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AKTya/nbHOCTh padoThI. ViccienoBaHme mporeccoB cTapeHus siBjsieTcs QyH-
JlaMeHTaJIbHOM 3a/aueil COBpeMeHHOM Haykiu. ['epOHTO/IOrM BCero mympa AJaBHO
06panaT BHUMaHMe Ha TPAaHCKPUITIMOHHBIN hakTop Nrf2, KOTOphIi 3a4acTyio
Ha3bIBAIOT KJIIOUEBBIM (hakKTOPOM CTapeHMsI.

Ilenb ucciaegoBaHuUs 3aK/II0YaeTCsl B aHaau3e JaHHbix o posin Nrf2 B ctapeHun
yesioBeKa U APYrux MJIEKOMUTAIOIIMX.

Marepuanbl M MeTOAbl. AHAIM3 MOCTYITHON MH(OpMaImy 13 6a3bl JaHHBIX
PubMed 6e3 orpannyieHusi o BpeMeHu myOIMKaiui.

Pe3synbTaThl M BbIBOABI McCaeqoBaHuUs. MHorue uccjenoBaHusl MTPOIEMOH-
CTpUPOBaJIM HerocpeacTBeHHOe yuacTue Nrf2 B cTapeHn KJIeTOK ¥ OpraHM3MOB.
TpanckpunimonHbii pakrop Nrf2 yrpaiisieT skcrpeccei reHOB, yU4aCTBYIOIINX
B aHTMOKCUIAHTHOM OTBETE, PelIOKC-TOMeoCcTase, JeTOKCUGUKAIMM TOKCUUHBIX
coenVHeHM, 6GyoreHe3e MUTOXOHPUI Y MHOTUX APYTUX MpolieccaxX. AKTUBAIIAS
9TUX T'€HOB 3allMIlaeT KJIETKU OT OKUC/IUTEIbHOTO CTpecca M pa3BUTHS BOCIa-
nenus. [Ipu aktuBauum Nrf2 nosbiiiiaeTcs skcripeccust remokcureHassl (HO-1),
OTBETCTBEHHOM 3a Jerpamaluio MPOBOCIIAJNTEbHBIX CBOOOMHBIX I'eéMOB U 00-
pasoBaHMe MPOTMBOBOCIIAINTEIbHBIX COeqMHeHN 1, TakuxX Kak CO u 6mmmpyonH;
HAJI(®)H: xunon okcupopenykrasbl (NQO1), obnagatoriieit aHTMOKCUIAHTHbI-
MM aKTMBHOCTSIMM; LIMTOTIJIa3MaTHueCKoM (hOpMbl aHTMOKCUIAHTHOTO hepMeHTa
cyneporeuaamucmyTasbi-1 (SOD-1), a Takske K/IIOUeBbIX (hepMEeHTOB OMOCHHTE3a
rimytatnoHa (Gelc, Gelm), KOTOpbIN SIBJISIETCS OCHOBHBIM KJIETOUHBIM aHTMOKCHU-
mantoM. OtcyTcTBue Nrf2 y HOKayTHBIX MbIIIIEl BbI3bIBA€T HEKOHTPOJIUPYEMBbIN
BOCHaJIUTENbHbIA OTBET: aKTUBAIMIO KJIE€TOK BPOXXAEHHOTO MMMYHUTETA, BbICO-
KYIO MPOMYKIIMIO IMTOKMHOB, XeMOKMHOB M aKTUBHBIX (OPM KUCIOpOAa — BCe
9T (HaKTOPbI CIOCOOCTBYIOT MOBPEXKAEHUIO KJIETOK U TKaHeu [1-4].

[Ipu crapeHuMn opraHmM3MOB MPOUCXOOUT CHIDKeHMe akTMBHOCTU Nrf2; mocre-
MMeHHO HaKaIUIMBalOTCSI OKUC/IUTEIbHBIE TOBPEXAEHMs OMOMOJIEKYJI, YTO COIMpPO-
BOXKIAETCSI MTPOMYKIMEN IIUMTOKMHOB BOCITAJIEHUSI ¥ CyOXPOHMYECKUM BOCIasIe-
HMeM. AKTUBaLMs TpaHCKpUMNMOHHOro dakropa Nrf2 MoxkeT CHU3UTh YPOBEHb
OKMC/IUTEJIbHOTO CTpecca ¥ BOCMAJIeHUsS MOIEeNbHBIX KMBOTHBIX, TaKMX KakK
Ipo30(uIbl M HEMATOAbI, TEM CaMbIM 3aMeJJIMB pPa3BUTHE CTApUYECKUX M3MeHe-
Huii. [Ipy 3TOM MMeeTCs] O4eHb MaJIO JaHHBIX O MENCTBUM aKTMBATOpOB Nrf2
Ha CTapeHMe uesioBeKa M MyIeKONmUTarmMx. MOKHO OKMIaTh, UTO CTUMYIUPO-
BaHue Nrf2 Takxke NpuBegeT K yBeJMUYEHUIO UX MPONOIKUTETbHOCTU >KU3HU.
KocBeHHbIM [0Ka3aTeIbCTBOM 3TOTO MPENTIONOXKEHNS SIBJISIETCS TTOBbILLIEHHBIN
ypoBeHb akTuBauyy Nrf2 y mMOATOXKUBYIIMX SKMBOTHBIX, TAKUX KaK TOJIBIN 3€M-
Jiekor. BaskHbIM HampaBieHMeM UCCAeA0BaHNM JO/DKHO CTaTh MPOBeJEeHMEe KC-
IIepPYMEHTAJIbHBIX PabOT O BO3PACTHOM AVMHAMMUKE M3MeHEeHMs aKTUBHOCTU Nrf2



