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OKCIIEPUMEHTAJIBHBIE CTATbA

AKT-, ERK-, NF-KB-CUTHAJIBHBIE KACKAJIbI B HEMTPOHAX
CYIIPAOIITUYECKOI'O U ITAPABEHTPUKVYJIAPHOI'O AJEP
TUIIOTAJIAMYCA IIPU CTAPEHUU Y MBIIIEN
CO CBEPX®KCIIPECCUEN HER2/NEU
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Perientopbl cemeiicTBa anuaepMaibHOTO (haKTopa pocTa IIMPOKO IKCITPECCUPYIOTCS B pa3IMUHBIX TKAHSIX Op-
raHu3Ma, B TOM YUCJI€ B TOJJOBHOM MO3T€, U UTPAIOT OOJIBIIYIO POJIb B PETYJISILIMU OMOJIOTUYECKUX TTPOLIECCOB
(nponudepaliusi, MUTpaIvs KJIETOK, KJIETOYHAsl CMepTh U T.11.). Llesib paboThl — U3yUMTh yUacTHE CUTHAITBHBIX
nyTeii, cBsi3aHHBIX ¢ BbkuBaHueM KieToK (AKT-, ERK-, NF-kB-kackanpl), B peryJisiiiuy aroIro3a Heipo-
HOB rMIMoTajaMyca B 3KCTIepUMEHTabHBIX MOJIEJISIX (DU3UOJIOTUUECKOTO U MaTOJIOTUYECKOTO (CBEPXIKCITPEC-
cusgs HER2/neu) crapenus. Takke uccienoBaHo BiaussHue UMToKUHOB FASL u TNF-alpha Ha maHHbIe cur-
HaJbHBIE Kackanbl. B paboTte ncnoiab3oBaHbl yckopeHHO crapetoinne HER2/neu tpaHcreHHbIe MBIITN, TUKWI
tun — tuHusg FVB/N. B cynpaonTtrnyeckoM 1 mapaBeHTPUKYJISIPHOM sIIpaX TMIIOTaliaMyca OIpeesieH YpOBEHb
aHTHUATIONTOTUYECKOTO OeJIKa Survivin METo1oM UMMYHOTUCTOXMMUU U KCITPECCUST OETKOB IMTOKMH3aBUCH -
Mbix kKackanoB (FASL, TNF-alpha), 6en1koB-ujieHOB nyTeii BbkKBaHUsI: pochopuimpoBaHHbie popmbl AKT,
ERK u NF-kB Mmetonmom Western blotting. Beisseneno, uro AKT-, ERK-kackanbl He UTpatoT 3aMETHOI PO
npu crapeHuu y FVB/N Mblleii, oqHako aktuBanust FAS-CUTrHaJbHOTO NYTU U CHUXXKEHUE aKTUBHOCTU
NF-kB-1myTt MOTyT NpUBECTH K YBEJIUYECHUIO MOJM TUOHYIIMX HeHWpoHOB. [Ipu ctapeHWM y Mbliei
HER2/neu ycToituBOCTh HEAPOHOB K anoITo3y 00eCIIeYMBaETCsS COUeTaHUEM ITyTell BBDKMBAHUS — B CYIIpa-
onTuyeckoMm siape Habomaercs aktuBaliuss ERK-nytu, B mapaBeHTpukynsippoM — NF-kB- u AKT-myreii.
Kpome Toro, BeIsiBIeHA cymipeccust FAS myTu, 4To Tak>ke MpMBOIUT K HU3KOMY YPOBHIO allONTO3a.

Karoueswie cnrosa: ariontos, HelipoHbl, runotajiamyc, crapeine, HER2/neu, AKT-, ERK-, NF-kB-curHaib-
HBbIE TTyTU
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BBEAEHUE

Kak u3BecTHO, anonTo3 UrpaeT BaXHYIO POJb B
Pa3BUTUM CTapeHUs] U MHOTUX 3a00JIeBaHUIi, CBSI3aH-
HbIX co cTapeHueM. CTapeHue Mo3ra HeU30eXKHO CBsI-
3aHO C TT0Tepeit HelipOHOB, MEHBIIIEH TPU (PU3NOTOTH -
YyecKoM cTapeHuH [1, 2] ¥ 3HaYUTeTbHO OOJIbIIEN TTpU
HelipomereHepaTUBHBIX 3a0onieBaHusax [3, 4]. Coort-
BETCTBEHHO, OOJIbIIIOE 3HAUEHUE TIPUOOpEeTaeT uccie-
JIOBaHMe MPOLIECCOB arlonTo3a, B TOM YHCiie U3ydyeHue
MPO- U aHTUAMONITOTUYECKUX CUTHAILHBIX KACKallOB.

