POCCUHNCKUI ®U3NOJOTNMYECKNI XKYPHAJ nmv. .M. CEYEHOBA 2023, tom 109,
Ne 3, c. 267—282

OB30PHBIE U ITPOBJIEMHBIE
CTATBIA

O2KMPEHUME U CTAPEHUE. OBIIIUE ACITIEKTBI
© 2023 r. 0. A. Tpmesal *, E. B. Bek!, O. B. Ipy3aesa!

! Hayuno-uccaedosamenvckuii uHcmumym KOMNAEKCHbIX NPoOaeM cepoeuHo-cocyOucmoix 3a601e6anuil,
Kemepoeo, Poccus

*E-mail: dyleva8§7@yandex.ru

IMoctynuna B pegakuuio 08.11.2022 1.
[Tocne nopa6otkm 25.01.2023 1.
IMpunsita Kk myoaukanuu 30.01.2023 r.

OXHpeHUe CBA3aHO C MOBBILIEHHBIM PUCKOM Pa3BUTHSI OCTPBIX U XPOHUUYECKUX 3a00-
JIEeBaHU, BKJIIOYasi TMUIIEPTOHUIO, WHCYIBT, WH(MAPKT MUOKapaa, CepaedHO-COCYIr-
CThle 3a00yieBaHMsI, TUAOET, paK, M COKpAIAeT MPOIODKUTEITLHOCTD XKU3HU Ha CPOK
1o 20 jeT, yBeauuuBasi puck npexaeBpemMeHHol cmeptu. [loka3zaHo, 4yTo MeTabonnye-
CKME U3MEHEHUsI, CBSI3aHHbIE C OXXMPEHWEM, aHAJIOTUIHBI HaOII0gaeMbIM TIPHU CTape-
Hun. Tak, OXUpeHUe 1 cTapeHre UMEIOT CXOIHBIN CITeKTp (DeHOTUIIOB, TAKUX KaK Hapy-
LIEHUE LIEJIOCTHOCTU reHoMa, (YHKIIMM MUTOXOHIPUIA, HAKOTUIEHUE BHYTPUKIIETOUHBIX
MaKpOMOJIeKyJI, ocjabjieHue UMMYHUTETa, CUCTeMHOe BocnasieHue. OOILIHOCTh Mexa-
HU3MOB MOXKET JIeXaTh B OCHOBE YCKOPEHHsI TTPOLIECCOB CTapeHUsI KaK Ha MOJIEKYJISIP-
HOM, TaK M CHCTEMHOM YpOBHSIX. TakuM 0oOpa3oM, NMOHUMaHUE MEXaHU3MOB IMC-
(GYHKIMY XUPOBOI TKAaHM IPU OKUPEHUU MOXKET AaTh MpelcTaBJIeHUE O TIpoIeccax,
KOTOPBIE CIOCOOCTBYIOT METa0OJIMYEeCKON AUCHYHKIMU, CBSI3aHHON C IPOLIECCOM
crapeHusi. B taHHOM 00630pe OyayT pacCMOTPEHbBI MOJIEKYISIPHBIE U KJIETOYHbBIE MeXa-
HU3MBI, JIEXKalllue B OCHOBE OXXVPEHUS U CTApEHMSI, a TAKKE KaK OXKUPEHUE CITIOCOOHO
aKTUBUPOBATh MPOLIECCHI CTAPEHUs, THULIUMPYSI paHHee Havyajlo XpOHUYEeCKHUX 3a00-
JIeBaHWI, aCCOLIMMPOBAHHBIX CO CTAPEHUEM.
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BBEAEHUWE

OXupeHUe U CTapeHue TIPEICTaBISIIOT CO00ii IBe caMble Cepbe3HbIE ITI00aTbHbIE ITPO-
GJIeMBI 3IpaBOOXpaHEHUsI HAIlleTo BpeMeHU. B HacTosIee BpeMst OXXMPEHUEM CTpagaeT
OoJiee TpeTH HaceleHUs Mupa. PacripocrpaneHHOCTh oxXupeHus B 2017—2018 rT. cpeau
i MmoJsionoro Bo3pacta (20—39 ner), cpenHero Bo3pacta (40—59 neT) M MoXWiIbIX JIto-
neit (60 siet u crapine) cocrasuia 40.0, 44.8 u 42.8% cootBercTBeHHO [1]. Oxumaercsi,
9yTo K 2030 1. 57.8% B3pOCIIOro HaceAeHHS TJIAHEThI B BO3pacTe =65 eT OyayT UMETh 13-
OBITOYHBII BeC WU OoxKupeHue [2].

Kak 1M3BeCTHO, OKMPEHME acCOLMUPOBAHO ¢ 3a00ieBAaHUSAMU, MaHUDECTAIIUST KOTO-
PBIX compsiXkeHa co crapeHueM. JIuiia ¢ oXXupeHueM TMoaBepXKeHbl 00Jiee BLICOKOMY pHC-
Ky cepaedHO-cocynucThix 3aboneBanuii (CC3), apTeprualibHOM TMIIEPTSH3UN, CaXapHOTO
nuabera 2-ro turia (CJ12), onkonartojiornu. BeimencTBrue 3Toro oXXupeHue acCoununupoBa-
HO CO CHIDKEHUEM OXMIaeMOU MPOMOIKUTENBHOCTH XU3HU. Tak, Mo MeHbIIei Mmepe
2.8 MWLJIMOHA YEJIOBEK €XErOIHO YMUPAIOT OT OCJIOXKHEHMIA, CBSI3aHHBIX C OXKUpeHueM [3].
TouHoO Tak ke 1 AeTHU C OKUPEHUEM TTOABEPXKEHBI O0Jiee BEICOKOMY PUCKY 3a00JIeBaHUIA,
KOTOpbIE paHee HAOJIOAAINCh UCKITIOUUTEIbHO Y B3POC/bIX. YUUTHIBAsI, UYTO OXUPEHUE
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COKpallaeT MPOAOLKUTEIbHOCTh XXU3HU, a 3a00JIeBaHUS U COCTOSIHUSI, CBSI3aHHbBIC C
OXHPEHUEM, aHAJIOTUYHBI HAOII0aeMbIM TIPU CTAPEHUM, TIPEAIIOJIAraeTcsi, YTO OXKUpe-
HUe ycKopsieT Tipoliecchl crapeHust [2]. C TouKu 3peHUst KIETOYHOM OMOJIOTUN OXUpe-
HHUE CBSI3aHO C YKOPOUEHMEM JIJTUHBI TeJioMep Ha 240 TeJToOMepHBIX MOBTOPOB, YTO COOT-
BeTCTBYET 8.8 rogam crapeHusi. Kpome Toro, oxxupeHue cBSI3aHO C YCKOPEHHEM Tpoliec-
COB CTapeHMs B Pa3IMYHBIX TKAHSIX (YCKOPEHHEM 3MuUTreHeThdeckux 4acoB) [4]. Takum
00pa3oM, Ha CeroOAHSIIHUI IeHb, OYEBUIHO, UTO 3a00JIeBaHUsl, CBSI3aHHbIC C OKMPEHU-
€M, COTIPSIKEHBI C YCKOPEHHBIMU KJIETOYHBIMU TIpolleccaMU, Habo1aeMbIMU TIPU HOP-
MaJbHOM CTapeHUU.

B mpoueccax crapeHMss M BO3pAacTHOM MeTabOJIMYECKOW MUCOHYHKIMU XKUPOBas
tKaHb (XKT) nmpuobperaet Bce 6ombiiiee 3HaueHue. C Bo3pactom KT mpereprieBaer 3Ha-
YUMbIE U3MEHEHUsI ¢ TOYKM 3peHust pacrpenencHus u cocraBa 2KT. IlokazaHo, yTo no
65 met yBenmmnunBaercsa obOiiee comepxkanHue KT M ee BUCLEPaIbHOIO KOMITOHEHTA
(BXXT), a takxke skronuyeckoe otjioxxeHue KT v CHUDKeHHE KOJMYeCTBa MOIKOXHOMN
KT (IT2KT) [5]. C Bo3pacToM NpOUCXOAST U KauecTBeHHbIe nu3MeHeHus B K T: cHukaeT-
cst oobem Oypoii KT. OnHako MOTeHIIUAIbHASL POJIb CTPYKTYPHO-(DYHKIIMOHATBHBIX U3-
meHeHuii B KT ¢ Bo3pacToMm 10 CHX MOP MOJHOCTHIO HEe u3ydyeHa. B To ke Bpems mpo-
rpeccupyoomiasg auchyHkumsa KT MoxXeT mpeacTaBiasTh cO00i BaKHBIM MPU3HaAK IIPO-
lecca CTapeHus, MOCKOJIbKY acCOLMMPOBaHa C METabOJIMYECKUMU W3MEHEHUSIMU,
MOJIMOPTaHHBIMU TTOBPEXIEHUSIMU Y CUCTEMHBIM BOCITAJICHUEM, TUTTMYHBIM JIJISI CAMOTO
crapeHud [6].

OXupeHue U CTapeHUe MMEIOT CXOMHBINM CIEeKTP TMAaToJOrnyeckKux (HEeHOTUIIOB —
OKMCJIUTENbHO-BOCCTAHOBUTEIbHBIN TUCOaTaHC, MUTOXOHIPpUATbHAS TUCHYHKIIUS, Ha-
KOIUIEHUE MaKpOMOJIEKYJ, OCJIabIeHHbIIA UMMYHUTET U CUCTEMHOE BOCITAJIEHUE, a OXKH1-
peHue, BEPOSITHO, YCKOPSIET MPOLIECCH CTAPEHUSI Ha KJIETOUHOM U CUCTEMHOM YDOBHE.
B 3T0i1 0630pHOIi cTaThe paCCMOTPEHBI OOILME ACIIEKThl OKMPEHUS U CTapEHUSI C aKLIeH-
TOM Ha MeXaHU3Mbl, 00yC/laBIMBalOLINe PaHHIOI MaHUbECTalUI0 XPOHUYECKUX 3a00-
JIEBAaHUI MPU OXKUPECHUU.

