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Peztome. lMpouecc ctapeHus npeacrasiser cobo OaHy U3 CambiX CIIOXHbIX MPobiem B Bronornn. B coTHAX HayuyHO-MCCNefoBaTeNbCKUX UH-
CTUTYTOB BO BCEM MUpe BeAyTCS UCC/Ief0BaHNS CTapeHMs, NPOTEKAIOLLErO Ha Pa3fIMyHbIX YPOBHSX CTPYKTYPHOWN OpraHmn3aumm XXMBOM MaTtepun.
OnybankoBaHbl pesynbTaTbl MHOTUX ThbicaY PaboT no usyyeHuto atoro ssnexus. MNpegnoxero bonee 300 Teopuit, NbITAOLWLMXCH OOBACHUTH
NPUYMHBI cTapeHus. [pn 3TOM BaXXHO OTMETUTb, YTO NPaKTUYECKM BCE TEOPUM CBA3bIBAIOT CTapPEHMNE C HAKOMJIEHNEM B OPraHM3Me HeraTuBHbIX
M3MeHeHU B Monekynax, kneTtkax. CkiafbiBaeTcs BriedaTiieHne, YTO YenoBek (Man 0cobb Apyroro B1Aa) XUBET AN TOro, YTOBbI BHECTU Hera-
TUBHbIE U3MEHEHWS B CTRYKTYPY XMBON MaTepuun. OfHaKko 370 MpOTUBOPEUUT ToMy bakTy, YTO NMOBPEXAEHUS Y OEeCTPYKTUBHbIE U3MEHEHUS He
MOryT obecneynTb MPOorpecc B 3BOJIIOLMOHHOM Pa3BUTUM XU3HW. B cTaTbe chenaHa monbiTka HaWTW MPUYMHY 3TOTO NMPOTUBOPEYNs. ABTOP Bbl-
ZABUraeT NnosioXeHne o ABONCTBEHHON QYHKUMUM MpoLecca CTapeHus B PasBUTUM XUBOW MaTepumn: C OLHOW CTOPOHbI, CTapeHne Bbi3biBaeT ae-
rpafaumio opraHuama Kak CUCTeMsbl, C ApYron, - obecneynsBaeT CTPYKTYpHOE COBEPLUEHCTBOBaHWE ero TKaHel Ha MOJeKyIspHOM ypoBHe. To
€CTb CTapeHne, Kak OCHOBHOW MEXaHW3M 3BOJIOLMW, HaNpPaBieHO He Ha COXPaHeHNe OpraHM3ma Kak CUCTEMbI, @ Ha COXPaHEHMe ero OTAEbH biX
2neMeHToB (MHPOPMaLMOHHbLIX BIOKOB), NPEACTAaBNAIOWMNX MHTEPEC AJ1S MOCTPOEHUN HOBbLIX CTPYKTYP XMBOW MaTepuu B uenom. M3 aTmx uH-
bopMaLMOoHHbIX B10KOB GOPMUPYETCS IBOMOLMOHHAS IECTHULA, MO KOTOPOW XMBas MaTepus NOAHMMAETCA Ha bosiee BbICOKMIA ypOBEHb CBOE-
ro passutus. CTapeHve - He pacnag 1 He NOBPeXAeHWe, a MexaHVW3M nepeBoAa OfHON CTPYKTYpPbl XMBOW TKaHU B APYryto - bosee coBepLueH-
HYIO, C COXpaHeHneM eé B BUAe NnoTeHumansHom $asbl 4S8 UCNOb30BaHUA HOBbIMU KJIETOYHBIMM MOKOMEHUAMM TOFO Xe OpraHn3Ma wimn apy-
MUK OpraHn3Mamu.

KnioueBble cnosa: crapeHune [D000375]; asontoumsa [DO05075]; Guonorus craperus [D001695]; monekynapHble mexannamsl [DO08958]; cTpyk-
TypHas opraHusaumns [D002477]; xueas matepus [D049109]; knetouHoe ctapeHune [D016922]; ssontoumoHHoe passutne [D019143].
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Abstract. The aging process is one of the most complex problems in biology. Hundreds of research institutes around the world are studying
aging at various levels of the structural organization of living matter. The results of many thousands of studies on this phenomenon have been
published. More than 300 theories have been proposed that attempt to explain the causes of aging. It is important to note that almost all theo-
ries associate aging with the accumulation of negative changes in molecules and cells in the body. It seems that a person (or an individual of
another biological species) lives in order to make negative changes in the structure of living matter. However, this contradicts the fact that dam-
age and destructive changes cannot ensure progress in the evolutionary development of life. The article attempts to find the cause of this con-
tradiction. The author puts forward a position on the dual function of the aging process in the development of living matter: on the one hand,
aging causes degradation of the organism as a system, on the other, it ensures the structural improvement of its tissues at the molecular level.
That is, aging, as the main mechanism of evolution, is aimed not at preserving the organism as a system, but at preserving its individual elements
(information blocks) that are of interest for building new structures of living matter as a whole. An evolutionary ladder is formed from these in-
formation blocks, along which living matter rises to a higher level of its development. Aging is not decay or damage, but a mechanism for trans-
ferring one structure of living tissue to another - more perfect, with its preservation in the form of a potential phase for use by new cellular gener-
ations of the same organism or other organisms.
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CocrosiHue npobnemsl

Mpobrnema cTapeHus B TedeHne BEKOB BEYET K ce-
be buonoros, megukos, punocodos, gemorpados, a B
nocnegHee Bpems W NpeAcTaBUTENer TOYHbIX Hayk -
PU3NKOB, XMMUKOB, MAaTEMaTUKOB, @ TakXe 3KOHOMMU-
CTOB, Ky/JbTypPOJSIOrOB W APYrux cneuuanmctos. Bmecte
C TeM, 0O CMX MOpP B rePOHTONIOMMN He CyLLecTByeT 0b-
Lienpu3HaHHOW Teopun cTapeHuns. HecmoTps Ha ouve-
BUOHOCTb U3MEHEHUI OpraHu3Ma npu CTapeHnun, camo
NMOHATUE «CTapeHne» OCTaéTca pasmbiTbiM. [MpuynHa
TAKOro MOJIOXEHWS COCTOUT B TOM, YTO >XWU3Hb NMpepn-
cTaBngeT cobON CAOXHYID CUCTEMY, COCTOALLYID W3
MHOXECTBa B3aMMOAENCTBYIOLLUX DJIEMEHTOB C KOHTY-
pamu obpaTHOW CBA3M, MepapXMYecKon CTPYKTYpPOWN,
HEeNIMHENHOW [OUVHAMUKOW W 3MEPOXEHTHbIMU CBOW-
ctBamu [1]. Bce a3t guHamumnyeckmne snemMeHTbl XU3HU
obbeAnHeHbl MNPUHUMMNOM camoopraHusaumn. [loka
3TOT BESIMKUWA MMMaHEHTHbIN NPUHLMN ocTaétcs rnybo-
vyanwen 3aragkon [2]. CornacHo COBpeMEHHbIM Hayu-
HbIM MpencTaBieHUAM CaMOOPraHU3aLmsa NexnT B OC-
HOBE 3BOJIOLMNOHHOIO Pa3BUTUS XXMBOW MaTepUn - BCe
XuBble cyliectsa obpetatoT dopmbl U byHKLMN B pe-
3ynbTaTe camoopraHusaumu [3]. Buonorunyeckas camo-
opraHusauusi HanpaBnseTcs W 3aKkpennseTcs ecTe-
CTBEHHbIM OTOOPOM, B XOLE KOTOPOro MPOWCXOAUT
coxpaHeHue Hambonee yCTOMUYMBBLIX, MOKUX MOLYSb-
HbIX CUCTEM, CMOCODHbIX K AanbHenwen agantaumu [4].

WN. TpuroxumH nokasan BO3MOXHOCTb BO3HWKHOBE-
HUSA B CAMOOPTaHM3YOLNXCA CUCTEMAX HOBbIX CBOWCTB
N nopsiika — AUCCUMAATUBHBIX CTPYKTYP, KOTOpble CTa-
BUnM3npyoTCa 3a CYET 3HEepProobMeHa € OKpyxKatoLLen
cpenom [5, 6]. CamoopraHusaLums co3naét amepaXKeHT-
HOCTb - AB/IeHNEe, KOrga B CUCTEME BO3HMKAOT HOBblE
CBOWCTBa WM HOBOE MOBEAEHME, KOTOPblE HE UMEIDT
eé oTgenbHble KomnoHeHTol [7, 8]. Ponb crtapeHus B
npouecce 3BOJIIOLMOHHON CaMOOpraHmM3aLmMm coctonT
B TOM, 4TO OHa obecnedymBaeT COXpaHeHue 3smep-
O>XEHTHbIX CBOWCTB, BO3HMKAIOLLMX B MPOLECcCe Xn3He-
LesTeNnbHOCTN opraHmMsma.

B3avMooTHOLEHNS yenoBeka C MWKPOMUPOM, XKU-
BOTHbIM W PacTUTESIbHBIM MUPaMu - 3TO bparMeHT efu-
HOrO COrnacoBaHHOIO MHGOPMAaLMOHHO-aHATUTNYECKOTO
BuochepHoro npouecca. Yenosek nNUTaeTCs >KUBOW
MaTepuen - CTPOUT CBOW TKaHW U3 CTPYKTYP, CO3OaHHbIX
pasnuyHbIMK BronornyeckuMm Bugamu. HYenosek xnBer
B OpraHW4yeckoM TyMaHe - MOJIEKYNIIPHOM, KIIETOYHOM,
BUPYCHOM U MpPOYEM OKPYXeHUW, GOPMUPYEMOM W
BOpacbiBaeMom B Buochepy pasnnyHbIMU OpraHu3Ma-
MU. Bcé 310 4yepes nuwieBon, BOAHLIN M BO3AYLUHbLIN
KpYroBopOT nonafaeT B OPraHM3M YenoBeka W nepepa-
DaTbiBaeTcs: M3BneKaeTcs CTPYKTypHas UHpopmaums,
KOTOpas accUMUIMpPYeTcs B ero TkaHsax, obecneumsas
ero HenpepbiBHOe passuTne [?]. Mpouecc ctapeHus B
3TOM pPa3BUTUU 3aHUMaeT Befyllee MecTO, OXBaTblBas
MHOroyncrneHHble BuomexaHusmbl, obecrneuymsaloLme
pasHoobpasne ero NposBIeHun.

HayuHble nogxopb! K usyueHuto npobnembl ctapeHus

NcTopuueckn crnoxunoch Tak, YTO B Hayke Bcerpga
CyLLecTBOBanu ABe TeHAEHUUU - pedyKUMOHMU3M («mno-
HATb BCE Bonblue O BCE MEHbLUEM») U XONU3M («yBu-
neTb Oornble, npeHebperas MeHbwum»). CeropHs
npoucxoamut runepTpoduposBaHHoe npeobnagaHue
NepBOM TEHOEHLUMN, NOL KOTOPY noanafaeT n nsyye-
HUe npobnemsbl ctaperna. OQHAKO HYXHO Yy4MTbIBATD,
4YTO Mbl MPOCTO HE B COCTOSIHUM MOHSATb CUCTEMY Ha
ypoOBHe aHanu3a Tosibko eé komnoHeHToB [10]. Tem He
MeHee, BCe CyLLeCTBYIOLIME TUMOTE3bl CTAPEHUs Mo-
CTpPOEeHbl Ha MOoHOdaKTOpPHOM aHanuse. Tak, V. MeuHn-
KOB MPWYUHY CTapeHus BUOEN B SHOOTE€HHOW MHTOKCK-
kauwnu, J1. Cunapph - B paguauMoHHbIX NMOBPEXAEHUSX
xpomocom, A. boromonelL, - B HapyLleHNAX COoenuHU-
TenbHon Tkanu, @. CanHekc - B owmnbkax AHK, [. Xap-
MaH - B MOBPEXAEeHUN TKaHel cBObOAHbIMU paguka-
namu, J1. Opren - B cMHTe3e aHOMaslbHbIX BEnKoB.

MNopobHO 3TUM NoNyIAPHLIM TEOPUSM U BCE Apyrue
CBSI3bIBAlOT CTapeHWe C HaKOoMJIEHMEM B OpraHuaMe
HeraTMBHbIX U3MEHEHWI B MoJiekysax, kneTkax. Ckna-
LbIBaeTCs BrievyaT/ieHne, 4To YenoBek (Mnm ocobb apy-
roro BUAa) XuWBET AN TOro, YToDbl BHECTN HEraTUBHbIE
M3MEHEHUs B CTPYKTYpPY Xnson matepun. OgHako 3To
npoTMBOpPeYnT ToMy ¢GakTy, 4To NOBPEXAeHWUs U Ae-
CTPYKTMBHbIE W3MEHEHUs He MoryT obecneuntb npo-
rpecc B 3BOJIIOLMOHHOM PasBUTUN XXUHN.

Mo yTBEepXAeHWIo HEeKOTOPbIX aBTOPOB, 3BOJIOLM-
OHHasa rmnoTesa paccMaTpUBaeT CTapeHMe Kak OAMH N3
MEXaHW3MOB, yAansioLmnx n3 nonynsaumm ocobu, ytpa-
TMBLWKE cnocobHocTb K pasmHoxeHuo [11]. OgHako,
BO-NepBbIX, BCE 0COBU yNayT 13 NONyAsaLMM B CBA3M CO
CMepTbio, BO-BTOPbIX, 0CObW, yTpatusluMe Crocob-
HOCTb K PasMHOXEHUID, MPOLOSXAT ANNTESbHOE
BpemMs ocTaBaTbCcs B coctaBe nonyasuumn. [lo-
BMAMMOMY, B 3TOM €CTb OMNpefesiéHHbINA 3BOIOLMOH-
HbIA CMbICIT.

CnepyeT oTMeTUTb, YTO NMepeyvuclieHHble U gpyrue
TEOPUM N TUNOTE3bl MbITAOTCA ONpPenennTb YHUBEpP-
canbHbln dakTop crapenus. B kayectese Takmx dakTo-
pOB OblIM MPEANoXeHbl: MUTOXOHAPMWabHas AWc-
byHKLMSA, OKNCANTENBHBIN CTPece, CTapyeckoe BocCMa-
JIeHVe, HapyLlleHne MeXKIeTOYHOM KOMMYHUKauuu,
HeCcTabuNbHOCTb reHOMa, UCTOLLEeHNe TesloMep, Hapy-
leHWe MpoTeoCTasa, 3MUreHeTUYeckMe W3MEHEHMUS,
MCTOLLLEHME CTBOJIOBbIX KJIETOK U Apyrue npuymnHbl [12].
BesycnosHo, BecbMa 3aMaHYMMO HaMTWU MPUYMHY CTa-
peHus B KakoM-1nbo ogHom dakTope, Torga 6o Obl
fierye HamTV CPeACcTBO, pafnKkalbHO MeHsoLLee CPOKN
M KavyecTBO XMU3HW opraHuama. Ho, yBbl, npouecc cTa-
peHus BkoYaeT B cebs BCE MHOTOUYUCIIEHHbIE COCTaB-
naowme (pusnyeckne, xmmuyeckme, buonoruyeckue,
coumanbHblie), obecneuymnsaolwme OMHAMUKY Pa3BUTUSA

opraHusma.
BonblwnHcTBO wnccnepnoBaTenen penaT npouecc
CTapeHuss Ha [Ba OCHOBHbIX BapuaHTa: CTapeHue
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PepakunoHHada ctatba

HacnedCTBEHHO 3anMporpaMMMPOBaHO U CTapeHue Bbli-
3blBaeTCs BHeWHWMKU npuynHamu [13-15]. OpgHako B
TakoM [AefleHUW 3anoxeHa owunbka, Tak Kak Hefb3s
paccmaTpuBaTh 3TW ABe 6a3oBble NMPUYMHBI CTapeHUs
nsonunposaHHO Apyr oT apyra. B npouecce xu3sHun op-
raHM3Ma OHU MOCTOSIHHO [EeNCTBYIOT BMeCTe, U TOJIbKO
X KOMBUHauMs onpepenseT xapakrep crapeHus wu
NPOAOIIKUTENBHOCTb XWU3HU. [lpuHUMNManbHas BO3-
MOXHOCTb MyTauun B [HK knetkn 3anoxeHa B eé
byHKUMOHANBHOW MNporpaMMe, HO KOHKPETHbIN BUA,
MyTaLumn onpefensaeTcs MyTareHoMm - BHELHUM Buoso-
FMYECKNUM, XUMNYECKUM U Gusmdeckum GpakTopom.

Jenatotca nonbITKn HaUTK reHsl, obecneunsaowme
NPOLAOIIKUTENIBHOCTb CPOKa XW3HW opraHnsma [16]. Ho
pasBe eCcTb KakoW-nmbo reH, KOTOPbIA He BAMSeT Ha
NPOAOIIKUTENBHOCTb XU3HW opraHmsma? Ecnn takume
NPeAnosIoXEeHMs BO3HMKAIOT, TO 3TO CKOpee pesynbTaT
[aNleKo HEeMoJIHOro M3ydeHus GyHKUMIA BCEro reHeTw-
yeckoro annapaTa. BnusHue reHetnyeckmx dakTopos
Ha NPOLOJIKUTENIBHOCTb >W3HU OpraHM3Ma MOXHO
paccMaTpuBaTh TOJSIbKO KakK CUCTEMHYIO YHKLMIO re-
HOMa B LieJIOM.

MoabirpbiBass HECOLITOYHBIM, HO CTPaCTHbIM MeuTa-
HWSM Ntofel 0 BEYHON MOJIOAOCTU, B HacTosLLee Bpe-
Msi MPOAOJIXKAIOTCA WUCCE[OBaHUS MO OMOJIOXEHWIO
reHoMa W 3amMefJieHuto npoueccos ctapeHus [17]. Vc-
TOPUSA MOMCKa UCTOYHUKA BEYHOW MOSOAOCTU HaunHa-
eTCsl C He3anaMsTHbIX BPEMEH, O YEM CBULETENbCTBYET
Hacnepue, focCTaBlleecs HaM OT OTLOB aHTUYHOW Me-
AVLUMHBI, CPefHEBEKOBbIX aNXUMUKOB, 3KCMEepPUMEHTa-
TopoB Hosoro Bpemenn [18]. ¥BbI, ThiciuenetHue no-
NCKW CPEACTB OMOJIOXEHUS MoKa He fanu gaxe obHa-
AEXMBAIOLLMX Pe3ySbTaToB.

CoBeplleHHO wuHadye npobnema crapeHus npea-
CTaBJISETCA NMPW Nepexofe OT PedyKUMOHHOro aHaan3a
K cuctemHomy. CucTemHbIn nogxon K npobneme cra-
PEeHNs MOXeT ObiTb OCYLLECTBNEH C MNO3ULUIA NHTEepPaK-
TOMUKM, KOTOPas 3aHUMaeTCs M3yYeHVeM B3auMopeil-
CTBUN Mexay befikamun v ApyrumMu MonekynamMm BHyTpU
KNEeTKN, MexXay opraHnsMamu, Mexgy brnonormyeckmmm
cMcTeMamMn U UX OKpyXeHueM. ITO MO3BOMSET pac-
cmaTtpuBaTb brocuctemy B uenom [19-21]. UHtepakTo-
MMKa MoKasblBaeT, YTO TOJIbKO BECb KOMMJIEKC yHace-
LOBaHHOW W NpUobpeTéHHON MHPOpPMaLMK, cocpeno-
TOYEHHOWN B OpraHu3me, pellaeT BOMPOC O BO3MOXHO-
CTV Pa3BUTUS BCEX CJIOXHbIX, BbICOKOAMHAMUYHbIX
CNAeTEHUN BO3PACTHbIX U3MEHEHWIN B TEYEeHWe BCEro
nepvopa CyllecTBOBaHUs opraHunsmMa. VIMeHHo uHTep-
akTomMuka, GopMUpYys SIOTUCTUKY PasBUTUS  KMBOW
npupoabl, NomMoraeT n3bexaTb B3aMMHOro HernoHuMa-
HWS B Hay4YHOW cpefe.

CrapeHue u natonorus

HapagHe ¢ npobnemoi cTapeHns B 3BOJIIOLUOHHOM
OBVXKEHUN XU3HW [OasIeKO He SICHOW OCTaéTcs U Mnpo-
6nema natonoruv. PazgeneHune noHATUI «300POBbE» 1

«BOne3Hb» CUNTAETCHA YCOBHbLIM, @ MEAMLMHCKAA HOP-
Ma, BKJtoYatoLas B cebsa WMPOKUIA CnexkTp 340P0BbIX U
MaToONIOrMYECKNX COCTOSHWUW, WAEeHTUYHa Ouonoruye-
ckon HopMme [22]. MaTonorunueckne bopmel cTapeHus,
Kak 1 GpU3NONOrnyeckoe CTapeHune, UrpaloT OBOSAKYIO
POJib: C OLHOW CTOPOHbI - OTArOLLAIOT XU3HeLeaTe b-
HOCTb OpraHvM3ma, a ¢ Apyron - cnocobCTByOT nosse-
HUIO cneunduyecknx CTpykTyp, obecreunsalowmx pe-
3UCTEHTHOCTb K HeraTMBHbIM dakTopam OKpyKatoLiewn
cpeabl. Ewé Jlaktanuuin B8 IV Beke oTmevan: «Bce ben-
CTBMS - 1 BCErO YeSIOBEYECTBa, U OTAEJIbHbIX JII0AEN, He
BecrnofiesHbl U BeAyT Y4eN0BEYECTBO, XOTA M OKOJIbHbIM
NyTEM, BCE K TOM Xe OOHOWN Lienu, KoTopas nocTaBfieHa
JOAAM - cOoBepLUeHCTBOBaHMo» [23].

B npouecce ectectseHHoro otbopa peakuus opra-
HU3Ma Ha MNpPoJoJKaloLleecs AeNCTBME MaTOreHHbIX
dbakTopoB nocreneHHo npuobpeTaer uenecoobpas-
HbI, aganTMBHbIN xapaktep. Hecneunduueckne dak-
TOpbI NpUcnocobneHns 3ameHstoTca creundbryeckumm
Ha OCHOBe a[eKBaTHOrO YCMOXHEHUS CTPYKTYpbl W©
byHkumn, Mo MOpBUAHON KOHUENUMU OpPraHnYecKoro
nporpecca, Oas YCIOXHEHWs BHYTPEHHEN CTPYKTYpPbl
opraHuaMa HeLOCTaTOYHO WU3MEHEeHWsl NULLb BHELLIHUX
YyCNOBWUWA CyllecTBOBaHUs (310 crnocob wanoapanTa-
LUMK), HEODXOAMMO TakXe CTOMKOE WM3MEHEHWe BHYT-
PEHHEero yCloBUs CyLLecTBOBaHus, T.e. bonesHs [24].

Hun ogunH opraHnam HukKorga He npebbiBaeT B COCTO-
SHUM YUCTO GM3NONOTMYECKOrO PAa3BUTUS, €ro XU3He-
LeATeNbHOCTb - 3TO naTodusMonorndeckoe npeobpa-
30BaHne cobcTBeHHbIX TkaHen [25]. To ecTb 3BonoLMa
BCErna BKNAAbIBaeT B CBOW «pabouyme UHCTPYMEHTbI»
(opraHnambl) B pasfinyHbiXx COOTHOLLEHUAX 1 BapuaHTax
oba KOMMOHEHTa pPasBUTUA XUBOW mMaTepun - GU3no-
JIOTUYECKNI N NaTOSIOTMYECKNIN. DTa CBSA3b HEPA3PbIBHO
CyLLeCcTByeT Ha MPOTAXEHUU BCEN UCTOPUN Pa3BUTUS
XU3HM U COXPaHAETCH Kak OOMH M3 BasoBbIX MPUHLM-
noB nNpeobpaszoBaHus CTPYKTYpbl X1BOWM MaTepuu. Ma-
TONOrNst - OCODbLIN, OTANYHBLIA OT PU3MOSOTMYECKOTO
cnocob cbopa buonornyeckon nHbopmaumm. Moneky-
nbl B nepuog bonesHu opraHusma, nepexons ¢usmo-
JIOrMYecKn [ONyCTUMble rpaHuubl KoHdbopmaumm, ob-
pasyloT HecTaHfapTHble CTPYKTypbl, KOTopble obecne-
yMBaloT emy ocobble dopmbl agantaumu (gesaganta-
uun). B 3BonouMOHHOM Mpouecce fe3afjanTauusa ur-
paeT He MeHee BaxHylo posib, yeM dusmonornyeckas
ajantauusa. [esapantauusa «iomaeT» npepbigylime
CUCTEMbl opraHuaMa, chopMMpoOBaHHbIE B Mpouecce
$UNO- N OHTOrEeHEeTUYECKOrO PAa3BUTUSA, CHUXAET XU3-
HeLeATeNIbHOCTb OPraHM3MOB W MO3TOMY, KakK CUIOMU-
HYyTHOEe fIBNEeHne, UMeeT oTpuLaTebHOe 3HaYeHne, HO
B 3BOJIIOLMOHHOM MjaHe OHa MMeeT rpaHAMo3Hoe Mo-
noxutensHoe 3HadveHue [26]. To ectb, BonesHb npea-
cTaBnseT cobon «HecCTaHOAPTHbIM» BEKTOP 3BOJIIOLM-
OHHOTO PasBUTKS.

