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Pe3iome

BBEJEHMUE. Oguum 13 KIIOUEBBIX MPOSBIEHMII UMMYHOCTapEeHNST CUMTAETCS
pasBuUTHe BOCHaUTebHOro crapenusi (inflammaging), Bemyiiee MmecTo B pas-
BUTUYM KOTOPOTO OTBOAMTCSI MEXAHM3MaM BPOKIEHHOTO MMMYyHUTeTa. [Ipemro-
yaraetcs, 4to K opmupoBanuio inflammaging Bemer XxpoHuueckasi akKTUBaIs
MaTTePH-PACIIO3HAIOIINX PEIENTOPOB CHUCTEMbI BPOKIEHHOTO WMMMYHUTETA
M UX CUTHAJIbHBIX MYyTelM 3HIOT€HHbIMM U IK30T€HHbIMU CUTHAIAMMU OIAaCHO-
ctu. LleHTpasbHYIO posIb B 3TOM Iporiecce urparoT Toll-momoOHbIe penenTopbl
(TLR) u NOD-nomo6susie penienitopsl (NLR), cTumMynsitiust KOTOPbIX ITPUBOINUT
K peamm3anyy 3(PEGEeKTOPHbIX MEXaHM3MOB BPOXKIEHHON MMMYHHOM 3allUTHI,
a IIpyu CTapeHuy — K PasBUTHUIO ITpoBocnaymTesbHoro gpenorumna. Inflammaging
MOKET MPUBOANUTH KAaK K YCITEIIIHOMY CTAapEHUIO U MTOJTOJIETUIO, TaK U K IaTo-
JIOTMYECKOMY CTapeHMIO U PasBUTUIO BO3PACT-aCCOLMMPOBAHHOM IMATOJIOTUN.
Ha ceromHsiHmii meHb MCCaeI0BaHbI OTAEbHbBIE pellenTOpHbIe 1 3D PeKTOpHbIE
KOMITOHEHTbI CUCTEMbI BPOXKIEHHOTO MUMMYHUTETA IIPU CTapeHUM U Pa3IMIHbIX
BO3PaCTHBIX MaToyorusix. OmHaKko MpoOBeIeHO MaJsIo MCCIeI0BAHMIA, U3yYaIOIINX
BKJIaJ, KOMIIOHEHTOB BPOXKIEHHOTO MMMYHUTeTa B (hOPMIMPOBaHME YCIEIIHOIO
CTapeHusi, He MPOBEIEHO aHa/M3a KOHKPETHBIX MEXaHM3MOB BPOKIEHHOTO VM-
MYHMTETA MPU PasINYHbIX (GEeHOTUIIaX CTapeHNs.

LHEJIb UCCJIEAOBAHUS — mnpoBeneHne KOMIIJIEKCHOTO MCCJIETOBAHUS CU-
CTeMbl BPOXKIEHHOTO UMMYHUTETA (CUCTEMbI CUTHAJbHBIX PEeleNTOPOB, KOMIIO-
HEHTOB MH(IaMMaCOMHOTO KOMIIJIEKCA, IIMTOKMHOB) Y JIMII CTapueCKOTo BO3pac-
Ta U IOJATOXKUTEsIe MPU Pa3INyHbIX (eHOTUIaX CTapeHus.