XAPAKTEPUCTUKA XKMPOBOM TKAHMU.
IMEPEPACITPEAEJIEHWE XXMPOBOU TKAHHA
TP O2KMPEHWU U CTAPEHUU

KT opraHn3oBaHa B HECKOJIBKO JIETIO, JIOKAJIM3YIOIIMXCS B IBYX OCHOBHBIX KOMITapT-
meHTax: nonkoxHoe (IT2KT) u BucuepansHoe (B2XKT), ¢ pa3nuuHbIM KJIIETOYHBIM COCTa-
BOM U (DYHKUMSIMU, JIUTIOJUTAYECKON aKTMBHOCTBIO, BACKYJISIpU3allMeld 1 MHHEepBAaLUEH.
KT cocTouT B OCHOBHOM W3 3pEJIbIX aAUMOLIMTOB, XOTS BCE XKUPOBbIE JEMO NOCTATOYHO
reTepOTeHHBI 110 KJIETOUHOMY cocTaBy. [IoMMMO aUMOLMTOB U MPEAaaUITOLIMTOB, MOITy-
JISIUS KJIETOK TpencTaBjieHa MepUuLMTaMy, SHAOTEIUAIbHBIMUA U TJIAAKOMBIILIEYHBIMU
KJieTkamu, hpudbpobdIacTaMu, reMONO3TUYECKUMMU KJIeTKaMU-TTPEAIIIeCTBEHHUKAMU, 3pe-
JIBIMA UMMYHHBIMU KileTKamu (B- u T-mumdonmTel, Makpodaru, MueIouaHbIe KIETKH), a
TakXe Me3eHXUMaJIbHbIMU CTBOJIOBbIMU KileTKaMu KT. Bce KiieTku cocTaBisitoT KOMMY -
HUKALIMOHHYIO CETh, PETYIUPYIOLLYI0 GYHKIMOHAIBHYIO akTUBHOCTb KT [7].

AIIUTIOLIMTHI B CBOIO OUYepeNb MPeNcTaBIeHbl O€JIbIMU M KOPUIHEBBIMU (MU OYPBIMU )
aIUTIOLITAaMHU, PAa3IYaIOIIMMUCI MOP(MOJIOTNIECKU, YTO ompenessieT ux ¢pyHkiuu. be-
JIbIE aAUTIOLMTHI 00Jiee KPYITHBIE ¢ OMHOU JTUMUIHON Karleil 1 MeHBIIIUM KOJIMYECTBOM
MUTOXOHAPU. DTa MOPGOJIOTHS TTPUIAET OETBIM aAUTIOLIMTaM CITOCOOHOCTD K HAaKOTLIe-
HUIO M XpaHEHUIO JIUMUIOB B (hOpMe TPUTIULEPUIOB U BHICBOOOXIEHUIO CBOOOIHBIX
xkupHbIX KUCI0T (C2KK) B meproasl moTpeOHOCTU OpraHu3Ma B Hepruu. besnbie anumno-
LIMTBI TAaKXKE CUHTE3UPYIOT U CEKPETUPYIOT aAUINIOKUHBI, KOTOPbIE PETYJIUPYIOT METa00-
smyeckuii romeoctas KT [8]. Bypbie (KopuyHUEBbIe) aqUITOLIMTHl B OCHOBHOM XapaKTe-
PUBYIOTCSI MHOXKECTBEHHBIMU JIMMTUIHBIMU KaTUISIMU M OOJIBIIIUM KOJMUYECTBOM MUTO-
xoHapuii [8]. OcHOBHasI UX (PYHKIIUS — TepMOreHe3 (BBIISICHME TEIUIA 3a CUST PACCESTHUS
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CBOOOIHOI Hepruu Mpu HedochopuarpyoleM (TEpPMOreHHOM) OKMCJIEHUM), TPU KOTO-
pPOM 3Heprusi He aKKyMYJIMpYyeTCsl, a BBICBOOOXIAETCsl B BUZIE TEIUIa. DTOT MEXaHU3M
onocpeayeTcss TepMOTeHMHOM (pa3o01alonM 6e1koM- 1, thermogenin, uncoupling pro-
tein 1, UCP-1), npucyTcTByOIIMM BO BHYTpEHHE MeMOpaHe MUTOXOHIpUii [9].

benas KT pacnpeneneHa B 1ByX OCHOBHBIX Aerio: 6east BucliepanbHast KT (6BXKT),
KOTOpasi BKJIIOYAET CAJIbHUKOBYIO, ME€3€HTEpUATbHYIO, 3a0pPIOIIMHHYI0, TOHAIHYIO, TIe-
pukapauanbHyio 0enyo KT u 6emas monkoxHas KT (6I12KT). OmHako Kaxmoe memno
MMeeT CBOM OCOOEHHOCTU U MeTabonunueckue ¢pyHkuuu [10]. B uccnenoBanusx in vitro
MOKa3aHO, YTO amMITOLUThI, BhimesieHHble 3 B2KT, mmeror Gosiee BBICOKMIT YpOBEHbB
CUHTEe3a JUIUAOB U JIMMOAn3a no cpaBHeHUto ¢ amunonutamu [12KT. [TpeanunmonuTel
IT2KT u mepuBacKyJIsipHbIe TIpeaaUNOLIMUThI JIEMOHCTPUPYIOT pa3HbIil YPOBEHb SKCIIPEC-
CUM MHOXECTBa TaK Ha3bIBa€MBIX “TEHOB Pa3BUTUS’, YIACTBYIOIINX B 3MOpUOTEeHE3E,
00pa3oBaHUM TKaHell U OpraHoB U MyTAX IUddHEepeHIIMPOBKU, UTO TTOATBEPKIAET YHU-
KaJIbHYIO pojb Kaxaoro aerno B ouonoruu KT [11]. YBeauyeHue pasMepoB BUCLIEpaJIb-
Horo aeno KT accoumupoBaHO ¢ IUIOXUM ITPOTHO30M IpY MeTaboJIMuecKuX 3aboJjieBa-
Husix [12]. C npyroii CTOpOHBI, COITIACHO pe3y/bTaTaM HEKOTOPBIX MCCIeNOBaHUll, yBe-
smyeHre maccol [T2KT urpaer 3amutHy10 posib 1 06paTHO MPOMOPIMOHAIBLHO CBSI3aHO C
MHCYJIMHOPE3UCTeHTHOCThIO 1 puckoM CJI2 [13]. OmHako (pakTUIECKH CHIDKCHHE Ha-
xoruteHus1 TpurivuepuaoB B [IKT npuBogutr K yBeIMYEHUIO OTJIOXEHUS JIMIUIOB B
B2XXT, yTo npruBOAUT K META0OJIMYECKIM OCIOKHECHUSIM.

Jlokammzanusa u konmaectBo Oypoit KT (B2KT) meHsteTcss Ha pa3HBIX 3TaIlax XXKU3HU.
B2XKT naunHaeT ¢hopMHUpOBaTHCS BO BpeMsI T'eCTalluM M UTpaeT Pellarollylo poJib B Tep-
MODPETYJISILMY Ha MEPBBIX Tarax XXU3HU YeJoBeKa. Y NeTeil ¢ MepBbIX AHEH KU3HU U 10
manioneTHero Bo3pacta b2XKT nmpenMyliecTBEeHHO JIOKAJIM3YETCsl B LLIEMHO-HAIKIIOYNY-
HOIi 00J1acTH, TTIeprMaopTaaIbHO B 00JIACTU IPYIHON KJIETKU U OPIOLIHOM MOJIOCTH, B OKO-
JIOTIOYEYHOI XKMPOBOI KjeTyaTke. Y rmoapoctkoB U B3pocibix b2KT pacronaraercst B oc-
HOBHOM B HIEMHO-HAAKIIOUUYHON 00JIaCTH, B TOAMBIIIEYHOMN, MEAMACTUHAIBHOM, Ta-
paBepTeOpaabHOIl, 3NUKapouadbHOM UM abmoMuHaIbHOM oOnactsax [14]. OmHako
MmeTaboaundecku aktuBHas b2KT oOGHapykuBaeTcs TOJBKO MPUMEPHO y TTOJOBUHBI MOMI-
poctkoB. Hanee ¢ Bo3pactoMm KomdectBo B2XKT nporpeccuBHo ymeHbaercs. [lepude-
pUYecKHUe JIeT0, TaKhe Kak MEeXJIONaTouyHoe, nepBbiMU TepsitoT 00beMbl B2KT ¢ Bo3pac-
TOM, B TO BpeMsl Kak Oosiee miyookue nerno b2XKT, B yacTHOCTM mepuBacKyJIsIpHbIE WU
OKOJIOTIOYEYHBIE, YMEHBIIIAIOTCS Ha OoJiee IMTo30HMX 3Tanax xku3Hu [15]. Kpome Toro, 1mo-
KazaHo, uto b2KT B okoJjiojionarouyHoit 001acTH KakK y KPbIC, TaK U Y JIIOJIel C BO3pacTOM
MHOUIBTPUPYETCS GEIbIMU aAUIIOLUTaMu, a ypoBeHb 6eika UCP1 cHmxaercs [15, 16].

TpeTuit T agUITOIUTOB, HAa3bIBaeMBbIil 0€XeBbIMHU (KOPUYHEBO-TIOMOOHBIMI OEIbI-
MU) WK “UHAYIUPYEMBIMU KOPUUYHEBBIMU~ aIUMOLMTAMU C IIPOMEXYTOUYHOI MOpdhO-
JIOTUE MeXIy OeJIbIMU U KOPUYHEBBIMU aqUTMOLIMTaMU, BIIEPBBIC OBLI OMUCcaH B Oesoii
KT wmpliieii, a 3aTeM obHapyXeHbl B pa3InyHbIx Aemno oenoii KT yenoBeka. HecmoTps
Ha CXOJICTBO C KOpDMYHEBBIMU aTUIIOLIMTaAMU, OEKEBbIE ATUTIOLIUTHI MOTYT UMETh TEPMO-
TeHHBbIN eHOoTUN win (HEeHOTUIT 3armacaHusl U XpaHEHUs] SHEPTUM B 3aBUCUMOCTU OT
YCIIOBUIT OKpyXaloleii cpensl [ 14].

TakuMm oOpa3zom, KaxIioe XUPOBOE AEIO UTPAET CBOIO YHUKAJbHYIO POJIb B OMOJIOTUMN
KT, a usmenenus B pacnpeneneHuu KT uMmeroT BaxxHoe 3HaUeHUE B pa3BUTUU MeTabo-
JIMYECKUX HAPYLICHUIA.

B cBo1 ouepenb, oXXrMpeHUe, Kak 1 CTapeHne, XapaKTeprU3yeTcsl yBeJIMYEHUEM MacChl
KT, B yactHoctu B2KT 1 siBisieTcst o0CHOBHBIM (haKTOPOM HapyIIeHUSI OOMeHa BEIIIeCTB
M aCCOLIMMPOBAHO C Pa3BUTHEM TaKHUX ITaToJdornueckux cocrosinuii kak P, CI12 u me-
Tabonndyeckuii cunapom [17, 18]. IToxunoit Bo3pacT 0ObIYHO COINPOBOXIAETCS BUCLIE-
paJIbHBIM OXXUPEHUEM, TIPU KOTOPOM KJIETKU-TPENIIECTBEHHUKN aIUTIOIUTOB (TIpeaav-
TMOLMTHI) UMEIOT TEHIECHIIMIO TePSITh CBOU CITeIIMAIM3UPOBAHHBIE XapaKTePUCTUKH, IO~
Bepratorcst nenuddepeHIIMPoBKE U TIPUOOPETAIOT CTAPEIONINil TPOBOCIIAIMTETbHBIN
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GEHOTHUIT, YTO MPUBOIUT K YBEJIUYEHUIO MPOAYKIIMU MPOBOCIAIUTENLHBIX LIUTOKUHOB,
XEMOKWHOB 1 MHAYKIUY Bocriayienust BXKT [19].