CurnanbHble Kackanabl PI3K/Akt (dbocharuannm-
Hosutoa 3-kuHaza), ERK1/2 u NF-kB (IkappaB ki-
nase (IKK)-snepnsiit paktop kappaB) — 310 11yTH BBI-
XKUBaHUS, X aKTUBAIIMS IIPUBOAUT K CHIKEHUIO aIl0-
nrto3a [5—7]. HER2 oTHocutcssi K CeMeHCTBY
pelenTopoB anuaepMaabHoro pakropa pocta (EGFR,
epidermal growth factor receptor). OH IIMPOKO 3KC-
MPECCUPYETCS B pa3IMYHBIX TKAHSIX OPTaHM3Ma, B TOM
YuCJie B TOJJOBHOM MO3Te, U UTPpaeT BaXKHYIO POJIb B pe-
TYJISIAY OMOJIOTUYECKUX IIPpOoILeccoB (mpoudepalys,
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MUTpalusl KJIeTOK, KJeTOYHas CMepTb U T.I.).
EGF/EGFR cucrema akTuBUpYyeT BHYTPUKIECTOUYHBIE
KWHa3HbIE KacKajbl, TIPOBOISIINE aHTUAONTOTUYE-
ckue curHaiel (PI3K/Akt, ERK1/2, NF-kB) [5]. B
HacToslllee BpeMs MCCleNOBaHWE TMaTOJOTUYECKOTO
CTapeHUsl, a UMEHHO YCKOPEHHOTO CTapeHWs MNpem-
CTaBJIsIET OOJIBILION MHTEpeC Kak sl (pyHAaMEeHTalb-
HOI OMOJIOTUM, TaK U IS MPAKTUYECKOU MEAUIIMHBI.
B HaieMm wmcciienoBaHUM MOJEJIBIO MAaTOJIOTUYECKOTO
cTapeHus! ObUIM TPaHCT€HHBbIE MBIIIU CO CBEPX3KC-
npeccueit HER-2/neu. CBepxakciipeccusi akTUBUPO-
BaHHOro HER-2/neu y TpaHcreHHOII caMKM MbIleit
FVB/N npuBomuT K 3710KauyeCTBEHHOII TpaHchopMa-
MU BNUTENUAIBHBIX KJIETOK MOJIOUHBIX XXeJie3 C MOo-
CJIEAYIOLIMM pa3BUTHEM HECKOIbKHUX aIeHOKaPIIMHOM
MOJIOYHBIX 3keJie3 [8]. BrisgBieHHass ruiiepuHCYINHE-
MU, TUTIEPTJIMKEMUS], CHUXEHVE aKTUBHOCTU aHTU-
OKCHUJIAHTHOM CUCTEMBI U PETIPOIYKTUBHOM CUCTEMBI Y
TpaHcreHHBIX Mbleii HER-2/neu aBnsiorcss Omomap-
KepaMmu mnpexaeBpeMeHHoro ctapenus [9]. Takum 00-
pasom, TpaHcreH HER-2/neu He TOJBKO MHULIMUPYET
MaJIUTHU3ALUIO BMUTEIUATbHBIX KJIETOK MOJOYHBIX
JKeJie3, HO TaKXKe BbI3bIBa€T TOPMOHAJIbHO-METab0IM -
YyecKUe U3MEHEHMUsI, XapaKTepHbIe IJIsI YCKOPEHHOTO
crapeHud [9].

OueBUIHO, YTO TIPU CTapeHUU (PYHKIIMOHUPOBA-
HUE JAHHBIX MyTell MOXET U3MEHSThCS, OAHAKO MO-
JOOHBIX Pa0bOT B IMTEpAType HEMHOTO. MO3T sIBJIsIeTCS
OpraHoM C BbICOKOI CTeTIeHbIO MeTaboM3Ma, U HeoO-
XOIUMBI OTJIa>KEHHBIE PETYJISITOPHBIE MEXAaHU3MBI JJISI
YIOBJIETBOPEHUS 3TOI MOTpeOHOCTU B 3Hepruu. Kak
W3BECTHO, TUIIOTAJIaMYyC SIBJISIETCS BaXKHBIM peryJisi-
TOPHBIM OPTraHOM, COYETAIOIIMM HEPBHBI W 3HIO-
KPUHHBII acrekTbl peryiasiuuun. CyrnpaonTHyecKoe
(COA) n nmapasenrpukyisipaoe (II1Bf) sapa rumora-
JaMyca MNpOAYyLUMPYIOT Ba30MpPECCMH U OKCUTOILMH,
KpOMe JIpyTMX OWOJOTMYeCKW aKTUBHBIX BEIIECTB,
HEWpOMearaToOpoB U T.1I. DTU Sapa 00eCceuynBaoT pe-
TYJSLIMIO MHOXECTBa OMOJIOTMYECKUX MPOLIECCOB, B
MEPBYIO ouepellb CTPECCOPHBIX OTBETOB OpraHuU3Ma,
amanrranoHHBIX peakumii. Kinerku COS, kpymHOKIIe-
TOYHOIO $Jipa, PEryJupyloT BOMHO-COJIEBOW OanaHC
opraHusma, a TakxKe MMEIOTCS NaHHble 00 y4yacTuu
3TOr0 1IEHTpa B peryasuuu (YHKUUU IIUTOBUIHOM
xene3nl [10]. TIBS saBnsieTcss yHUKaJbHBIM LIEHTPOM
KOOpJAWHALIMU BereTaTUBHBIX (PYHKIUI opraHuszMa.
KnerouHnslii coctaB I1BA HeogHOpOAEH: OHO COCTOUT
U3 KPYMHBIX, CPEAHUX U MEJIKMX KJIETOK, OObeIuHsIe-
MBIX B TPYMITbl HA OCHOBAHUU OOIITHOCTU CTPOCHUS U
mutodpmsuonorun. I1BS cBsg3ano ¢ perynsuueit
cTpecc-peakllii OpraHu3Ma, ajanTUBHBIX peakiuii,
MUIIEBOTO TOBeAeHUEsI, JaKTallui, OepeMeHHOCTH,
TUPEOUTHON (YHKIIMEH, MOKa3zaHO Y4yacTHe 3TOro
HEMPOCEKPETOPHOTO 1IEHTPA B YIJIEBOAHOM OOMEHE
[10, 11]. HaHHbIe 00 U3MEHEHUM KOJIWYECTBA HENpO-
HOB MPU CTApEHUU B Pa3JIMYHBIX sApax rurnoTajiamyca
MPOTUBOPEUYUBBI, TAK, HE BBISIBJIEHO U3BMEHEHUS Ynciia
HelipoHoB [1B4 ¢ Bo3pactom y Kpbic [12], Mbiteit [13]
u y yeaoBeka [14], Ho oOHapyKeHO YBeINYCHUE Y1Cia
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HeiiponoB COSI u 1B y cammoB o6e3bsH [15]. Apy-
rYe aBTOPbI I0Ka3aJIu CHUKEHUE KOJTMYECTBA aKTUBHO
GYHKIMOHUPYIOLIUX  HEHPOCEKPETOPHBIX  KJIETOK
KPYITHOKJIETOUHBIX simep runotanmamyca (COS, T1B)
crapsbix (24 mec) kpoic (B COA Ha 25%, B T1B4 na 21%)
[16, 17]. T'mmoTagaMu4ecKue sipa BOBJICYSHBI B MATO-
reHe3 00e3HU AJbLreiiMepa U Ipyrux HelpoaereHe-
paTUBHbBIX 3a00JieBaHUI, OMHAKO U3MEHEHUS B TUIO-
TaJlaMyce He TaK 3HAaYUTEJIbHBI 10 CPABHEHUIO C MOTe-
peit HEMpOHOB B KOpPe TOJJOBHOTO MO3Ta M MO3XeuKa
[18]. OueBMOHO, YTO U3MEHEHUST HEMPOCEKPETOPHBIX
LIEHTPOB, CBSI3aHHBIE CO CTapeHWEeM, OyIyT BJIUATH Ha
MHOXeCTBO (byHKUMIA opraHu3ma. Takum obOpaszom,
HMCCIeToBaHNEe WHBOJMIOUMOHHBIX HapyireHuit COS u
I1B41, B TOM yKclie MEXaHM3MOB aIlONTO3a KJIETOK 3TUX
SIIEP, SIBJISIETCSI UHTEPECHBIM U aKTyaJlbHbIM.