CornacHo nocrtynaty Beincmana, Bce 6uonoruue-
cKre MHOMBMAbI ObbeAuHeHbl OBWKMM GeHOTUNOM U
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edNHON MporpamMMoln O ero MnocTpoeHus (reHoTwu-
nom), nepegatowmmmcs no HacnencTay [27]. Honsmabl
M BUAOBlI XNUBOW NPUPOAbI HE SIBASIOTCH CaMOCTOsTesb-
HbIMW ODbeKkTaMu 3BOJIIOLMK, a paboTaloT B eAUHCTBE
reHeTu4yeckn [EeTePMUHMPOBAHHbBIX CnocoboB Kave-
CTBEHHOro npeobpasoBaHWs M HapawmBaHus MHOOpP-
MaLUMOHHbIX apPXMBOB XUBOW MaTtepun U He MOryT cy-
LLLeCTBOBaTb BHE 3TOr0 €AMHCTBAa. 1OJIbKO TecHeuLlas
MHTerpaumst PasfinyHbiX MO CBOEWN reHeTuyeckn petep-
MUHWpPOBaHHOW crneundbuke BronorMyeckmx BULOB U
NHANBMAOB GOpPMUPYET B3aMMOLOMNOJHSIOLINME CMOCO-
Bbl aHanM3a MHOOPMALMOHHOIO COQEPXaHUS BHYT-
pPeHHeN N BHelLHeW cpefbl opraHnamos. MHTerpaums
obecneunBaeT pasBMTUE CUCTEMHOWN CTPYKTypbl BUO-
chepbl, HakonneHWe B He MOTEHUMANbHON N KUHETU-
4YeckoW 3Hepruu, 4To nNpepcrTaBnseT CyWHOCTb ToTallb-
HOrO «CTapeHus» XXMBOU MaTepumn.

Benkun kak ocCHOBHble CO3UAATENN U XpaHUTENU

comaTtuyeckon uHbopmaumm

Ha ponto Genkoe npuxogmtcs okono 50% maccel
xuson knetku. Kaxpgas agepHas knetka BolpabaTsiBaeT
monekynbl Benka, obecneumBas npoTeocTas - AMHaAMU-
yeckylo perynauuio cbanaHcMpoBaHHOrO MpoTeoma.
OpfHa YacTb co3faHHbIX BEeNKoBbIX MOMEKYS UCMOSb3y-
eTcs ANA BHYTPUKIIETOUYHbIX penapaTuBHbIX MPOLECcCcos,
Apyras yacTb (cekpeToM) - BbIBOAUTCS B OBLLYIO LMPKY-
nauuo. B knetkax yenoseka akcnpeccupyetcs CBbille
10000-13000 BrpoB pasnuuHbix benkos [28].

BenkoBas monekyna He nmeet ctatnyeckon bopmbl,
B pesyfibTate metabonmaMa 1 AelCTBUS Ha OpPraHu3m
¢bakTopoB BHELLUHEN Cpefbl OHa HAaXOAMTCA B NpoLecce
HEMPEepPbIBHLIX  KOHOPMALMOHHbIX  NPEeBpaLleHun.
Kondpopmauus (ponamHr) 6enkosbix Monekyn - ecTb
NHULMUPYIOLWMI bakTop 3BOMOLMOHHOIO npeobpaso-
BaHUs XuBoW Matepun. YTobbl noHaTb obulyo auHa-
MUKy BHONOrMyeckmMx NpoLEeccoB Ha YPOBHE MUKPO-
MUpa opraHvamMa cfiefyeTt yuymTbiBaTh, YTO obLiee yuc-
o monekyn Oenka B opraHmame uenoseka (npegno-
noxutensHo, okoso 10%) ymHOXeHHoe Ha noTeHuu-
afibHble BO3MOXHOCTM dofiavHra npefocrasnser Wu-
pPOYaNLIMIA NMOoTeHuMan gas noucka Hambonee addek-
TUBHbIX TKAHEBbIX CTPYKTYP XMBbIX OPraHM3mMOoB B Mpo-
Llecce 3BOJTIOLMOHHOTO pa3suTus [29-32].

bBenkosas Monekyna - 3TO He TOMLKO CTPOUTESbHbIN
BNOK XKM3HK, @ CIIOXHbBIN MHPOPMALMOHHBIN MEXaHN3M,
KOTOPbIN MOCTOAHHO cobupaeT nHbopmaumio, aganTu-
pyeTcsl, U3MEHSeTCa 1 nepenaét HakoMJeHHble «3Ha-
HUA» CTPYKTYpam cobCTBEHHOro opraHnsMa u buocde-
pe, obecrneunBas HENPEPLIBHOCTb XU3HU B €€ MHOro-
obpasun [33, 34]. CtabunbHble UK BpeMeHHble Den-
KOBO-6eMKOoBble B3aMMOAENCTBUS GOPMUPYIOT OCHOBY
PerynsaumMm U KOHTPOMS BHYTPU KJIETKM MOCPELCTBOM
nepefayn BHYTPEHHUX N BHelWHWX curHanos [35]. ben-
KW, WX accoumaumm u arperaumm Heobxopumbl Ons
MHOTUX MPOLECCOB, KOTOPbIE NMPaOT OCHOBHYIO POJIb B

Pa3NMyHbIX DMONOTNYECKUX ABIEHUSAX, OT MEXK/eTOu-
HOW nepepayn curHanoB [0 pa3BuTus 3abonesa-
Hui [36-38]. ObpasHo rosops, benkosbie MoEKysbl -
3TO CTPYHbI, Ha KOTOPbIX UCMOJIHAETCS OCHOBHasi Meno-
LM KN3HU.

Ocoboro BHUMaHWS Npu aHaan3e MexaHW3MoB CTa-
peHus 3aciyXuBaeT naTepuyHas cTpyktypa benka. Oxa
SBAAETCA NATbIM YPOBHEM CJIOXHOCTM Genka B fonos-
HeHWe K NepPBUYHOWN, BTOPUYHON, TPETUYHOM N YeTBep-
TnyHon cTpyktypam [39-41]. Ona BbINOSAHEHUs CBOMUX
byHKuMIA Benkam YacTto TpebyeTcs HalTU KOHKPETHbIN
aHasor, C KOTOPbIM (4119 apxnBMpoBaHus MHbopMaL )
OHW ByayT CBA3LIBATLCA B TEYEHUE OTHOCUTENBHO AN-
TeNbHOro BpeMeHu. B oyeHb NnepenosHeHHOM LUTO30-
fie, B KOTOPOM Benku yyacTBytoT B OBLUIMPHON M COX-
HOW CeTn NMPUTArMBaIOLLMX U OTTaSIKMBAOLLMX B3aNMO-
OeNCTBUN, TaKOW NMOUCK CTaHOBUTCH CJIOXHOW 3agaden,
MOTOMY 4TO OH BKJ/ItOYAET BbIODOPKY OrPOMHOro Mpo-
CTPaHCTBa BO3MOXHbIX MapTHEPOB, U3 KOTOPbLIX OYEHb
HeMHorne ByayT NnpoAyKTuBHbIMKU. PelueHne aTon npo-
Gnembl Tpebyet, uTOOLI DenkuM TPaTUIM Kak MOXHO
MeHblle BPEMEHW Ha KaXOylo BCTPeYy, 4TODbl OHWU
MOrnW uccnepoBaTtbh Donbluee KOMMYEeCTBO NMOBEPXHO-
CTell, O[HOBPEMEHHO fenas 3TO B3aUMOAENCTBMUE Kak
MOXHO 0ofiee MHTUMHBIM, MO3TOMY, €C/IM OHU AeW-
CTBUTENbHO CTaJIKMBAOTCS C MPaBUIIbHLIM NapPTHEPOM,
OHW BCTYNatoT B NMPOYHbIA KOHTaKT. B aTom cMmbicne ns-
TepuyHas CTPyKTypa sBASeTCs pe3y/ibTaToM pspa
apanTaumii, NPUCYTCTBYIOLLMX Ha MOBEPXHOCTU Beskos,
KOTOpble MO3BOAIOT Henkam OpUEeHTUPOBATLCS B CIIOX-
HOWM KyieTo4YHoW cpefe [42]. MoXHO NpefnonoXnTb, YTo
B MpoLecce CTapeHus Mosiekyna B utore cbopa nHdop-
MaLn BbIXOAUT Ha NATbIN 3Tan GONAUHra - CBEPTbIBAET-
Csl B apPXMBHbIN KOKOH (KOHLEHTpaT OCHOBHOW MHOpP-
Mauumn) - UTOT XU3HEeLEeATeNbHOCTM MoJsiekynbl. B ko-
HeuyHoU dase MoJsiekyna MOXeT BbiTb MeTabonmanpo-
BaHa COOCTBEHHbIM OpraHM3MoM wunv BbBpolleHa B
Buochepy B BUOE «MHPOPMALNOHHOTO KBaHTa», KOTO-
pbIA MCMOb3yeTCs APYruMmn opraHnamamu. MonobHeie
npeobpa3oBaHns DesikOBbIX MOJIEKYs, BXOOALMX B
CTPYKTYPY KIEeTKW, MO Mepe VX HaKOoMJeHWs onpepe-
NS0T CTapeHme KNeTKU.

Hosyto cTpykTypHyto nHPopmaLmio cekpeToM beska
nepepaéT reHoMy CoOMaTUYeCKUX KJIETOK, rAe peLuaeTcs
BOMPOC O €€ COXPaHeHUN Ha reHeTUYEeCKOM YpPOBHE U
nepenaye foyepHUM kneTkam [43-45].

Takum 06pazom, kosoccanbHbli 06bEM paboTsl, KO-
TOPbLIN BbINOMHAET GenkoBas MoOnekyna Ha MpoTaxe-
HWUW CBOEW XWN3HU, C TPYAOM MNOAAAETCH BOODPaXeHUIo.
Ho aTa pabota un asnsetcs ocHosow asontoumm. Ceow-
CTBO 0ESIKOBOW MOMEKYMbl WCKIOUNTENBHO ObICTPO
MeHSATb CTPYKTYpHYyt0 dopMy nocpeacTBOM pacnaga
OAHUX XMMMUYECKMX CBSA3EW N MOCTPOEHWUS APYrnx B
OTBET Ha U3MEHEHWNE XMMNYECKOrO COCTaBa OKPYXXEHMS
MO3BOMIAET €N «MPOCUYUTLIBATbY ThICAYM ThICAY Pa3iny-
HbIX CTPYKTYPHbIX BapWaHTOB M BbiOMpaTh cambie 3d-
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PepakunoHHada ctatba

bekTuBHbIE AN NOCTPOEHUs Hanbonee coBepLUEHHbIX
bopm xunson maTtepumn. OTobpaHHbIe BapuaHTbl obec-
NeYynBaloTCs MPOYHBIMU XMMUYECKMMU CBA3AMWU WU 3a-
K1a4blBalOTCH B «apPXMBHbIE DAOKM» CTRYKTYPbl OpraHu-
yeckunx Mosiekys. MNpu 3anofHeHNN «apXUBOB» MOJIEKY-
na yTtpauvBaeT cBoW byHKUMOHaNbHbIE (aHanuTUye-
CKMe) BO3MOXHOCTU, MpeKpallaeTcs npoLuecc eé KoH-
bopmaumm, HaumHaeTcs eé pasnoxerue. OgHako Bo-
Ku (onmronenTuabl) 1 aMUHOKMUCIOTbI PacnafatoLmxcs
BenKoBbIX MOJieKysl COXpaHsatoT cneumbuyeckne cTpyk-
Typbl, CO34aHHbIE OPraHW3MOM, KOTOpble MNepeaatoT
COOTBETCTBYOWYO UHPOpMaLNo  GOPMUPYIOLLMMCS
HOBbIM MOJIEKY/IaM BHYTPM OPraHuama uam, npu ux
BbIxOoZ4e B Buocdepy, Mosekynam pyrux OpraHvu3mMos.
Taknm 0bpa3oMm, MpouLecc CTapeHus - He BO3PacTHas
Lerpafaums OpraHusMa, a «CBEPTbIBAHWME B KOKOH»
nHpopMaunn, COBPaHHON UM B TEUEHUNE XKUSHU.

MpeobpasoBaHus reHoma

B npoLiecce CTapeHus opraHnsma

CyuwiecTsytoulas knaccudukaums tunos drosornye-
CKOM WN3MEHYMBOCTM COLEPXMT MHOXECTBO MPOTUBO-
peunit, YTO 3a4acTyto CIYXKUT UCTOYHWKOM B3aWMHOIMO
HemnoHWMaHusa mexay 6uonoramu. Jo cux nop Het ob-
LWENPUHATOrO onpeaesieHns MyTauuu, KoTopoe oTae-
nano Obl €€ OT Apyrux TUNoB MameHunsoctn [46-49].
B ToM uucne anureHetTMyeckne U3MeEHEHUs TakXe He
MMeloT 4YETKOro OnpefesieHns, MX 4acTo OTHOCAT K
npoueccam, BAN3KUM K MyTaumsaM, UCMONb3yeTcs Tep-
MUH «anumyTauuny» [50]. Bo nsbexanne atux npotuso-
peunit BO3MOXHO ByneTt uenecoobpasHbiM OTHOCUTL K
MyTaumsm BCe M3MeHeHWs B nHdopmaumu, sawmndpo-
BaHHOM B cTpykType OHK [51].

MosTanHoe pa3BuTUE opraHusMa (3urota, sSM6pPUOH,
nS04, HOBOPOXIEHHbIN, 3Tarnbl MOJSIOLOCTH, 3PESIoCTy,
MOXWIOro M CTapyYecKkoro Bo3pacTa) NPOXOAMT «Luara-
Mu» MyTaummn reHoma v pongunra benkos [52, 53]. Mo-
MUMO reHeTuyeckon nHdopmMaunn, nepesaoLLencs 13
NOKOJIEHMS B NOKONIEHNE, KaXAblh OpraHn3am poxaaeT-
cs C HeDOJIbLUMM KOSMIMYECTBOM HOBbIX F€HETUYECKMX
n3MeHeHun (Mytaumii de novo), KOTOpble MPOU3OLLIIN
nmbo Bo Bpems dopMupoBaHus ramer, nMbO Ha
nocT3uroTMyeckoM stane. B panbHenwem passutun
opraHvama HOBble MyTaLMM MPOLOJIXKAOT BO3HMKATL Ha
NPOTSXEHUN BCEW MOCTHaTasIbHOM W B3POCSION XM3HM
Kak B COMaTM4YECKWX, Tak M B MONOBbIX KneTkax [54].
C kaxpablM BO3PACTHbIM 3Tarom OpraHn3Ma ero reHom
n Benkn comaTMyeckmx knetok cobupatoT nHdpopma-
LMIO, MOCTYNAOLLYIO OT BHELUHUX W BHYTPEHHWUX CUMHa-
NnoB, NpeobpasytoT eé 1 co3[atoT CTPYKTYPHbIE apXMBbI
B TKaHAX OpraHu3Ma. DTW apXmBbl 3aHWMalOT COOTBET-
cTBylOLME OOBEMBI B CTPYKTYpPE KJIETOK, YeM CHUXKaIOT
nx GYHKLMOHANbHYIO aKTMBHOCTb, Y4TO B LESIOM Bblpa-
KaeTcs B UX CTapeHuu.

CuctemaTnyeckoe nccrefoBaHne, NnpoBegéHHoe Ha
pasHbIX BUOAX MIEKOMUTAIOLLNX, MOKa3aso, YTo YacToTa
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CcoMaTUYECKMX MyTaLUWU SBASETCS OCHOBHbIM GakTopoM
ctapenuns [55]. MNpu 3ToM nonyyeHHble OObBEKTUBHbIE
pesynbTaTbl WCCNEfOBaHUS BO3PACTHbIX W3MEHEHWN
OHK TpakTytoTcs Tonbko Kak nospexpeHus [56-60].
B 1o e Bpems npu aHanuse ponu MyTaumii B npouecce
CTapeHus crefyeT y4yuTblBaTb, HTO BO MHOIMMX Cly4asx
Tak HasbiBaeMoe nospexgeHve [OHK camo no cebe He
BAUAET Ha GYHKLMOHANBHOCTL M PaboToCnocoBHOCTb
knetkn [61]. Bonee Toro, kak oTmeuatoT HeEKOTOpble
nccrefoBaTeny, HapyLleHUa reHeTMYeckoro annapara
KNeTKn B npoLlecce CTapeHus MOryT NpuBecTn K akTu-
BM3aUUM FEHOB «MOJIYaBLUMX» BCHO XWU3Hb [62]. Bes-
YCNOBHO, Takne U3MEHeHWsl Hefb3s OTHOCUTL K pasps-
4y nospexgeHun. iHtepeceH n ToT ¢pakT, 4YTO MyTaumm,
CYMTaBLUMECS paHee HEeHYXHbIMU, MOryT CTaTb MoJies-
HbIMW U MOBbLICUTb MPOLEHT BbIXXMBAEMOCTU AAHHOTO
opraHusma u ero notomkos [63].

K HenocpeOcTBeHHbIM MPUYMHAM  MOBPEXOEHUS
OHK oTHOCAT wenbin cnekTp BuoxmmMmyeckmx npespa-
LeHU: Ae3aMUHUpPOBaHMe aMnHokmcaoT [64], rnvku-
poBaHue 0Oenkos [65], ykopoueHune Tenomep [66] wu
MHormne gpyrve npudnHel. Haunnas ¢ J1. Oprena [67], B
nocreayloleM NpakTUYeCckn BCe COBPEMEHHbIE uccne-
[OBaTeNM CuYMTaloT, YTO MpPW CTapeHuu HapacTaeT
HakonneHve nospexaeHun OHK [68, 69], yto nocne
KaXOoro AeneHus KIeTKn MPOUCXOOUT Aerpapauus
reHeTmyeckon nHGoOpMaLmMn, CofepKalLencs B Xpomo-
come [70, 71]. CornacHo Teopumn owmnbok, BO3pacTHbIe
myTtaummn B JHK knetkn BnekyT 3a coboint cuHtes name-
HéHHbIX PHK, a 3TO, B cBOIO OYepenb, NpUBOOUT K CUH-
Tesy W3MeHEHHbIXx GenkoB. MameHéHHbie Benku wH-
LYLUMPYIOT CUHTE3 «HEMpPaBuIibHbIX» PUBOHYKIIENHOBBIX
KMCMOT - BO3HMKAET MOPOUHbIN KPYT.

OpfHako Bce 3TV U ApyrMe MHOTOYUCIIEHHblE Mexa-
HM3MBbI, Y4acTBYyIOLLME B BO3PACTHbIX MPeobpazoBaHmnax
TKaHEBbIX CTPYKTYp, C BOJbLIe BEPOSTHOCTBIO MOTYT
pacLeHnBaTbCa Kak NpuUcnocobuTesibHblie MexXaHW3Mmsl,
Hexenu Kak HeratusHble dakTopsl. [oyemy Bce myTa-
UMW OOJIKHbI  PacCcMaTpMBaThLCs Kak MOBPEXAEHUS,
Bbi3blBatOLWMe HapylweHus dyHkunn knetkn? Bpepo-
HocHas OHK - npu dusnonornyeckom passutum npo-
uecca crapeHus? Het, ato He BpepoHocHas [OHK, a
npeobpa3oBaHHble reHeTUYECKNE CTPYKTYPbI, HecyLme
B cebe HoBytlo nHdOpMaLMIO, cODpaHHYIO Ha NPOTsXe-
HUW X XM3HEHHOTO LMKJIIa.

AnureHeTuyeckne mogudurkaumm

Npw cTapeHumn KneTok

HepasHne wnccnemoBaHWa Mnokasanu, YTO 3MuUreHe-
TUyeckme MoamMdrKaumm UrpatoT KIKYEBYIO POJib Mpwu
ctapeHun knetok [72]. Mnactnynocts OHK vactuuHo
ODyCNnoBfieHa 3MUreHeTUYECKUMU WU3MEHEHUSMM, KO-
TOpble BAMAIOT Ha paboTy KNeTkM 1 MOryT nepenasathb-
ca byoywmm nokonenuam [73]. AHK B opraHmame no-
CTOSIHHO BbIXOAMWT U3 PaBHOBECUS Mo AencTBuem Ben-
koB, manunynupytowmx OHK [74]. Bsaumopenctsus
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mexgy benkom n OHK obecneunsaet obpaTtHyto CBA3b
reHoTMnoB ¢ peHoTmnamm [75-77]. 9tn B3anmogencrems
cBupetenscTeyer ob obmeHe wuHdopmaumen Mexay
FEHeTUYECKMMWN N COMaTUYECKUMMW CTPYKTYPaMM.

MexaHW3Mbl  3MUTeHEeTUYEeCkoW  U3MEHYMBOCTU
npeacTasnstoT coboi BecbMa pPa3HOPOLHYIO rpynny
asneHnn [78]. BospacTHble anureHeTMyeckne mMameHe-
HUa BkMoYaloT MetTunuposadune OHK, mogmdukaumio
TMCTOHOB, PEMOLENNPOBaHNE XPOMaTMHa, Perynaumnio
Hekopupytowmx PHK v gpyrne mopynupytowme pnem-
cteus [79, 80]. Cpean nepeyncrieHHbIX anureHeTnye-
CKUX  GaKTOPOB 3BOJIOLMOHHOIO npeobpazoBaHus
reHoma Metunuposarue OHK asnaetca Hanbonee nsy-
4eHHbIM akToM. [peAnonoXunTensHO MeTUAMpoBaHue
OHK asnaetca cnocobom peanusaumy mexaHusma 3a-
nporpaMMMpoBaHHoro craperHus [81]. AkTuMBHOCTb
MeTunmpoaHuns JHK MoxeT nameHsTbca n perynmpo-
BaTb 3KCMPECCUIO FeHOB B 3aBWCMMOCTM OT BO3pacTa
[82]. ThobanbHbie ypoBHM meTunmposaHusa JHK nossi-
LAlOTCH B TEYEHME MepPBbIX HECKOSIbKUX JIeT XWU3HU, a
3aTeM CHMXAlOTCS, HauynHas C MO3LHEro B3pPOCIOro
BospacTa [83]. Takas OMHamMWKa aKTMBHOCTU METUIU-
POBHUS yKasblBaeT Ha GU3NONOTMYECKYD POJib 3TOro
npouecca. BaxHO OTMeETUTb, 4YTO 3nNUreHeTMyeckue
moaudukaunn obpatumsl: OHK-metuntpaHchepass,
LeMeTunasbl U CBA3aHHbIE C HUMU BeNkn AUHaMUYECKH
ocylecTensaoT gdemetunmposaHue [OHK [84, 85]. To
€CTb MOXHO MPEeAnosIoXUTb, YTO MAET NpoLecc nepe-
nposepkn un yrnybnévHon nepepabotkn cobpaHHON
KNeTKon nHdopMaLumm.