Paspacrtanue KT rpu oXXvpeHUM XapaKTepu3yeTcsl TUTIepIia3reil amumoumnToB (YBe-
JIMYEeHME YKrclia KJIETOK) U ruriepTpodueit (yBeaudeHrueM pa3Mepa KIeToK), YTO IIPUBO-
IUT K Pa3BUTUIO TUTMIOKCUU B aaUIOIMTAX, HAPYIIEHUIO PEryIsiliMhd OOMeHa >KUPHBIX
KHCJIOT, YBEJIMYEHUIO CEKPEeIIMY XeMOKMHOB, THOEJIN aaIuIOLIMTOB U MUTPALIMK TIPOBOC-
MaJuTebHBIX KJIETOK. BhICBOOOXIEHNWE MPOBOCHATUTEIbHBIX IIUTOKMHOB, OMOCPENO-
BaHHOE MMMYHHBIMU KJIeTKaMU, WHIYLIUPYET CepUHOBOE (hocthopriimpoBaHue cyGcTpaTa
peuenTopa uHcyimHa-1 (IRS-1), mpuBoms K JTIOKaabHOM M CUCTEMHOM MHCYJIMHOPE3U-
CTEHTHOCTH, CITIOCOOCTBYIOIIEHl HApYyIIEHUIO PETyJSIMU OOMEHa TIIIOKO3bl M KUPHBIX
kuciyot [20]. Kpome Toro, KT npu oxXXupeHUMN MOXET MPOSIBISATh TpodrOpo3HbIi (heHO-
TUII, XapaKTepU3YIOIIUIACS MOBBIILIEHHON 3KCIIpeccreil 6e1KOB BHEKJIETOYHOTO MaTpUKCa,
TaKWX KaK KOJIJlareH, YTO TakxKe HapyllaeT TOMeocCTa3 IIIIOKO3bl U Tpeapacrosaraet K
MeTaboanmdeckuM 3aboaeBanusM [10].

ITokazaHo, uyTo cHIKeHue koardecTtBa B2XKT yBenuunBaeT mpono/KUTEIbHOCTb XKU3HU.
Tak, HanpuMep, xupyprudeckoe ynajgeHue B2KT y Kpbic MOBBIIIAET TOJEPAHTHOCTbD K IJTI0-
KO3€, CHUXXaeT ypOBEeHb TPUTJIMLIEPUIIOB B T€UYEHU, YBEJIMYUBAET TMPOHAOIKUTEIBHOCTD
JKM3HU. DTO TOBOPUT O TOM, UTO yBeJanueHre pasmepoB BXKT sBisieTcsi omHUM 13 OCHOB-
HBIX (haKTOPOB CHIKEHUS OXKMIAeMOM IPOIOJKUTEIFHOCTY XU3HU IIPpU cTapeHuu [21].

C BO3pacToM MPOMCXOIUT HE TOJLKO yBeJndeHure ooiiero ooreMa KT 1 ee BUcLiepaib-
HOTO KOMIIOHEHTA, HO I CHUKEHME KOJIMYECTBA MOIKOXHOTO XH1pPa 3a CUeT CMEILeHUS Ha-
korutenms aununoB u3 [12XKT 8 BXKT [10]. Kpome toro, KT xapakTepu3syercsl 3KTOITIe-
CKMM OTJIOKEHMEM B KITIOUEBBIX OpraHax-MMIIEHSX, YUaCTBYIOIIMX B HapylleHUU (hyHK-
LIMOHUPOBAaHUS CEPACUYHO-COCYAUCTON cucteMbl. ONHMM W3 TaKWUX XXUPOBBIX JEIO
sapisiercs anukapauanbHast KT (D2KT) [22]. O2KT npencrasiisieT codoii BUCLiEpaIbHOE -
10, PaCIoJIOXEHHOE CyOaNMKapAUaIbHO BOKPYT 000UX KeJTyTOYKOB CEPAIIa, C Pa3TUIHON
MPOTSKEHHOCTBIO U XapakTepoM pactipeneieHust. CortacHO MHOTOYMCIIEHHBIM UCCIIEN0-
BaHUSM, yBenmdeHre oobeMa 1 TomuHEl D2KT saBistetcss pakropom pucka CC3 [24]. Ot-
cyrcTBre dacumm Mexmy D2KT 1 MruokapaoM ormocpenyeT IIpsIMOe BO3IeicTBIE (DaKTOPOB,
OPOAYLIMPYEMBIX aMUNOLUTAMU U/UIN MaKpodaramu, uHGuIbTpupylomumu KT Ha co-
CeIHMe KapAMOMMOIIUTHI MOCPEACTBOM IapakpuHHoro aeictBusi. Oovem DXKT, uzme-
PEHHBIM ¢ MOMOIIBIO YIBTPa3BYKOBOIO MCCIIENOBAHUS, aCCOLIMMPOBAH C KOJMYECTBOM
BHyTpuOptomHoit B2KT u npusHakamMu Metaboiudeckoro cuHapoma [23, 24]. AHanu3
TomuuHb D2KT cpeny nmuir ¢ o0IIMME CepaeUYHO-COCYIUCTEIMU (haKTOpaMM PUCKa IT0Ka-
3ai, yto ToampHa D2KT y auir moxuiioro Bo3pacta (76.1 £ 7.3 neT) 3HaAUUTENBHO MIPEBBI-
111aeT MoKa3aTeJu JIULL MOJIOAOTO U cpeaHero Bo3pacta (45.9 + 10.3 net). Pe3ynabrars! 1u-
HEWHOro perpeCCUOHHOTO aHAJIM3a CBUAETEIBCTBYIOT O CTATUCTUYECKU 3HAYUMOI acco-
uuauuu toamuubsl O2KT ¢ Bo3pacToM, OXUpPEeHUEM, AUCIUMUAEMUECH, apTepualibHOI
TUMNEPTEH3UEe U MYXXCKUM TTOJIOM [25]. AHAJIOTUYHO B IPYTMX UCCAEAOBAHMSIX MOKa3a-
HO, yTo DXKT 3HaUMTETbHO yBeJIMYeHa Y TTAllMeHTOB C UIIEMUYECKOI OOJIE3HbIO cepala,
U ee TOJIIIMHA KOPPETUPYET CO CTaaueit 3a00aeBaHusi, BO3PACTOM, OKPY>KHOCTBIO TaJTUU
MO JaHHBIM MHOXECTBEHHOII perpeccuu [26], a Takxke acCOLIMUPOBaHA ¢ IUCHYHKIINO-
HaJIbHBIMU U3MEHEHUSIMU aIUTNOLUTOB 3TOM JIOKAJIM3ALIMU, XapaKTepU3YIOLLIMMUCS MO-
BBIIIIEHHO# 3KCIpeccueil U ceKpeuueil MpoaTeporeHHbIX aauIOLIUTOKMHOB (JIETITHH,
IL-6) v cHIDKeHMeM aHTHATepOreHHOTO aguoHeKThHa [27].

Hpyroe mecto nenoHupoBaHusi BXKT — nepuBackynsipHas xuponasi TkaHb (I1B2KT),
OKpyKalolliasi cocylibl pa3InyHOro AuameTpa (KpoMe KanujjispoB, JIETOUHBIX U MO3TO-
BbIX cocynoB). I[IBXKT — yHuxkaibHOe XUpOBOE NEIo, OTJIMYarolleecs: OT APYTrux Aerno
dunorenetndyecku. Aqunouutsl [I1BXKT nMeror obliiee reHETUUECKOE TTPOUCXOXKICHUE C
MJIaJIKOMBIIIIEYHBIMU KJIETKAMU, TIOMUMO 3TOr0 MOTYT auddepeHIMpoBaThCs U3 TaKUX
TMPEeAIIeCTBEHHUKOB, KaK KJIETKU HEPBHOTO TPEOHS U NPYyTUX HEUASHTU(MUILIMPOBAHHBIX
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KJIETOYHBIX JUHUN. JlaHHas1 0COOEHHOCTb OOBSICHSIET (PEHOTUMYECKME Pa3IUYKs U Te-
teporeHHocTb [TBXKT Bnoab cocynucroro nepena [28].

B nacrosmee Bpemst o6iienpusHano, yro I1B2XKT He mpocTo BeIoHSIET QYHKITAIO
aHAaTOMUYECKOUN MOAAEPXKKHU cOocyla, HO W Ojaronapsi CBOUM Mapa- U 3HAOKPUHHBIM
CBOICTBaM peryJiMpyeT roMeocTtas3 1 (pyHKIIMIO COCYIOB, OKa3biBasl KaK 3alllUTHOE, TaK U
MaTOJOTMYECKOEe BO3JEUCTBUE B 3aBUCMMOCTU OT MaTodu3uoJIornieckoit cpenbl [29].
T1B2KT obGecrieunBaeT mapakpUHHBIIX OOMEH pa3sIMIYHBEIMU (DAKTOpaAMHU C IpHIeraloleit
COCYIMCTOU CTEHKOW MOCPEACTBOM Tiepenavyu CUTHAJIOB CHApPYXW BHYTPb, MOAYJIUPYS
TakiM 00pa3oM TOHYC IJIaAKOMBIIIEYHBIX KJIETOK COCYIOB, Mpojudepanuio u Murpa-
uio kietok. B Hopme ITBXKT ocyuiectBiasieT aHTUKOHTPAKTUIIbHBINA 3¢ eKT O1aronapst
BBICBOOOXXIEHUIO pacciiabisiionnX (akKTopoB, TaKUX KaK aJIUMOHEKTUH, aHTMOTEH3MH,
H,S, okenn azora (NO) 1 MeTmiioBble 3¢hUpbl MaTbMUTHHOBOM kKucaotsl [30]. Kpome To-
ro, angurnouuTokuHbl [1B2KT (agumnmoHeKTHH, JeNTUH, BUC(hATUH, OMEHTUH, XeMEPUH U
PE3UCTUH) TaKKe OKa3bIBAIOT BIUSIHUE Ha TOHYC cocynoB [31]. C Bo3pacToM, KakK U Mpu
OXWPEHUU, CHUXKACTCS aHTUKOHTPaKTWIbHBIN 3hdekt [TBXKT, uro cmocobecTByeT pas-
BUTHIO COCYIUCTON AMCHOYHKIIMU TPU apTepUaibHOM TuriepreH3uun. BosaeiicTBue npo-
BOCTIAJIMTENIbHBIX U OKUCIUTEIBHBIX CTUMYJIOB UHIAYLUPYET NUCHYHKIIMOHAIbHbIE U3MEHE-
Hus B KT, B pesynbrare yero KT TepsieT cBoM Ba30IpOTeKTOpHBIE 3(PdDEKTHI, MEHSIS CeKpe-
TOPHBII MPOMUIb Ha MATOJIOTUYECKUI C MpeodIagaHueM MPOAYKIIMU COKPATUTEIbHBIX
(GakTOpPOB M MPOBOCMATUTEIBHBIX IUTOKUHOB U XeMOKUHOB [32]. TTB2XKT uMeeT cTpyk-
TYpHbIE OCOOEHHOCTH B 3aBUCUMOCTH OT JIOKQJIM3AIlUM ¥ HEOMHOPOIHA MO COOTHOIIIE-
HUIO OENIbIX U KOPUYHEBBIX aIUTIONUTOB. Tak, HaIpuMep, Y TPhI3YHOB IpyaHasl aopTa
OKpYy>XeHa KOPUYHEBBIMMU aTUIIOLIMTAMU, HEOOXOOUMBIMU JUISI TIOAJIEP>XKAHUSI COCYIAM-
CTOr0 TOMEOCTa3a W PEeryJisiliMM BHYTPUCOCYAUCTON TemIiepaTypbl, B TO BpeMsl Kak
OplollIHast a0pTa KakK y TPhI3yHOB, TaK U y YeJI0BEKa COAEPXKUT B OCHOBHOM OeJible aauIo-
LIUTHI U MEHbIIIEee KOJIMYECTBO KOPUYHEBBIX aAUMOLIMTOB [33].