IMockonbky curHanbHblie mytu PI3K/Akt u AMPK
B HElipOHaX yJyacTBYIOT B PETYJISILIMY KIETOYHOM 3HEP-
MU U MeTaboan3Ma, U3SMEHEHUE UX TIPUBOJIUT K pa3-
JUYHBIM 3a0ojieBaHusM [19]. Tak, mokazaHo, 4TO ¥y
Mbleit ¢ D-galactose-UHAYIIMPOBAaHHBIM CTapeHUEM
HaOmogaeTcs cHkeHue pocopunupoanusa PI3K u
AKT, 4TO NpUBOIUT K MOTEpPE HEHPOHOB TUMITOKAMIIA.
[Tpu 3TOM aKkTHUBaLMS C TIOMOIIBIO U3YYaeMbIX JieKap-
ctBeHHbIX TpaB PI3K/Akt-3aBUCMMOro ImyTH IIpUBO-
JIUT K YIY4YIIEHUIO BO3pacT3aBUCUMOI KOTHUTUBHOM
IucyHKIMKU U HeBposorndeckoro aedunura [20]. B
9KCIEPMMEHTAX Ha KpbICax, MOJyYyaBIIMX UHBEKIIUU
D-galactose, oOHapyKeHO 3HAYUTEJIbHOE MOBpEXKIE-
Hue pochopmiuponanusi PI3K/Akt B HelipoHax, 4TO
WHIYLUUPYET aronTo3 MOCPeICTBOM MUTOXOHApHATb-
HOTO M BHEIIHEepPeLeNTOPHOro mnyTeit (MOBBIIICHUE
skcnpeccuu Fas, Fas ligand, Fas-associated death do-
main (FADD), t-Bid, Bax, cytochrome ¢, akTuBupo-
BaHHOW caspase-8, -9, -3) [21]. TNF-alpha u FASL sB-
JIIIOTCS MHAYKTOpaMu amnonTo3a. CBsS3bIBaHUE 3THUX
JIMTAHJIOB C UX PELIENTOPaMU BbI3bIBAET arperaluio pe-
LIETITOPOB U 00pa3oBaHe MAKPOMOJICKYISIPHOTO KOM-
mwiekca DISC (death-inducing signaling complex), Ko-
TOpbIi, B 3aBUCUMOCTU OT KJIETOYHOTO COCTOSIHUS,
MOXEeT MpuBeCTU K amonTtosdy [22]. B moBbiieHUMN
YPOBHS arionTo3a HePOHOB MPU CTAPEHUU, MOKa3aH-
HOM Hamu paxee [2, 17, 23], Takske MOXET UTPaTh pOJib
U3MEHEeHHEe DKCITPECCUN aHTUATIONITOTUYECKOTO OeiKa
survivin, 4jeHa ceMeicTBa 0eJIKOB-MHTMOUTOPOB aIlo-
nTo3a (inhibitors of apoptosis proteins, IAP). Survivin,
MYJIbTU(PYHKIIMOHAJIBHBIN OEJIOK, yJyacTByeT B KOH-
TpoJie MMTO3a, aloIllTo3a W KJIETOYHOTO OTBeTa Ha
cTpecc. DToT 0eJI0K aKTUBHO 3KCIIPECCUPYETCST B paH-
HEM OHTOT€HEe3€, HO Y B3pOCJIbIX OPTAHU3MOB YPOBEHbD
€T0 B TKaHsIX HU3KUIA [24].

HeiipoBocnajieHre BOBJI€UECHO B CTapeHUEe MO3ra U
HEeWpOHAIbHYIO THOeIb IIpu Oosie3Hu AJiblireiiMepa
[25]. Hampumep, NF-xB p65 1 ERK curHaiabHbIE ITy-
THU 3a0€CTBOBAHbI B PETYISLIUU SKCIIEPUMEHTAIbHOIO
HEUPOBOCIIAJIEHUS HA MOJEIN HEMPOHAIIBHOM KJIE€TOY-
Hoit KynbTypsl SH-SYSY 11pu BBeneHUM JIUTIOINIOIMNCA -
xapuaa [25]. TlpoBocnanuTeabHble ITUTOKMH3AaBUCH-
MBI€ ITyTU UTPAIOT BaXKHYIO POJIb B PETYJISILIAY allOIITO-
Ne 6
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3a MPU MaTOJOTMYECKOM CTapeHUHU (CBEPXAKCIIPECCUST
onkoreHa HER2) [17]. Iloka3zaHo 3HAYUTEIbHOE BIIM-
stHue cBepxakcrnpeccun HER2/neu Ha MexaHU3MBI pe-
TyJsauuu rubesiv HelipoHOB, TPUBOJSIIEE K BHICOKOM
PE3UCTEHTHOCTH KJIETOK K BO3pAacT3aBUCUMOMY alo-
nTo3y, M aktTuBHoe ydyactrue TNF-curHaibHbIX IMyTeit B
JIAaHHOM Mpoliecce.