MATEPUAJIBI U METO/BI. ITposeneno o6ciaenoBanme 100 iy crapyecko-
ro Bospacta, 100 mosroxkuTesiei u rpyInbl CpaBHEeHMs, cocrosiieit n3 50 ueso-
BEK MOJIOAOTO BO3pacTa. BHYTpM cTapiimx BO3paCTHBIX TPYIIT OCYIIECTBJIEHO
pasfesieHre Ha TMOATPYIIIbI (GM3MOTIOTUUECKOTO U TaToJIorMyeckoro GeHoTumna
CcTapeHMs Ha OCHOBAaHMM MHIeKca KoMopOumHocTtu YapibCOH, KpaTkoil Oara-
peu TecToB ¢Gu3nyeckoro GyHKIMOHMPOBAHUSI M KPATKOM IIKAJIbl OL€HKU TCU-
XMUYECKOTO CTaTyca. brosornueckum marepmaioM sl MCCAeAOBaHUS CITYKMIIA
nepudepryeckas KpoBb. YPOBEHb 3KCIIPECCUM T€HOB MaTTepH-PACIO3HAIOIINX
peuienitopoB TLR2, TLR4, renoB munHdbaammacomHoro komiuiekca (INLRP3,
CASP1) B nenxomnurax rnepudepuyeckorn KpoBU OILIEHMBAIM METOAOM IOJMMe-
pPa3HOM 1LIETHOM peakuyy B peskume peasibHOro Bpemenn (IILIP-PB). Omnpenerne-
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HIe TIOBepXHOCTHOM 3Kcrnpeccun TLR Ha moHoumTax nepudepmnyeckon KpoBu
OCYIIECTB/ISIIM METOIOM ITPOTOYHOM LmToduryopumerpun. KoHlleHTpauuio 1mm-
TOKMHOB B CbIBOPOTKE KPOBM U B KyJIbType MOHOHYKJeapHbIX kjeTok (MHK) nc-
CJIeyeMbIX TPYIIIT OMPeIesisyIi METOIOM TBepAodasHOro MMMYHO()EPMEHTHOTO
aHaym3a. [lomyyeHHble TaHHBbIE OIEHUBAJIM C MCIIOJIb30BaHMEM ITPOTPAMMHOIO
nakera Statistica 14 (StatSoft, Europe) u GraphPad Prizm (Prizm, USA).
PE3VJIBTATDI. AHanu3 BO3pacTHOM OMHAMMUKM SKCIIPECCHMM TATTePH-PacIios-
Harommx perentopoB TLR2, TLR4 Ha TpaHCKPUIIIIMOHHOM ¥ G€JTKOBOM YPOBHE
BbIsIBWII yBenmueHue srcrpeccun TLR2 m cHmskenne akcnipeccuu TLR4 B rpynmne
CTapyeCcKoro BO3pacTa U JOJITOSKUTESIeN 10 CPaBHEHMIO C 00C/IeH0BaHHBIMIU MOJIO-
nmoro Bospacta. [Ipy (eHOTHUIIE YCITEITHOTO CTapeHus PerucTpPUpPOBaIOCh YBeJ-
yenme skcrpeccuy TLR2 kak y smir crapyeckoro Bo3pacTta, Tak U 'y JOJITOKUTEIEN.
[Ipu dbeHOTHIIE TATONIOTMUECKOTO CTapeHNs Habmonaiach rurepakcnpeccust TLR2
y 00cJIeIOBaHHBIX CTAPUYECKOro Bo3pacTta 1 cHisKeHume skcrpeccyy TLR2 y monro-
skutesier. He BbISIBJIEHO JOCTOBEPHBIX OTJIMUMIA B 9KCITpeccuy reHa u 6enka TLR4
Y JIUII, CTapIIMX BO3PACTHBIX IPYIII B 3aBMCUMOCTY OT (DeHOTUIIA CTAPEHMSI.

B pesynbraTe OlLieHKM 3KCIIpeCCuM T'eHOB MH(IaMMacCOMHOTO KOMILIEKCA I0-
KasaHo yBeymueHue skcrnpeccun rena NLRP3 B snelkornurax nepudepuyueckon
KpOBU 00CJIeNOBaHHBIX CTapyecKoro Bo3pacra u mosroxkuresein B 20 u 23 pasa
COOTBETCTBEHHO, 110 CPaBHEHMIO C MOJIOAbIMU AoHOpamu. [1pu deHorume maro-
JIOTMYECKOTO CTapeHMsI KaK Yy JIUII CTapueCcKOro BO3pacTa, Tak U y JTOJITOXKUTEIein
HabJIomanach rumnepaKcnpeccus reHoB nHpaamMmmacomHoro komruiekca (NLRP3,
CASP1), uto MOkeT ObITh CBSI3aHO C PUCKOM Pa3BUTUSI BO3PACT-aCCOLIMMPOBAH-
HOM TTaTOJIOT Y.

Tak Kak ocHOBHbIM pe3ynabraroMm akTuBaiyy NLRP3 mnHbamMmacombl siBisieTcst
ITPOLIECCHHT ITPOBOCHAINTEbHBIX IIUTOKMHOB 10 OMOJIOrMYeCKy aKTUBHOM (hOPMBI,
npoBeieHa olleHKa ypoBHst IMTOKMHOB IL-13 1 IL-18 B chIBOpOTKe KPOBM 1 B KYJIb-
type MHK ncciemyembix BO3pacTHBIX IPYTIL. Y TOJTOKUTENIEN HaOMI0AaIOCh T0-
BoieHre yposHen IL-13 u IL-18 B cbIBOpOTKe KpOBM MO CPaBHEHUIO C JIMLIAMU
CTapyecKOro BO3pacTa M MOJIoAbIMM JoHOpamy. He BbISIBIIEHO OT/IMUMiA B coepska-
Hyn IL-1[3 B cbIBOpOTKe KPOBM MEXIY TPYIIIaMy YCIIEITHOTO U TaTOJIOTUYeCKOTO
crapenusi. [lokazano yBenmuenme koHueHTpaumm IL-1p B kyneTrype MHK mipu cra-
peHuu, 6os1ee BbIpaskeHHOe Mpy (heHOTUTIE MMaTOOTUYECKOTO CTapeHMsl.
BBIBO/IbI. Takum o6pa3omM, MOBbIlIeHNE YPOBHS 3Kcpeccuy reHa TLR2 mo-
SKeT pacCMaTpuBaThCs B KaueCTBe MapKepa YCIeITHOTO CTapeHMs, a TIOBbIIIIeH/ e
srcripeccun reHa NLRP3 u konuentpauym IL-1B B kynbrype MHK — B kaue-
CTBe MapKepOB IMaTOJOTMUECKOTO CTapeHus y JIMIL CTapueCcKOro BO3pacTa M I0JI-
roxxuTtesieil. BoisiBiieHHbIe MapKkepbl (GEHOTUTIOB CTapeHMsI MMO3BOJISIT ITPOBOAUTH
CBOEBpPEMEHHYIO MPOGMIAKTUKY BO3PaCT-aCCOIMMUPOBAHHONM IATOJIOTUM IJIsT
IIPOAJIEHNST 300POBOTO AOJTOIETHSI.