Ponb perynaTopHbix ceTen reHoB B npouecce cTa-
PEHWNS BbIMOSHAIOT 3NUrEeHETUYECKNE PEryNsTOpPbl, OT-
BevalolMe 3a peopraHu3aumio 1 ycuieHue onpepge-
JNEHHbIX CTPYKTyp xpomaTuHa [86]. B npouecce crtape-
HWS XPOMAaTUH CTaHOBUTCS MeHee akTWMBHbLIM U ynnoT-
HaeTca, ceasn Mexay OHK n benkamun xpomatunHa Tak-
Xe cTaHoBATcA Bonee npoyHbiMu [87, 88]. D1 nsme-
HEeHUs MOryT yKka3blBaTb Ha apxmBupoBaHne nHdopma-
un n  popmMupoBaHme 3almTbl MHOOPMALMOHHbBIX
CTPYKTYp OT bepMeHTaTUBHOMO paspyLleHus.

YyacTe BHEKIeTOYHBIX HYK/IeMHOBbIX KUCIIOT

B popMupoBaHumM buonornyeckom namaTu

NHubopmaumoHHoe 30HOMPOBaHME B OpraHusme,
Hapsagy ¢ 6efikamu, OCyLLEeCTBAAIOT TakXXe BHEKIeTou-
Hble (UMpKynupylowme) HyknenHosble kncnoTsl (BKHK).
OHwn npencTaBfieHbl B NaasMe KPoBW, CMMHHOMO3IOBOM
KUAKOCTW, CJIIOHE U OPYIUX XUAKUX Cpefax opraHmuamMa
[89]. BHekneTouHas JHK moxeT npoHuKaTb B KNeTku ¢
nocnegytollen nHkopnopaunen B ux reHom [90]. Mpw-
cytctBue BKHK B LMpKynMpyOWmMX XUOKOCTAX opra-
HM3Ma yKasblBaeT Ha CyllecTBOBaHMe ocoboro nyTu
nepeHoca reHetTnyeckon nHpopMaLmm Mexay Kierka-
MU PasiMYHbIX TKAHEW OpraHmama M y4acTum B uX
TpaHchopmaumm [91].
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Takum obpazom, B opraHmame ngéTt nocTosHHas akK-
TnBHasa pabota no koppekuun nameHenun AHK, otbo-
py nonesHon uHdopMauMmM n YyCTPaHEeHUO Manonep-
CNeKTUBHOW ANA AanbHeNLWero pasBuTms XUBOW mMaTe-
pun. MyTaumm GoOpMUPYIOT HOBble CTPYKTYPbl TKaHewn
opraHuama, KoTopble HecyT B cebe HoBble byHKUMM 1
onpepenstoT npefefibl 3BOJIIOLUOHHLIX TPaeKToOpUN
[92]. B pesynbrate HempepbiBHOro cbopa opraHuye-
cKUMK Monekynamu mHbopmaumu, noctynalowen ma3
BHELIHEW UMW BHYTPEHHEW cpefbl, U [OCTaBKM €€ B
rEHOM COMAaTUYECKMX KIETOK MPOUCXOAAT MyTauuu -
M3MEeHEeHWe reHoma, KoTopoe nepenaércs NoToMKam
paHHon knetku. Haumbonee 3HauuTesbHble MyTaumm
coMaTMyeckMx KNeToK B MNpouecce 3BOJOLMM MOryT
TPaHCAMPOBATLCH B FE€HOM MOJIOBbIX KIETOK W M3Me-
HATb reHodpoHA Buonorvyeckoro eupga [93]. ObpazHo
roBOPS, XW3Hb - 3TO Urpa 4acTel CUCTEMbI CO CBOUM
OKpy>xeHueM. B Takon urpe xmBas cuctema 3anomMmHa-
eT yoauHble pelueHus, NprobpeTéHHble B NpenblayLmx
payHaax, v ucnonb3yet ux ans noucka bonee cosep-
LUEHHbIX peLleHM B MOC/eAYIOLLMX payHOaxX.

Cucrema penapauum nsmerHéHHon JHK

Ocoboro TONKOBaHWA 3aCNy>XKMBAET MONIOXEHNE O
TOM, 4YTO CKOPOCTb CTapeHUsi onpenenseTcs COOTHOLLe-
HYem mexay dbakTopaMu MoBpexXAeHWs, C OOHON CTO-
pOHbI, 1 dakTopamMun penapauumn TKaHen opraHuama -
c Apyron. Y kneTok ecTb HECKOJIbKO MeXaHW3MOB BOC-
CTaHOBNEHUsT M npeoponeHna nospexgeHun OHK.
OcHoBHOM 1 Havbonee yHUBEpCanbHbIM MexaHu3m,
MCNOJIb3yEMbIN KNEeTKaMn MIeKONUTatoWmnx ons yoane-
HUS M3MEHEHHbIX OCHOBaHWM WAN HYKIEOTULOB B
OHK, nssecteH kak akcumsmoHHasa penapauusa (BER -
base excision repair). BER BkntoyaeT B ceba HECKONIbKO
bepmenToB, B TOoM uucne [OHK-raunkoswnnasbl, 3aHOO-
Hykneasbl AP, OHK-nonnmepassl, AHK-nuraser n scno-
MoraTesibHble Defiku, KOTopble MocieoBaTesibHO BO3-
LENCTBYIOT Ha OOMH W TOT X€e MOBPEXAEHHbIN y4acToK
OHK. BmecTto Toro, ytobsl 06beguHAaThCA B OOUH CTa-
BUNbHBIA MYIBTUCYDbEAMHWUYHBIA KOMMIEKS, 3TU dep-
MEHTbl NepefatT NPOMEXYTOYHble NMPOAYKTbI pernapa-
UMn Mexgy cobol BbICOKO CKOOPAMHWUPOBAHHbIM OD-
pasom [94-96]. Ecnn HapyweHnusa ctpykTypbl OHK yaa-
€TCH MCMNpaBuTb, KAETOYHbIM LUK MNpOoJoJIKaeTcs.
B npoTtnBHOM cnyvae BkJIOYaIOTCA MOJIEKYNSPHbIE Me-
XaHU3Mbl: NMbo ceHecueHuud, nubo anontos [97]. Ce-
HeCLeHTHble (cTapble) kneTku metabonmnyeckn akTus-
Hbl, HO He penatca. OHW He pearnpyloT Ha POCTOBbIE
dbakTopbl M YyCTOMYMBLI K @anOnTO3y. DTW KINETKU UMetoT
cneunduyeckyto MopdONOrnio - OHU KPYMHbIE, Yrio-
WEHHbIe, C DOMbLUNM A4POM, CUNBHO BaKyoNn3MpoBa-
Hbl: B HUX COXpaHsAeTcs MeTabosn3M, HO 3HAYUTENbHO
MeHsieTcs npodunb akcnpeccumn reros [98]. CtpykTtypa
TaKUX KIEeTOK CBUAETENIbCTBYET O MX BbICOKON MHOOP-
MaLMOHHOM HacbllweHHocTU. [lo Bcen BeposTHOCTW,
COXPaHAOWNACA MeTabosIM3M CEHECLEHTHbIX KJ1eToK
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MOJSIHOCTBIO HampasfieH Ha BHYTPEHHIO nepepaboTky
cobpaHHON MHbOPMaLMKM, YTO 3aCTaBsET CTapetoLLyto
KIETKY OTK/I04ATbCs OT BHELUHUX QYHKLMN.

Mpwn nosbiweHHoM ypoBHe nospexaeHun JHK npo-
TEOCTa3nCHbIe 3alUUTHble MeXaHW3Mbl, Hanpumep, Ta-
Kne kak aytodarus, aKTUBUMPYIOTCA U CTaHOBATCA u-
3nosiornyeckn 3HaummeiMu [99]. Ho HyXHO yuunTbIBaTS,
uTO ayTtodarus ABMAETCA BaXHbIM 3JIEMEHTOM (U3N0-
JIOMMYECKOro KMpeHca opraHusaMa W, eCTeCTBEHHO,
OHa [JOJKHa aKTUBMPOBATLCH MO Mepe MOBbILLEHNS
Konmnyectea MeTaboNMTOB B OpraHM3Me npu CTapeHuu.
AyTodarmio Takxke MOXHO OTHOCUTb HE TOJIbKO K Mexa-
HW3MaMm penapaumumn, Ho U K MexaHuamaM nepepaboTku
NHOPMALMNOHHBIX aPXMBOB U MepeBofa MOJSeKysp-
HbIX CTPYKTYp Ha 6osiee BbICOKMI GYHKLUOHANbHbIN
YPOBEHb.

BaxHocTb addekTnBHON cucTeMbl «penapauumns
OHK gna poctuxkeHns pgonronetus Bbina oTMeYeHa B
nccnefoBaHuax Ha cynepgonroxutensx (110 net) u
nonycynepgonroxutensx (105 net). C nomoupto nos-
HOre€HOMHOIO CEKBEHMPOBAHWSA U CPaBHEHUSA C MOJIO-
ObIMU NIOObMU U3 Tex e reorpapuyeckmx permoHos
aBTOpPbl CMOTJIM BbiIBUTb MOBBILEHHYIO aKTMBHOCTb
reHoB penapaumn OHK y noxunbix nopen, a Takxke
fbonee HU3KNA ypOBEHb MyTaLWN MO CPABHEHUIO C UX
mMosogbimu ceepctHukamu [100]. Mo-Bugumomy, y gon-
roxurenen nporpamma nepepaboTkn nMHGopPMaLMOH-
Hbix 6nokos OHK HaueneHna Ha Bonee ponryto u, Bos-
MOXHO, bonee kauecTBeHHY0 0b6paboTky.

flBneHne ananTo3a B NpoLecce CTapeHus

Ocoboro BHMMaHUS 3aciyxuBaeT ABfeHMe ananTo-
3a B npouecce cTapeHus. [onaratoT, 4To Hannume Bpe-
poHocHon OHK nHuumnmpyeT Kackafbl CUrHanusauum,
NPUBOAALWLMX K OCTAaHOBKE KJIE@TOYHOro UuuKja wuim
anonto3y [101]. AnonTo3 TakXe CBA3bIBAIOT C «JUMU-
ToMm Xendnuka» [102, 103]. Cnepyetr oT™MeTuTb, 4TO
arnonTo3 MMeeT CBOM JOCTATOYHO CIIOXHbIE MEXaHN3Mbl
peannsaumnm, B 4aCTHOCTM, B HUX YHaCTBYIOT CEHONTU-
Kn - HebonbluMe MOneKysbl, KOTOpble MHIMBMpYOT
Benkn aHTManonTOTUYECKUX MyTel, YTO Bbi3biBaeT 3a-
nyck anontosa [104]. [dyanuam anontosa COCTOUT B
TOM, YTO OH, C OLHOW CTOPOHbI, Bbi3biBaeT GbU3N0Norn-
yeckyto rmbesnb KNeTku, a ¢ 4PYromn, He No3BonseT ocy-
wecTensaTe €& depmeHTaTMBHOE paspylleHne. ITo
obecneunBaeT coxpaHeHue CODPaHHOW KIIETKOW WH-
¢dopmaumn. B npouecce anantosa crapetollas Knetka
caMa npeKkpallaeT CBOW XM3HEHHble npoueccsl bes
Kakmx-nmbo HeraTMBHbIX NOCNEACTBUN AN OpraHu3ma.
AnonTo3 He npocto ybupaeT M3 opraHmsMa KIeTKu,
BbINOMHUBLIME CBOU usnonormyeckme ¢GyHKLUMKN, OH
MO3BOMAET KNETKE MOJSIHOCTHIO BbIMOJIHUTL CBOK KUN3-
HEHHYIO NporpaMmy - cobpats onpeaenéHHyo nHpop-
mMaumio, obpaboTaTh €€, 3aapXMBMPOBATb MPOYHLIMU
XMMWUYECKUMUN CBA3AMU U BbiBECTM B Buochepy ans
nepemayn Opyrum opraHvusMam. Takum obpasom
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anonTo3 MOXHO paccMaTpuBaTb Kak HOPMasibHbIN
MPOLECC, He TOJIbKO UrPatOLLMI BaXKHYIO POJib B Pa3Bu-
TN OPraHn3Ma, HO 1 KakK BaxXHENLINI MexaHu3M, pery-
SIVPYIOWMIA CyLLECTBOBAHNE MOYTM BCEro XWMBOrO Ha
3emne.

Ponb BHekneTo4yHoro maTpukca

B npouecce cTapeHus

Mpu aHanuse npouecca cTapeHus HeobxoanmMo
TakKXe Y4MTbiBaTb, YTO BCIO Maccy KeToK B efUHbIN
OpraHusm obbeauHAET BHEKNIETOYHbIN MaTpukc. Ero
OCHOBOW SIBNIAETCH COeAMHUTENbHAas TKaHb, KOTOpas,
NOMUMO PYHKLMM KapKaca OpraHnM3ma, OCyLLeCcTBASeT B
OopraHname CBsA3blBaHWE Y KOMMYHUKALMIO KIETOK ApYyr
¢ gpyrom. CuntaeTcs, 4To ctoxactuyeckme HebepMeH-
TaTUBHble MoanbUKaLMM BHEKNIETOYHOro MaTpuKca
3anycKatoT KJIETOYHOE U ApYyrue BUAbl CTapeHus, BAus-
OT Ha LEe/IoCTHOCTb DapbepOB OPraHOB W Bbi3bIBAOT
¢burbposz tkaren [105]. Ectb mMHeHue, uTo B npouecce
CTapeHWst MOJIeKyfbl BHEKJIETOYHOrO MaTpuKca mMno-
BpeXZaloTca B pesysnbrate MHOrmx Monudukaumn,
BKJIKOYAsA MMKMPOBaHUeE, CLUMBAHWE U HaKOMJIEHUE, YTO
NPUBOOWT K MOBbILEHUIO XECTKOCTU MaTpukca [106].
Mpw 3ToM NpaBOMOYHa 1 Apyras BepCcus: reHeTuyeckas
nporpamMma crapeHus 3anyckaeT mopubukauum BHe-
KNIETOYHOIrO MaTPUKCa, MCNOMb3ys XECTKOCTb MaTpuKca
Kak $akTop YCTOMYMBOrO XpaHeHws cobpaHHOW WH-
bopmaumm.

3HaueHue HeKOTOpPbIX MeTabonmyecknx obpasosaHUi

B NpoLiecce cTapeHus

MHormMe Teopun CTaBAT B OCHOBY Npouecca crape-
HUS OEeNCTBME Ha TKaHW OTAEesIbHbIX PU3NKO-XUMUYe-
CKUX CTPYKTyp, obpasylowmxcs B npouecce metabo-
nusma. Tak, Hanpumep, cBobopgHOopagukasbHas Teo-
pusa, npepnoxerHHas [1. Xapmanom B 1956 r., yTBep-
XOAeT, Y4TO CTapeHue MPOMCXOOUT M3-3a HAKOMIEeHUs
NOBPEXAEHUN B KJIeTKaX, HaHeC&HHbIX CBOBOAHBLIMU
pagukanamu [107]. Sta Teopus nocnyxuna b6ason ans
OrpoMHOro kosimyectea pabot [108-110]. B to xe Bpe-
Msi PsiL MCCIe[OBaHWI OTMeYaeT UHyK posib cesoboa-
HbIX pafuKanoB B opraHusMe. B yacTHocTW, akcnepwu-
MEHTaNbHO MoKas3aHo, 4To y rpbidyHa Heterocephalus
glaber (ronbin 3emnekon), KOTOPbLIA OTAMYaETCH UC-
KOYUTENBHO BbICOKOU MPOLAOIKUTENBHOCTBIO XU3HU,
YPOBHWN aKTUBHbIX GOPM KMCIOPOLA U OKNCIINTENbHbIX
NoBpPEeXAeHUI ropa3fo Bbille, Yem y Mol (Mus mus-
culus), xwuByuwenn HamHoro Medbwe [111]. WasecTHo,
4TO aKTUBHbIE GOPMbI KUCIIOPOAA UTPAOT BaKHENLLYIO
ponb B paboTe MMMYHHOW CUCTEMbI, MEXKIETOYHOM
obweHnn n crpeccosbix peakumax [112]. MokaszaHo,
uTo cBODOAHbIE PaAMKanbl MOTYT HEe TOJSIbKO Bbi3blBaTb
MOJIEKYIAPHbIE MOBPEeXAEeHUs B KJeTkax, HO U Oew-
CTBYIOT KaK MOOYNSATOPbI GU3MOMOrMYECKNX NPOLLECCOB
[113]. MpencTaBneHHble gaHHble yKasblBalOT Ha TO, YTO
csobofHble pagukanbl HECYT GU3NOMOTMYECKYO ByHK-
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UMK, N TOJIbKO UX n3bbITOYHAA npoaykuunsa screncrsne
TON WUAW MHOM NaTONIOMNU Bbi3blBae€T HeraTuBHbIE ,u,el7|-
cTBUA.

Ponb «nonepeuHbIx CLUMBOK» B NMpoOLILecce cTapeHus

Teopust cTapeHUs oT «nonepeyHbIX CLUIMBOK» npepn-
nofaraeT, 4TO CTapeHue XMBbIX OpraHM3mMoB obycnoB-
JIeHO Cny4YarHblM 0Bpa3oBaHMEM «CLUMBaHWA» MOCTU-
KoB Mexay monekynamu benkos n JHK. KosaneHTHoe
cBsA3biBaHMe mexay benkamu n yenoykon JHK npueo-
OMT Kk obpasosanuio  JHK-6enkoBbix  «CLUMBOK»
(DPC). ABTopbl 3Ton Teopun cuntator DPC ogHumM n3
Hanbonee BpenHbix TMNOB nospexaexnin JHK, npueo-
AAwero K BAoKMpoBKe penankaumm n TPaHCKPUNLUm
OHK [114]. B TO0 e Bpemsa ecTb U Apyroe noHMmaHue
3HaYeHUs YNIOTHEHUs cTapetowmx TkaHen. [lokasaHo,
yto nospexgeHna OHK n aHporeHHble nNpopykTbl C
KapOOHUMBHBIMU YHKLUMOHANbHBIMKU FpynnaMu MoryT
obpazosbiBatb DPC B reHomHon OHK B HopmasnbHbix
dusnonormnyeckmx ycnosusax [115]. TeHeTnyeckme my-
TauMu MOTYT YyBeSIMYMBaTb WM YMEHbllaTb 3HepPruto
MeXMoneKkynspHoro ceasbiBaHus [116], yTo onpepens-
eT obpa3oBaHue «MomnepeyHbIX CLUMBOK». PasHoobpa-
3Me U KOSIMYECTBO BELLECTB, BbI3bIBAIOLLMX «CLUNBKUY B
HalleM opraHuM3Me TakK BEeNIMKO, YTO TYT yXe He crnpa-
WMBaellb, [OCTAaTOYHO S 3TOrO, YTODbI BbI3BaTh CTa-
PEeHWe, a TONbKO YAMBIAELbCS, MOYeMy CTapeHune npo-
TekaeT Tak MmegneHHo [117, 118]. Ho He meHee yauBu-
TEbHO W TO, MOYeMmy «ronepeyHbie CLINMBKU» B0osb-
LWMHCTBOM UccnefoBaTenielt BblBOAATCH M3 cdepbl
npoueccoB GU3NONOMMYECKOro CTapeHUs B LEesoMm.
YcKkopeHHbI  mpouecc obpasoBaHUs  «MOMepeyHbIX
CLUMBOK», Hanpumep npu caxapHom guabete, kapauo-
naTtofiorun u Apyrux 3abonesaHuax, MoxeT BbiTb pac-
cMoTpeH kak dpakTop agantauun [119]. He sensetcs nu
Donee BepOATHLIM MPELNOSIOXEHME TOro, 4YTO Cam
MpoLuecc cTapeHus Bbi3biBaeT obpasoBaHme «nonepey-
HbIX CLUMBOK» KakK MEXaHW3M, MOBbILLAIOLWNI 3alUTy
CcODpaHHON HOBOW FEHETMYECKOW U COMATUYECKON WNH-
dopmaumm? EcTecTBEHHO NPEAnoNoXuTb, HYTO yaep-
XaHWe apXMBHOW WHPOPMaLUN 3NEMEHTaMU KIETKM
TpebyeT ynioTHEHUs CTPYKTYpPbl MOSEKYS U MOBbIle-
HUSt MPOYHOCTN MEXMOJIEKYISPHBIX CBA3EN, 4TO W
obecneunBaloT «NonepeYHble CLUNBKU».

AyToumMMyHHOe cTapeHue

B nocnepHue rogbl BHMMaHWe nuccnefosaTenen Me-
XaHW3MOB CTapeHUs opraHu3ma npueieKkaeT Tak Hasbl-
BaemMoe ayToumMmyHHoe cTapeHune. B 2000 r. rpynnon
UTaNbSHCKNX MMMYHOJIOrOB Dblna npeasioxeHa Teopus

cTapeHus, HaseaHHasa “inflammaging” - crapueckoe
Bocnanerune [120]. CornacHo 3Toln Teopuu, cCTapeHue
SBNSETCA PEe3y/IbTaTOM XPOHUYECKOro BOCMasneHus

HW3KOro ypoBHS Be3 MpusHakoB UHeKUUnU (CTepusb-
Hoe BocnaneHue). B npouecce inflammaging mHoruve
KNeTKM, B TOM 4YUCSIE€ W KIETKU MMMYHHOW CUCTEMBbI,
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NPEeNMyLLEeCTBEHHO NMPOAYLMPYIOT NpOoBOCNanuTesNb-
Hble uMTOKUHbI [121-123]. XapakTepHo, 4To BosbLINH-
cTBO uccnegosatenen otHocat inflammaging k cyry6o
oTpuLUaTeNlbHOMY MPOLECCY, CBA3bIBAIOT 3TO COCTOAHME
C MOBbLIWEHHbIM PUCKOM PasBUTUA PasfINYHbIX BO3-
PACTHbIX MaToONOrMi, BKJOYas UHEeKuUn, cepaedHo-
cocyancTble, HempodereHepaTMBHblE U ayTOMMMYHHbIE
3abonesaHus, pak v gpyrve Buael natonoruu [124-
127]. Inflammagin onpepensaioT kak cuctemHoe npo-
BOCMNaSINUTESIbHOE COCTOSIHWNE, Bbl3BaHHOE AncbanaHcom
MeXZy MpOBOCMaNUTEsNbHbIMUA W MPOTUBOBOCMAIN-
TENbHBIMU MEeXaHW3MaMu, YTo, B CBOK ouyepedb, npu-
BOAWT K MOBbILWEHHON BblipaboTke UWUTOKMHOB. DTOT
ancbanaHc Bbi3biBaeT OJIUTENIbHOE COCTOSHME BANOTe-
KyLiero BocnasieHus 1 aaxe cuutaetcs bBruomMapkepom
yckopeHHoro ctapenus [128, 129]. MNpepnonaraetcs
Takxe, 4to inflammaging BbisbiBaeT noBpexpeHune
BHEKJIETOYHOrO MaTpukca B pesysibTaTe MHOXecTBa
mopmnburkaumii, BkIKOYaa MIMKMPOBaHWE, ClUMBaHWE
HakorneHue, 4To NpmMeBoauT Kk pubpoctaperuio [130].