Wcnonb3oBaHHasi HaMM Moneab sl U3YyYeHUs
YCKOPEHHOTO CTapeHUs] — TpaHCTeHHBbIE MBIIIN
HER2/neu. CaepxaKcripeccusi JaHHOTO OHKOTeHa
0o0yciaB/IMBaeT 3HAUUTEbHbIE U3MEHEHUS BO BHYTPU -
KJIETOYHBIX PETYJISITOPHBIX MeXaHNU3MaX, YTO HaXOMUT
BbIpaxkeHUe B TTOBBILIEHHOM BHIKMBAEMOCTH KJIETOK U
SABJIsIeTCs 0a30i IS BO3MOXHOIO OHKoreHe3a. OnHa-
KO MouyTHU HeT naHHbix 00 yyactuu AKT-, ERK-, NF-
kB-myTeit B peryasumnu KJIeToYHO# Tnoeiu B mpoliecce
crapeHus. B cBs3U ¢ 3TUM 11eJ1b10 pabOThI ObLIO U3YYUTh
yJacTh€ CUTHaJIbHBIX myTeid BbDKuUBaHUS (AKT-,
ERK-, NF-kB-onocpenoBaHHbIe KacKaibl), B peryJsi-
1IMU arlonTo3a HEMPOCEKPETOPHBIX KIJIETOK TMIToTala-
Myca TIpU (PU3MOJIOTMYECKOM U TATOJOTUYECKOM
(cBepxakcnpeccust oHkoreHa HER2/neu) crapenum.
Kpowme Toro, ccienoBaHo BAMSHUE MPOATONTOTUYE-
ckoro ymranga FASL u TNF-alpha, cmocobHoro ax-
TUBUPOBATH IMyTU KaK TUOEIN, TaK U BbKMBAHUS KJle-
TOK, Ha JaHHbIE CUTHAJIbHbIE KACKabl.

MATEPHAJIbI 1 METOJ1bI

s OLIEHKU BJIUSIHUSI CBEPX3KCIIPECCUU TeHa
HER2/neu wcnonb30BaHbl YCKOPEHHO CTaperollue
HER?2/neu TpaHcreHHbIE MBIIIN-CAMKHA Pa3HOTO BO3-
pacTa (2, 10 mec), momyaeHHsble u3 Italian National Re-
search Center of Aging; pa3BeneHue MOIIeP>KNBACTCS B
HHNMUW onkonornu mm. IlerposBa (Canxkt-IleTepOypr,
Poccus), mukuit tTun — ouaust FVB/N (2, 18 mec).
KuBoTHBIe OBUIM pa3aelieHbl Ha TPYIINBl MOJIOIBIE
mbeiin FVB/N (9 oco6eii), crapeie Mbiiu FVB/N
(8 ocobeit), mononbie Mbilin HER2/neu (9 ocobeit),
crapnie mbiii HER2/neu (8 ocobeit), ob1iee Konde-
ctBO 34 MbIu. Macca Tejla MOJIOIBIX KMBOTHBIX —
18—22 1, ctapbIX )kMBOTHBIX — 30—35 1. 2KUBOTHBIE CO-
Jep>XalluCh B BUBApUM B CTAHIAPTHBIX YCJIOBUSIX B CO-
orBeTcTBUU ¢ TpeboBanusmMu I'OCT 33216-2014 1o
4—5 ocobeil B KJIeTKe Ha CTAaHIAPTHOM pallMoHe ITpU
CBOOOIHOM JIOCTYIIE K BOJE U TTHIIIE.

ITon 3omeTnnoBBIM HapKo3oM (301eTWa 4 MI/KT
MaccChl) MBIIIW ObLIY AeKanuTUpoBaHbl. Bcio padoty ¢
SKMBOTHBIMU BBITIOJIHSIJIM B COOTBETCTBUM ¢ Hanwuo-
HaJlbHBIM  cTaHgapToM Poccuiickoit  ®enepauuu
T'OCT P-53434-2009 “IIpuHumnbl Hamjaexallei ja-
6opatopHoii npaktTuku”, Ilpukazom Munszapasa P®
ot 01.04.16 T. Ne 1991 “O06 yTBepXIeHUH TTpaBUI Ha-
Jexarieit gadoparopHoii mpaktuku”, IIpoTtokon Ko-
muccuu 1o 6mostnke UDPBE PAH Ne 2/2019 or
20.02.2019. ITocne cranmapTHOM pukcanum B 4% dop-
MaJliHe WU3TrOTaBJIMBAIM CBEXE3aMOPOXEHHbIE CPE3bl
(7 MKM) runoTtajlaMu4eckoi 061acTi Mo3ra, coaepka-
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meit COS u I1BS. I1poBoamian UMMYHOTMCTOXUMUYE -
CKOe oIlpeae/ieHue aHTUAIIONITOTUYECKOTO OeJiKa sur-
vivin (Anti-Survivin antibody [EPR17358] ab182132,
1:500, Abcam, CIIIA). B runoranamuueckux COS u
I1BA onpenesieH ypoBeHb 3KCIIPECCUM Survivin ¢ mo-
MOIIbIO CBeTOBOro Mukpockomna (20X) (Zeiss Axiolab,
Carl Zeiss Inc., I'epmanus) ¢ mmocienyroomieit 1eHCUTO-
metpueii (VideoTest).

