO-
ro NPUKPenIeHns 1 anbBEONAPHON KOCTU, HO Y 340POBOTO B3POC/O-
0 YeN0BEKA HEe NPUBOAMT K KPUTUYECKON MoTepe NapoAoHTaNbHOM
NOAAEPKKM U Pa3BUTUIO NapofoHTUTa. CyLLecTByeT pas, NepcneKkT1B-
HbIX TEXHOMOTWIA, NPUMEHEHUE KOTOPbIX MOMONKET B NPOPUNAKTUKE
BOCMA/IUTENBHOMO CTAaPEHWA U IEYEHUWU BOCMANWUTENbHbIX 3abonesa-
HUIA NAaPOAOHTA. K TaKMM TEXHONOTUAM OTHOCUTCA ayTocepoTepanus,
MHTPaNep1ONOKeTHbIN raibBaHOPOPE3 U NPUMEHEHWE KOHLLEHTPATOB
TpomboLMTOoB.

MporHo3MpoBaHKUe BO3PACTHbIX U3MEHEHUI U MEXaHWU3MOB CTa-
PEHUs NO3BOAAT OTKPbITb HOBYIO CTPAHULY B NEPCOHUULMPOBAHHOM
NPEBEHTUBHOM MOAXOAE K NPOGUAAKTUKE U IEYEHWIO BO3PACT-acco-
LIMMPOBAHHDBIX M3MEHEHWI B MOMIOCTM PTa, NPOABNSAIOLLMXCA CUCTEMHO
U MECTHO.

CONCLUSION

Inflammatory aging is becoming one of the priority “root
causes” of aging phenotypes. Numerous observations indicate
that inflammation is a risk factor for the development of chron-
ic diseases, including inflammatory periodontal diseases, multi-
morbidity, disability, frailty, and mortality; therefore, it appears
reasonable to combat aging, first and foremost, by suppressing
inflammation. The relationship between immunosenescence
and inflammatory aging is complex and multifaceted, involving
interactions between the innate and adaptive arms of the im-
mune system, as well as senescent cells of non-immune origin.
With age, the immune system becomes less efficient, leading to
an inability to eliminate senescent cells and to the development
of systemic inflammation. The present systematic review demon-
strates a general imbalance in inflammatory processes, which
gradually shifts with age toward enhanced inflammation and im-
paired anti-inflammatory mechanisms.

Age is associated with a slight loss of periodontal attach-
ment and alveolar bone, but in a healthy adult, it does not lead
to critical loss of periodontal support or to the development of
periodontitis. There are several promising technologies whose
application may help prevent inflammatory aging and treat in-
flammatory periodontal diseases. These technologies include au-
toserotherapy, intraperiopocket galvanophoresis, and the use of
platelet concentrates.

Prediction of age-related changes and aging mechanisms
may open a new chapter in a personalized preventive approach
to the prevention and treatment of age-associated changes in the
oral cavity, manifested at both systemic and local levels.
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