OpHako BbICKasbIBaOTCA U MPOTUBOMOJIOXKHbIE MHE-
HUA. MHoruve vcenegosartenu paccmaTpusatoT
inflammaging kak apantusBHbIl  npouecc [131].
OTa Bepcusi nopkpensieHa WCCefoBaHUSAMU, MpoBe-
LEHHBIMU Ha [OJITOXUTENsAX, B XOA4E KOTOPbIX Oblio
ODHapy>eHo, YTO BbICOKMI YyPOBEHb BOCMANUTENbHbIX
buomapkepos cnocobcrteyet ponronetmio [132, 133].
Y noxwunbix nogen, 8 Tom umcne crapwe 100 net, 6bin
BbISIBJIEH BbICOKUI YPOBEHb ayTOaHTUTEN, O4HAKO BO3-
HUKHOBEHME ayTOUMMYHHbIX COCTOSHUA MPU 3TOM He
Habmoganock [134-136]. B nosib3y NO3MTUBHOIO CTaTy-
ca inflammaging ycraHoBneHo, 4To aytoaHTWUTEna sB-
NAOTCA BaXHbIM GakTOPOM nogaepxaHus romeocTasa.
B yacTHOCTW, OHW CNOCOBHbLI CBA3LIBATLCA C anonTo3-
HbIMW KJIeTKaMu, ycKopssa ux anuMmuHaguto [137, 138].
InuaeMmnonornyeckne UCCnefoBaHna He ganun OocTa-
TOYHOIO KOJINYECTBA O0Ka3aTes/IbCTB B OTHOLLUEHUU TO-
ro, NEPBUYHO JIN BOCMAJIEHME B MHMLMALMM XPOHMYE-
CKUX HEMHDEKLNOHHbIX 3aDonieBaHnii, Uan BocnaseHme
PasBMBAETCA B KayeCTBe MPOTEKTUBHOIMO OENCTBUA B
OTBET Ha OCHOBHOE natosiornyeckoe cocrosHue [139].

CrnepoBaTtenbHO, NPU IOTMYECKOM aHafn3e NMpUYUH
BO3PACTHOIO MOBbILLEHUS ayTOMMMYHHOW aKTUBHOCTU
BMOJIHE [OMYCTMMO UHTEPNPeTUpoBaTh 3TOT beHoMeH
KaK YCUJIEHHbIV afanTUBHbIN KITMPEHC, pPa3BMBatoLLMIACS
B OTBET Ha BO3pPacCTHOe yBesinyeHue B opraHusme bes-
KOB W KJIETOK, BbIMOJIHMBLUMX CBOE dpusMonorndeckoe
Ha3HayeHne, KOTopble HeobXO4MMO BbIBECTU U3 opra-
HU3Ma Wnu nepepaboTaTe ANA fabHENWEero Uchofb-
30BaHWA CaMUM opraHmMaMom. Mbl TakxKe nonaraem, 4to
inflammaging moxet BbiTb OTHeCéH k ocobomy Bugy
cucTteMHon obpaboTtkn nHdpopmaunn, cobpaHHon op-
raHM3MOM B NPOLLECCe XU3HEAEeATeIbHOCTH.
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3HauyeHMe npouecca CTapeHns B 3BOJIIOLLUOHHOM

pa3BUTUMN UHTENINIEKTA YesioBeKa

Bcé BbilensnoxeHHoe [aéT OCHOBaHWe nonaraTb,
4YTO MMEHHO 3BOJIIOLMOHHOE CTapeHWe MPUBESIO K CO-
3[aHWNIO TONIOBHOIO MO3ra 4esioBeka - HOCUTENSt MbIC-
nAwen Matepun, cnocobHon ocylecTeasTb abctparu-
POBaHHbIN aHann3 OKpYyXaloLwen cpefbl, KOAMPOBaTb
cobpaHHyto MHpopmMaLumio 1 TpaHchopMmmuposaTb €€ B
TEXHUYECKME OPYLANSA U TEXHONOMNU.

3HaunTeNlbHOE 4YUCSIO UCCNefoBaHUM B HacTosLee
BPeMsS MOCBSLLEHO MPOTEOMMUKE CTaperoLLero ronos-
Horo mo3ra [140-143]. HakonneHue noTeHUManbHO
TOKCUYHbIX BENIKOBbIX arperatos M WX pacrnpocTpaHe-
HVMe MO pasnn4YHbiM obractaM Mo3ra bein onpepene-
Hbl KaK OCHOBHble MPUYKNHbI cTapeHus. CuntaeTcs, 4To B
cTapeloleM Mo3re CogepXutcs Bosblloe KOMMYeCcTBO
MHOTMX BUOOB HemnpasuibHO CBEPHYTLIX Benkos [144,
145]. B yacTHOCTM, yCTaHOBEHO, YTO NenTuasl n 6enku
obnafatoT BPOXAEHHOW CKIIOHHOCTLIO MPEeBPaLLaThCs
M3 CBOEro ecTecTBEHHOro QyHKUMOHANbHOro COCTOS-
HUS B TPyOHOPAaCTBOPMMbIE aMWUJIOWOHbIE arperatbl.
Mpn 3TOM OTMeuyeHa cnocobHOCTb amMUIONLOB KOAU-
pOBaTb U BOCNPOM3BOAUTL Buonoruyeckyto nHdopma-
unto [146]. MoaToMy TpakToBaTh aMUIIOULHbIE CTPYKTY-
pbl Kak MUcHoNAnHr Bbino Bbl OLMBOYHO, Tak Kak KX
pUrMaHas CTpyKTypa ABnseTcs ogHon us Gopm ycTom-
UMBOrO XpaHeHust DUONOrMYEeCcKOn NamMaTy.

Bo BpeMs cTapeHUs B TKaHs\X FO/IOBHOTO MO3ra Tak-
Xe MPOUCXOAUT HaKomMIeHne MUrMeHTa nunodycumnHa,
YTO CYUTAETCA OLHOW M3 MPUYUH HEMpPOAEreHepauum
[147-149]. OpgHako cnefyeT Bonpoc: novemy npu ou-
3MOJIOTMYECKOM CTapeHMN B TOJIOBHOM MO3re MosiBJisi-
IOTCA HEMpPaBUIbHO CBEPHYTbie Benku, modemy nuno-
¢bycumH Bbi3biBaeT HenpopereHepaumto? Jonyctumo u
MPOTUBOMOMIOXHOE MPELNONOXEHNE - MHOTMe Benku
ro/0BHOrO Mo3ra umetloT crneundunyecknin bongunr,
HampaBfIEHHbI Ha COXpPaHeHWe CTPYKTYp HocuTenen
cobpanHom bronornyeckon nHGopMaLmm.

MonTBep>XXAeHWEM 3TOrO MPEAMNONOXEHUS MOXET
CnyxuTb TOT ¢dakT, 4TO COBpPEeMeHHOe COCTosHMe
B3rJIA40B Ha MCUXMYECKOe CTapeHne xapakTepusyeTtcs
OTKa30OM OT MOHMMaHUSA ero UCKIIUYNTENBHO Kak Bpe-
MeHUN «yTpaT M noTepb». Ha cMeHy npuxopat npeg-
CTaBJIEHUA O CJIOXHOCTU, MPOTUBOPEUMBOCTU U HENN-
HEMHOCTU W3MEHEHUN, NPOUCXOASAWMX B CUCTEMaX
XU3HEeOeATeNnbHOCTH, B TOM unchne mn B ncuxmke [150].
CnepyeT y4uTbiBaTb, YTO MPU HOPMasSbHOM CTapeHuu
rmbesib HEPBHbIX KNETOK OrpaHnyeHa onpenenéHHbIMu
y4yacTkamMu HEepBHOMW CUCTEMbl W He3HauyuTesnbHa
[151]. NoaTeep>xxaeHneM GyHKLUOHANBHOW YCTONYMBO-
CTW FOJIOBHOTO MO3ra NpPW CTapeHUU SBASIOTCA AaHHble
O TOM, YTO YeM Bbille MepBOHaYasibHbIA YPOBEHb WH-
TesNeKTa, TeM ropasfo MeHblMM Obin ero cnag B no-
xunom BospacTte. bonee Toro, y nopen, nmMetoLwmx
BbICOKWIM YPOBEHb WHTENJIEKTa, B MOXWUIOM BO3pacTe
MOXeT OTMeydaTbCa He crnaf, a ero noabém [152]. Takxe
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OTMEYEHO, YTO HaKOMJIEHHbIE 3HAHUSA Y MOXWIbIX JtO-
el NONOXNUTENbHO BAUSIOT Ha TEKYLLYIO ONepaTUBHYIO
namats [153].

K uncny Hanbonee yacto BCTpeualowmxcs BO3pacT-
HbIX CUMNTOMOB OTHOCUTCS, MpPeXAe BCero, 3amepse-
HMe Temna [esdTeNbHOCTU (NaTeHTHOCTb) FOSIOBHOrO
Mo3ra. DTO OTHETIMBO MPOSBASAETCH MPWU MOMbITKax
nssneveHns nHbopMaumm U3 CUCTEM XpaHeHUs nams-
. lpUYnHa 3TOro, NO-BUAMMOMY, COCTOUT B TOM, YTO
OCHOBHbIE CTPYKTYPHbIE U3MEHEHUS B TKaHAX FOJIOBHO-
rO MO3ra B MOXW/IOM BO3pacTe BKIOYAKOT: yMeHbLUe-
HWe KoNM4yecTBa W ANIMHbI LEeHAPUTOB, NOTEPIO MHOXE-
CTBa AEHAPWTHBIX LWMMWKOB, YMEHbLIEHWe KOJMYecTBa
aKCOHOB U MX MUESIMHOBbLIX 0D0JI0YeK, a TakxKe 3HaYM-
TenbHyto noTtepto cuHancos [154]. CHuxaeTcs Takxke
CKOPOCTb 0BpasoBaHMsA HOBbIX aKCOHOB, GOopPMUPYIO-
LLMX CBA3W C HEMpPOLMTaMK, YTO 3aMefJifAeT Bbi30B Xpa-
HALENCS B HUX MHbOPMaL MM B 30HbI FOJIOBHOTO MO3ra,
ocyulecTBsAOWMe €€ ncnosib3oBaHue. BaxHo, yto ap-
XVBbl MaMsTN CTapeloLLEero MO3ra OCTaloTCA COXPaHEH-
HboiMn. OB 3TOM CBUAETENbCTBYET BO3MOXHOCTL Mpu
onpenenéHHOM HamnpsXeHUN WHTEeNseKTa BCMOMHUTb
dakTbl, Kazanocs Obl, HaBCerfa MCUYE3HyBLIME U3 NaMs-
™ [155]. To ecTb cTapeHMWe BbI3bIBAaET U3MEHEHUS Mpe-
MMYLLECTBEHHO B TKAHfX rOJIOBHOrO Mo3ra, obecrneuu-
BalOLLMX CBA3b C apXMBaMW NamsTU, HO He MoTepto ca-
MUX apxMBOB. B To e Bpemsa ¢ BO3pacToM yBenmymBa-
eTca KONMMYeCTBO CBa3el mexay obnactamm mosra B
npeaenax cooTeeTcTByloWero GbyHKUMOHANbHOrO Mo-
ayns (a He mexgy mopynsmu) [156, 157]. Mpepnono-
XUTENbHO 3TO MOXET CBWAETENIbCTBOBATb O MOBbILLIE-
HWW YPOBHS HaMpaBfeHHOCTU PaboTbl FOIOBHOrO MO3-
ra B CTapoctu Ha yrnybnénHyio nepepabotky nHbop-
MaLuu BHYTPU apxuBHbIX mogynein. KocBeHHbIM goka-
3aTeIbCTBOM 3TOMY CNY>XWUT HEKWI NnapafoKc: KOrHu-
TUBHasA aKTMBHOCTbL (NepepaboTka HOBOM MHOPMaLMM)
cTapetowiero mosra cHumxaetcs [158, 159], a yposeHb
MOCTOSIHHOrO MOTeHuMana U aHeprosaTpaT B r1youH-
HbIX CTPYKTYpax rOSIOBHOrO MO3ra MOXWSbIX Jtogemn
MOBbILLEHbl MO CPAaBHEHUIO C HOPMATUBHbLIMUN 3HaYEHW-
amn [160, 161]. Takoe nosblleHMe 3Hepro3aTpaT MOX-
HO paccMmaTpuBaTh Kak pesysibTaT BO3PaCTHOrO MOBbI-
WweHns  GyHKUMM  «BHYTPUMO3rOBOW KPEaTMBHOCTWY,
HanpaBJIEHHOM Ha UTOFOBYO KOPPEKLMIO U cucTeMaTu-
3aUMI0 aPXMBUPOBAHHON MHPOPMaLUN, 3aNTOXKEHHON B
CTPYKType TKaHeln roloBHOrO MO3ra.

MNo-BMAMMOMY, FONOBHOM MO3I YeNoBeKa B CTapOCTH
MOCTENEeHHO CHMXaeT KayeCcTBO CBOEW CUCTEMHOW Op-
raHmsaumm, Ho pakTMYeckM A0 KOHLA XWU3HW NPOmOoS-
XaeT COXpPaHsATb UM COBEPLUEHCTBOBATb CTPYKTYPHYHO
opraHusauuio B JiOKasbHbIX Chepax apxvMBUPOBaHUSA
Buonornyeckon uHPopmauun. STa UHPopmauusa B
npouecce rnobanbHoro BuochepHoro metabonmama
bopmupyet Basy ans ganbHENWEro COBEPLUEHCTBOBA-
HUS CTPYKTYPbl 1 QYHKUMWM WHTENNEeKTyanbHOW maTe-
pun. CnenyeT oTMETUTb, YTO KOHKPETHbIe 3HaHWUS, ap-
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XVBUPOBaHHbIE B FOJIOBHOM MO3re WHOWBWAA, He ne-
penatTca reHeTMYeckKnm NyTéM, OOHAKO MOXHO npes-
MOMIOXUTb, YTO Nepepaértcs bonee coBeplUeHHas «re-
HeTuuyeckas nnatbopma», chopmupoBaHHas Ha base
3TUX 3HAHWI, CTAHOBSICb Ha KOTOPYID, HOBbIE MOKOJe-
HUs BUoornMyecknx BUAOB MosydatoT bonee BbicoKMe
KOTHUTUBHbIE N KPeaTMBHbIe BO3MOXHOCTM B Npouecce
OCBOEHMWS HemMpepbIBHO yCoXHsAoWwencs buocdepHon
nHdopmaumu.

BaxHO moayepkHyTb, YTO Ha 3Tamne COBPEMEHHOrO
Pas3BUTUS MbICASLLEN MaTepun, TO eCTb TONIOBHOrO
MO3ra Yyenoseka, A/ 3BOSOLUN MPUOPUTETHBLIN UHTE-
pec NpefAcTaBAstoT NOAM CTapLUMX BO3PACTHbIX rpynm -
HocuTenn Hanbonbliero o6béMa TwaTenbHo npopabo-
TaHHON MHPOPMALMOHHON CTPYKTYPbl UHTENEeKTyas b-
HoW MaTepun. B nonbay Takoro nNpennonoXeHns CBU-
neTenbcTeyeT GpakT MHTEHCMBHOIO POCTa yucna ogemn
ctapwe 60 net. Vx obwee konuuectso B 2020 r. yxe
pocturno otmeTkn B 1 mMnpg venosek. [Npu coxpaHe-
HUK cywecTaytollen TeHaeHumn kK 2030 r. YncneHHocTb
aTo rpynnbl gocturHet otmeTkn 1,4 mapg, a k 2050 r. -
B 2,1 mnpga [162]. MMoaTBepxaeHNeM 3BOMOLMOHHON
3aMHTEPEeCOBaHHOCTM B NNLAX CTapLUMX BO3PaCTHbIX
rpynn sBfiseTcs Takke AMHaMWKa M3MEHEHUs YnCheH-
HOCTW JonroxuTenen Ha nnaHete. Ecnn B 1950 roay
yaenbHbln Bec nuy B Bospacte 90 net n bonee cocras-
nan 0,05% muposoro HapopgoHacenexus, To k 2020
ropy oH goctur 0,27% - yBennyeHmne noytu B LLUECTb Pa3
[163]. CornacHo nporHosy [enaptameHTa no 3KOHO-
MUYecknm n coumanbHbeiM Bonpocam OOH k 2050 rogy
B Bo3pacTe crapuwe 90 net byget 0,79% xuteneir nna-
HeTbl, a K 2100 rony - 2,14% [164]. To ecTb o oTHOLe-
Huto k 2020 ropy B 2050 rogy npousongéT ysenmyeHume
yucna ponroxutesnien noutn B 3 pasa, a k 2100 rogy -
noutn B 8 pas. B 1o e Bpems obLias YMCIEHHOCTb
HacesneHns 3eMan K KOHLY Beka BbipacteT fvwb 8 1,2
pa3a [165]. Takne Bo3pacTHbie U3MEHEHUA MOTYT CBU-
[leTesIbCTBOBaTb O TOM, YTO FOJIOBHOW MO3r YenoBeka
CTaHOBUTCS OCHOBHbIM MHTEPECOM 3BOJIOLMUK, a JIIOAM
CTapllero noKoJIeHUs SABASIOTCS Havbosiee BaXHbIM
Buonornyeckum obbEKTOM - HOCUTENAMU HanbonbLue-
ro obbéma TWaTenbHo MNPOPaboTaHHON CTPYKTYpPbI
NHTENNeKTyanbHOM MaTepPUN.

B To e BpeMsi BCTaE€T eCTECTBEHHbIN BOMPOC: 3a4eM
HY>XHa 3BOJIOLMM CTapluas Bo3pacTHas rpynna nomny-
NAUMM Nocne npekpalleHns BO3MOXHOCTU nepepayu
reHeTnyeckon nHbopmaumm nonossim nytém? [eno B
TOM, YTO reHeTU4YecKni (BepTuKanbHbIA) NyTe Nepefayu
Buonoruyeckon nHPoOpMaLUM B 3BOTOLUOHHOM MPO-
Lecce He sBNsSeTCS eQUHCTBEHHbIM. B HacTodAwee Bpe-
Msi BCé Donee akTMBHO AMCKyTMpyeTcs npobnema Tak
Ha3bIBAEMOr0O «rOpPM30OHTaNbHOrO apeida reHos» [166,
167]. B uenom xe, Hanbonee MOLLHbIN NOTOK Nepeaaqn
Buonornyeckon nHGOPMaLUM OCYyLLECTBAETCA Here-
HEeTUYECKNUM (COMaTUYECKUM) MYTEM - Yepes MULLLEBON,
BOAHbLIM U BO3AYyLWHbIA KpyroobopoTsl B Buocdepe.
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Mpwu 3TOM BepTUKaSbHbIM (FreHeTUYeCcKnM) NyTEM nepe-
naétcs umHbopmaumsa  cucTemMaTUaMpoBaHHas, 4YETKO
CTPYKTypUpOBaHHas (B 3TOM ero MpemmyLLecTBo), HO
nHdopmaums, cobpaHHas O4HUM OpraHnM3mMom (B 3ToM
ero cnaboctb). fopu3oHTanbHLEIM (COMaTUYECKUM) ny-
TéM nepepaérca bonee pasHoobpasHas nHpopmaums,
cobpaHHasa pasfnnMyHbIMW OpraHuamamu (B 3TOM ero
NPeVMyLLECTBO), HO MHPOPMaLUsA Pa3pO3HEHHas, He
CTPYKTYypupoBaHHas (B 3ToM ero cnabocts). CouetaHue
3TUX ABYX B3aMMOZOMOJHALWMX GOPM Mepenadmn UH-
dbopMaumm onTUMasnbHO onpenensieT 3BOJIOLUOHHbIN
nporpecc [168].

Takum 06pazoM, MOXHO OTMETWUTb, YTO MPOLECcC
PasBUTUS FOSIOBHOIO MO3ra YesioBeka MNPUHLMNUAaNbHO
BesrpaHunyeH, Tak Kak passBuTMe npencraenset cobomn
OCHOBHOW cnocob cywecrtsoBaHmsa nndHocTn. Cornac-
HO 3akoHy uedanuzaumn (BbiBepeH .. HdaHom u
. NNe-Korntom B 1950-rogax), ronoBHoM mo3sra 4enose-
Ka dakTnyeckn 0O KOHLA XM3HW MPOAOSIXaeT coxpa-
HATb W  COBEPLUEHCTBOBaTb CBOK  CTPYKTYpHO-
byHKLMOHaNbHYIO OpraHv3aumio. ITOT 3aKOH nogaep-
Xan 1 BBEN B HayuHbin obopoT B.U. BepHapckun [169].
AHanua coBpeMeHHbIX OOCTUXEHUA 3BOJIIOLUN XKU3HU
Aan Bo3MoxHocTb B./. BepHagckomy nogHaTb B Kaye-
CTBE OCHOBHOW LN pasBuTus XusHu npobnemy Ho-
ocdepsbl, chepbl pasyma [170]. Popmuposarne Ho-
ocdepbl 03HavaeT, YTO MbICMALAs MaTepus B Oallb-
HellweM 3BOJIIOLNOHHOM MoUcKe ONTMManbHoro (nae-
aflbHOro) BapuaHTa CBOeN CTPYKTYpPbl OOJXKHA NepenTu
OT NOJIUCUCTEMHOW (MHAMBUAYaNN3NPOBaHHOM) GOPMbI
opraHusauum K eguHon cucteme - MHTerpuposaHHoMy
BuocdepHomy Pazymy.

3akJitoyeHue

Necxops 3 npoBenéHHOro aHanmtuyeckoro obsopa
ONHAMUKN XUBOW MaTepun, MOXHO MNPefcTaBUTb OC-
HOBHbI€ MOJIOXEHNS POJSIN CTaPEHNS B PA3BUTUN XKN3HW
yenoseka n bruocdepsbl. Bcé xumBoe Ha Halen nnaHeTe
obbeanHEHO eanHbIM MeTaboIMYEeCKNM MPOLLECCOM, B
KOTOPOM MPOAYKTbl OAHUX OPraHU3MOB CJly>KaT nuLe-
BbiM cybcTpatom ana gpyrux. Metabonuam npegncras-
nsietT cobon B3aMMOCBsA3aHHble U cbanaHCMpPOBaHHbIE
npoueccsl accumunaumm (aHabonmam) n guccumuns-
umn (kaTabonunam). To ecTb XM3Hb - OL4HOBPEMEHHO ”
cosnpaHune, N paspylleHne, PoxAeHne HOBOro U ymMu-
paHue craporo. Ho ato He cuandos Tpya, a Hanpas-
JIEHHbIN MPOLECC CaMOCOBEpPLUEHCTBOBaHUA. AHabo-
JIN3M He MOBTOPSET CTPYKTYPY OPraHn4ecKnx MonekyJ,
NoABEPrunxca KatabonmyeckomMy paspyLleHuto, a co-
30aéT n3 nx pparmeHToB Doslee coBepLUEHHble Mosie-
KyNSIpHbIE CTPYKTYpPbl, HAaNOJHEHHbIE HOBOW MHpOpPMa-
umen. ObpaboTka NOCTOSHHO MeHsioLLencs nHbopma-
uMm B Bruocdhepe ocyLiecTBAAeTCH NOCPELCTBOM «rJ10-
BanbHOM peBu3nn» €€ CTPYKTYPHOrO COCTOSHUA: BUPY-
Cbl BTOpratoTcsa B HakTepuasnbHble KeTku, baktepumn u
rpubbl aTakytoT Bosiee OpraHM3oBaHHbLIX MpeacTaBuTe-
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PepakunoHHada ctatba

JIeN XM3HWU, KOTOPbIE, B CBOIO ovepenb, metabonunsnpy-
OT TKaHW Huxectoawmx bopm xmsHu. MNpu 3ToM Kax-
bl BUonorMyecknini BUA, Kaxkabld OpraHuaMm, Kaxgbin
opraH, KfeTka v MoneKkyJsa UMetoT cBou crneumndunyeckmne
byHKLMOHaNbHbIE NPOrpamMMbl 1 MeTOAb! Npeobpa3zoBsa-
Husa bopm Buonornyeckoro mMatepuana. [apmMoHuyHas
LesaTeIbHOCTb BCEro 3Toro LuMpovanero mHoroobpa-
3na dopmupyeT 6azoBbIM NPUHLMMN €QUHOro COraco-
BaHHOro uHGOPMAaLMOHHO-aHANUTUYECKOro npoLecca
BuochepHolt camoopraHusaumm, obecnedmsatoLLen
3BOJIIOLMOHHOE pasBuTMe XusHW. B npouecce atoro
B3aMMOLENCTBUSA OpraHnyeckme mosekysbsl Bcé 6osb-
e HamoJIHAIOTCH MOTEeHUWaNbHOW 3HEepruen u npo-
MOPLMOHANIBHO CHUXXAIOT KMHETUYECKYIO SHEPTrUIo, T.€.
byHKLMOHabHYIO aKTUBHOCTb. B 3ToM 1 3anoxeHa oT-
npaBHas Touyka npouecca crapeHus. lNpouecc ctape-
HUs GopMUpyeT CTPYKTypHble MHPOPMaUNOHHbIE ap-
xvBbl. VI3 nmokoneHus B nokoneHne mHbopmaLmoHHas
HaCbILLEHHOCTb 3TMX apPXMBOB HapacTaeT.