B CO4 u I1B4] rummotamaMmyca olieHUBaJIM KCIIpec-
culo 0eNIKOB IMTOKMH3aBUCUMBIX KackanoB (FAS-,
TNF-3aBucumsbix): FAS nurann (FASL, CD178) Anti-
body (PA1-21019, 1 ug/mL, Thermo Fisher Scientific,
USA) u TNF-alpha (ab9739, 0.1 ug/ml, Abcam,
CIIA), 1 6e1KOB-4YJIEHOB TyTeii BbIXKMBAHUS: aKTUB-
Hble (pochopunupoBanusie) dopmbl AKT, ERK u
NF-kB  (p-AKT  (Thr308, 1:1000), p-ERK
(Thr202/Tyr204, 1:1000), Cell Signaling, CIIA),
p-NF-kB (ab90532, 1:500, Abcam, CIIIA), (Western
blotting). TkaH TOMOTEHU3NPOBAIN B JIU3aTHOM OY-
depe, coaepKaIieM HHTHONTOPEI poTeaskl 1 pocda-
Ta3sl (Sigma-Aldrich, St.Louis, MO, CIIIA). benku u3
TeJIsl TIepeHOCUTM Ha HUTPOIIEJUTIONO3HYI0 MeMOpaHy.
Mem6GpaHbl HHKYOMpOBaJK B 3% 00e3:KMPEeHHOM MO-
noke B Tpuc 6ydepe (0.1% Tsun 20, 0.2 MM Tpuc,
137 MM NacCl) B Teuenue 30 MUH, a 3aTeM UHKYOUPO-
BaJIv B TEUEHUE HOUYM C TIEPBUUYHBIMU aHTUTEJIaMU. 3a-
TeM MeMOpaHbl MHKYOUPOBaI ¢ BTOPUYHBIMU aHTU-
Teaamu, Kpoauk (1:8000; Sigma-Aldrich, CIIA) wiu
MbIb (1:80 000; Sigma-Aldrich, CIIIA), ¢ mocienyo-
el YCUJIEHHON XEMMJIIOMUHECLUEHTHOM AeTeKLMen
(Amersham, GE Healthcare, Little Chalfont, Bucking-
hamshire, UK), manee mpoBoawiu HIEHCUTOMETPUIO
(Imagel). [Ins1 KOHTpOJIST KOJIMYecTBa Oesika B IIpodax
npoBoguin Western blotting ¢ anturenamu K GAPDH
(glyceraldehyde-3-phosphate dehydrogenase, ab9485,
1:2000, Abcam, CIIIA).

C y4yeToM Majoro KojudecTBa eIMHUIL] HabJoae-
HUS 17151 TIPOBEPKU T'MIOTE3bl HOPMaJIbHOCTH pacipe-
neneHust ucnoab3doBanu W-tect [lanupo—Yunka mist
MAaJIbIX BLIOOPOK, KOTOPKIH SIBJIsIeTCSI HanoboJiee apdek-
TUBHBIM, TaK KaK OH 00JiamaeT O0JIbIIEe MOIIHOCTHIO
110 CPaBHEHMUIO C aJIbTEPHATUBHBIMU KPUTEPUSIMU TIPO-
BEpPKU HOpMaJIbHOCTHU. B CBS3M € TeM, UTO MPOU3BOAUT-
Csl MHOXECTBEHHOE CpaBHEHHE, MCIIOJb30BaInd TECT
ThloKu, Tak Kak pacripeesieHue HOpMaJbHOE 1 IpyM-
MOBble NUCHEPCUU OMNHOPOAHBI. Paznuuusa cuutanu
craTucTuyecku 3HauuMbiMu Tipu p < 0.05 (Kommbio-
TepHas rporpamma Microsoft Office Excel 2007).

PE3VYJIBTATBI 1 OBCYXIEHHUE

CrapeHue CBSI3aHO C CUCTEMHBIM BOCITAJICHUEM U
KJIETOYHBIM aroIITO30M, MHAYIIUPOBAHHBIM IIOSIBJISI-
OLIMMUCS DUBUOTOTUYECKUMU TUCHYHKIUAMU [26].
B Hacrosimee BpeMs 1moka3aHo, YTO pOJIb LIUTOKWH3A-
BucuMoro TNF-curHaapHOTO Kackaaa B allonTo3¢e He-
OIHO3HAYHA — MOMUMO UHAYKIWY KJIETOYHOI rndean
¢ yuyactueM caspase-8, -3 [22], HaOmomaeTcs aHTHATIO-
Ne 6
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OT1ITud. TUIOTH., YCII. €1I.
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nBsiFVB/Nwm nBsiFVB/Nc costHER2/neum cosHER2/neu cissHER2/neu musstHER2/neu ¢

O 1

cosiFVB/Nwm cosiFVB/Nc

Ipyriribl XKUBOTHBIX

Puc. 1. Dxcrnpeccus FASL u TNF-alpha B HelipoceKpeTopHBIX KieTKax cyrpaontuyeckoMm (COSl) u mapaBeHTpUKYIIPHOM
(ITB) simpax meimeit FVB/N u HER2/neu (Western blotting). Ock opauHat — ontudeckast ruiotHocth FASL (M + m) u TNF-
alpha B (M = m) COS u I1BA mbiieit FVB/N 1 HER2/neu. 3nech u nanee: 0603HaYeHUsI — M — MOJIOJIbIE MBIIIU, C — CTapble
MbIlK. OnTHYecKast INIOTHOCTb MpeACTaBIeHa B YCJIOBHBIX eMUHUIIAX. (*) — JOCTOBEPHOCTD pa3IMuMil MEXIy IMOKa3aTeJsasMU MO-
JIOOBIX Y CTapbIX MbIieil ogHou JuHuu (p < 0.05), 1 (0) — 3HaYeHWe pa3IMYMii MeXIy MHIeKcaMu crapbix Mblieir FVB/N u
HER2/neu (p £0.05), mononeix meiieit FVB/N nu HER2/neu (p < 0.05). Monoasie mbiiu FVB/N, n =9, ctapbie mbiiin FVB/N,
n =8, mononsie Mt HER2/neu, n =9, crapeie meimu HER2/neu, n = 8.