Y SKMBOTHBIX 1 U€JIOBEKa, a TaksKe O IeMCTBUY IJIUTEIbHOTO MpyYeMa MHAYKTOPOB
TpaHCKpUIIMOHHOTO ¢akTopa Nrf2 Ha MPOJOIKUTEBHOCTD KMU3HU U TIPU3HA-
K1 crapenus. [Ipu 3ToM cyliecTByeT BepOSITHOCTb, UTO AJIMTeNbHAsT (apmMako-
sorndeckasi aktuBaims Nrf2 MoxkeT MpuUBECTU K Pa3sBUTUIO CEPHE3HBIX MMOOOU-
HbIX 3G (EKTOB, TOTOMY UTO IOJITOXMUBYIME OPraHU3Mbl TOHKO ITPUCIIOCOOIEHBI
K MOCJIEACTBMSIM TaKO aKTMBAIMI, & YEJIOBEK ¥ MHOXKECTBO APYTUX MJIEKOITATA-
IOIIMX He MMEIOT TaKuX MpucrnocobaeHni [4].

Tesuc o kmoueBoy poym Nrf2 B mpolieccax cTapeHus SIBISIETCSI KpallHe CIIOp-
HbIM. Nrf2 perynupyeTt akCIpeccuio HeCKOJIbKMX COTEH r'eHOB, HeCYIIIMX B CBOUX
MpoMOTOpax crelnuduueckme MocaeqoBaTeJIbHOCTY, Ha3biBaeMble antioxidant
response element, ARE. Ho nipu cTapeHunn mpoucxopsiT CJIOKHbIe pa3HOHAIpaB-
JIeHHbIe M3MeHeHMS SIKCIIPeCCU, KOTOpbIe SIBJISIFOTCS YHUKAIbHBIMMU JJIS pPa3HbIX
TKaHel U BUIOB. DTU U3MeHeHMs JiMIllb B HEOOJIbIIION CTeleH COOTBETCTBYIOT
MaTTepPHy reHoB, KOHTpoupyeMbix Nrf2. Takum 06pa3om, B HACTOSIIIMI MOMEHT
HeJib3sl cesnaTh BbIBOI, uTO Nrf2 sBsieTcsl «IylaBHBIM peryJisiToOpoM Ipoliecca
crapenus» [4-5].
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OKMCJIUTEJIbHBIN CTPECC; TEOPUM CTAPEHMST; BO3PACTHbIE M3MEHEHNS.
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Relevance. The study of aging processes is a fundamental task of modern
science. Gerontologists all over the world have long been paying attention to the
transcription factor Nrf2, which is often called the master regulator of aging.
Aim. To analyze data pertaining to the impact of Nrf2 on aging in human and
non-human mammals.

Materials and Methods. Analysis of available information from PubMed
database with no publication time limit.

Results and conclusions. Many studies have demonstrated the direct involvement
of Nrf2 in cellular and organismal aging. The transcription factor Nrf2 controls
the expression of genes involved in antioxidant response, redox homeostasis,
detoxification of toxic compounds, mitochondrial biogenesis and many other
processes. Activation of these genes protects cells from oxidative stress and
the development of inflammation. Nrf2 activation increases the expression
of hemoxygenase (HO-1), responsible for the degradation of pro-inflammatory



free heme and the formation of anti-inflammatory compounds such as CO and
bilirubin; NAD(P)H: quinone oxidoreductase (NQO1), which has antioxidant
activities; the cytoplasmic form of the antioxidant enzyme superoxide dismutase-1
(SOD-1); and key enzymes of glutathione biosynthesis (Gclc, Gclm), which
is a major cellular antioxidant. The absence of Nrf2 in knockout mice causes
an uncontrolled inflammatory response: activation of innate immune cells, high
production of cytokines, chemokines and reactive oxygen species - all these
factors contribute to cell and tissue damage [1-4].

Inaging organisms, Nrf2 activity decreases, and oxidative damage to biomolecules
gradually accumulates, accompanied by the production of inflammatory cytokines
and subchronic inflammation. Activation of the transcription factor Nrf2 can
reduce oxidative stress and inflammation in animal models such as Drosophila
and nematodes, thereby retarding the development of senescent changes. That
said, there are very few data on the effects of Nrf2 activators on human and
mammalian aging. It might be expected that stimulation of Nrf2 would also
lead to an increase in their lifespan. Indirect evidence for this assumption is the
increased level of Nrf2 activation in long-lived animals such as the naked mole
rat. Experimental work on the age-related dynamics of changes in Nrf2 activity
in animals and humans, as well as on the effect of long-term administration
of inducers of the transcription factor Nrf2 on longevity and signs of aging should
become an important area of research. At the same time, there is a possibility
that long-term pharmacological activation of Nrf2 may lead to the development
of serious side effects, because long-lived organisms are finely adapted to the
consequences of such activation, while humans and many other mammals do not
have such adaptations [4].

The thesis about the key role of Nrf2 in aging processes is extremely controversial.
Nrf2 regulates the expression of several hundreds of genes carrying specific
sequences in their promoters, called antioxidant response element, ARE. But
aging produces complex multidirectional expression changes that are unique
to different tissues and species. These changes only correspond to a small extent
to the pattern of genes controlled by Nrf2. Thus, it cannot be concluded at this
time that Nrf2 is a "master regulator of the aging process" [4-5].
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