SBontoums - byHOaMeHTanbHbIA MexaHU3M pPasBu-
TS MaTepuanbHOro Mmnpa, cbopMMpPOoOBaBLLMI U3 KOC-
HOW MaTepuu XMBYLO CyDCTaHLMIO U Hagenusini eé
NHTennekToM. BcTaéT Bonpoc: BO3MOXHO N1, YTO 3TOT
YHUBEPCYM [OMycKaeT CUCTeMHOe DeccMbICieHHoe
paspyLlLleHMe 3N1eMEHTOB CBOEro AeTulla (KMBbIX opra-
HWM3MOB) B npouecce cTapeHuns? Ecnm cTapeHune He
nmeeT DOMbLIOrO 3HAYeHUs B Pa3BUTUN XUBOW maTe-
pUX, TO 3a4eM 3BOJIIOLMS COXPaHWMa 3TOT npouecc B
XM3HWU opraHmnsma’?

MpoTBOpeumne npoLecca cTapeHust COCTOUT B TOM,
4TO, C OAHOW CTOPOHBI, B MpoLecce CTapeHus opra-
HU3M pOerpagupyeT Kak CUCTeMa, HO, C Apyron - UOET
CTPYKTYPHOE COBEpPLUEHCTBOBaHWE ero TKaHel Ha Mo-
nekynspHoM yposHe. To ecTb cTapeHne obecneuynsaeT
MPOLLeCChbl, HamnpaBJieHHble He Ha COXpaHeHue opra-
HW3Ma KakK CUCTEMbl, @ Ha COXPaHEeHWe ero OoTheNbHbIX
3/1eMEHTOB (MHPOPMALMOHHbIX BIOKOB), NpeacTasna-
IOLLMX MHTEepeC O MOCTPOEHUS HOBbIX CTPYKTYP XW-
Bon matepum B uenoM. M3 3Tux mHbOPMaLMOHHbIX
Brokos GopmMUpyeTCca 3BOJIIOLMOHHAA JIECTHMLA, MO
KOTOPOW XuBas mMatepus nogHumaeTtcs Ha bonee Bbli-
COKMI ypoBeHb cBoero passutus. CTapeHue - He pac-
nag n He NOBPEeXeHNe, a MEXaHU3M NepeBofa OLHON
CTPYKTYPbI XVBOW TKaHW B Apyryto, bonee coseplueH-
HYIO, C COXpaHeHneM eé B Buae noteHumansHon dasbl
OJ1S MICNONb30BaHWs HOBBIMU KJTETOYHBIMW MOKONEHUS-
MU TOFO e OpraHu3Ma Uau 4pyruMmn opraHnamMamu.

Kueble opraHuamsl GOPMUPYIOTCH TOMBKO U3 «MO-
nypabpukatos» (aTOMOB 1 MOJIEKY), KOTOpbIe paHee
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y>Ke BXOAWIN B APYI1e XMBble CTPYKTYpPbl U Nprnobpenu
onpenenérHbll 00bEM U KAa4yecTBO CTPYKTYPHOW WH-
bopmaumm (buonorunyeckon namatn). CmepTb opra-
HM3Ma eCTb MOMEHT €ro C/INAHNS C NPAaoCHOBOM BbITUS.
YMupasi, opraHuam nepefaét BHOBb BO3HMKAIOLMM
opraHvMamam MaTepuasbHbIi CyOCTPaT C «yyyLLIeHHOM»
CTPYKTYpPOW M COOTBETCTBYIOLYIO MHPOpMaLmio, obec-
MeymBaloLylo MHTerpasbHoe MOBbIEHWEe KayecTBa
Bbuoceepbl. bBruocpepa - 3T0 OrPOMHbBIN «MAABMUIIbHbIN
KOTEM»: TakK e Kak opraHusMm nepepabaTbiBaeT CBOU
cTapelolmne a1eMeHTbl - KIeTKu, Tak n bruocepa ne-
pepabaTbiBaeT CBOW CTapeloLime SNEMEHTbI - OpraHua-
mbl. CTapeHve n cmepTb opraHuMama - 3TO MpoLecc
nepexofa ¢parMeHTa XXMBOW Matepum us obocobneH-
HOW (MHAMBUAYaNM3npoBaHHoOW) dasbl passuTus B Gasy
WHTerpasbHOro passutua 6Buocdepsl. NobanbHOCTL
npobfiemMbl CTapeHWs COCTOWUT B TOM, YTO CTapeeT He
TONbKO WHAOMBWL W HE TONMbKO OMONOrMYeckuin BUA, a
BcA Ouocdepa B uenom. Takum obpasom, cTapeHue
npeacTaBnseT cobow yHWBepcasbHbIA BUL, BHYTPEHHE-
ro ABMXXEHUS XXMBON MaTepUN.

3apada COBPEMEHHOM HayKu B CUMY CIOXMUBLLMXCS
MOpasbHbIX KaTeropui YefnioBe4yecTsa COCTOUT B TOM,
4TODbI MakKCUMasbHO YBENNYUTL MPOLOJSIKUTENBHOCTb
XM3HW YenoBeKka. DTa 3afaya COOTBETCTBYET U «reHe-
pasbHOM LieNiv» 3BOMIOLMM, TakK KakK NMo3BoJigeT MaKcu-
MaJslbHO MOJIHO BbIMNOJIHUTL NMPOrPaMMy, BO3JIOXEHHYIO
Ha KOHKPETHbIN OpraHW3M, no mnowcky bonee cosep-
WeHHbIX CTPYKTYp >un3Hu. OTcloga cregyerT, YTo crape-
HWe Hesb3d OCTaHOBWUTbL U He criefyeT K 3TOMy CTpe-
MWUTbCS, T.K. OCTAHOBUTb CTapPEHME - 3HAYUT OCTaHOBUTH
passutme. Npun 3TOM UHTeNneKkTyanbHoe BMeLlaTesb-
CTBO B MPOLECC CTapeHus (B MHTepecax KOHKPETHOro
WHOVBMAA) [OKHO obecneunTs npegdynpexpeHve u
KOPPEeKLUMIO ero natosiornyecknx Gopm, HO He BMELLU-
BaTbCs B npouecc ¢dusnonormyecknx bopm nameH4u-
BOCTWU TKaHeu opraHusma. VIMeHHO Takoe NnoHumaHue
cTapeHus bynet onpenensts addekTUBHbIE Hanpase-
HUS UCCNefoBaHNi B 061aCTb rePOHTONOTUUN N He MO3-
BOJIATbL UCC/IELOBATENAM CMELLATbCA Ha NyTb 3abnyx-
OeHnn.

BesycnosHo, B HacToAWeN cTaTbe AaHO Wb Ob-
wee npefcTaBfeHVe O POMW MNpoLuecca CTapeHus B
3BOJIOLMOHHOM Pa3BUTUKN Yenoseka. [ToHumaHune rny-
BUHHBIX OCHOB CTapeHus TpebyeT fanbHenLwero Wwmpo-
koro ¢urnocodckoro, BUONOrMYECKOro, CoUManbHOro,
PEINTMO3HOro 1 APYrnx GopmM MHTErpasbHOro aHanmsa
Pa3BUTUS XKU3HW.
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State of the problem

The problem of aging has attracted biologists, phy-
sicians, philosophers, demographers, and recently rep-
resentatives of the exact sciences - physicists, chemists,
mathematicians, as well as economists, cultural scien-
tists and other specialists for centuries. At the same
time, there is still no generally accepted theory of aging
in gerontology. Despite the obvious changes in the
body during aging, the concept of "aging" remains
vague. The reason for this situation is that life is a com-
plex system consisting of many interacting elements
with feedback loops, hierarchical structure, nonlinear
dynamics and emergent properties [1]. All these dy-
namic elements of life are united by the principle of
self-organization. So far, this great immanent principle
remains a profound mystery [2]. According to modern
scientific concepts, self-organization is the basis of the
evolutionary development of living matter - all living
beings acquire forms and functions as a result of self-
organization [3]. Biological self-organization is directed
and reinforced by natural selection, during which the
most stable, flexible modular systems capable of further
adaptation are preserved [4].

I. Prigogine demonstrated the possibility of the
emergence of new properties and order in self-
organizing systems — dissipative structures that are sta-
bilized by energy exchange with the environment [5, 6].
Self-organization creates emergence — a phenomenon
when new properties or new behavior arise in a system
that its individual components do not have [7, 8]. The
role of aging in the process of evolutionary self-
organization is that it ensures the preservation of emer-
gent properties that arise during the life of an organism.
The relationship between a person and the microworld,
animal and plant worlds is a fragment of a single coor-
dinated information-analytical biospheric process. A
person feeds on living matter - builds his tissues from
structures created by various biological species. A per-
son lives in an organic fog - a molecular, cellular, viral
and other environment formed and thrown into the
biosphere by various organisms. All of this enters the
human body through the food, water and air cycles and
is processed: structural information is extracted, which
is assimilated in its tissues, ensuring its continuous de-
velopment [9]. The aging process occupies a leading
place in this development, covering numerous bio-
mechanisms that ensure the diversity of its manifesta-
tions.

Scientific approaches to studying the problem

of aging

Historically, there have always been two directions in
science - reductionism (“understand more and more
about less”) and holism (“see more, neglecting less").
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Today, there is a hypertrophied predominance of the
first direction, which includes studying the problem of
aging. However, it should be taken into account that we
are simply not able to understand the system at the
level of analyzing only its components [10]. Neverthe-
less, all existing hypotheses of aging are based on
monofactorial analysis. Thus, . Mechnikov saw the
cause of aging in endogenous intoxication, L. Szilard -
in radiation damage to chromosomes, A. Bogomolets -
in connective tissue disorders, F. Sineks - in DNA errors,
D. Harman - in tissue damage by free radicals,
L. Orgel - in the synthesis of abnormal proteins.

Like these popular theories, all the others also asso-
ciate aging with the accumulation of negative changes
in molecules and cells in the body. It seems that a per-
son (or an individual of another species) lives in order to
make negative changes in the structure of living matter.
However, this contradicts the fact that damage and
destructive changes cannot ensure progress in the evo-
lutionary development of life.

These and other numerous theories and hypotheses
try to define a universal factor of aging. The following
are proposed as such factors: mitochondrial dysfunc-
tion, oxidative stress, senile inflammation, impaired
intercellular communication, genomic instability, telo-
mere depletion, impaired proteostasis, epigenetic
changes, depletion of stem cells and other causes [11].
Of course, it is very tempting to look for the cause of
aging in some one factor, then it would be easier to find
a means that radically changes the duration and quality
of life of the organism. But, alas, the aging process in-
cludes all the numerous components (physical, chemi-
cal, biological, social) that ensure the dynamics of the
organism's development.

According to some authors [11], the evolutionary
hypothesis considers aging as one of the mechanisms
that remove individuals who have lost the ability to re-
produce from the population. However, firstly, all indi-
viduals will leave the population due to death, and sec-
ondly, individuals who have lost the ability to reproduce
continue to remain in the population for a long time.
Apparently, there is a certain evolutionary sense in this.

It should be noted that the listed and other theories
and hypotheses try to determine a universal factor of
aging. The following factors have been proposed: mi-
tochondrial dysfunction, oxidative stress, senile inflam-
mation, impaired intercellular communication, genome
instability, telomere depletion, impaired proteostasis,
epigenetic changes, stem cell depletion and other
causes [12]. Of course, it is very tempting to look for the
cause of aging in some one factor, then it would be
easier to find a means that radically changes the dura-
tion and quality of life of the organism. But, alas, the
aging process includes all the numerous components
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(physical, chemical, biological, social) that ensure the
dynamics of the organism's development.

Most researchers divide the aging process into two
main variants: aging is hereditarily programmed and
aging is caused by external factors [13-15]. However,
such a division contains an error, since it is impossible
to consider these two main causes of aging in isolation
from each other. During the life of an organism, they
constantly act together and only their combination de-
termines the nature of aging and life expectancy. The
fundamental possibility of mutations in the cell's DNA is
embedded in its program, but the specific type of mu-
tation is determined by a mutagen - an external biolog-
ical, chemical or physical factor.

Attempts are being made to find genes that ensure
the lifespan of an organism [16]. But is there any gene
that does not affect the lifespan of an organism? If such
assumptions arise, then this is most likely the result of a
far from complete study of the functions of the entire
genetic apparatus. The influence of genetic factors on
the lifespan of an organism can only be considered as a
systemic function of the genome as a whole.

Playing along with people's unrealistic but passion-
ate dreams of eternal youth, research is currently ongo-
ing on rejuvenating the genome and slowing down the
aging process [17]. The history of the search for the
source of eternal youth begins in ancient times, as evi-
denced by the legacy we inherited from the fathers of
ancient medicine, medieval alchemists, and experi-
menters of the New Age [18]. Alas, the thousand-year
search for rejuvenation has not yet yielded even en-
couraging results.

The problem of aging appears completely different
when moving from reduction analysis to systemic analy-
sis. A systemic approach to the problem of aging can
be implemented from the standpoint of interactomics,
which studies the interactions between proteins and
other molecules within a cell, between organisms, be-
tween biological systems and their environment. This
allows us to consider the biosystem as a whole [19-21].
Interactomics shows that only the entire complex of
inherited and acquired information concentrated in the
organism resolves the issue of the possibility of devel-
oping all complex, highly dynamic interweaving of age-
related changes throughout the entire period of the
organism's existence. It is interactomics, by forming the
logistics of the development of living nature, that helps
to avoid mutual misunderstanding in the scientific
community.

Aging and pathology

Along with the problem of aging in the evolutionary
movement of life, the problem of pathology remains far
from clear. The division of the concepts of "health" and
"disease" is considered conditional, and the medical
norm, which includes a wide range of healthy and

18

pathological conditions, is identical to the biological
norm [22]. Pathological forms of aging, like physiologi-
cal aging, play a dual role: on the one hand, they bur-
den the vital activity of the organism, and on the other,
they contribute to the emergence of specific structures
that provide resistance to negative environmental fac-
tors. Even Lactantius noted in the 4th century: "All disas-
ters - both of all mankind and of individuals, are not
useless and lead mankind, albeit in a roundabout way,
to the same one goal that is set for people - improve-
ment" [23].

In the process of natural selection, the body's re-
sponse to the ongoing action of pathogenic factors
gradually acquires an expedient, adaptive character.
Non-specific adaptation factors are replaced by specific
ones based on adequate complication of structure and
function. According to the morbid concept of organic
progress, to complicate the internal structure of the
organism, it is not enough to change only the external
conditions of existence (this is a way of idioadaptation),
a stable change in the internal conditions of existence
(disease) is also necessary [24].

No organism ever exists in a state of purely physio-
logical development, its vital activity is a pathophysio-
logical transformation of its own tissues [25]. That is,
evolution always invests in its “working tools” (organ-
isms) in various proportions and variants both compo-
nents of the development of living matter - physiologi-
cal and pathological. This connection has existed in-
separably throughout the history of the development of
life and is preserved as one of the basic principles of
the transformation of the structure of living matter. Pa-
thology is a special way of collecting biological infor-
mation, different from the physiological one. During the
period of illness of the organism, molecules, crossing
the physiologically permissible boundaries of confor-
mation, form non-standard structures that provide it
with special forms of adaptation (maladaptation). In the
evolutionary process, maladaptation plays no less an
important role than physiological adaptation. Disa-
daptation “breaks” the previous systems of the organ-
ism, formed in the process of phylogenetic and onto-
genetic development, reduces the vital activity of or-
ganisms and therefore, as a momentary phenomenon,
has a negative meaning, but in evolutionary terms it has
a tremendous positive meaning [26]. That is, the dis-
ease is a "non-standard” vector of evolutionary devel-
opment.

According to Weismann's postulate, all biological
individuals are united by a common phenotype and a
single program for its construction (genotype), transmit-
ted by inheritance [27]. Individuals and species of living
nature are not independent objects of evolution, but
work in the unity of genetically determined methods of
qualitative transformation and growth of information
archives of living matter and cannot exist outside this
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unity. Only the closest integration of biological species
and individuals, different in their genetically deter-
mined specificity, forms mutually complementary
methods of analyzing the information content of the
internal and external environment of organisms. Inte-
gration ensures the development of the systemic struc-
ture of the biosphere, the accumulation of potential and
kinetic energy in it, which is the essence of the total
"aging" of living matter.

Proteins as the main creators and keepers

of somatic information

Proteins account for about 50% of the mass of a liv-
ing cell. Each nuclear cell produces protein molecules,
providing proteostasis - dynamic regulation of a bal-
anced proteome. One part of the created protein mol-
ecules is used for intracellular reparative processes, the
other part (secretome) is released into general circula-
tion. More than 10,000-13,000 types of different pro-
teins are expressed in human cells [28].

The protein molecule does not have a static form; as
a result of metabolism and the action of environmental
factors on the organism, it is in the process of continu-
ous conformational transformations. Conformation
(folding) of protein molecules is the initiating factor of
the evolutionary transformation of living matter. In or-
der to understand the general dynamics of biological
processes at the level of the microworld of the organ-
ism, it should be taken into account that the total num-
ber of protein molecules in the human organism (pre-
sumably about 115) multiplied by the potential folding
capabilities provides the broadest potential for finding
the most effective tissue structures of living organisms
in the process of evolutionary development [29-32].

A protein molecule is not only a building block of
life, but a complex information mechanism that con-
stantly collects information, adapts, changes and trans-
mits the accumulated "knowledge" to the structures of
its own organism and the biosphere, ensuring the con-
tinuity of life in its diversity [33, 34]. Stable or transient
protein-protein interactions form the basis of regulation
and control within the cell through the transmission of
internal and external signals [35]. Proteins, their associa-
tions and aggregations are essential for many process-
es that play a key role in various biological phenomena,
from intercellular signaling to the development of dis-
eases [36-38]. Figuratively speaking, protein molecules
are the strings on which the main melody of life is
played.

The quinary structure of the protein deserves special
attention when analyzing the mechanisms of aging. It is
the fifth level of protein complexity in addition to the
primary, secondary, tertiary and quaternary structures
[39-41]. In order to perform their functions, proteins
often need to find a specific analogue with which (for
archiving information) they will bind for a relatively long
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time. In the very crowded cytosol, in which proteins
engage in a vast and complex network of attractive and
repulsive interactions, such a search becomes a difficult
task because it involves sampling a huge space of pos-
sible partners, of which very few will be productive. The
solution to this problem requires that proteins spend as
little time as possible on each encounter, so that they
can explore a large number of surfaces, while simulta-
neously making this interaction as intimate as possible,
so that if they do encounter the right partner, they make
firm contact. In this sense, the quinary structure is the
result of a number of adaptations present on the sur-
face of proteins that allow proteins to navigate the
complex cellular environment [42]. It can be assumed
that during the aging process, the molecule, as a result
of collecting information, enters the fifth stage of fold-
ing - it is folded into an archival cocoon (a concentrate
of basic information) - the result of the molecule's vital
activity. In the final phase, the molecule can be metabo-
lized by its own organism, or thrown into the biosphere
in the form of an "information quantum" that is used by
other organisms. Such transformations of protein mole-
cules that are part of the cell structure, as they accumu-
late, determine the aging of the cell.

New structural information is transferred by the se-
cretom of protein to the genome of somatic cells,
where the issue of its preservation at the genetic level
and transmission to daughter cells is decided [43-45].

Thus, it is difficult to imagine the enormous amount
of work that a protein molecule performs throughout its
life. But this work is the basis of evolution. The property
of a protein molecule to change its structural form ex-
ceptionally quickly, breaking some chemical bonds and
creating others in response to changes in the chemical
composition of the environment, allows it to “calculate”
thousands of thousands of different structural variants
and select the most effective ones for building the most
perfect forms of living matter. The selected variants are
supplied with strong chemical bonds and are stored in
the "archive blocks” of the structure of organic mole-
cules. When the "archives” are filled, the molecule loses
its functional (analytical) capabilities, the process of its
conformation stops and (as one of the options) its disin-
tegration begins. However, the blocks (oligopeptides)
and amino acids of disintegrating protein molecules
retain specific structures created by the organism,
which transmit the corresponding information to new
molecules formed inside the organism or, when they
enter the biosphere, to the molecules of other organ-
isms. Thus, the aging process is not an age-related deg-
radation of the organism, but a “cocooning” of infor-
mation collected by it during life.

Genome transformations during the aging process
The existing classification of biological variability
types contains many contradictions, which often serves
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as a source of mutual misunderstanding between biol-
ogists. There is still no generally accepted definition of
mutation that would separate it from other types of
variability [46-49]. In particular, epigenetic changes also
do not have a clear definition; they are often classified
as processes close to mutations, and the term "epimuta-
tions" is used [50]. To avoid these contradictions, it may
be appropriate to classify all changes in the information
encrypted in the DNA structure as mutations [51].

The stage-by-stage development of an organism
(zygote, embryo, fetus, newborn, stages of youth, ma-
turity, old age and old age) occurs in "steps" of genome
mutation and protein folding [52, 53]. In addition to the
genetic information passed down from generation to
generation, each organism is born with a small number
of new genetic changes (de novo mutations) that oc-
curred either during gamete formation or at the
postzygotic stage. As the organism develops, new mu-
tations continue to arise throughout postnatal and adult
life in both somatic and germ cells [54]. With each age
stage of the organism, its genome and somatic cell
proteins collect information from external and internal
signals, transform it, and create structural archives in the
tissues of the organism. These archives occupy corre-
sponding volumes in the structure of cells, thereby re-
ducing their functional activity, which is generally ex-
pressed in their aging.

A systematic study conducted on different mammal
species showed that the frequency of somatic muta-
tions is the main factor of aging [55]. Again, objective
results of the study of age-related DNA changes are
interpreted only as damage [56-60]. At the same time,
when analyzing the role of mutations in the aging pro-
cess, it should be taken into account that in many cases,
the so-called DNA damage itself does not affect the
functionality and performance of the cell [61]. Moreo-
ver, as some researchers note, disturbances in the ge-
netic apparatus of the cell during aging can lead to the
activation of genes that have been “silent” throughout
life [62]. Of course, such changes cannot be attributed
to damage. ltis also interesting that mutations that were
previously considered unnecessary can become useful
and increase the survival of a given organism and its
descendants [63].

The direct causes of DNA damage include a whole
range of biochemical transformations: deamination of
amino acids [64], glycation of proteins [65], shortening
of telomeres [66] and many other reasons. Starting with
L. Orgel [67], subsequently almost all modern re-
searchers believe that with aging, the accumulation of
DNA damage increases [68, 69], that after each cell
division, degradation of genetic information contained
in the chromosome occurs [70, 71]. According to the
error theory, age-related mutations in cellular DNA en-
tail the synthesis of altered RNA, and this in turn leads
to the synthesis of altered proteins. Altered proteins
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induce the synthesis of "incorrect" ribonucleic acids - a
vicious circle arises.

However, all these and other numerous mechanisms
involved in age-related transformations of tissue struc-
tures are more likely to be regarded as adaptive mech-
anisms than as negative factors. Why should all muta-
tions be considered as damages that cause cell dys-
function? Malicious DNA - in the physiological devel-
opment of the aging process? No, these are not mali-
cious DNA, but transformed genetic structures that
carry new information collected during their life cycle.

Epigenetic modifications in cell aging

Recent studies have shown that epigenetic modifica-
tions play a key role in cellular aging [72]. DNA plasticity
is partly due to epigenetic changes that affect cell func-
tion and can be transmitted to future generations [73].
DNA in the body is constantly disturbed by DNA-
manipulating proteins [74]. Protein-DNA interactions
provide feedback between genotypes and phenotypes
[75-77]. These interactions indicate the exchange of
information between genetic and somatic structures.