Ilporiecchl oxXXUpeHUsT U CTapeHUs] aCCOMMPOBAHBI ¢ MOP(MOJIOTUUECKUMU U3MEHEe-
HUIMH U pyHKInoHaabHoM akTuBHOCTHIO I1B2XKT. I1pu oxupennu oobem [1B2XKT 3Ha-
YUTEJIbHO YBEJIUUYMBAETCS 32 CUET TMMEPIUIa3uy U runepTpodun aauIoLruTOB, MEHSIeTCs
CEKPETOPHBII MOTeHLIMAI U (PeHOTUIT aAUIIOLIMTOB Ha TMTPOBOCHAIUTEIbHBIN U TTPOOKCH -
naHTHBIA [34]. ¥V naui ¢ oXupeHMeM U MeTaboJMYeCKMM CHHIPOMOM OO0Ilasi Macca
T1B2KT Bokpyr MeJIKMX apTepuil yBeJMdYeHa, IIPU 3TOM €€ aHTUKOHTPAKTWILHEIN 3¢-
(eKT MOJTHOCTHIO YTPaueH, U B 3TOM KOMITAPTMEHTE BBISIBJISIIOTCS MapKepbl TUTIOKCUN U
BocniasieHus [32]. I1B2KT crapeix kpbic tuHuu BucTtap, moaydaBIIMX IUETY C BBICOKMM
colepKaHWEM KUPOB, XapaKTepu3yeTcsl BLICOKOUW 3KCIpeccueil XeMOKMHOB U TPOBOC-
NaJruTeIbHBIX aAUMOKUHOB, YTO aCCOLIMMPOBAHO C SHIOTEINAIbHOMI nuchyHKuei [32].
Bonee Toro, oxupeHue criocoocTByeT “otoenmBannio b2KT” . deHoTHUIT aguItonTOB M-
HSIETCS OT KOPUYHEBOTO K OesIoMy, YTO SIBJISIETCS TPUITEPHBIM (DAaKTOPOM B Pa3BUTUU
CC3. C B0O3pacTOM TaKKe CHMIKAETCSI CITOCOOHOCTh K KOPUYHEBOI aaTUIIOTeHHON Iud-
depeHIupoBKe. B cBol0 ouepenb, BOCCTAHOBICHUE KOPUYHEBOIO (DEHOTHUITA aaUIIOIIM -
TOB MOXET OBbITh MOTEHIIMAIBHO 1IeJIblI0 B BOCCTAHOBJICHUY COCYAUCTON (DyHKIIMU MTPU
BO3PACTHBIX COCYIMCTHIX 3a00JieBaHusIX [36].

Taxkum o6pa3om, repepacripeniesieHe, KOJTUIYeCTBEHHbIE U KaYeCTBEHHbIE U3MEHEHU S
B KT moryT ObITh (haKTOpaMu, YCYTyOISIOIINMMI META00JINYECKUIA CTaTyC MOKMUIBIX JIIO-
neit B cpaBHEHUH C JTUIIaMu 6oJjiee MOJIOIOro Bo3pacra.

OBIIUE ACITEKTbBI O2KMPEHWA 1 CTAPEHUA

CormnacHo JaHHBIM MCCJI&B,OBEIHMPI, OKMPECHUE U CTapCHME aCCOIMMNPOBaAHbI CO CHM2KCHU -
€M IIPOAOJLKUTCIbHOCTU )KU3HU, MeTaboINYECKIM Z[I/IC6aI[aHCOM, HapylmEeHUEM KIICTOYHBIX
ITPOLIECCOB. JIua noxwuiaoro BO3pacTa, TaK K€ KaK 1 JIMa ¢ O2KUPEHUEM, ICMOHCTPUPYIOT
IIOPasUTCIIbHO CXOXKHUE I[I/IC(I)YHKL[I/IOHEUII)HBIC N3MCHCHUA B )KT, MMMYHOJIOTUYECKUEC
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npod i, HapylIeHUsT KJIETOYHOIO TOMeOoCcTa3a M OKMCIMTEIbHO-BOCCTAHOBUTEIBHOTO
0ajaHca, YTO CBUIETEJILCTBYET 00 OOIIMX MEXaHU3Max IPOLECCOB CTAPEHUSI U OKUpPE-
Hus1. B mTaHHOM paszesie cTaThy IMpeACTaBIeHbI OOIINe TaTOMU3NOIOTMYECKIE ACIIEKTHI,
XapaKTepHBIE KaK IS OXKUPEHUSI, TaK U IJISI CTAPEHUSI, HA MOJIEKYJIIPHOM U CUCTEMHOM
YPOBHSIX.

Kaemounbtii cocmag scuposoit mkanu

AUTIOLIUTHI 00pa3yloTCs U3 MyJla Me3eHXMMAaJIbHBIX CTBOJIOBBIX KJIETOK WJIM ME3EHXU -
MaJIbHBIX CTBOJIOBBIX KJIETOK XMpoBoii TKaHU (adipose-derived mesenchymal stem cell,
ADMSC) ¢ mocnenytonieit muddepeHIIMPoBKOii B 3peible amunouutel. ADMSC xapak-
TEPU3YIOTCST CITOCOOHOCTHIO K CAMOOOHOBJIEHUIO 1 MMM DEPEHITMPOBKE B pa3IUUHbIC TH-
bl KJIETOK, BKJIIOYasl aluMOLIMThI, ocTeo0sacTel 1 MuouuThl. Kpome amunonuroB KT
npeacTaBlieHa KJIETOYHON MOIMyJIsiieil CTpoOMaJbHOM COCYIMCTOMN (ppaKlMK: HeaauIio-
LIUTAPHBIMU KJIETKAMU, BKJIFOYasl JICHKOILIMTHI, KJIIETKU-TIPEAIIECTBEHHUKN 1 UMMYHHBIE
kyetku [37]. ADMSC B 6onbiioMm KosnuectBe TpucyTcTBytoT B BXKT, obecrieunBast Bbl-
COKYIO TTACTUYHOCTD 3To#t TKaHU. C BO3pacTOM MOJIEKYISIPHO-KJIeTOUHbBIN cocTtaB KT
meHsercs [10]. UmeroTcst maHHbBIE, CBUASTEILCTBYIOIINE O CHIDKEHUM KOJIMYECTBa M Ka-
yectBa ADMSC ¢ Bo3pacToM U oTeHIana K npojudepanuu 1 iuddepeHIInpoBKe Kak
in vitro, Tak U1 in vivo, a TaKXXe pereHepaTuBHOI CITOCOOHOCTM CTBOJIOBBIX KJIETOK [38].
AHaJOTMYHO OXMpPEHHUEe, Hapsily C XpOHUYECKUM BOCHAJeHWEeM, aKTUBallUeil OKUCIIH-
TEeJIbHOTO CTpecca OrpaHMYMBAeT pereHepaTuBHYIO, NpoiaudepaTuBHYIO QYHKINU
ADMSC u cnocoOHOCTh K MUTpaiui K MecTaMm nospexnenuii [39]. Tak, B ucciaemoBa-
HUM Ha XUBOTHBIX MOKAa3aHO, YTO OXUPEHUE yXymiaeT (yHKIMOHATBHYIO aKTUBHOCTD
ADMSC, cHmxas ux npoudepaTuBHYI0 aKTUBHOCTb, KCIIPECCUIO TeHa aIuIIOr€ HHOTO
daxropa TpaHckpunuuu PPARY, uro cBunerenbcTByeT 06 MHIMOMPOBAHUM NPOLIECCOB
amunoreHe3a [40].

ITpu 3TOM OXXMpeEeHUEe U CTapeHNe aCCOIIMUPOBAHBI C MOBBIIIEHUEM ITyJIa CTAPEIOLINX
aJIUIIOLIMTOB Y U3MEeHeHHeM (heHOTUIIAa TPEaTUTIONUTOB B CTapelolIne Oypble aauIonm-
Thl, YTO MPUBOJUT K MOBBILIEHUIO SKCIIPECCUU U CEKPELIMU XeMOKUHOB, MPOBOCIAIN-
TEJIbHBIX IMTOKMHOB U MOAU(PUKATOPOB BHEKJIETOYHOTO MaTPUKCa, KOTOPbIE aKTUBUPY-
1ot BocniazieHne B 2KT. Tak, Ha MbIlIIax ¢ OKMUpeHUEM MoKa3aHa MHIYKIIUS KJIETOYHOTO
crapeHus TpeagunonuToB. CienoBaTelbHO, aKTUBALIMS TTOBPEXAAIOIINX MTyTeil MOXET
yCYryOJsAThCSl CHUXXEHUEM CITOCOOHOCTU K BOCCTaHOBJIeHMIO. Pe3ynbraThl ucciaenoBa-
HUI MOATBEPXIAIOT, YTO MUKpOCpeaa CIocoOHAa OTpaHUYMBATD XXU3HECIIOCOOHOCTh U
aKTUBHOCTb CTBOJIOBBIX KJIETOK, 3TO OOBSICHSIET TTOBBIIIIEHHYIO CKIIOHHOCTD K TTIOBPEXIIe-
HUIO TKaHEH ¥ OpraHoB, HAOII0HaeMyIo IIPY OXXUPEHUU U cTapeHUN [41].