KnwoueBble c/10Ba: BPOXKAEHHBIM MMMYHUTET; BOCIIAJIMTE/IbHOE CTapeHUe;
Toll-momo6HbIe perienTopbl; MHGpIAMMACOMa; IMTOKMHBI.
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Abstract
BACKGROUND.Oneofthekeyindicatorsofimmunosenescenceisinflammatory
aging (inflammaging), which is primarily attributed to the mechanisms of innate
immunity. The assumed cause of inflammaging is chronic activation of pattern-
recognizing receptors of the innate immunity and their signaling pathways by
endogenous and exogenous danger signals. The major role in this process is held
by Toll-like receptors (TLR) and NOD-like receptors (NLR). Their activation
triggers the implementation of effector mechanisms of innate immune defense;
in the context of aging, this contributes to the development of a pro-inflammatory
phenotype. Inflammaging can lead to normal aging and longevity, as well as to
pathological aging and age-associated pathology. Currently, several receptor and
effector components of the innate immune system have been examined in the
context of aging and various age-related diseases. However, few studies have
been conducted on the contribution of innate immunity components to normal
aging; no analysis of specific mechanisms of innate immunity in various aging
phenotypes has been conducted.

AIM. To conduct a complex study of the innate immunity system (signaling
receptor system, inflammasome complex components, cytokines) in elderly
individuals and long-living individuals with various aging phenotypes.
MATERIALS AND METHODS. A total of 100 elderly individuals, 100 long-
living individuals and a comparison group consisting of 50 young people
were examined. Within the elderly and long-living groups, physiological and
pathological aging phenotype subgroups were divided based on the Charlson
Comorbidity Index, the Short Physical Performance Battery and the Mini-Mental
State Examination. Peripheral blood was used as a biomaterial for the study. The
expression levels of the pattern recognition receptor genes (TLR2, TLR4) and
inflammasome complex genes (NLRP3, CASP1) in leukocytes were assessed by
real-time polymerase chain reaction (RT-PCR). Surface expression of TLR on
monocytes was determined by flow cytometry. The concentration of cytokines in
the blood serum and in the mononuclear cell culture (MNC) of the study groups
was measured by enzyme immunoassay. The obtained data were assessed using
the Statistica 14 software package (StatSoft, Europe) and GraphPad Prizm (Prizm,
USA).

RESULTS. Analysis of the age-related changes in expression of pattern
recognition receptors TLR2, TLR4 at the transcriptional and protein levels
revealed an increase in TLR2 expression and a decrease in TLR4 expression
in the group of elderly and long-living individuals compared to the young
participants. In the normal aging phenotype, an increase in TLR2 expression
was recorded in both the elderly and long-living individuals. In the pathological
aging phenotype, TLR2 hyperexpression was observed in elderly individuals,
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and TLR2 expression was decreased in long-living individuals. No significant
differences in the expression of the TLR4 gene and protein were found in older
participants depending on the aging phenotype.

Assessing the expression of the inflammasome complex genes demonstrated an
increase in the expression of the NLRP3 gene in the peripheral blood leukocytes
of elderly and long-living individuals by 20 and 23 times, respectively, compared
to young donors. In the pathological aging phenotype, both the elderly and
the long-livers showed hyperexpression of the inflammasome complex genes
(NLRP3, CASP1), which may be associated with the risk of developing age-
associated pathology.

Since the main result of NLRP3 inflammasome activation is the processing of
proinflammatory cytokines to a biologically active form, the level of IL-1f3 and
IL-18 cytokines in the blood serum and in the MNC culture of the studied age
groups was assessed. In long-living individuals, an increase in the levels of IL-1[3
and IL-18 in the blood serum was observed compared to the elderly and young
donors. No differences in the content of IL-1f in the blood serum were found
between the normal and pathological aging groups. An elevation in the levels of
[L-1B in the MNC culture was observed during aging, with a more pronounced
increase in the pathological aging phenotype.

CONCLUSIONS. Therefore, an increase in TLR2 gene expression may be
regarded as a marker of normal aging, while hyperexpression of the NLRP3 gene
and elevated levels of IL-1p in the MNC culture can be viewed as markers of
pathological aging in elderly and long-living individuals. The identified markers
of aging phenotypes will enable prevention of age-associated pathologies, thereby
promoting healthy longevity.

Keywords: innate immunity; inflammaging; Toll-like receptors; inflammasome;
cytokines.
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