The mechanisms of epigenetic variability represent a
very diverse group of phenomena [78]. Age-related
epigenetic changes include DNA methylation, histone
modification, chromatin remodeling, regulation of non-
coding RNAs and other modulating actions [79, 80].
Among the listed epigenetic factors of evolutionary
transformation of the genome, DNA methylation is the
most studied act. DNA methylation is considered to be
a mechanism for implementing programmed aging
[81]. DNA methylation activity can change and regulate
gene expression depending on age [82]. Global DNA
methylation levels increase during the first few years of
life and then decrease starting in late adulthood [83].
Such dynamics of methylation activity indicate a physio-
logical role of this process. It is important to note that
epigenetic modifications are reversible: DNA methyl-
transferases, demethylases and associated proteins
dynamically demethylate DNA [84, 85]. That is, it can be
assumed that the cell is undergoing a process of re-
checking and in-depth processing of information col-
lected by the cell.

The role of gene regulatory networks in the aging
process is performed by epigenetic regulators respon-
sible for the reorganization and strengthening of certain
chromatin structures [86]. During aging, chromatin be-
comes less active and compacted, and the connections
between DNA and chromatin proteins also become
stronger [87, 88]. These changes may indicate the ar-
chiving of information and the formation of protection
of information structures from enzymatic destruction.
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Participation of extracellular nucleic acids

in the formation of biological memory

Information probing in the body, along with pro-
teins, is also carried out by extracellular (circulating)
nucleic acids (cir-nNA). They are present in blood plas-
ma, cerebrospinal fluid, saliva and other body fluids
[89]. Extracellular DNA can penetrate cells with subse-
quent incorporation into their genome [90]. The pres-
ence of cir-nNA in the circulating fluids of the body in-
dicates the existence of a special pathway for the trans-
fer of genetic information between cells of various tis-
sues of the body and participation in their transfor-
mation [91].

Thus, the body is constantly actively working to cor-
rect DNA changes, select useful information and elimi-
nate living matter that is unpromising for further devel-
opment. Mutations form new structures of body tissues
that carry new functions and determine the limits of
evolutionary trajectories [92]. As a result of the continu-
ous collection of information by organic molecules
coming from the external or internal environment and
its delivery to the genome of somatic cells, mutations
occur - a change in the genome that is passed on to the
descendants of a given cell. The most significant muta-
tions of somatic cells in the process of evolution can be
transmitted to the genome of germ cells and change
the gene pool of a biological species [93]. Figuratively
speaking, life is a game of parts of a system with its en-
vironment. In such a game, a living system remembers
successful decisions made in previous rounds and uses
them to search for more perfect decisions in subse-
quent rounds.

DNA repair system

Of particular importance is the notion that the rate of
aging is determined by the relationship between dam-
aging factors on the one hand and tissue repair factors
on the other. Cells have several mechanisms for repair-
ing and overcoming DNA damage. The main and most
universal mechanism used by mammalian cells to re-
move altered bases or nucleotides in DNA is known as
base excision repair (BER). BER involves several en-
zymes, including DNA-glycosylases, AP- endonucleas-
es, DNA- polymerases, DNA- ligases, and accessory
proteins, which act sequentially on the same damaged
DNA site. Instead of associating into a single stable
multisubunit complex, these enzymes pass repair in-
termediates between themselves in a highly coordinat-
ed manner [94-96]. If the DNA damage is repaired, the
cell cycle continues. Otherwise, molecular mechanisms
are activated: either senescence or apoptosis [97]. Se-
nescent (old) cells are metabolically active, but do not
divide. They do not respond to growth factors and are
resistant to apoptosis. These cells have a specific mor-
phology - they are large, flattened, with a large nucleus,
strongly vacuolated, their metabolism is preserved, but
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the gene expression profile changes significantly [98].
The structure of such cells indicates their high infor-
mation saturation. In all likelihood, the preserved me-
tabolism of senescent cells is completely aimed at in-
ternal processing of the collected information, which
forces the aging cell to disconnect from external func-
tions.

With increased levels of DNA damage, proteostasis
defense mechanisms, such as autophagy, are activated
and become physiologically significant [99]. However, it
should be taken into account that autophagy is an im-
portant element of the physiological clearance of the
body and, naturally, it should be activated as the
amount of metabolites in the body increases during
aging. Autophagy can also be attributed not only to the
mechanisms of reparation, but also to the mechanisms
of processing information archives and transferring
molecular structures to a higher functional level.

The importance of an effective DNA "reparation” sys-
tem for achieving longevity was noted in studies on
supercentenarians (110 years) and semi-
supercentenarians (105 years). Using whole-genome
sequencing and comparison with young people from
the same geographic regions, the authors were able to
identify increased activity of DNA repair genes in older
people, as well as a lower level of mutations compared
to their young peers [100]. Apparently, in long-livers the
program for processing DNA information blocks is
aimed at longer and possibly higher quality processing.

Phenomenon of apoptosis in the process of aging

The significance of apoptosis in aging deserves spe-
cial attention. It is believed that the presence of harmful
DNA initiates signaling cascades that lead to cell cycle
arrest or apoptosis [101]. Apoptosis is also associated
with the "Hayflick limit" [102, 103]. It should be noted
that apoptosis has its own rather complex mechanisms
of implementation, in particular, senolytics are involved
in them - small molecules that inhibit proteins of anti-
apoptotic pathways, which triggers apoptosis [104]. The
dualism of apoptosis is that, on the one hand, it causes
physiological death of the cell, and on the other hand, it
does not allow its enzymatic destruction. This ensures
the preservation of the information collected by the cell.
In the process of apoptosis, the aging cell itself stops its
active life processes without any negative consequenc-
es for the body. Apoptosis does not simply remove
cells from the body that have fulfilled their physiological
functions, it allows the cell to fully implement its life
program - to collect certain information, process it,
archive it with strong chemical bonds and release it into
the biosphere for transmission to other organisms.
Thus, apoptosis can be considered a normal process
that not only plays an important role in the develop-
ment of the body, but is also the most important mech-
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anism regulating the existence of almost all living be-
ings on Earth.

The role of the extracellular matrix

in the aging process

When analyzing the aging process, it is also neces-
sary to take into account that the entire mass of cells in
a single organism is united by the extracellular matrix.
Its basis is connective tissue, which, in addition to the
function of the body's framework, carries out the bind-
ing and communication of cells with each other in the
body. It is believed that stochastic non-enzymatic modi-
fications of the extracellular matrix trigger cellular and
other types of aging, affect the integrity of organ barri-
ers and cause tissue fibrosis [105]. It is believed that
during the aging process, extracellular matrix mole-
cules are damaged as a result of many modifications,
including glycation, cross-linking and accumulation,
which leads to an increase in matrix rigidity [106]. At the
same time, another version is also valid: the genetic
aging program triggers modifications of the extracellu-
lar matrix, using the matrix rigidity as a factor in the
stable storage of collected information.

The Importance of some metabolic formations

in the aging process

Many theories base the aging process on the effect
on tissues of individual physicochemical structures
formed in the body during metabolism. For example,
the free radical theory proposed by D. Harman in 1956
[107] states that aging occurs due to the accumulation
of damage in cells caused by free radicals. This theory
served as the basis for a huge number of studies [108-
110]. At the same time, a number of studies note a dif-
ferent role of free radicals in the body. In particular, it
has been experimentally shown that in the rodent Het-
erocephalus glaber (naked mole rat), which is distin-
guished by an exceptionally long lifespan, the levels of
reactive oxygen species and oxidative damage are sig-
nificantly higher than in the mouse (Mus musculus),
which lives a much shorter life [111]. It is known that
reactive oxygen species play a critical role in the func-
tioning of the immune system, intercellular communica-
tions and stress reactions [112]. It has been shown that
free radicals can not only cause molecular damage in
cells, but also act as modulators of physiological pro-
cesses [113]. The presented data indicate that free radi-
cals have a physiological function and only their excess
production due to one or another pathology causes
negative effects.

The role of "cross-links" in the aging process

The theory of aging from "cross-links" suggests that
the aging of living organisms is caused by the random
formation of "cross-links" of bridges between protein
molecules and DNA. Covalent binding of proteins to
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the DNA chain leads to the formation of DNA-protein
cross-links (DPCs). The authors of this theory consider
DPCs to be one of the most harmful types of DNA dam-
age, leading to blocking of DNA replication and tran-
scription [114]. At the same time, there is a different
understanding of the significance of compaction of
aging tissues. It has been shown that DNA damage and
endogenous products with carbonyl functional groups
can form DPCs in genomic DNA under normal physio-
logical conditions [115]. Genetic mutations can increase
or decrease the energy of intermolecular binding [116],
which determines the formation of "cross-links". The
variety and quantity of substances causing "cross-links"
in the body are so great that there is no question
whether this is enough for aging, but one is only sur-
prised why aging proceeds so slowly [117, 118]. But it is
no less surprising why cross-links are excluded by most
researchers from the sphere of physiological processes
of aging in general. The accelerated process of cross-
link formation, for example, in diabetes mellitus, cardi-
opathology and other diseases can be considered as a
factor of adaptation [119]. Is it not more likely to assume
that the aging process itself causes the formation of
"cross-links" as a mechanism that increases the protec-
tion of accumulated new genetic and somatic infor-
mation? It is natural to assume that in order to preserve
archival information, cellular elements require a com-
paction of the molecular structure and an increase in
the strength of intermolecular bonds, which is what
"cross-links" provide.

Autoimmune aging

In recent years, the attention of researchers of the
mechanisms of aging of the body has been attracted by
the so-called autoimmune aging. In 2000, a group of
ltalian immunologists proposed a theory of aging called
“inflammaging” - senile inflammation [120]. According
to this theory, aging is the result of chronic low-level
inflammation without signs of infection (sterile inflam-
mation). In the process of “inflammaging”, many cells,
including cells of the immune system, predominantly
produce proinflammatory cytokines [121-123]. It is
characteristic that most researchers attribute inflam-
maging to a purely negative process, linking this condi-
tion with an increased risk of developing various age-
related pathologies, including infections, cardiovascu-
lar, neurodegenerative and autoimmune diseases, can-
cer and other types of pathology [124-127]. Inflammag-
ing is defined as a systemic proinflammatory state
caused by an imbalance between proinflammatory and
anti-inflammatory mechanisms, which in turn leads to
increased cytokine production. This imbalance causes a
long-term state of low-grade inflammation and is even
considered a biomarker of accelerated aging [128,
129]. Inflammaging is also suggested to cause damage
to the extracellular matrix through multiple modifica-
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tions including glycation, cross-linking, and accumula-
tion, leading to fibroaging [130].

However, there are also opposing opinions. Many
researchers consider inflammaging to be an adaptive
process [131]. This version is supported by studies con-
ducted on centenarians, which found that high levels of
inflammatory biomarkers contribute to longevity [132,
133]. In elderly people, including those over 100 years
old, high levels of autoantibodies were found, but the
occurrence of autoimmune conditions was not ob-
served [134-136]. The positive status of inflammaging is
supported by the fact that autoantibodies are an im-
portant factor in maintaining homeostasis. In particular,
they are able to bind to apoptotic cells, accelerating
their elimination [137, 138]. Epidemiological studies
have not provided sufficient evidence as to whether
inflammation is primary in the initiation of chronic non-
communicable diseases, or inflammation develops as a
protective effect in response to the underlying patho-
logical condition [139].

Therefore, in a logical analysis of the causes of age-
related increase in autoimmune activity, it is entirely
acceptable to interpret this phenomenon as an en-
hanced adaptive clearance, developing in response to
an age-related increase in proteins and cells in the
body that have fulfilled their physiological purpose and
require removal from the body or processing for further
use by the body itself. We also believe that inflammag-
ing can be attributed to a special type of systemic pro-
cessing of information collected by the body in the pro-
cess of life.

The importance of the aging process in the

evolutionary development of human intelligence

All of the above may indicate that the collection,
processing and storage of information in the process of
evolutionary development of living matter, where aging
played a key role, led to the creation of the human
brain - a carrier of thinking matter, capable of perform-
ing abstract analysis of the environment, encoding the
collected information and transforming it into technical
tools and technologies.

Currently, a significant number of studies are devot-
ed to the proteomics of the aging brain [140-143]. Most
researchers have identified the accumulation of poten-
tially toxic protein aggregates and their spread
throughout various areas of the brain as the main caus-
es of aging. It is believed that the aging brain contains a
large number of many types of misfolded proteins [144,
145]. In particular, it has been established that peptides
and proteins have an innate tendency to pass from their
natural functional state into poorly soluble amyloid ag-
gregates. At the same time, the ability of amyloids to
encode and reproduce biological information has been
noted [146]. Therefore, it would be incorrect to inter-
pret amyloid structures as incorrectly folded proteins,

23

since their rigid structure is one of the forms of stable
storage of biological memory.

During aging, the pigment lipofuscin also accumu-
lates in brain tissues, which is considered one of the
causes of neurodegeneration [147-149]. However, the
question arises: why do incorrectly folded proteins ap-
pear in the brain during physiological aging, why does
lipofuscin cause neurodegeneration? The opposite
assumption is also acceptable - many brain proteins
(including amyloids and lipofuscin) have a specific fold-
ing aimed at preserving the structure of the carriers of
accumulated biological information.

This assumption can be confirmed by the fact that
the current state of views on mental aging is character-
ized by a refusal to understand it exclusively as a time of
“losses and losses.” It is being replaced by ideas about
the complexity, inconsistency, and nonlinearity of
changes occurring in life support systems, including the
psyche [150]. It should be taken into account that dur-
ing normal aging, the death of nerve cells is limited to
certain areas of the nervous system and is insignificant
[151]. The functional stability of the brain during aging
is confirmed by data that the higher the initial level of
intelligence, the less its decline in old age. Moreover,
people with a high level of intelligence may experience
an increase rather than a decline in old age [152]. It has
also been noted that the accumulated knowledge of
older people has a positive effect on current working
memory [153].

Among the most common age-related symptoms is,
first of all, a slowdown in the rate of activity (latency) of
the brain. This is clearly visible when trying to retrieve
information from memory storage systems. The reason
for this is apparently that the main structural changes in
brain tissue in old age include: a decrease in the num-
ber and length of dendrites, the loss of many dendritic
spines, a decrease in the number of axons and their
myelin sheaths, and a significant loss of synapses [154].
The rate of formation of new axons that form connec-
tions with neurons also decreases, which slows down
the recall of information stored in them to the areas of
the brain that use it. It is important that the memory
archives of the aging brain remain intact. This is evi-
denced by the ability, with certain intellectual efforts, to
recall facts that seemed to have disappeared from
memory forever [155]. That is, aging causes changes
mainly in the brain tissues that provide connections to
memory archives, but not the loss of the archives them-
selves. It has also been established that with age, the
number of connections between brain areas within the
corresponding functional module (and not between
modules) increases [156, 157]. Presumably, this may
indicate an increase in the level of the brain's focus in
old age on in-depth processing of information within
archival modules. Indirect evidence of this is a certain
paradox: the cognitive activity of the aging brain (pro-
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cessing of new information) decreases [158, 159], and
the level of constant potential and energy expenditure
in the deep structures of the brain of elderly people
increase compared to normal values [160, 161]. Such
an increase in energy expenditure can be considered as
a result of age-related enhancement of the function of
"intracerebral creativity" aimed at the final correction
and systematization of archived information embedded
in the structure of brain tissue.

Apparently, the human brain in old age gradually
reduces the quality of its systemic organization, but in
fact until the end of life it continues to preserve and
improve the structural organization in local areas of
archiving biological information. This information in the
process of global biospheric metabolism forms the
basis for further improvement of the structure and func-
tion of intellectual matter. It should be noted that spe-
cific knowledge archived in the brain of an individual is
not transmitted genetically, but it can be assumed that a
more advanced "genetic platform" formed on the basis
of this knowledge is transmitted, and by standing on it
new generations of humanity receive higher cognitive
and creative capabilities in the process of mastering
continuously more complex biospheric information.

It is important to emphasize that at the stage of the
modern development of thinking matter, that is, the
human brain, people of older age groups are of priority
interest for evolution - they are the carriers of the larg-
est volume of carefully developed information structure
of intellectual matter. This assumption is supported by
the fact that the number of people over 60 years old is
growing rapidly. Their total number in 2020 has already
reached 1 billion people. If the current trend continues,
by 2030 the number of this group will reach 1.4 billion,
and by 2050 - 2.1 billion [162]. Evolutionary interest in
the elderly is also confirmed by the dynamics of chang-
es in the number of long-livers on the planet. If in 1950
the share of people aged 90 and older was 0.05% of
the planet's population, then by 2020 it reached
0.27% - an increase of almost six times [163]. According
to the forecast of the UN Department of Economic and
Social Affairs, by 2050 0.79% of the planet's inhabitants
will be over ninety years old, and by 2100 - 2.14% [164].
That is, in relation to 2020, in 2050 there will be an in-
crease in the number of long-livers by almost 3 times,
and by 2100 - almost 8 times. At the same time, the
total population of the Earth by the end of the century
will grow only 1.2 times [165]. Such age-related chang-
es may indicate that the human brain is becoming the
main interest of evolution, and the elderly are the most
important biological object - carriers of the largest vol-
ume of carefully developed structure of intellectual
matter.

At the same time, a natural question arises: why
does evolution need an older age group of the popula-
tion after the possibility of transmitting genetic infor-
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mation sexually ceases? The fact is that the genetic (ver-
tical) way of transmitting biological information in the
evolutionary process is not the only one. At present, the
problem of the so-called "horizontal genetic drift" is
being discussed more and more actively [166, 167].
In general, the most powerful flow of biological infor-
mation is carried out by the non-genetic (somatic) way -
through food, water and air circulation in the biosphere.
In this case, the vertical (genetic) way transmits systema-
tized, clearly structured information (this is its ad-
vantage), but information collected by one organism
(this is its weakness). The horizontal (somatic) way
transmits more diverse information collected by differ-
ent organisms (this is its advantage), but the information
is scattered, not structured (this is its weakness). The
combination of these two complementary forms of in-
formation transfer optimally determines evolutionary
progress [168].

Thus, it can be noted that the process of develop-
ment of the human brain is fundamentally unlimited,
since development is the main way of existence of the
individual. According to the law of cephalization (de-
rived by D.D. Dan and D. Le Conte in the 1950s), the
human brain continues to preserve and improve its
structural and functional organization until the end of
life. This law was supported and introduced into scien-
tific circulation by V.I. Vernadsky [19]. Analysis of mod-
ern achievements of the evolution of life allowed
V.. Vernadsky [170] to raise the problem of the
Noosphere, the sphere of reason, as the main goal of
the development of life. The formation of the
Noosphere means that thinking matter in the further
evolutionary search for the optimal (ideal) version of its
structure must move from a polysystemic (individual-
ized) form of organization to a single system - the Inte-
grated Biospheric Reason.

Conclusion

Based on the analytical review of the dynamics of liv-
ing matter, we can present the main provisions of the
role of aging in the development of human life and the
biosphere. All living things on our planet are united by
a single metabolic process in which the waste products
of some organisms serve as a food substrate for others.
Metabolism is an interconnected and balanced process
of assimilation (anabolism) and dissimilation (catabo-
lism). That is, life is both creation and destruction, the
birth of the new and the death of the old. But this is not
the labor of Sisyphean, but a purposeful process of self-
improvement. Anabolism does not repeat the structure
of organic molecules that have undergone catabolic
destruction, but creates more perfect molecular struc-
tures filled with new information from their fragments.
The processing of constantly changing information in
the biosphere is carried out by a "global revision" of its
structural state: viruses invade bacterial cells, bacteria
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and fungi attack more organized representatives of life,
which, in turn, metabolize the tissues of lower life forms.
At the same time, each biological species, each organ-
ism, each organ, cell and molecule have their own spe-
cific functional programs and methods of transforming
the forms of biological material. The harmonious activi-
ty of all this diversity forms the basic principle of a sin-
gle information-analytical process of biospheric self-
organization, ensuring the evolutionary development of
life. In the process of this interaction, organic molecules
are increasingly filled with potential energy and propor-
tionally reduce kinetic energy, i.e. functional activity.
This is the starting point of the aging process. The ag-
ing process forms structural information archives. From
generation to generation, the information saturation of
these archives increases.

Evolution is a fundamental mechanism of develop-
ment of the material world, which formed a living sub-
stance from inert matter and endowed it with intelli-
gence. The question arises: is it possible that this uni-
verse allows a systemic senseless destruction of the
elements of its brainchild (living organisms) in the pro-
cess of aging? If aging is not of great importance in the
development of living matter, then why did evolution
preserve this process in the life of an organism? The
contradiction of the aging is that, on the one hand, in
the process of aging, the organism degrades as a sys-
tem, but, on the other hand, there is a structural im-
provement of its tissues at the molecular level. That is,
aging ensures processes aimed not at preserving the
organism as a system, but at preserving its individual
elements (information blocks) that are of interest for the
construction of new structures of living matter as a
whole. An evolutionary ladder is formed from these
information blocks, along which living matter rises to a
higher level of its development. Aging is not decay or
damage, but a mechanism for converting one structure
of living tissue into another, more perfect one, while
preserving it as a potential phase for use by new cellular

generations of the same organism or by other organ-
isms.

Living organisms are formed only from "semi-
finished products" (atoms and molecules), which have
previously been part of other living structures and ac-
quired a certain volume and quality of structural infor-
mation (biological memory). The death of an organism
is the moment of its merging with the primordial basis
of being. Dying, the organism passes on to newly
emerging organisms a material substrate with an "im-
proved" structure and the corresponding information,
ensuring an integral increase in the quality of the bio-
sphere. The biosphere is a huge "melting pot": just as
an organism processes its aging elements - cells, so the
biosphere processes its aging elements - organisms.
Aging and death of an organism is the process of transi-
tion of a fragment of living matter from an isolated (in-
dividualized) phase of development to the phase of
integral development of the biosphere. The global na-
ture of the aging problem is that it is not only an indi-
vidual and not only a biological species that ages, but
the entire biosphere as a whole. Thus, aging is a univer-
sal type of internal movement of living matter.

The task of modern science, given the established
moral categories of humanity, is to maximize the
lifespan of an individual. This task aligns with the "ulti-
mate goal" of evolution, as it allows for the fullest reali-
zation of the program assigned to a specific organism
in the search for more advanced life structures. It fol-
lows that aging cannot be stopped and should not be
pursued, as stopping aging means halting develop-
ment. At the same time, intellectual intervention in the
aging process (in the interest of the individual) should
focus on the prevention and correction of its pathologi-
cal forms, without interfering with the process of physio-
logical forms of tissue variability in the organism. This
understanding of aging will define effective research
directions in the field of gerontology and prevent re-
searchers from straying onto the path of misconcep-
tions.

JNuteparypa [References]

1 JlutBuHosa H.A. DkocucTeMHbI NOAXOA K BOCMPOW3BOACTBY YesioBeyYeckoro kanutana. KpeatusHas akoHomuka. 2023;5:1655-1670.
Litvinova N. A. Ecosystem approach to reproduction of human capital. Creative economy. 2023;17(5):1655-1670. (In Russ.)
2 Bobpunckunin b. Tasina Mpecssitori Tpouusi: [Kypc gormatnyeckoro 6orocnosus]. MNpasocnasHbiin CBATO-TUXOHOBCKMI yMaHUTapHbIN YH-T.

M: N3p-so MCTTY, 2005. 360 c. Bobrinsky B. The Mystery of the Holy Trinity: [course of dogmatic theology]. Orthodox St. Tikhon's Universi-
ty for the Humanities. Moscow: PSTGU Publishing House. 2005:360. (In Russ.)

A~ w

Camazine S., Deneubourg J-L., Nigel R. et al. Self-Organization in Biological Systems. Princeton university press. 2020:562.
Isaeva V.V. Self-Organization in Biological Systems. Izvestiya Akademii Nauk, Seriya Biologicheskaya. 2012;2:144-153.

Mpuroxun W., Hukonuc XK. Bruonorudeckuit nopsigok, CTpyKTypa v HeyCTOMYMBOCTU. Ycnexu ¢uanyeckux Hayk. 1973;109(3):517-544.
Prigogin I., Nicolis J. Biological order, structure and instabilities. Advances in physical sciences. 1973;109(3):517-544. (In Russ.)