Habmonaemoe yBeamdyeHMe KOJIWYeCTBA MHOMILTpUpYIONMX MakpodaroB 1 ADMSC,
nuddepeHIUPYIOMUXCS B KIETKU-TIPEAIIIECTBEHHUKN WJIM PeTyasiTOpHble T-KiIeTKu
(Treg), oka3piBaeT nmaTojiorndcckre 3 @EKTHI, JexXalllre B OCHOBE HAOIIOIaeMbIX N3Me-
HEHU, KaK MPU CTapeHUHU, TaK U Npu oxrpeHuu. [lokazaHo, 4YTO pe3uieHTHbIE MaKpO-
¢daru MeHSIOT CBOM (eHOTUIT Ha IMPOBOCHAIMTENbHBIN 1 nX HakormaeHue B B2XKT, co-
IJIACHO JaHHBIM MCCJIeIOBAaHUI Ha MBILIAX U JIFOASX, IMPSIMO TIPOMOPLIMOHATBHO OXUpPe-
HUto u crapeHuto [42]. [Ipu 3TOM mpoTUBOBOCHAIUTEbHBIE Makpodarn M2 uMeloT
TeHAeHUMIO K CHIxKeHur1o B B2XKT, a nmpoBocnanuTenbHbie M1, HampoTUB, MOBBILIAIOTCS.
VYBeNIMYEeHUI0 MPOBOCHIAIMTEIbHBIX MaKpodaroB TMpealiecTByeT MPUCYTCTBUE TTOIMYJIsi-
mun CD8+ T-xierok B KT, KoTopheie 3amycKaloT Kackaa MakKpodar-3aBUCHMMOIO BOCIa-
nenus B BXKT [43]. Apyras nonyJisiiusi peryassTopHbIX T-kKiaeTok, ooHapyxeHHas: B B2XKT,
3HAYUTEJIbHO OTJIMYAETCSI, OCOOEHHO B OTHOLIEHUHN reHeTudyeckoro npodwiga u T-peuen-
TopoB [44]. [TokazaHO, YTO B TEUEHME XKU3HU 3TU KIIETKM HAKATUIMBAIOTCS TIPEUMYIIIe-
CTBEHHO B BHUCLIEPAJIbHOM, a He B IIOOKOXHOM kupe [43]. B ncciienoBaHusIX Ha MbIIIax
ob/ob oOHapyXeHO, UTO OXMPEHUE M BO3PACT aCCOLIMUPOBAHBI CO CHUKEHNEM YPOBHS
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Treg B BXXT, B To Bpems Kak npu MajoM kojaudectBe B2KT B opraHusme ypoBeHb Treg,
HanpoTHUB, yBeaIuuuBaetcs [45].

Taxum obpaszom, bamaHc kireTouHoi momyiasaiuun 2KT urpaet BaxkHyI0 pojb B obecIie-
YEeHUU DHIOKPUHHOM u peryiasgtopHoit pyHkimu KT. OnHako KiaeToyHasl IOMYJISIIINST
KT He sBisieTcs cratTuyHoil. Ha M3MeHeHMs1 ee cocTaBa MOTYT OKa3bIBaTh BIUSIHUE KakK
OXHpeHUe, TaK M cTapeHue. B cBolo ouepenn, M3MEHEHMST KJIETOYHOTO COCTaBa acCoOLMMU-
poBanbl ¢ BocrasieHueM KT u MmeTabonnueckumu nusMeHeHusiMmu. C BO3pacToM, B 0CO-
OEHHOCTH Yy JIMII C OXKUPEHUEM, HAOJIIOAAETCS CABUT B CTOPOHY YBEJTUUCHUS TIOTTYJISIINAI
BOCHAIUTENbHBIX MaKpO(aroB U yMeHbILIEHUST PETYISTOPHBIX T-KIeToK. XpOoHUYEeCKoe
BocnajeHue KT cHuXaeT cmocoOOHOCTbh K CaMOOOHOBIIEHUIO ME3EHXUMAJIbHBIX CTBOJIO-
BBIX KJIETOK, YXYIIIEHUIO aIUTIOTeHe3a, KJIETOYHOMY cTpeccy B anumnouurax. Bee atu na-
TOJIOTUYECKUE U3MEHEHUS CITIOCOOCTBYIOT METa00IMYECKUM HapyIIeHUSIM, BKJIIOYasi MH-
CYJIMHOPE3UCTEHTHOCTD, Beayiyto Kk CJ1 2.

Knemounoe cmapenue

KieTouHoe cTapeHHe MpeacTaBiIsieT co00i mpoliece peaklMy Ha CTpecc, MpU KOTO-
pOM TIOBpeXXAEHHBbIE KJIETKM HaBCerna BBIXOMAT M3 KieTouyHoro ukia. Craperoiiue
KJIETKM HaKaIlJIMBalOTCS C BO3PACTOM BO MHOTMX OpraHax W TKaHsX, omHako B KT atu
KJIETKM CBSI3aHbI KaK C JIOKAJIbHOI, TaK U ¢ CUCTeMHOM aucdynkuueit [46]. Cekperop-
HBIN (DEHOTUIT KJIETOK, aCCOLIMMPOBAHHBIN CO cTapeHUeM (senescence-associated secre-
tory phenotype, SASP), nnpencraBieH HaOOpPOM MPOBOCIIATUTEIbLHBIX IIUTOKWUHOB, XEMO-
KMHOB, TIpoTeas, (hakTopoB pocTa M (paKTopaMu PeMOIEIMPOBaHUS KJIETOYHOTO MaT-
pUKca, CBI3aHHBIX C aTEPOCKIIEPO30M U IPYTUMU BO3PACTHBIMM 3a00sieBaHUsIMU [47].

Ha rpbi3yHax nokaszaHo, 4to ctapetoniue kiaeTku B KT MoryT nogasisiTh KJlOUeBbIe
(aKTOpPHI TPAHCKPUIILIMU, CHUXKATh aIUIIOTeHe3 U CIIOCOOCTBOBATh aTpO(MUU aadUIIOLI -
TOB [48]. Y noXuibIX Jioaeit anunoluThl U UMMYHHBIE€ CTaperollre KJISTKU MOTYT IIpo-
HUKATh B CKEJICTHbIE MBIIIIIBI, OKa3bIBasl MaTosiornyeckue 3 dEeKThl Ha MBIIIEYHBIC BO-
siokHa [49]. TToBpexxaeHHbIe KJIETKM BCTYIMAlOT B 0OpPaTUMYK OCTAHOBKY KJIETOUHOTO
1IMKJIa, OCTaHABIMUBasl Mpojudepannio, YToObl 3aTeM BOCCTAHOBUTH KJIETOUHBIN LIMKIT
TMOCPENCTBOM pS53-oIocpenoBaHHON peakuuu. B ciyyae, eciu penapanusi HEBO3MOXHa,
KJIETKa BCTYIMAaeT B HEOOpaTUMOE KJIETOUHOE CTApEHUE U HABCETAa BBIXOAUT U3 KJIIETOYHOTO
1MKJIa, YTO TpeOyeT IKCIIPECCU UHTMOUTOPOB LIMKIMH3aBUCUMOM KWHA3bl U OelKa-cy-
npeccopa oryxoju plé [50]. DTo BBICOKOMETA00IMYECKN aKTUBHOE COCTOSIHUE TTOCTOSIH-
HOI1 33JIep>KKU pOCTa IOTOJTHUTEIBHO YCUJIMBAETCS 32 CYET FeTepOXpPOMaTUHU3ALIMU TeHOB
KJIETOUHOTO LIMKJIa Y YCTAHOBJIEHUS CEKPETOPHOTO (pEHOTUTIA, ACCOLIMMPOBAHHOTO CO CTa-
peHueM SASP. OxupeHue TakKe COMPSIKEHO C TMOBBILLIEHHOM 3KCIpeccueii 6eakoB pl6,
p353 u cekpeTopHbIM (peHoTurioMm SASP, yTo camo o cedbe accolMMPOBAHO CO CTApEHU-
eMm. [Mepenaua curHanoB SASP noJkHA MHULIMMPOBATh UMMYHHBIN OTBET, YTO IPUBOJAUT
K yIaJIeHUI0 HeoOpaTUMO TTOBPEXACHHBIX KJIeTOK [51]. OmHako craperolime KJIeTKU 00-
JIaIaoT BBICOKOM YCTOMYMBOCTBIO K alTONTO3Y M U30eTratoT UMMYHHOTO KJIMPEHca, YTO CO
BpPEMEHEM CITOCOOCTBYET YBEIMUEHUIO HAKOTJICHUST CTapeIoIMX KIIEeTOK in vivo. Kpome
Toro, akTopsl SASP MoryT neiicTBoBaTh MapaKpuHHBIM 00pa30M, BEI3bIBasI aKTUBALIIO
BOCMAaJIeHUs], 3allycKasl MporpaMMy CTapeHHUs B COCEIHUX KJeTKax (TaKk Ha3blBaeMoe
“BTOpUYHOE CTapeHue” WM “crapeHue cBuaeteneii”) [52]. OnHaKo BaXXHO yYUTHIBATh,
YTO CTapelolve KJIETKW WUTPamT He TOJbKO OTPUIIATEIbHYIO, HO U TIOJIOXKMUTEIbHYIO
pOJib, YJaCTBYsI B SMOpUOTeHe3e U HeUTpaau3allud OHKOTeHHBIX KJIETOK U APYyrux ¢hu-
3MOJIOTUYECKUX MPOolieccax.