Fig. 1. Expression of FASL and TNF-alpha in neurosecretory cells of the supraoptic (SON) and paraventricular (PVN) nuclei in
FVB/N and HER2/neu mice (Western blotting). Ordinate — optical density of FASL (M + m) and TNF-alpha in (M £ m) in the SON
and PVN of FVB/N and HER2/neu mice. Hereinafter: y — young mice, @ — aged mice. Optical density is expressed in arbitrary units.
* — significance of differences between indices of young vs. aged mice of the same line (p < 0.05); o — significance of differences be-
tween indices of aged FVB/N vs. HER2/neu mice (p < 0.05), young FVB/N vs. HER2/neu mice (p < 0.05). Young FVB/N mice

(n=9), aged FVB/N mice (n = 8), young HER2/neu mice (» = 9), aged HER2/neu mice (n = 8).

nrotuyeckoe nerictsue TNF, cBs3aHHOe ¢ akTUBaIIU-
eii He3aBUCHMBIX IryTeil BbDKuMBaHusSI — NF-KB,
MAPK-EGFR nytu [27, 28], 1u6o PI3K-AKT nyrtu
[27].

brio uccnengosano ygactue nuraHmoB — FAS Li-
gand (CD178, FasL) u TNF-alpha — B akTuBanuu cur-
HaJIbHBIX MyTeil, CBSI3aHHBIX C BbIXKMBAHUEM KJIETOK
(NF-KB-, AKT-, ERK-kackaapl), B peryJsiiuu aro-
NTO3a HEMPOHOB TUTIOTAJIAaMYCa y MBIIIIE TMKOTO TUTIA
n yckopeHHo craperomux HER2/neu TpaHcreHHBIX
MbIlIe Tipu cTapeHuu. [lo JaHHBIM JUTEPATYpPhl
TRAIL, FASL (FAS Ligand), FAS, FADD sBasiorcst
IpoaronToTudecKuMu pakropamu, Torma Kak TNFR1
(TNF-receptor 1), TRADD Ttakxxe MOryr oka3blBaTh
AHTUATIOTITOTUYECKOE NEeHCTBUE Uyepe3 MyTU BbIKUBA-
Husa ki1etok - NF-kB- 1 p38-MAPK-EGFR nytu [22].

Mbiwu duxoeo muna

Y Mon0abIX MBIILIIEN TUKOTO TUTAa ypoBeHb FASL B
00oMX M3ydyaeMbIX siApax TUMoTajaMmyca HEBBICOK U
yBeauumuBaeTcsa npu ctapeHun B I1B, comepkaHue
TNF-alpha He usmensiercst B CO4 crapeix FVB/N
mbreil u cauwkaercs B I1BA (puc. 1). Ilpu aTom B
COs1 u I1B4 Bospacrarot akcnpeccusa FAS penernro-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3ZUOJIOTUU

pa, amanropHbix 6enkoB FADD, TRADD, caspase-8,
-3 u ypoBeHb annonTo3a [17]. Panee MbI 1ToKa3aiu, 4To
y Mbieit nukoro tuira anonTto3 (Meronx TUNEL) mipu
crapeHun Bospactaer B CO4 B 6.8 pasa, a B 1B
B 9.4 paza [17]. TakuM 00pa3oM, B HEPOCEKPETOPHBIX
KJIeTKaxX JaHHBIX siaep TUIoTajaMyca Habisrogaercs
Bo3pacT3aBucuMass akTuBauusg FAS-curnaabHOro
mytu (Tadm. 1).

Vposennb p-NF-kB B HelipoHax runoTtajiaMmyca Mbl-
et FVB/N Ha mo3aHuX aTarnax OHTOTreHe3a CHUXKAET-
cs kak B CO4, tak u B [1BA, u mapannenbHO yMEHb-
IIaeTcsi AKCIpPEeCcCcusl survivin, aHTUAamONTOTUYECKOTO
oenka (puc. 1, 2), IBISIOLIETOCS OOHOM U3 MUIIICHEM
NF-kB-nytu [29]. DTO COOTHOCUTCSI C MOBBIILIEHUEM
YPOBHSI aronTo3a KieTok [17]. HeT nameHeHwuit B co-
nepxaann ¢pochopunmmpoBaHHbIXx dopM AKT n ERK
(p-AKT, p-ERK) (puc. 3) OueBuIHO, 4YTO CUTHAIb-
Hble KackKaabl, cBs3aHHble ¢ BbikuBaHueM (AKT,
ERK), He urparot 3aMeTHOI poJiM B 000MX HEMPOIH-
JOKPUHHBIX LIeHTpax npu crtapeHuu y FVB/N MbI-
LIeii, a ToHM>XKeHHass aktTuBHOCTh NF-kB Moxer rpu-
BECTHU K BO3pPACTaHMIO KJIETOUHOI rudeau Helpocek-
PETOPHBIX KJIETOK THUIloTajlaMyca CTapbiX MbIIIei
(puc. 1-3), [17] (Tabxa. 1).
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Taonuna 1. VIaMeHeHUsT 3KCITPECCUM M3YYEHHBIX IIPO- U aHTHAITONITOTUYECKHX (haKTOPOB Ipu cTapeHuu B HeiipoHax CO4
u [1BS y meireit FVB/N u HER2/neu

Table 1. Age-related changes in expression of the studied pro- and anti-apoptotic factors in neurons of the SON and PVN of
FVB/N and HER2/neu mice

M3MeHeHUs TIpU CTapeHUU Yy MBIIIEH TMHUN/
h . . li
Mapkep/ PoJsib B MEXxaHM3Max amnorro3a/ Changes during aging in mouse line
Marker The role in apoptosis mechanisms FVB/N HER2/neu
COA/SON|IIBA/PVN|COA/SON|TIBA/PVN
FASL IMpoanonToruueckuii pakrop/Proapoptotic factor = + = =
MozxeT oKa3bIBaTh Kak Mpo-, TaK M aHTUATIONITOTUIECKOE
TNF-alpha . . . = — = =
neiictBue/May have both pro- and anti-apoptotic effects
p-NF-kB | Autnanonroruueckuii hakrop/Antiapoptotic factor — — — +
survivin AHTHanonTtoTuyeckuii akrop/Antiapoptotic factor + +
p-ERK AnxTtnanontorndyeckuii ¢pakrop/Antiapoptotic factor = = + +
p-AKT AHTHanonToTuueckuii akrop/Antiapoptotic factor = = — +

I[IpumeyaHue: (=) — HET U3MEHEHUI1, (+) — yBeIM4YeHue, (—) — yMEHbIIeHUEe 3KCIIPECCUU JTaHHOTO (haKTopa M0 CpaBHEHUIO C MOJIOABIMU

MbIILIAMUY OJHOM JTUHUU.