Nicolis G., Prigogine I. Self-Organization in Nonequilibrium Systems: From Dissipative Structures to Order through Fluctuations. Wiley, New
York. 1977.

Kopocos A.B. MpuHumMn amepaxeHTHOCTU B akonorun. lNpuHuyuner skonorun. 2012;3:48-66. Korosov, A.V. The principle of emergence in
ecology. Principles of ecology. 2012;3:48-66. (In Russ.)

Lisetkos B.4., Kosnos A.B. VcrnonbsoBaHne mopgenen >XuBbiXx OPraHM3MOB AJIS aHann3a 3BOJIOLUN CJIOXHbBIX OPraHW3auMOHHO-
TexHn4eckunx cuctem. ObpasosatesnbHbie pecypcsl u TexHonorun. 2019;4(29):68-76. Tsvetkov, V.Ya., Kozlov, A.V. Using Models of Living
Organisms to Analyze the Evolution of Complex Organizational and Technical Systems. Educational Resources and Technologies.
2019;4(29):68-76. (In Russ.)

25



BecTtHuk mepuuuHckoro nuctutyta «PEABU3». 2025. Tom 15. N2 3 PepakuunoHHasa craTbsa

10

11

12

13

14

15

16
17
18
19
20
21
22
23
24
25
26

27

28

29

30

31

32

33

34
35
36
37
38
39
40
41

42

43

LabanmH B.H., LLaTtoxunHa.C.H. Ponb crapeHus B 3BOMIOLUMOHHOM pPasBWUTWM uyenoseka. BecTHuk poccurickori akagemum Hayk. 2020;
90(12):1119-1127. Shabalin, V.N., Shatokhina, S. N. The Role of Aging in Human Evolutionary Development. Bulletin of the Russian Acad-
emy of Sciences. 2020; 90(12):1119-1127. (In Russ.)

Mowcees H.H. YHueepcym. NHpopmaums. Obuwectso Ycrondussivi mup. 2001. 198 c. Moiseev N.N. Universe. Information. Society Sustaina-
ble World. 2001:198. (In Russ.)

Anvcumos B.H. MonekynspHeie n ¢pusnonornyeckme mexanusmsi craperus. CM6., 2008. 467 c. Anisimov V.N. Molecular and Physiological
Mechanisms of Aging. St. Petersburg. 2008:467. (In Russ.)

Picca A, Guerra F, Calvani R. et al. Mitochondrial Dysfunction and Aging: Insights from the Analysis of Extracellular. Vesicles.Int. J. Mol. Sci.
2019;20(4):805.

Kowald A, Kirkwood T.B. Can aging be programmed? A critical literature reviewAging. Cell. 2016.15(6):986-998.

Kynuxesa C.C., Bonobaes B.M., M.IO. MnotHukosa n ap. CoBpeMeHHble TEHAEHUMN U NMOAXOLbl MOWCKA FeHEeTUYECKUX LEeTEPMUHAHT
cTapenus n gonronetus. leHetuka. 2022;58(12):1367-1385. Kunizheva, S.S., Volobaev, V.P., Plotnikova M.Yu. et al. Current trends and ap-
proaches to the search for genetic determinants of aging and longevity. Genetics. 2022;58(12):1367-1385. (In Russ.)

Muxees P.K., Angpeesa E.H., lpuropan O.P. n gp. MonekynspHble 1 KNeToYHble MEXaHW3Mbl CTaPEHUs: COBPEMEHHbIE NpeacTaBeHuns
(0B30p nuTepatypsl). [Mpobaems SHgokpuHonorum. 2023;69(5):45-54. Mikheev, R.K., Andreeva, E.N., Grigoryan, O.R. et al. Molecular and
cellular mechanisms of aging: current concepts (literature review). Problems of Endocrinology. 2023;69:(5):45-54.

Sergiev P.V., Dontsova O.A., Berezkin G.V. Theories of Aging: An Ever-Evolving Field. Acta Naturae. 2015;7(1):9-18.

Zhang W., Qu J., Liu G.-H., Belmonte J.C.I. Epigenome aging and rejuvenation. Nature Reviews Molecular Cell Biology. 2020;21(3):137-150.

Haber C. Life extension and history: the continual search for the fountain of youth. J Gerontol A Biol Sci Med Sci. 2004. 59(6):B515-B522.
Lars Kiemer, Gianni Cesareni. Comparative interactomics: comparing apples and pears? Trends in Biotechnology. 2007,25(10):448-454.
Bruggeman F.J., Westerhoff H.V. The nature of systems biology. Trends in Microbiology. 2007;15(1):45-50.

Meanos A. C., 3roga B. I"., Apuakos A. V. TexHonorumn benkoson nHtepaktomukn. buoopranmnyeckas xumus. 2011,37(1):8-21. lvanov, A.S.,
Zgoda, V.G., Archakov A.l. Protein interactomics technologies. Bioorganic Chemistry. 2011;37(1):8-21. (In Russ.)

Manosa E.N. Kateropun sgopoebst 1 6onesHun B aponouun napagurm meanumnsl. Coumonorus meaunuymrel. 2019;18(2):110-117. Panova,
E.l. Categories of Health and Disease in the Evolution of Medical Paradigms. Sociology of Medicine. 2019;18 (2):110-117. (In Russ.)
TioneHes B. M. JlakTaHumMI: XpUCTUAHCKMIA UCTOPUK Ha nepekpecTtke anox. Hayy. nsa. Cankr-Metepbypr: Anetens, 2000. 319 c. Tyulenev
V.M. Lactantius: Christian historian at the crossroads of eras. Scientific pub. St. Petersburg: Aletheia. 2000:319. (In Russ.)

Sephiashvili D. P. The Role of Disease in Organic Progress. Open Biological Sciences Jornal. 2015;1(1):1-6.

Conopyxura L.M. Vctopudeckuin aHanus KoHuUenuuin 300posbs 1 Gonesun. Mup Haykn. Coumonorus, unonorus, KysabTyposiorus.
2021;1:121. Solodukhina, D.P. Historical Analysis of the Concepts of Health and Disease. The World of Science. Sociology, Philology, Cul-
tural Studies. 2021;1:121.

ApTtemenkos A.A. lesagantaums Kak GpakTop 3BOSIOLMOHHOIO PasBuTUS B NONynaumsax Yyenoseka. HayyHoe obospeHne. PedpepatnsHbiii
xypHas. 2017;1:5-16. Artemenkov A.A. Maladaptation as a factor in evolutionary development in human populations. Scientific review.
Abstract journal. 2017;1:5-16. (In Russ.)

CynotHuukunin M.B. Cnosaps reHetnyeckux Tepmuros. M.: BY3OBCKAA KHUTA, 2007. 508 c. Supotnitsky M.V. Dictionary of genetic terms.
Moscow: UNIVERSITY BOOK. 2007:508. (In Russ.)

Benan [.B., Ekumosa W.B. Besikn TennioBoro woka npu KoHGOPMaLMoHHbIx BonesHsax mo3sra. Poccninckmnin dusmonornieckunin xypHasn num.
N.M. CeuenoBa. 2019. 105(12). c. 1465-1485. Belan D.V., & Ekimova, I.V. Heat shock proteins in conformational diseases of the brain. Rus-
sian Physiological Journal named after |. M. Sechenov 2019;105(12):1465-1485. (In Russ.)

Mpubpam K. Sd3biku Mo3sra: IkcnepumeHTaibHble NapagoKChl v MPUHUMMLI Hedponcuxonoruy. Mep. ¢ aHrn. 2-e nsg. M.: KHuxHbIR fom
«JIMBPOKOM», 2010. 464 c. Pribram K. Languages of the Brain: Experimental Paradoxes and Principles of Neuropsychology. Translated
from English. 2nd ed. M.: Book House "LIBROKOM". 2010:464. (In Russ.)

AHgpuaHos A.M. KoHdopmaunoHHsii aHanns benkos: Teopus u npunoxerus. Munck: Benapyc. Hasyka, 2013. 518 c. Pardaeva S., Zhu-
maeva F., Akhmedov A. Function of cell proteins. Oriental renaissance: Innovative, educational, natural and social sciences. 2021;1(10):369-
379.(In Russ.)

Pardaeva S., Zhumaeva F., Akhmedov A. ®ynkumns 6enkos knetku. Oriental renaissance: Innovative, educational, natural and social scienc-
es. 2021;1(10):369-379.

Porter L.L., Looger L.L. "Extant fold-switching proteins are widespread". Proceedings of the National Academy of Sciences.
2018;115(23):5968-5973.

Caxapos B.H., Jluteuukun M.®. HectabunbHocts koHpopmaumu benka — obLumny KOMNOHEHT natoreHesa bonesHew yenoeeka. BectHuk
Poccuiickori akagemumn meguumHckux Hayk. 2016;71(1):46-51. Sakharov V.N., Litvitsky P.F. Instability of protein conformation is a common
component of the pathogenesis of human diseases. Bulletin of the Russian Academy of Medical Sciences. 2016;71(1):46-51. (In Russ.)
Vacek J., Zatloukalova M., Doréak V. at al. Electrochemistry in sensing of molecular interactions of proteins and their behavior in an electric
feld. Microchimica Acta. 2023;190:2-21.

Hu X., Feng C., Ling T., Chen M. Deep learning frameworks for protein-protein interaction prediction. Comput Struct Biotechnol J.
2022;20:3223-3233.

Bahar I., Jernigan R.L., Dill K.A. Protein Actions: Principles and Modeling. Journal of Biological Physics. 2017,43(4):1-5.

Thabault L, Liberelle M, Frédérick R. Targeting protein self-association in drug design. Drug Discov. Today. 2021;26(5):1148-63.

Hribar-Lee B., Luk$ic M. Biophysical Principles Emerging from Experiments on Protein-Protein Association and Aggregation. Annu. Rev.
Biophys. 2024. 53:1-18.

Cohen R.D., Pielak G. J. Electrostatic Contributions to Quaternary Protein Structure. Journal of the American Chemical Society.
2016;138(40):13139-13142.

Danielsson J., Oliver M. "Comparing in vitro and in vivo protein behavior: what do these data really tell us?" Current Opinion in Structural
Biology. 2017;42:129-135.

Shekhtman A., Burtz D.S., DeMott Ch., Breindel L. Real-time nuclear magnetic resonance in cells: ribosome-targeting antibiotics modulate
protein interactions. Biochemistry. 2018;57(5):540-546.

Kakagxarosa K. K., KOcybos 1., Matnes [l. OcHoBa B1MOMOrMYECKOM XU3HWN U O CTPYKTYPHOW OpraHmsaums n yHkumm 6enkos. BecTHuk
Hayku. 2024;4(73):562-565. Kakadzhanova K.K., Yusubov D., Matiev D. The basis of biological life or about the structural organization and
function of proteins. Science Bulletin. 2024;4(73):562-565. (In Russ.)

Csaba P., Balazs P., Csaba P. An integrated view of protein evolution. Nature Reviews Genetics. 2006;7:337-348.

26


https://sfk-mn.ru/PDF/23SCSK121.
https://sfk-mn.ru/PDF/23SCSK121
https://www.researchgate.net/journal/Journal-of-Biological-Physics-1573-0689?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
../AppData/Roaming/zenbook/Desktop/Дуализм%20процесса%20старения-%20основной/ТЕКСТ%20СТАТЬИ-литература.docx#auth-Csaba-P_l-Aff1-Aff2
../AppData/Roaming/zenbook/Desktop/Дуализм%20процесса%20старения-%20основной/ТЕКСТ%20СТАТЬИ-литература.docx#auth-Bal_zs-Papp-Aff3
../AppData/Roaming/zenbook/Desktop/Дуализм%20процесса%20старения-%20основной/ТЕКСТ%20СТАТЬИ-литература.docx#auth-Csaba-P_l-Aff1-Aff2

Editorial article Bulletin of the Medical Institute “REAVIZ"”. 2025. Volume 15. N2 3

44
45

46

47

48

49

50

51

52

53

54

55
56

57
58

59
60

61
62

63

64

65

67
68

69
70
71
72
73

74
75

76

77
78

79

80

Uhlén M., Karlsson M., Andreas H. et al. The human secretome. Sci Signal. 2019;2(609).

Omenn G.S., Orchard S., Lane L. at all. The 2024 Report on the Human Proteome from the HUPO Human Proteome Project. J Proteome
Res. 2024;6:23(12):5296-5311.

Karki R., Pandya D., Elston R.C. et al. Defining “mutation” and “polymorphism” in the era of personal genomics. BMC Med Genomics. 2015;
8:37.

WNure-Beutomos C.I. Mpobnema usameHunsocti. PeHOMEHONOMMA U MEXaHW3Mbl. BaBunoBCKWi XypHan reHeTuku u Cenekumu.
2013;17(4/2):791-804. Inge-Vechtomov S.G. The problem of variability. Phenomenology and mechanisms. Vavilov Journal of Genetics and
Breeding. 2013;17 (4/2):791-804. (In Russ.)

Shendure J., Akey J.M. The origins, determinants, and consequences of human mutations. Science. 2015;349(6255):1478-83.

Ycnenckas H.9., Akonos C.b., CHexkos E.B., Ceepanos E.[l. CkopocTb repMmnHasibHbIX MyTauuii Yenoseka - BapuabenbHblin pakTop 3Bo-
noummn 1 bonesHen. Menetmka, 2019;55:5:493-505. Uspenskaya N.Ya., Akopov S.B., Snezhkov E.V., & Sverdlo E.D. The rate of human
germline mutations is a variable factor of evolution and diseases. Genetics. 2019;55(5):493-505. (In Russ.)

Yypaes P.H. DnureHbl — HacnencrseHHble eAMHULbI HAaATEHHOTrO YpPOBHS. Jkosnormyeckas reHetwka. 2010;4:17-24. Churaev R.N.
Epigenes - hereditary units of the supragenic level. Ecological Genetics 2010; 4:17-24. (In Russ.)

Kurtzman J., Gordon P. No More Daing. The Conquest of Agind and the Extension of Human Life. Los Angeles. 1976. 218 p.
QOunkenbwtenH A.B. 50+ net camoopranusauun benkos. Ycnexu buonornyeckos xumum. 2018;58:7-40. Finkelshtein A.V. 50+ years of
protein self-organization. Advances in Biological Chemistry. 2018;58:7-40. Finkelshtein A.V. 50+ years of protein self-organization. Ad-
vances in Biological Chemistry. 2018;58:7-40. (In Russ.)

Konobaesa C.H., Ceexnunna T.C., Wyctos C.B. u ap. MUTOXOHAPUANbHBIA TEHOM U CTapeHne KapaAnoMnoumnToB. [eHsl u knetku. 2021;16
(4):14-21. Kolyubaeva S.N., Sveklina T.S., Shustov S.B. et al. Mitochondrial genome and aging of cardiomyocytes. Genes and Cells.
2021;16(4):14-21. (In Russ.)

Hidalgo R.A., Veltman J.A., Hoischen A. et al. New insights into the generation and role of de novo mutations in health and disease. Ge-
nome Biology. 2016;17:241.

Cagan A., Baez-Ortega A., Brzozowska N., et al. Somatic mutation rates scale with lifespan across mammals. Nature. 2022;604:517-524.
Shreeya T., Ansari M.S., Kumar P., et al. Senescence: A DNA damage response and its role in aging and Neurodegenerative Diseases.
Front Aging. 2024;4:129.

Epelbaum J. Neuroendocrinology and aging. J Neuroendocrinol. 2008;20(6):808-811.

Menwnxosa J1.B., YeHtuesa J1.A., Jlywmk M.B. OcHoBHble Teopun ctapenusi. MexayHapoaHbif CTyAeHYeCKunii HayYHbii BecTHuK. 2016;4-2.
Melikhova L.V., Chentieva L.A., & Lushchik M.V. Main theories of aging. International Student Scientific Bulletin. 2016;4-2. (In Russ.)

da Costa JP, Vitorino R, Silva GM, et al. A synopsis on aging-Theories, mechanisms and future prospects. Ageing Res Rev. 2016;29:90-112.
Schumacher B, Pothof J, Vijg J, Hoeijmakers J.H.J. The central role of DNA damage in the ageing process. Nature. 2021;592(7856):695-
703.

Dabin J., Fortuny A., Polo S.E. Epigenome maintenance in response to DNA damage. Mol. Cell. 2016;62:712-727.

Bennett-Baker P.E., Wilkowski J., Burke D.T. Age-associated activation of epigenetically repressed genes in the mouse. Genetics.
2003;165(4):2055-2062.

Mepsywnn B.B., FopnuHny N.B., CaBoHunk .C. MyTareHes: pasHOBUAHOCTU WM 3BOJIOUMOHHas posnb. MexgyHapoaHbIi CTyBeHYecKui
Hay4Hbi BecTHuk. 2022;1. ervushin V.V., Gorpinich I.V., Savonchik G.S. Mutagenesis: varieties and evolutionary role. International Student
Scientific Bulletin. 2022;1. (In Russ.)

Chen X, Fu W, Luo Y, et al. Protein deamidation to produce processable ingredients and engineered colloids for emerging food applica-
tions. Compr Rev Food Sci Food Saf. 2021,;20(4):3788-3817.

Galzio R, Rosati F, Benedetti E, et al. Glycosilated nucleolin as marker for human gliomas. J Cell Biochem. 2012;113(2):571-579.

Muxees P.K., AHppeesa E.H., Tpuropsin O.P. n op. MonekynspHbie 1 KNeToYHble MeXaHM3Mbl CTapEHUSA: COBPEMEHHbIE NpeaCcTaBeHns
(0630p nutepatypsl). [pobremsr SHgokpuHonorumn. 2023;69(5):45-54. Mikheev R.K., Andreeva E.N., Grigoryan O.R. et al. Molecular and
cellular mechanisms of aging: current concepts (literature review). Problems of Endocrinology 2023;69(5):45-54. (In Russ.)

Orgel L. E., Molecular evolution, Origin of Life . New York, Wiley. 1973:237.

Bahar R., Hartmann C.H., Rodriguez K.A., et al. Increased cell-to-cell variation in gene expression in ageing mouse heart. Nature.
2006;441:1011-1014.

Lépez-Gil L, Pascual-Ahuir A, Proft M. Genomic Instability and Epigenetic Changes during Aging. Int J Mol Sci. 2023;24(18):14279.

Vijg J. From DNA damage to mutations: All roads lead to aging. Ageing Res. Rev. 2021;68:101316.

Schumacher B., Pothof J., Vijg J., Hoeijmaker, J.H.J. The central role of DNA damage in the ageing process. Nature. 2021;592: 695-703.
Hashizume O., Ohnishi S., Mito T. Epigenetic regulation of the nuclearcoded GCAT and SHMT2 genes confers human age&associated
mito& chondrial respiration defects, Sci. Rep. 2015;5:10434.

Rodriguez-Roder S. Fernandez-Morera J.L., Fernandez A.F. et all. Epigenetic regulation of aging: implications for interventions of aging
and diseases. Discov Med. 2010; 10(52):225-33.

Montano S.P., Pigli Y.Z., Rice P.A. The Mu transpososome structure sheds light on DDE recombinase evolution. Nature. 2012;491:413-417.
AHawkurHa A A., KysHeyos E.H., BataHosckuin A.B. u ap. Bzanmogeinctsua 6enok-AHK: ctatnctnyecknin aHanms MexxaTOMHbIX KOHTaKTOB B
Bonbwoi n mManon boposgkax. Basunosckuii xypHan reHetuku u cenekuymun. 2017;21:8: 887-894. Anashkina A.A., Kuznetsov E.N.,
Batyanovsky A.V. et al. Protein-DNA interactions: statistical analysis of interatomic contacts in the major and minor grooves. Vavilov Journal
of Genetics and Breeding. 2017;21(8):887-894.

Titeca K, Lemmens |, Tavernier J, Eyckerman S. Discovering cellular protein-protein interactions: Technological strategies and opportuni-
ties. Mass Spectrom Rev. 2019; 38(1):79-111.

Wapshott A. Protein-Protein Interactions: Biological Regulation of Enzyme Function. Enz Eng. 2023;12:220.

WNHre-Beytomos C.I'. MexaHn3ambl MOAMPUKALMOHHON U3MeHYnBoCTu. Skonorudeckas redetuka. 2010;8:4-9. Inge-Vechtomov S.G. Mecha-
nisms of modification variability. Ecological Genetics. 2010;8(4):4-9. (In Russ.)

ActpaTenkosa W.B., AxmeTos U.W., FTonsbepr H.[., Porozkmn B.A. Perynsums metabonnama ckenieTHbIX MbILUL, 3MUreHeTUYeckumm $akTo-
pamu. Poccuiicknii pusnonornyeckuii xypHan um. .M. Ceqerosa. 2019;105:9:1113-1121. Astratenkova L.V., Akhmetov L.I., Golberg N.D.,
Rogozkin V.A. Regulation of skeletal muscle metabolism by epigenetic factors. .M. Sechenov Russian Physiological Journal
2019;105(9):1113-1121. (In Russ.)

Wang K., Liu H., Hu Q. et al. Epigenetic regulation of aging: implications for interventions of aging and diseases. Signal Transduct Target
Ther. 2022;7:7:374.

27


https://pubmed.ncbi.nlm.nih.gov/?term=Omenn+GS&cauthor_id=39514846
https://pubmed.ncbi.nlm.nih.gov/?term=Orchard+S&cauthor_id=39514846
https://pubmed.ncbi.nlm.nih.gov/?term=Shendure+J&cauthor_id=26404824
https://pubmed.ncbi.nlm.nih.gov/?term=Akey+JM&cauthor_id=26404824
https://www.probl-endojournals.ru/jour/article/view/13278
https://archive.org/search.php?query=creator:
https://archive.org/search.php?query=subject:
https://archive.org/search.php?query=subject:
https://archive.org/search.php?query=date:1973
https://pubmed.ncbi.nlm.nih.gov/?term=%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%5bAuthor%5d

BecTtHuk mepuuuHckoro nuctutyta «PEABU3». 2025. Tom 15. N2 3 PepakuunoHHasa craTbsa

81
82

83

84
85
86
87
88
89
90
91
92

93

94
95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

117
118

119

Horvath, S. DNA methylation age of human tissues and cell types. Genome Biol. 2013;14(10):R115.

West J., Widschwendter M., Teschendorff A. E. Distinctive topology of age-associated epigenetic drift in the human interactome. PNAS.
2013;110(35):14138-14143.

Mapkos A.B., Cepebpsikosa B.B., Hazaperko M.C. n gp. OueHka obuiero yposHs meTunnposarus JHK no metnnnposaHuio peTpoTpaHc-
nosoHa LINE-1 npu aTepocknepose y yenoseka. MeaunyunHckas reretuka. 2018;17(3):13-17. Markov A.V., Serebryakova V.V., Nazarenko
M.S. et al. Assessment of the global DNA methylation level by LINE-1 retrotransposon methylation in human atherosclerosis. Medical Ge-
netics. 2018;17 (3):13-17. (In Russ.)

Johnson A.A., Akman K., Calimport S. et all. The role of DNA methylation in aging, rejuvenation and age-related diseases. Rejuvenating
effect. 2012;15(5):483-94.

Jones M.J., Goodman S.J., Kobor M.S. DNA Methylation and Healthy Human Aging. Senescent Cell. 2015;14(6):924-932.

Yi S.Z., Kim K. New insights into the role of histone changes in aging. Int. J Mol Sci. 2020;3:21(21):8241.

Sedivy J.M., Banumathy G., Adams P.D. Aging by epigenetics - a consequence of chromatin damage? Exp Cell Res. 2008;12:314(9):1909-
1917.

Purohit J.S., Chaturvedi M.M.. Chromatin and Aging. Topics in Biomedical Gerontology. 2016;18:205-241.

Mypagnesa J1.B., Monotos-Jlyyarckuin B.b., Kntoes [.A. v ap. BHekneTouHble HyKNENHOBbIE KUCIOTbI: nponcxoxaeHve n eyHkumm. Co-
BpemeHHbie npobnemsl Hayku n obpasosanus. 2010: 2:15-20. Muravleva L.V., Molotov-Luchansky V.B., Klyuev D.A. et al. Extracellular nu-
cleic acids: origin and functions. Modern problems of science and education. 2010;2:15-20. (In Russ.)