Aymocghaeus u mumocgpaeus

AyTO(baFI/IH — 3BOJJIOINMOHHO 3aHpOI‘paMMI/IpOBaHHI)II71 MEXaHU3M J€rpagaliluy IUTO-
30JIbHBIX KOMITOHEHTOB KJICTKM C LICJIBIO PETYJINPOBaAHUA (byHKHHOHaIIbHOfI AKTUBHOCTHU
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BHYTPHKJIETOUHBIX OpTaHEeJI IS 3allMThI KJIETOK OT cTpecca. MMeHHOo 1osToMy ayToda-
TUsI CYUTAETCS OMHUM U3 (pakTopoB gonroietus [53]. [Ipu oxxupeHnn HapylaeTcs CIIo-
COOHOCTB KJIETOK K ayTodaruu, B pe3ybTaTe Yero BHyTPU KJIETKW HaKaruIMBaloTCs HeTlpa-
BIWJIBHO (PYHKIIMOHMPYIOIINE opraHesuibl [54]. Eme omHUM He3aMEeHMMBIM aganTalliOH-
HbIM MEXaHU3MOM B YCIIOBMSIX TATOJOTUYECKMX BO3ACUCTBUIA sIBsieTCS MUTOdarus —
MPOLECC CEJIEKTUBHOIO yAAJIEHUSI MOBPEXACHHBIX U AUCHYHKIMOHATBHBIX MUTOXOHAPUIA
MmyTeM ayTrodaruu, KoTopast Heodxoaumast i MoAIeP>KaHWsI ONTUMAIBHOTO (DYHKIIMOHM -
poOBaHUsI pa3IMUHBIX TKaHe# opraHu3ma. HapyiieHue riporieccoB MUTO(Marnuu cBsi3aHoO CO
CTapyecKoil acTeHUuel, CepAeYHO-COCYIUCTBIMU, HEHpoerTeHepaTUBHBIMU U METAa00INYe-
CKMMU 3a00JIeBaHUSIMU KaK IIPU OXKUPESHUH, TaK M cTapeHun [55].

HenaBHue vccienoBaHus okasaaun, YTO HapyleHue Mutodaruu 0COOeHHO BbIpaXke-
HO B Makpodarax, 4To UMeeT pelllaioliee 3HaYeHUe IS BO3PACTHBIX MaTOJIOTMYECKUX
COCTOSTHUMT W XPOHMYECKOTO BOCITAJICHUS TIpM OXMpeHuu [56]. HaxkormeHue mospe-
SKIEHHBIX MUTOXOHAPUI B Makpodarax akTHBUPYeT U30bITOUHYIO cekpernio IL-1f3, uro
WHIYLIMPYET rubenb MakpodaroB U GJIOKMPYET OITOCPEAOBaHHbBII MakpodaraMu UMMYHU-
TET, BOCCTAHOBJICHUE MOBPEXIEHHBIX TKaHE. AHTUOKCUIAHTHASI Teparusi, yMeHbIIIe-
Hue KoandecrBa mutoxoHapuanbHoit JJHK (MTIHK) 6poMucTbiM aTHAMEM, MHTUOM -
pOBaHNE CUHTE3a MUTOXOHAPHUATBHOTO OeKa Xxa0pamMGbeHUKOJIOM U YBEJIUYeHNE KIn-
peHca TIOBPEXICHHBIX MUTOXOHAPUM C TIOMOIIbI0 P62 OCHabisiioT M3OBITOYHOE
BbicBOGOXIeHrne IL-1f3 u mpegoTBpalaT akKTUBAIMIO KACIasbl-1 U MOCIEAYIONIYIO
rubenb MakpodaroB yesoBeka [57]. DTU pe3yabTaThl TIOATBEPXKIAIOT TOT (haKT, UTO HE-
yIaJIeHHbIE TIOBPEXIEHHbIE MUTOXOHAPUM, HAIlpUMeEp, NMPU HapylIeHUU MUTOobaruu
MpU OXUPEHUM U CTAPEHUH, MOTYT OBbITb OCHOBHBIMU aKTHBAaTOPaMM XPOHUYECKOTO
BOCMAaJIEHUS U TUOEN KIIETOK.

1L-10, HammpoTuUB, cIroco6CTBYeT MUTOMArNK, YCTPaHsIsI IIOBPEXACHHBIC aKTUBHBIMU
dopmamu kucinopona (ADK) mMutroxoHapuu MakpodaroB IOCPEICTBOM MOMABICHUS
oenka mI'OR, peryaupymoliero TpaHCISIIUI0 MHOTUX O€JIKOB, B TOM YMCJIe CBSI3aHHBIX C
POCTOM KJIETKM 1 €€ padMHOXeHueM. OaHaKo MpU MeTabOJIMYECKOM CUHAPOME, TUCITH-
MUAEMUM U OXXUpeHuu ypoBeHb [L-10 cHuxKaeTcs, yTo muHULMupyeT aktuBanuio mTOR.
Xponnyeckas aktuBanyst mIT'OR puBoguT K 6€6CKOHTPOJIBHOMY AEJICHUIO KJIETOK, IO~
naBJsgeT ayTodaruio, IpUBO/s K BOCIMAJIEHUIO U HAPYILICHUIO PETYJISIIUA TOJISIpU3alnn
M1/M2 makpodaros B XKT. [TogoGHbIe 3(heKThl HAGIIOAAIOTCS U IIPU CTapeHuHu [56].

ITomumo mHTMOMpPOBaHUST ayTodaru U MUTO(MAruu OXUPEHUE U aAUTIOLIMTApHBIE
¢akTOpBl IPUBOIAT K CTpECCY dHAOIIa3MaThIecKoro petukyiayma B KT, uto Takxke ac-
COLIMMPOBAHHO U CO CTapeHUEM. YOUKBUTHUH-TIPOTEACOMHAs CUCTEMA, SIBJISIIOIIASICS Me-
XaHU3MOM JIerpafallii HeNpaBUJIbHO CBEPHYTBIX OEIKOB, aHOMAJbHO aKTUBUPYETCS Y
JIIOAEH C OXKMPEHUEM, YTO TIPUBOIUT K arperaiiii MaKpoOMOJIEKYJI B Pa3IUUYHBIX TKaHSIX,
B ToM uncie B KT [58]. BenkoBble arperaTtsl HaKarmInBalOTCs ¢ BO3pacTOM, HO BEI3BaH-
HOE OXMpPEHNEeM HaKOIUIeHHE OeTKOBBIX MaKpPOMOJIEKYJI, ”THTUOMpOBaHue ayTodharuu u
YOUKBUTUH-TTPOTEACOMHOI CUCTEMBI Aerpajaliuy OEIKOB B IIpaxX U LUTOTIIa3Me KJIETOK
MOTYT YCKOPSITh KJIETOYHOE CTapeHNE U MPEXIEBPEMEHHbIN allONTO3 KJIETOK BCIEACTBUE
HapylLIeHUs PETYJIsIMU 6eJIKOBOTO TOMEOCTasa.

Takum obpa3oM, HaHHbBIE MCCIEIOBAaHUI CBUAECTEIBCTBYIOT O TOM, YTO KJIETOYHOE
crapeHue, TUC(YHKIIMOHAIbHbBIE U3MEHEHUSI, XPOHMYECKOe BOCHaJeHUe, allonTo3 Mpu
OXHUPEHUU W CTAapeHUM OTYACTH OMNOCPEIOBaHbl HapYyLUIEHUEM MUTOXOHIPUATLHOI
GYHKIIM 1 HEOOCTaTOYHOM ayTodarueii.

Tubenwv knemox

C BospactoMm CK, 3penbie anunouuTsl U Apyrue TUlbl KieToK B KT (MMMyHHBIe
KJIETKM, SHAOTEIMAJIbHbIC KJIETKU, GUOpOOIaCThI U IP.) MOTYT MOJABEPraThcsl HeoOpaTH-
MOl OCTAaHOBKE KJIETOUHOW Tposindepalnyi U Nociaeayoneil rubenu myTeM arnonrosa
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WJIM HEKpo3a. ATIONTO3 MPEACTaBIISIET COO0M PeryJMpyeMblii 1 KOHTPOJMPYEMBbIid TIPO-
11ecc, OObBIYHO BO3HUKAIOIINI B OTBET Ha MH(EKIIMOHHBIE Mpoliecchl. [Ipn oxxupeHum K
aKTUBAlLIMM amnoITo3a npuBomdaT noBpexneHus MTIHK, BBEI3BaHHBIE OKUCIUTEIHLHBIM
CTPECCOM, BCJIEACTBHE MUTOXOHIPHUAIBHON AUCHYHKIIMA W TTOBBIIIEHHOTO YPOBHS 1IM-
ToxpoMa C 1 aKTMBHOCTHM Kacmnasbl 3 B uuToriasme [59].

Hekpo3 xapakTepusyeTcs MAacCUBHOM, CIiydaifHON TMOENbI0 KJIETOK B pe3yiabTaTe
neiicTBrs (paKTOPOB OKpyKawIleil cpeabl (IIMTOTOKCUMYHOCTh, BOcTiajieHue u ap.). B
aIUIIOIMTaX KaK HEKPO3, TaK U aroITo3 COMPOBOXKIAETCS pa3pbIBOM IIa3MaTHIECKOM
MeMOpaHbl aIUIOIUTOB, AUIaTallueil IHAOMIA3MATUUYECKOTO PETUKYJyMa U BbIOPO-
COM KJIETOUHOTO COJIEPXXKUMOTO BO BHEKJIETOUHOE IMPOCTPAHCTBO M MHOUIBTPALIUIO
MakpodaroB ¢ o6pazoBaHreM KOPOHOTMOA0OHBIX cTpyKTyp (CLS) [60], B pe3ynbraTe
Yero MpOMUCXOOUT aKTUBALUA siaepHoro pakTopa TpaHCKpuIrmu Karia B (nuclear fac-
tor kappa B, NF-xB) u cekpenms 60ibl110r0 KotudecTBa ¢pakTopoB BocnaneHus. Cie-
JIOBaTeJIbHO, THOENb aAUTIOLIMTOB CBSI3aHA C BBICBOOOXIEHUEM TMPOBOCTIATUTEIbHBIX
(GaKTOpOB, HApyILIAOIIMUX (PYHKIIMOHAJIBLHYIO aKTUBHOCTD KJI€TOK, CIIOCOOHOCTh K BOC-
cTaHoBJIeHUIO U camooOHoBIeHUIO KT [61]. HecrmocoGHOCTh peKpyTUPOBATh KJIECTKH -
MpeAlIeCTBEeHHUKU B aIMTIOTEHHYIO JIMHUIO ((DYHKIIMSI CAaMOOOHOBJIEHUS) JIJISI PACILIM -
penus KT 3a cueT TUIEepIIa3ui MOKET IIPUBECTU K TUTIEPTPOGUN aIUTIOLIMTOB, YTO
caMo 1o cebe CBA3aHO ¢ HapylleHeM MeTaboJIMYeCcKO aKTUBHOCTH KJIETOK, BOCITajie-
HHEeM, HEKpO30M (HaJIM4yre KOPOHOIIOAOOHBIX CTPYKTYP) 1 HapyllIEeHUEeM CEeKPETOPHOIM
aKTMBHOCTH KJIETOK.