Note: (=) — no changes, (+) — increase, (—) — decrease in expression of the given factor compared to young mice of the same strain.

TpaHCZeHHble Mblidu

Y MOJIOABIX TPAHCTEHHBIX XKUBOTHBIX YPOBEHb aro-
nro3a (Mmeron TUNEL) B CO u I1BS HeBBICOKMIT 1
HE OTJIMYaeTcsl OT JAHHOTO MoKa3aTesl y MblllIei 1u-
KOro TUTA, TIPU 3TOM HET OTJIMYUIA MeXXKIy U3ydaeMbl-
MM HEHMpOCEKPETOPHBIMU IieHTpaMu [17]. ¥V MmbIimeit
3TOM NTUHUM He n3MeHsieTcss yposeHb FASL B Heiipo-
cekpetopHbix kjeTtkax COS u ITIBS runoranamyca
npy CTapeHWU, U COAepKaHWe NAaHHOTO JWraHaa B
T1B4 crapeix HER2/neu Mmbilieit HUXe, 4eM y MbI-
et aukoro tumna (puc. 1). CuHrtes peuentopa FAS
B M3y4aeMbix HeHTpax y ctapbix HER2/neu mpbmieit
HUXeE, M0 CPaBHEHUIO C JUKWUM TUIIOM, BKCIIPECCHUS
FADD ne uamensercs [17]. Takum obpazoM, mpu ma-
tonorudeckom crapenun (y HER2/neu mbimeii) Ha-
omromaetca cyrpeccuss FAS mytm B rumotamamyce
(CO4 u IIBA) (puc. 1), yTo NpUBOAUT K HU3KOMY
ypoBHIO amnonTo3a y ctapeix HER2/neu mbrmeit [17].
Honsg ruonymumx kietok B COS u I1BS runoranamyca
y MBIIIE 3TOM JIMHUM HE OTJIUYAETCS OT YPOBHSI JaH-
HOTO TIoKa3aTessl Y MOJIOJIBbIX MbIIIEN, U 3HAYMUTEIbHO
Huxe (B COJ B 5 pas, BIIBA — B 2.5 paza), yuem y cTa-
poix mblieit FVB/N [17] (ta6i. 1).

Y crapbIX TpaHCTEHHBIX XXUBOTHBIX ypoBeHb TNF-
alpha B 000MX M3y4eHHBIX TUIIOTAIAMUYECKUX SIIpax
BBIIIIE, YeM y MEBIIIeH nukoro tuma (puc. 1). CBs3bIBa-
Hue TNF-o ¢ TNF-RI unmnynmpyer oOpa3oBaHue
MeMOpPaHOCBSI3aHHOTO KOMILIEKCa, COCTOSIIIEeTro U3
MHoOecTBa Moyieky, B ToMm ynucie TRAF-2, TRADD,
TIAP u IKKSs, KoTOpBIii BOCHOBHOM 3aITycKaeT aKTHUBa-
o NF-kB u obecnieurBaeT BbIKMBaHUE KJIETOK I10-
CPEACTBOM pPETYJISILMM TPAaHCKPUNLIMM WHTAOUTOpa
caspase-8 c-FLIP [22]. MBI noka3anu, 4To colepKa-
Hue p-NF-kB y TpaHCreHHBIX MBlIIeii PU CTapeHUU
camxaetrcsa B COS u yBenuuuBaetcs B [1BS, mpu aTom

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

9KCIpeccus fTaHHOTo (akTopa OoIbIle, YeM Y MBIIIEH
nukoro tuna (puc. 2). IAP, Bxoasiiiye B cocTaB 3TOro
KOMILJIEKCA — UHTUOUTOPHI AlIOTITOTUYECKUX MTPOTEU-
HOB (B TOM YMCJIE survivin), sIBJISIFOTCSI TPUTTEpaMu
NF-kB-kackana [22]. BbIsiBieHO MOBBIIIIEHUE SKCITpec-
CUM survivin B HelipoceKpeTOpHbIX KIIETKaX U3yYEHHbIX
sinep runortajiamyca y mbiineit HER2/neu npu crape-
HUW, MOXXHO COOTHECTU JaHHOE YBEJIUYEHUE IKCITPEC-
CUU C BBICOKUM, MO CPaBHEHUIO C JAaHHBIM TTOKa3aTe-
JIEeM Yy CTapblX MbIIIEH JUKOTO TUIIA, COIEpXKaHUEM
TNF-alpha y TpaHcreHHBIX MbliIei (puc. 2, Tabu. 1).

ITokazano, uro TNF-o crmocobeH MHIYyLIMPOBATH
dochopunupoanue AKT [27] 1 ERK-curnainbsHoro
MyTH, 3aBUCSIIETO TaKXKEe OT YPOBHSI 3KCIIPECCUM PO-
ctoBbIX (hakTopoB u ux penentopoB (EGF/EGFR)
[30]. B Hammx aKcrepuMeHTax B HEipoHax ruroTaia-
myca HER2/neu Mpiieii mpu ctapennu yposeHb p-ERK
Bo3pacrtaeT B COS, mpeBhIlasg aHaJOTUYHBINA ITOKa3a-
TeJIb y CTapbIX MBIIIIE AUKOTO TUTA, 6€3 U3MEHEHUI B
I1B1 (puc. 3, Tadm. 1).