Pisetsky D., Fairhurst A. The origin of extracellular DNA during the clearance of dead and dying cells. Autoimmunity. 2007. 40(4): 281-284.
Kosznoe B.A. CBobopHas BHeknetouras OHK B Hopme v npu natonoruv. Meguumrckas nmmyHonorusi. 2013. 15(5): 399-412. Kozlov V.A.
Free extracellular DNA in norm and pathology. Medical Immunology. 2013;15(5):399-412. (In Russ.)

Smith, T., Ho, G., Christodoulou, J. at al. Extensive variation in the mutation rate between and within human genes associated with Mende-
lian disease. Human Mutation, 2016; 37(5):488-494.

Aptemenkos A.A. [lesafanTuBHble reHETUKO-3BOSIIOLMOHHbIE MPOLECChl B MOMYNALMSX YeSI0BEKa NPOMBbILLIEHHbIX TOPOAOB. Poccuiickuii
MeanKo-buonornyecknii BECTHUK uM. akagemuka V.M. MNasnosa. 2020;28(2):234-248. Artemenkov A.A. Maladaptive genetic and evolu-
tionary processes in human populations of industrial cities. Russian Medical and Biological Bulletin named after Academician I.P. Pavlov.
2020;28(2):234-248. (In Russ.)

Moor N.A., Lavrik O.I. Protein-protein interactions in DNA base excision repair. Biochemistry. 2018;83:4:411-422.

Endutkin A.V., Yudkina A.V., Sidorenko V.S., Zharkov D.O.. Transient proteinprotein complexes in base excision repair. Journal of Bio-
molecular Structure & Dynamics. 2019;37:17:4407-4418.

Sun J., Antczak N.M., Gahlon H.L., Sturla S.J. Molecular beacons with oxidized bases report on substrate specificity of DNA oxoguanine
glycosylases. Chemical Science. 2022;13:15:4295-4302.

Qannep B.M., Wungc . MonekynspHas 6uonorus knetku. N3a-so Bunom-Mpecc. 2006. 235 c. Faller V.M., & Shields D. Molecular Biology
of the Cell. Binom-Press. 2006. 235 p. (In Russ.)

Manbirnia H.A. CtapeHue kneTok n BospacraaBucumblie 3abonesaHus. Knunnyeckas reporHtonorus. 2014;3-4:30-34. Malygina N.A. Cell
aging and age-related diseases. Clinical Gerontology. 2014;3-4:30-34. (In Russ.)

Edifizi D., Nolte H., Babu V. et al. Multilayered reprogramming in response to persistent DNA damage in C. elegans. Cell Rep.
2017;20:2026-2043.

Garagnani P., Marquis J., Delledonne K. et al. Whole-genome sequencing analysis of semi-supercentenarians. eLife. 2021;10:e57849.
Bin-Jumah M.N., Nadeem M.S., Gilani S.J., et al. Genes and longevity of lifespan. Int J Mol Sci. 2022;23(3):1499.

Takubo K., Nakamura K., Izumiyama N. at all. Telomere Shortening With Aging in Human Liver. Journal of Gerontology: BIOLOGICAL SClI-
ENCES. 2000;55A(11):533-536.

Aguado J., d’Adda di Fagagna F., Wolvetang E. Telomere transcription in ageing. Ageing Res Rev. 2020;(62):101115.

MactotnHa AM., TMawerkos M.B., MuHernn B.B. KnetouHoe crapeHve: mexaHW3Mbl U KIVWHW4Yeckoe 3HayeHue. MmmyHonorus.
2024;45(2):221-234. Masyutina A.M., Pashchenkov M.V., Pinegin B.V. Cellular aging: mechanisms and clinical significance. Immunology.
2024;45 (2):221-234.

Fedintsev A.Moskalev A. Stochastic non-enzymatic modification of long-lived macromolecules - A missing hallmark of aging. Ageing
Research Reviews. 2020;62:101097.

Selman M, Pardo A.Selman M, et al. Fibroageing: An ageing pathological feature driven by dysregulated extracellular matrix-cell mecha-
nobiology. Ageing Res Rev. 2021;70:101393.

Harman D. Aging: a theory based on free radical and radiation chemistry. J. Gerontol. 1956;11:298-300.

Barja G. Rate of generation of oxidative stress-related damage and animal longevity. Free Radic. Biol. Med. 2002;33:1167-1172.

Carusillo A, Mussolino C. DNA damage: From threat to treatment. Cells. 2020;9(7):1665.

Shi T, Dansen T.B. Reactive Oxygen Species induced p53 activation: DNA damage, redox signaling, or both? Antioxid Redox Signal.
2020;33(12):839-859.

Andziak B., O'Connor T.P., Qi W., at al. High oxidative damage levels in the longest-living rodent, the naked mole-rat. Aging Cell.
2006;5:463-471.

Labunskyy V.M., Gladyshev V.N. Role of Reactive Oxygen Species-Mediated Signaling in Aging. Antioxid. Redox Signal. 2013;19:1362-
1372.

Vifia J., Borras C., Abdelaziz Kh. M, Garcia-Valles R. The free radical theory of aging revisited: the cell signaling disruption theory of aging.
Antioxid Redox Signal. 2013.19(8):779-87.

Sparks J.L., Chistol G., Gao A.O. at al. The CMG helicase bypasses DNA-protein cross-links to facilitate their repair. Cell. 2019;176:1-2:167-181.
Nakamura J., Nakamura M. DNA-protein crosslink formation by endogenous aldehydes and AP sites. DNA repair. 2020;88:102806.

Zhou Y, Myung Y, Rodrigues C. et al. DDMut-PPI: predicting effects of mutations on protein-protein interactions using graph-based deep
learning. Nucleic Acids Res. 2024,5:52(W1):W207-W214.

Bjorksten J. Longevity, a Quest: An Odissey. 1981:269.

Kay 4.A., MapxoHtok E.B. Cknepos: mectHble n obuine 3akoHoMepHOCTU passutus. KnuHunyeckas meauymHa. 2015; 8:29-38. Kats Ya.A.,
Parkhonyuk E.V. Sclerosis: local and general patterns of development. Clinical Medicine. 2015;8:29-38. (In Russ.)

Cnacos A.A., Pawenko A.W. TepaneBTnyecknini MoTeHLMan paspbiBaTenen nonepeyHbix CLUMBOK MIMKUPOBaHHbIX Benkos. BectHuk Bosiro-
rpagckoro TMY. 2016;1(57):12-16. Spasov A.A., Rashchenko A.l. Therapeutic potential of glycated protein cross-link breakers. Bulletin of
Volgograd State Medical University. 2016;1(57):12-16.

28


https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://www.probl-endojournals.ru/jour/article/view/13278
http://dx.doi.org/10.1016/j.arr.2020.101097
https://www.probl-endojournals.ru/jour/article/view/13278
https://www.probl-endojournals.ru/jour/article/view/13278
https://pubmed.ncbi.nlm.nih.gov/?term=Vi%C3%B1a+J&cauthor_id=23841595
https://pubmed.ncbi.nlm.nih.gov/?term=Borras+C&cauthor_id=23841595
https://pubmed.ncbi.nlm.nih.gov/?term=Abdelaziz+KM&cauthor_id=23841595
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia-Valles+R&cauthor_id=23841595

Editorial article Bulletin of the Medical Institute “REAVIZ"”. 2025. Volume 15. N2 3

120

121

122

123

124
125
126
127
128

129
130

131
132

133

134

135
136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151
152

Franceschi C., Bonafe M., Valensin S. at al. Inflammaging. An evolutionary perspective on immunosenescence. Ann. N. Y. Acad. Sci.
2000;908: 208-218.

Jurk D., Wilson C., Passos J.F. et al. Chronic infl ammation induces telomere dysfunction and accelerates aging in mice. Nat. Commun.
2014;2:4172.

Coder B., Wang H., Ruan L., Su D. M. Thymic involution pertubs negative selection leading to autoreactive T cells that induce chronic infl
ammation. J. Immunol. 2015;194:12: 5825-5837.

3unosbes M.A., LLybuHa UK., Amenckos B.B., Kucenescknin M.B. XpoHnyeckoe BocnaneHve y noXxuibix: MEXaHU3Mbl Pa3BUTUS U CBS3b C
atepocknepo3oM. Poccurickuii 6uotepanestudeckuii xypHan. 2021;20(2):10-8. Zinoviev P.A., Shubina I.Zh., Yamenskov V.V., Kiselevsky
M.V. Chronic inflammation in the elderly: mechanisms of development and relationship with atherosclerosis. Russian biotherapeutic jour-
nal. 2021;20(2):10-8. (In Russ.)

Cisneros B, Garcia-Aguirre |, Unzueta J, at al. Immune system modulation in aging: Molecular mechanisms and therapeutic targets. Front.
Immunol. 2022;13:1059173.

Santoro A, Bientinesi E, Monti D. Immunosenescence and inflammation in aging: age-related diseases or longevity? Ageing Res Rev.
2021;71:101422.

Pawelec G. Age and immunity: What is "immunosenescence"? Exp Gerontol. 2018;105:4-9.

Teissier T, Boulanger E, Cox LS. Interconnections between inflammageing and immunosenescence during ageing. Cells. 2022;11(3):1-48.
Rea I.M., Gibson D.S., McGilligan V., at al. Age and age-related diseases: Role of inflammation triggers and cytokines. Front Immunol.
2018;9:586.

Ferrucci L., Fabbri E.. Inflammageing: chronic inflammation in ageing, cardiovascular disease, and frailty. Nat Rev Cardiol. 2018;15(9):505-522.
Selman M., Pardo A., Selman M. et al. Fibroageing: An ageing pathological feature driven by dysregulated extracellular matrix-cell mecha-
nobiology. Ageing Res Rev. 2021;70:101393.

Fulop T., Larbi A., Pawelec G. et al. Immunology of aging: the birth of inflammaging. Clin Rev Allergy Immunol. 2023;64(2):109-122.

Arai Y., Martin-Ruiz C.M., Takayama M., et al. Inflammation, but not telomere length, predicts successful ageing at extreme old age: A
longitudinal study of semi-supercentenarians. EBioMedicine. 2015;2(10):1549-58.

Zhou L., Ge M., Zhang Y. et al. Centenarians alleviate inflammaging by changing the ratio and secretory phenotypes of T helper 17 and
regulatory T cells. Front Pharmacol. 2022:13:877709.

Andersen-Ranberg K., Hoier-Madsen M., Wiik A. et al. High prevalence of autoantibodies among Danish centenarians. Clin Exp Immunol.
2004;138:158-163.

Vadasz Z., Haj T., Kessel A. et al. Age-related autoimmunity. BMC Med. 2013;11:94.

Mockanew O.B. OcobeHHOCTV MMMYHOPEaKTUBHOCTU Y MOXWUIIbIX U ayTOUMMYHUTET. Ycnexu repoHTos. 2020;33:2:246-255. Moskalets O.V.
Features of immunoreactivity in the elderly and a(in russian).utoimmunity. Advances in Gerontology. 2020;33(2):246-255. (In Russ.)
Bayersdorf R., Fruscalzo A., Catania F. Linking autoimmunity to the origin of the adaptive immune system. Evolut. Med. Publ. Hlth.
2018;1:2-12.

Ellis J.C., Braley-Mullen H. Mechanisms by which B cells and regulatory T cells infl uence development of murine organspecifi ¢ autoim-
mune disease. J. clin. Med. 2017; 6(2):E13.

3oTkuH E.I., Obigbikuda WN.C., Jluna A.M. BocnanutenbHas Teopus CTapeHus, BO3pacTaccoLMmpoBaHHble 3aboieBaHns 1 OCTeoapTpuT.
Pycckuii meanumHckmii xypHan. 2020;7:33-38. Zotkin E.G., Dydykin, 1.S., Lila A.M. Inflammatory theory of aging, age-associated diseases,
and osteoarthritis. Russian Medical Journal. 2020;7:33-38. (In Russ.)

Perluigi M., Swomley A.M., Butterfield D.A. Redox proteomics and the dynamic molecular landscape of the aging brain. Ageing Res Rev.
2014;13;75-89.

l'ymosckuit A.H., 3asbsinosa 4.C., Kapn T.[., n ap. KoHuenuus nannodycumHosa HENPOHOB rOIOBHOrO MO3ra Mpu XPOHUYECKON UleMunm
mosra. MexayHapoaHbi ctygeHdeckui HayuHsii BectHuk. 2015;2(20):200-201. Gumovsky A.N., Zavyalova Ya.S., Karp T.D., et al. The con-
cept of lipofuscinosis of brain neurons in chronic cerebral ischemia. International Student Scientific Bulletin. 2015;2(20):200-201. (In Russ.)
lpubaHos A.B., IOxoc tO.C., Oepsbura WN.H. n gp. CrapeHune rofioBHoro mosra yenoseka: MoppodyHKLMOHasbHbIE acrnekTbl. XKypHas
HeBposorum u ncuxmuatpumn um. C.C. Kopcakosa. Crneyssinycku. 2017;117(12):3-7. Gribanov A.V., Jos Yu.S., Deryabina I.N. et al. Human
brain aging: morphofunctional aspects. S.S. Korsakov. Journal of Neurology and Psychiatry. Special issues. 2017;117(12):3-7. (In Russ.)
Alfaro I.E., Albornoz A., Molina A. at al. Chaperone Mediated Autophagy in the Crosstalk of Neurodegenerative Diseases and Metabolic
Disorders. Front Endocrinol (Lausanne). 2019;31(9):778.

QacxytauHosa E.P., Munentoesa W.C., Jlocesa AWM. v ap. BnusHue akctpakta Ginkgo biloba v ero Bronorvueckn akTuBHbIX BELLECTB Ha
HakonneHne nunodycumHa B Tene Caenorhabditis elegans. TexHosorum xusbix cuctem. 2023;20(4):121-130. Faskhutdinova E.R., Mi-
lentyeva I.S., Loseva A.l. et al. Effect of Ginkgo biloba extract and its biologically active substances on lipofuscin accumulation in the body
of Caenorhabditis elegans. Technologies of living systems.2023;2(4):121-130. (In Russ.)

Schulz J., Mukherjee A., Park K.W. Extensive accumulation of misfolded protein aggregates during natural aging and senescence. Frontiers
in Aging Neuroscience. 2022;14:1-19.

Chiti F., Dobson K.M. Protein misfolding, amyloid formation, and human disease: a brief review of advances over the past decade. Annu
Rev Biochem. 2017;86:27-68.

Boellaard J., Harzer K., Schlote W. Variations of the ultrastructure of neuronal lipofuscin during childhood and adolescence in the human
Ammon’s horn. Ultrastruct. Pathol. 2006;5: 387-91.

Edumos A.A., Macnsikosa .H. O ponn nunodycumHa B MHBOMIOTUBHbIX U NaToN0rMyeckux npoueccax. CapaToBckuit HayYHO-MeAULMHCKUIA
xypHan. 2009;5(1):111-115. Efimov A.A., Maslyakova G.N. On the role of lipofuscin in involutional and pathological processes. Saratov Sci-
entific Medical Journal. 2009; 5(1):111-115. (In Russ.)

Kritsilis M., Rizou S.V. Koutsoudaki P.N, at al. Ageing, Cellular Senescence and Neurodegenerative Disease. Int J Mol Sci.
2018;27:19(10):29-37.

Kopcakosa H.K., Powmna N.®. Helponcrxonormuyeckmit noaxopd K UCCIe[0BaHNIO HOPMAabHOIO 1 NaToNIOrMY4eckoro crapermus. BectHuk
Mockosckoro yHuepcuteta. Jlekuyms. 2009:4-8. Korsakova N.K., Roshchina I.F. Neuropsychological approach to the study of normal and
pathological aging. Moscow University Bulletin. Lecture. 2009:4-8. (In Russ.)

Pannese E. Morphological changes in nerve cells during normal aging. Brain Struct Funct. 2011;216(2):85-89.

Mapuurkosckas T.[. OcoBEeHHOCTM MCUXMYECKOro Pa3BUTUS B no3gHem Bospacte. [lcuxonorus 3penoctu u crapenus. 2018;3:13-17.
Martsinkovskaya T.D. Features of mental development in late age. Psychology of maturity and aging. 2018;3:13-17. (In Russ.)

29


https://pubmed.ncbi.nlm.nih.gov/?term=Perluigi+M&cauthor_id=24374232
https://pubmed.ncbi.nlm.nih.gov/?term=Swomley+AM&cauthor_id=24374232
https://pubmed.ncbi.nlm.nih.gov/?term=Butterfield+DA&cauthor_id=24374232
https://pubmed.ncbi.nlm.nih.gov/?term=Alfaro+IE&cauthor_id=30766511
https://pubmed.ncbi.nlm.nih.gov/?term=Albornoz+A&cauthor_id=30766511
https://pubmed.ncbi.nlm.nih.gov/?term=Molina+A&cauthor_id=30766511

BecTtHuk mepuuuHckoro nuctutyta «PEABU3». 2025. Tom 15. N2 3 PepakuunoHHasa craTbsa

153

154

155

156

157

158

159

160

161

162
163

164

165
166
167
168

169

170

Badham S. P., Hay M., Foxon N. at al. When does prior knowledge disproportionately benefit older adults’ memory? Aging, Neuropsychol-
ogy and Cognition. 2015;23(3):338-365.

TpeTbsikoBa B.[. BozpactHble nameHeHus B Mo3re u GakTopbl BAUSIOWMNE Ha HUX. brosneters Haykn u npaktmky. 2022;8(7):151-191. Tretya-
kova V.D. Age-related changes in the brain and factors influencing them. Bulletin of Science and Practice. 2022;8(7):151-191. (In Russ.)
Caxaposa E.H., ¥YmaHckas E.l"., Usetkosa H.A. l'epoHToncuxonorus. Mocksa: MIMIY. 2018. 350 c. Sakharova E.N., Umanskaya E.G., Tsvet-
kova N.A. Gerontopsychology. Moscow: Moscow State Pedagogical University. 2018:350. (In Russ.)

Schli V., Leyrer V., Kolassa I.T., et al. Age-related changes in neuronal functional connectivity and their impact on behavior. BMC Neurosci.
2012;13:16.

Zimmermann J., Ritter P., Shen K. Structural architecture supports functional organization in the human aging brain at a regionwise and
network level. Hum Brain Mapp. 2016,37(7):2645-61.

Powmna N.®. ViccnepoBaHne HOpManbHOro 1 NaTosIOrMYeckoro ctapeHuns (Helporncuxonorndecknin nogxon). MeguuyvHckass ncuxonorus
B Poccuun: snektpoH. Hayy. xypH. 2015;2(31):8 [SnektporHbiin pecypcl. Roshchina I.F. Study of normal and pathological aging (neuropsy-
chological approach). Medical psychology in Russia: electronic. scientific journal 2015;2(31):8. (In Russ.)

Chen X., Varghese L., Jagust W.J. A Double-Edged Sword: The Role of Prior Knowledge in Memory Aging. Front. Aging Neurosci.
2022;14:874767.

JNucosa H.A., Yepenesa E.A., lWnnos C.H., Hukndoposa H.B. XapakTtepuctuka LepebpanbHOro sHepretnyeckoro metabonunsma y au,
MOXMW/IOro BO3PacTa C HapyLeHneM KOTHUTUBHbIX dyHKuwmi. Siberian Journal of Life Sciences and Agriculture. 2022;14(5):246-261. Lissova
N.A., Chereneva E.A., Shilov S.N., Nikiforova N.V. Characteristics of cerebral energy metabolism in elderly individuals with impaired cogni-
tive functions. Siberian Journal of Life Sciences and Agriculture. 2022;14(5):246-261. (In Russ.)

Oenytat N.C., TpubaHos A.B., Hexopowkosa A.H. n gp. SHepretnyeckoe COCTOAHME FOIOBHOTO MO3Ma Y XEHLLMH NMOXWIOro BO3pacTa,
MPOXMBAIOLWMX B yCI0BUAX cesepa. Jkosnorus yenoseka. 2016;09:40-45. Deputat 1.S., Gribanov A.V., Nekhoroshkova A.N. et al. Energy
state of the brain in elderly women living in the north. Human ecology. 2016;9:40-45. (In Russ.)

World Health Organization. Owerview of Ageing [cited 24.09.23]. Available from: https://www.who.int/health-topics/ageing#tab=tab_1
lopowko H.B., Mauana C.B. ®eHomeH fonroxumTenbcTea B CTPYKType riobansHoro HapofoHacenenus. CoynanbHbie acnekTsbl 340POBbS
HaceneHusi [ceTesoe usgaHme]. 2023;69(3):8. Goroshko N.V., Patsala S.V. The phenomenon of longevity in the structure of the global
population. Social aspects of population health [online publication]. 2023;69(3):8. (In Russ.)

LenaptaMeHT no akoHOMUYecknM u couymansHbiM Bonpocam OOH. Percentage total population (both sexes combined) by broad age
group, region, subregion and country, 1950-2100. World Population Prospects, Population Division, United Nations. United Nations De-
partment of Economic and Social Affairs. Percentage of total population (both sexes combined) by broad age group, region, subregion
and country, 1950-2100. World Population Prospects, Population Division, United Nations. (In Russ.)
https://population.un.org/wpp/Download/Special Aggregates/EconomicTrading/

https://ru.wikipedia.org/wiki:World population growth, 1700-100, 2022_revision.png

Rivera M., Lake J. The ring of life provides evidence for a genome fusion origin of eukaryotes. Nature. 2004;431(7005):152-155.

Komaposa B.A., JlaBperuerko JI.A. MeTofbl BbiiBNEHUS rMOpUAN3aLMM U TEHETUYECKON UHTPOrpeccumn npu GpuIoreHeTUYeckmx HecooT-
BeTcTBUnAx. XKypHan obuweri 6uonorun. 2021;82 (6):403-418. Komarova V.A., Lavrenchenko L.A. Methods for detecting hybridization and
genetic introgression in the presence of phylogenetic discrepancies. Russian Journal of General Biology 2021;82(6):403-418. (In Russ.)
Shabalin V.N., Shatokhina S.N. The Role of Aging in Human Evolutionary Development. Herald of the Russian Academy of Sciences.
2020;90:6:730-737.

BepHagckuin B.W. HaydHas mbicib kak nnaHetHoe seneHne. M.: HAYKA. 1991. 271 c. Vernadsky V.I. Scientific Thought as a Planetary Phe-
nomenon. Moscow: SCIENCE. 1991:271. (In Russ.)

PybaHoea E.B. B./. BepHagckuin: HoochepHas koHuenums (k 150-netnio co oHs poxaeHus). Mssectus TOMCKOro noaMTexHUu4eckoro
yHusepcuteta. 2013;322(6):171-174. Rubanova E.V., Vernadsky V.I. Noospheric Concept (on the 150th Anniversary of His Birth). Bulletin of
Tomsk Polytechnic University. 2013;322(6):171-174. (In Russ.)

ABTopckas cnpaBka Author's reference

LLa6anuH Bnagumup Hukonaesny Vladimir N. Shabalin
O-p meg. Hayk, npodeccop, akagemuk PAH, npeanaeHt Meanumnckoro  Dr. Sci. (Med.), Professor, Academician of the Russian Academy of
yHuBepcuteTa «PeaBu3»; rnaBHbil HayuyHbll cOTpygHuK, HayuHo-  Sciences, president of the Medical University "Reaviz"; Chief Research-

NCCNefoBaTeNbCKUIA MHCTUTYT 0BLe NaTonorMm 1 NaTopusnonoruu. er, Research Institute of General Pathology and Pathophysiology
ORCID 0000-0002-1861-759X ORCID 0000-0002-1861-759X

Cratba noctynuna 16.06.2025 Received June, 16t 2025

Opobpena nocne peuersnposarus 28.06.2025 Approwed after reviewing June, 28" 2025
Mputsta B nevats 30.06.2025 Accepted for publication June, 30t 2025

30


../AppData/Roaming/zenbook/Desktop/Дуализм%20процесса%20старения-%20основной/ТЕКСТ%20СТАТЬИ-литература.docx#tab=tab_1
https://population.un.org/wpp/Download/SpecialAggregates/EconomicTrading/