Kpowme Toro, crapeHue 1 yBeJIMYeHUE SKCIIPECCUN TeHOB, CB3aHHBIX CO CTAPEHUEM,
TaK>Ke CIIOCOOCTBYIOT CHIDKEHMIO MTpoindepaTuBHONM akTuBHOCTH KieToK 2K T. JIuia mo-
KuJtoro Bo3pacTta (~71 1.) IeMOHCTPUPYIOT ex vivo 6ojee Hu3Kyto cnocooHocTth CK K ca-
MOOOHOBJIEHUIO U TUDDHEPEHIIMPOBKE B aIUITOLUTHI [0 CPaBHEHUIO C JUllaMu OoJee
Mostozoro Bo3pacta (~27 set) [62]. Takke mist BO3pAaCTHBIX ITALlMEHTOB XapaKTepHa 60-
Jiee BbICOKas 9KcIipeccust Mapkepa crapeHus plé INK4A B CK, aHTHanonToTU4YECKOro
reHa oenka BCL2 u nmpoanonroTtudeckoro reHa 6einka BAX (6emok X, acconumpoBaH-
Hblii ¢ BCL2), BbicOKast akTUBHOCTD siiepHOTO (hakTopa TpaHcKpunimu NFKB, noBbi-
meHHas akcrnpeccust TNF-ol 1 TeHOB X pelenTOpOB 110 CPAaBHEHUIO C YCIOBHO 310PO-
BBIMM TOOPOBOJIbIIAMY MOJIOJIOTO U CpenHero Bo3pacTta. HapaBHe ¢ atuM, HaGmonaeTcst
Mo/aBJieHe TeHOB, CBSI3aHHBIX CO CIIOCOOHOCTHIO K OOHOBJIEHUIO TKaHEU, TaKMX Kak
daxrop TpaHckpunuuu pS53, kacnassel 3, 8§ U 9, UTO yKa3bIBaeT HA UHTMOMPOBAHUE NIPO-
nudepaTuBHON U nuddepeHIrpyIoieit GYHKIMI 1 HapyllIeHe CITIOCOOHOCTH K CaMO-
OGHOBJIEHUIO M BOCCTAHOBJIEHUIO C BO3pacToM [63].

OKucaumenbHo-80CCMaH08UMENbHbIL 20Me0Cma3s

AkTtuBHbIe popMbl kuciaopona (ADK), obpasyroiiuecss B pe3yiabrare HOPpMaJbHOTO
KJIETOYHOTO MeTaboJIM3Ma, B OCHOBHOM TIPOAYLIMPYIOTCSI B MUTOXOHIpUsIX. B xome nmuk-
na Kpe6ca BeipabarbiBarotcs HAJTH u @ATH2 u riepeHOCSATCS B 3JIEKTPOH-TPAHCIOPT-
HYIO 1IeTb, TIe TPAHCMEMOPaHHbBIN 2JIEKTPOXUMUYECKUI TTPOTOHHBIN TPaIUEHT yIpaB-
sasier cuHTe30M AT®. DIeKTpOHBI, MEPEHOCUMBIE TI0 3JICKTPOH-TPAHCIIOPTHOM LIEMHu,
00J1aal0T TOCTAaTOYHON CBOOOMHOM 3HEPrUeil Ijisi BOCCTAHOBJIEHUS MOJIEKYJISIPHOTO
Kuciopoaa u HeuzbexxHoro oopaszoBanusg ADK. Oyukin ADK 3akio9aroTcst B OKUC-
snenn JHK v mununoB, n3aMeHEeHUM aKTUBHOCTH OEJIKOB W TOBPEKICHUMN KIIETOTHBIX
ctpykTyp. Kpome Toro, ADK SABISIIOTCSI CUTHAIBHBIMU MOJIEKYJIAMU 1 UTPAIOT BaXKHYIO
poJib B noaiepXXaHuu romeocrtasa. OnruManbHbiii ypoBeHb ADK omnocpeayer HeiipoaH-
NOKPUHHBIA KOHTPOJIb MeTaboau3Ma (IMTaHUE U PacXod dHEPruu), peryaupyer GpyHK-
LIIO COCYyIOB U TronnepxkuBaroT TepmoreHes KT [64]. Tlepekuch Bogopona MHAKTUBUPYET
docdarasbl, oTBEYaeT 3a OKUCIUTETbHO-BOCCTAHOBUTEIbHbIE MOIM(UKALIMN, KOTOPbIE
U3MEHSIIOT CTPYKTYPY U GyHKIMIO 6esikoB. Takum o6pazom, ADK Bo3neiicTBYIOT Ha 111~
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POKMIi CIIEKTP KJIETOYHBIX MPOLIECCOB, TAKUX KaK Mpojudepaliysi, akTMBaL1sl aHTUOK-
CHIAHTHBIX TeHOB 1 oTBeT Ha noBpexaeHue JIHK [65]. Eciu nmpousBoactso ADK mpe-
BBIIIAET AaHTUOKCUIIAHTHYIO CMOCOOHOCTh, BO3HUKAET OKWCIUTEIHHO-BOCCTAHOBUTEIBHBIN
nucbamanc. APK, HakarumBasich B TeMOTIO3TUUECKHMX CTBOJIOBBIX KJIETKaX, TeMOITOTH -
YECKHMX KJIETKax-MpeaiieCTBEHHUKAX, KJIETKaX CKEeJIETHBIX MBILIILL U aAUTIOMTaX, TIPUBO-
NIST K TTOBPEXICHUIO KJIETOK U MOBBIIIAIOT PUCK 32a00JIeBaHUI aCCOLIMMPOBAHHBIX C BO3-
pactoM. HexoHntpoaupyemoe obpazoBanne ADK 1onoIHUTENLHO BAUSIET HA KJIETOYHBIN
LIVKJI, BBI3bIBAsI NIyOOKOE CTapeHME 3a CYET aKTUBAIIUM OeaKoB pS3, p21 v Apyrux TpaH-
CKPUITLMOHHBIX (paKTOpOB [66].

OKMCIUTENBHBIN CTpecC, BHI3BAHHBIM OXXMPEHWEM, BBI3bIBAET MOBPEKICHUS MUTO-
xoHapuanbHoi JIHK (MTIHK), MuTOXOHApHUAIBbHYIO AUC(HYHKIIUIO, TIOBHIIIAET yPOBEHD
muroxpoMa C 1 aKTUBHOCTb KacIasbl 3 B IIUTOILIa3Me, UTO IMMPUBOIUT K aKTUBALIMU allo-
nTo3a [59]. UccnenoBaHus Ha MBIIIAX TakKXKe MOKA3aJIv, YTO aIlloTNTO3, BbI3BAHHbBIN OXHU-
peHureM, MOXeT Habmonatbes B cepatie [67]. MI36biTounoe npucyrcreue ADK mpu oxu-
PCSHUM yBeJIMYMBaeT dKcrpeccrio pakropa TpaHnckpurmnu Gfil, 4To accomumpoBaHO CO
crapenueM CK u cHkeHreM ux (QYHKIMOHaIbHOK akKTUBHOCTU. [lomoOHBIe Hapylie-
Hus peryasuuu CK HabmomaoTcst u ¢ Bo3pactoM [68]. Boicokuit ypoBenb ADPK B CK
YCWJIMBAET Nepeaady CUTHAJIOB MHCYJIMHA 3a CUET YBEJIUUCHUST KOJMYECTBa PEeLEeNnTOPOB
WHCYJIMHA M JenTtuHa. [locnenytoliee yBeanuyeHUe OKUCIUTETbHOTO occhoprinpoBa-
HUSI TJIIOKO3bI TIPUBOAUT K OKUCIUTEIbHO-BOCCTAHOBUTEILHOMY TUCOAIAHCY C UCTOIIIE-
HueM Tysa CK M yCKOpeHHBIM CTapeHHeM MHMKPOOKpykeHMs1. KpoMe Toro, BBICOKUIA
ypoBeHb ADK npu 0XHUpeHUU CIIOCOOCTBYET SKTOIMMYECKOMY HAKOIICHUIO JIMITUAOB U
CHIKAET YyBCTBUTEIBHOCTD K MHCYJIMHY [69].

OCHOBHBIM BHYTPUKJIETOYHBIM UCTOYHUKOM U MUIIeHbI0 ADK SIBJISTIOTCSI MUTOXOH-
IPUM, KOTOPBIE TEeCHO CBs3aHBI ¢ mpolieccoM crapeHust. APK crmocoOHBI TOBpeXIaTh
MHOTI'Me KOMIOHeHThl MuToxoHapuii, Bkimodas MTJIHK [70]. B ¢pubpobracrax yemoBeka
ObLIO MoKa3aHo, 4To nopexaeHue MTIHK sBisiercs eiie 6o1ee 0OLIMPHBIM U CTORKUM
no cpaBHeHUIo ¢ noBpexaeHuem sinepHoit JJTHK (sIHK), nockonbky oHa duznyecku
pacnosioxkeHa 0JIM3KO K 3JIEKTPOH-TPAHCIIOPTHOM 1LIeNy M He 3alllvilieHa TUCTOHAMU U
xpoMatuHoM [71]. B uenom, HekoHTponupyemoe obpaszoBaHue ADMK crocobcrByer
OBICTPOIl nIemnospu3aluu TOoTeHIMalla BHYTPEHHE MUTOXOHAPUAIbHONW MeMOpaHbl,
HapylIlas TeM caMbIM OKMCIUTeIbHOE (pochopunupoBanue. IIporpeccupyroliee HaKOMI -
nenue mytauuii B MTAHK, nanynupoBannoe ADK, B cBolo ouepenb CmocoOCTBYET Ha-
pyIIeHNIO DYHKIIMOHUPOBAHUS 3JIEKTPOH-TPAHCIIOPTHOM LIETIM U JaIbHEHIIIei TPOIyK-
i A@K. BenencTBue aToro HapyIaeTcsi COCOOHOCTD KJIETOK MOIIEPXXUBATh SHEPTe-
TUYECKMI OajaHC Ha IOJKHOM YPOBHE, YTO MPUBOAUT K CHUXEHUIO (hyHKIIMOHATBHOM
aKTUBHOCTU KJIETKU U €€ Tubenu, TeM caMbiM ¢opMmupys (heHOoTUr, npeapacnosaraio-
1IMii K 3200JIeBaHUSIM, aCCOLIMMPOBAHHBIM C BO3PAacTOM (IEMEHLIUsI, CEPIeUHO-COCYAU-
CThIe 3a00JieBaHUsI, nuabeT u ap.) [72].

C BO3pacTOM YMEHBIIIAETCS U pa3Mep MUTOXOHAPUIi. TOUYHO Tak Ke OXKUpPEHUE CBI3a-
HO C YMEHBIIEHUEM IUIOLIAAN MUTOXOHIPUIL B IIPOJOILHOM U MONEPEYHOM HallpaBiie-
HUSIX B CKEJIETHBIX MBbIIIIIAX YejioBeKa (mpuMepHo Ha 30%), 4TO CBUAETEIBCTBYET O IOJAB-
JIEHUU MUTOXOHIPUAIBLHOIO OMOreHe3a M YMEHbIIEHUM UX OOIIEero KojudecTBa. Takke
OBLJIO TTOKAa3aHO, YTO TUC(HYHKLMSI MUTOXOHIPUI acCOLMMpOBaHA C MHIMOMPOBAHUEM
agMIioreHesa o aeiictsueM psaa SASP [63].

B COBOKYNMHOCTM NaHHbBIE MCCIENOBAaHWI CBUAETEIBbCTBYIOT O TOM, YTO KJIIETOUHOE
cTapeHue, aronTo3, AMchyHKIMOHaabHbIe HapylieHus B 2KT u xpoHUYecKoe BocIaie-
HUE MPY CTapeHUU U OXKUPEHUU OTYACTU ONOCpeaoBaHbl (YHKIIMOHAIbHBIMU Hapylle-
HUSMU B MUTOXOHJIPUSIX, HETOCTATOYHOI ayTodarveil 1 OKMCIUTETbHO-BOCCTAHOBUTE b~
HBIM IUCOATIaHCOM, YTO B IIEJIOM MOXET SIBJISITBCS MYCKOBBIM (haKTOPOM B HapyIIEHUU
MECTHOTO M CUCTEMHOTO TOMeOCTa3a IpU OXKUPEHUN 1 CTApEHUU.



OXHUPEHUE U CTAPEHUE. OBIIWUE ACITIEKTbI 277

Tab6auma 1. OOILIMe acreKThl OXKUPEHUS U CTApEHUSI C aKIIEHTOM Ha XXUPOBYIO TKaHb

Mopdonornueckue nsmeHeHust B KT
ITepepacnpenenenue KT, KoimyecTBeHHbIE Y KAY€CTBEHHbIE U3MEHEHUSI

YBennueHune obuiero oovema KT 1 ee BucLiepaTbHOTO KOM- * HCyTMHOPE3NCTEHTHOCTh
noneHTa [10, 17—20] « CaxapHblii 1uadeT

* MeTaboau4ecKuii CHHIAPOM
Tuneprutasust, rurieprpodust anunouuTos [20] » TUMOKCHUSI B aUTIOIMTAX

* Nuchdynkuus KT
Dkronunueckoe oTioxkeHne KT B KIl0UeBbIX OpraHax-MHu-

meHsix [22]

M3MeHeHne KJIETOYHOTO COCTaBa 1 Q)CHOTI/IHH KIIETOK

Krerxu KT npuobpeTaioT mpoBOCHaIUTeNbHbII, Tpodud-| —> * JlucyHKIIMOHATbHbIE NU3MEHEHMS B
PO3HBIi, MPOOKCUAAHTHBIN eHoTumn [10, 32, 34]
* DHpoTenuanbHast AMCHYHKIMS

* CHUXEHUE aHTUKOHTPAKTUIILHOTO
acddekra [TBXKT

CMeHa (heHOTHTIa KOPUIHEBBIX aIUTIOIIUTOB K O€JIBIM — TpurrepHsiit hakrop B pazputun CC3
agunouuTam (HapyleHue “KOpUYHeBOi” aquIore HHOM
nrddepeHITupoBKM) [32]

YBenuyeHre KOJIMUecTBa MOBOCTIAIMTEIbHBIX MaKkpodaros - Bocnanenue XKT
(M1) B XT

ADMSC: * Bocnanenue KT

— YMEHbIIEHNE KOJIMYECTBA U Ka4ecTBa KJIETOK * MertaGosimueckue U3MEHEHUs
— HapyuieHue npoiudepatuBHON u nuddepeHIupYyIoIei,
pereHepaTUBHOI CITIOCOOHOCTU

— CHUXEHUe Xu3HecrocobHoctu [37—39, 41]

T

Kiietku nproGpeTaroT ceKpeTOpHbIi (HEeHOTUI CTapEIOLINX - * AKTMBAaLMSI IPOrpaMMbl CTapEHUS
KJIETOK, aCCOLIMMPOBaHHBIN cO cTapeHueM [46, 47, 52] * BocmnaneHue TKaHU

HﬂpyI_HGHI/IC amanTauMOHHBIX MEXaHU3MOB KJIETOK

NurubuposaHue cnocoOHOCTH KJIETOK K ayTodaruv 1 Mu- — * HakaruieHue HenmpaBUIbHO (PyHKIIM-
Todaruu [53, 54, 56] OHUPYIOIIMX OPTaHeT
* JIucyHKUIMOHAIbHbIE U3MEHEHMS B
KJIeTKax

» TuGenb KIETOK
* BocnaneHue

CTpecc 2HI0IIa3MaTUYECKOro peTukyiayma [S8] - * AKTUBalU$ KJIETOYHOTO CTapeHUs
* ATIONTO3 KJIETOK

Hapy1iieHre oKMCIUTETBHO-BOCCTAHOBUTEIBHOTO OajlaHca - * OKHCIUTENBHBIN CTpecc

[66, 68, 70, 71] * AxtuBauus (pakTopoB, aCCOLIMUPO-
BaHHBIX CO CTAPEHUEM

« Haxkorutenue mytaimii B MtJIHK

« Hapymenue hyHKIIMOHATbHOM aK-
TUBHOCTH KJIETKHU U €€ Thheiib

» HcroleHue mysa CTBOJIOBBIX KIIETOK
B KT

KT — xuposas Tkanb, [1B2KT — nepuBackynsipHas xkupoBas TkaHb, CC3 — cepaeqHO-cocyaucThie 3a00JeBa-
Husi, ADMSC — Me3eHXUMaJIbHbIe CTBOJIOBBIC KJIETKH XXUPOBOii TKaH, MTIHK — MuToxoHapuaibHas ne30K-
CUPUOOHYKJIEMHOBAsI KUCJIOTA.

SAKJIIOYEHUE

OxxupeHne aHAJIOTMYHO MaTOJIOTUM CTApEHMST HA MHOTHX YPOBHSIX OT MOJIEKYJISIPHOTO J10
cucrteMHoro. O611Me aceKThl OKUPEHUS 1 CTapeHUsT KPAaTKO MPeICTaBJIeHbI B Ta0T. 1.

Ha mMonexynsipHOM ypOBHE KaK OXHUpPEHUe, TaK U CTapeHUe CITOCOOCTBYIOT KJIETOYHO-
My CTapEeHMIO, BOCHAJICHUIO U MUTOXOHAPHUAJIbHONU TUCHYHKIUU BCICACTBUE OKUCIIH-
TeJIbHO-BOCCTAHOBUTEJILHOTO IucbajlaHca U HedocTaTouHoUl aytodaruu. HakorneHue
MOBPEXIEHHBIX MUTOXOHIAPUI TPUBOAUT K XPOHUYECKOMY BOCHAJIEHUIO, KOTOPOE YCU-
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JIMBaeT CBsSI3aHHbIE CO CTapeHUEM MMMYHoJIoTudeckue (eHotunsl. MHrubupoBaHue
aytodaruu MpyuBOAUT K JajbHEHIIEN arperalii HermpaBUJIbHO CBEPHYTHIX OCJIKOB.
TakuMm 06pa3zom, MOJIEKYJISIPHBIE U KJIETOYHbIE U3MEHEHUS, KOTOPbIE SIBJISIFOTCS CJIe/I -
CTBHEM KaK OXXMPEHUS, TaK U CTApEHUSI, OKA3bIBAIOT INIYOOKOE BIMSHME Ha 30POBbE Ue-
JIOBeKa. YUUThIBasi 3TUOJOTMYECKOE U MATOT€HETUYECKOEe CXOICTBO MEXIY OXKUPEHUEM
1 CTapeHueM, MOXHO IPENNOJOXUTh, YTO OXMPEHUE CIIOCOOHO YCKOPSTHh MPOLECCHI
CTapeHUs 1 MHULIMMPOBATh BO3pAacCTHHIE 3ab0jieBaHUsI HAa OoJiee paHHUX dTariax XU3HU.

COBJIIOAEHUE 5TUYECKHUX CTAHIAPTOB

Hacrostiast cratbst He COOCPXKUT KaKNX-JIM0O MCCIeNOBAHUM C UCIOIb30BAHUEM XXWBOTHBIX
MM Y4aCTUEM JI0JIeit B KaueCTBE OOBEKTOB.

NCTOYHUKUN ®PUUHAHCHUPOBAHUA

CraTbsl MOATOTOBJIEHA B paMKax IpoekTa dyHaameHTanbHbiX uccaenoBauuit HUM KITCC3
Ne 0419-2022-0002 “Pa3paboTka MHHOBALIMOHHBIX MOJIEJICH yIpaBieHusl (pakTopaMu prcKa cep-
JIEYHO-COCYIUCTBIX 3a00JIeBaHUI U COMYTCTBYIOLIMMMU 3a00JIeBAHUSIMU HA OCHOBE U3Y4YeHUsl HyH-
JNAMEHTAJIbHBIX, KIMHUKO-3MUIEMUOJOTUYECKMX MEXaHU3MOB M METONOB YMpaBJIeHUS 31paBoO-
OXpaHEeHHEM B YCJIIOBUSIX IIPOMBIIIUICHHBIN paitoH Cubupu”.

KOH®JIUKT UHTEPECOB

ABTOpI)I 3asIBJISIIOT 00 OTCYTCTBUU SABHBIX U MOTCHUUAJIbHBIX KOH@J’[I/IKTOB MHTEPECOB.

BKJIAJL ABTOPOB

Wnes crateu (1.10.A. u I O.B), nonroroska yepHoBuka crateu ([I.}1O.A., B.E.B., I.O.B), pe-
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Obesity is associated with an increased risk of acute and chronic diseases, including hy-
pertension, stroke, myocardial infarction, cardiovascular disease, diabetes, cancer, and
reduces life expectancy by up to 20 years, increasing the risk of premature death. It has
been shown that the metabolic changes associated with obesity are similar to those ob-
served with aging. Thus, obesity and aging have a similar range of phenotypes, such as
impaired genome integrity, mitochondrial function, accumulation of intracellular mac-
romolecules, weakened immunity, and systemic inflammation. The commonality of
mechanisms may underlie the acceleration of aging processes, both at the molecular and
systemic levels. Thus, understanding the mechanisms of adipose tissue dysfunction in
obesity can provide insight into the processes that contribute to the metabolic dysfunc-
tion associated with the aging process. The current review will examine the molecular
and cellular mechanisms that underlie obesity and aging, and how obesity can activate
the aging process, initiating the early onset of aging-associated chronic diseases.

Keywords: aging, obesity, adipose tissue
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