Conepxanue p-AKT y HER2/neu Mmpbiineit Bbiliie
YPOBHSI JaHHOTO GeJiKa BO BCEX I'pyINax MbIIIei TUKO-
ro tumna, 3a uckiaouyeHueM COS crapbix TpaHCTE€HHBIX
Mblireir (puc. 3). BeposTHO, MOBBILLIEHHAasT 9KCIIpec-
cusi TRADD, He MeHsIIOIIAsICSI B OHTOIeHE3€ Y MbIIIE
HER2/neu [17], yuactByeT B aktuBauuu NF-kB, ERK
n AKT nyreit BekuBanus, T.e. TNF-3aBucuMbIil myTh
npu cBepxakcnpeccun HER2/neu urpaer BaxkHylo
poJib B 00ecrie4yeHUM yCTOMYMBOCTU KJIETOK K amo-
NnTO3y. DTO MOATBEPXKIAETCS JAHHBIMU APYTUX aBTO-
pos, nokasaHo, yTo EGF/EGFR cuctema, Kk KoTopoii
otHocutca 1 HER2, mpuBoauT K akTMBaniMy BHyTPHU -
KJIETOYHBIX KMHA3HBIX aHTUAMONTOTUYECKNUX KacKa-
noB Takux, Kak PI3K/AKT u NF-kB [5]. Bo3amoxHo,
ERK um AKT curHambHBIE IIyTHU NpemayHpexaaloT
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Puc. 2. Dkcnpeccust p-NF-kB (Western blotting) u survivin (MMMYHOTHCTOXMMUSI) B HelipoceKpeTopHbIX KieTkax COS u I1BS
mbiieit FVB/N 1 HER2/neu. JleBast ock opnuHaT — akcrnpeccust p- NF-kB (ontrueckast muiotHoctb) (M + m) B COS u [1BS mbi-
weit FVB/N u HER2/neu. I[1paBast ocb opnrHaT — 3KCIpeccus survivin (onrtuyeckas InotHoctb) (M = m) 8 COS u [1BA mbiueit
FVB/N u HER2/neu.

Fig. 2. Expression of p-NF-kB (Western blotting) and survivin (immunohistochemistry) in neurosecretory cells in the SON and PVN
of FVB/N and HER2/neu mice. Left ordinate — p-NF-kB expression (optical density) (M = m) in the SON and PVN of FVB/N and
HER2/neu mice. Right ordinate — survivin expression (optical density) (M £ m) in the SON and PVN of FVB/N and HER2/neu
mice.
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Puc. 3. Okcnpeccust p-ERK u p-AKT B HeitpocekperopHbix Kiietkax COA u [1BA meieit FVB/N u HER2/neu (Western blot-
ting). Ocb opauHaT — ontuyeckas rmIoTHOCTh p-ERK (M = m) u p-AKT (M = m) B COS u I1BS mbieit FVB/N u HER2/neu.

Fig. 3. Expression of p-ERK and p-AKT in neurosecretory cells of the SON and PVN in FVB/N and HER2/neu mice (Western blot-
ting). Ordinate — optical density of p-ERK (M £ m) and p-AKT (M £ m) in the SON and PVN of FVB/N and HER2/neu mice.
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DISC-onocpenoBaHHOe TIpOanoNTOTUYECKOE pac-
meruieHue kacma3s [28]. ITomoOHbI MeXxaHu3M CyIlle-
CTBYEeT B BIUTEIUAIBHBIX HETpaHCHOPMUPOBAHHBIX
KJIeTKaX MOJIOYHOI Xeje3bl, KOorna WHTUOupoBaHUE
EGFR-curHaiIbHOTO TIYTH BBI3BIBACT UP-PETYIISIIINIO
uHruourtopa caspase-8 FLICE-unrubupytoiero 6ei-
ka (FLIP(L)) u nemaeT Kji1eTKu 60jiee YyBCTBUTEILHEI-
mu K TRAIL (tumor necrosis factor-related apoptosis-
inducing ligand)-uHayiupoBaHHoMy ariontosy. Ilpu
3TOM BaxHylo poib urpaet ERK-kackan [31].

Takum o6pa3zoM, pe3UCTEHTHOCTh KJIETOK K aIlo-
MTO3y TIPU CTApEeHWUM y TPAHCTEHHBIX MBIIMIEH CO
cBepxakcnpeccueii HER2 obecneunBaeTcs He oli-
HUM (HaKTOpoM, a COUYeTaHUEM Pa3JUYHBIX IyTei
BekuBaHusI — B COSl crapeix HER2/neu XuBOTHBIX
nosbiaercsa cogepxkanue p-ERK, B IIBA — yBennun-
BaeTcs ypoBeHb p-NF-kB u p-AKT (puc. 2, 3, Ta6an. 1).

SAKJIFIOYEHUE

TaxkuMm o6pa3oM, y cTapbIX MBIIIE TUKOTO THUIIA B
HeiipoHax CO4 u T1BA runoramamyca HadaogaeTcs
BO3pacT3aBUCUMas akTuBauus FAS-curnaibHOro my-
™ anonto3a. Ilokazano, yto AKT-, ERK-curnams-
Hble KacKajbl, CBSI3aHHbIE C BBKMBAHUEM, HE UTPAIOT
3ameTHOI posn npu ctapeHuu B COS u [1BS FVB/N
MBIIIIei, ogHaKo cHIKeHre akTuBHOCTH N F-kB-mmytnn
(ymenbiieHue ypoBHs p-NF-kB m skcrnpeccuu sur-
vivin) MOXeT IIPUBECTU K BO3pacTaHUIO allONTO3a Heli-
POCEKPETOPHBIX KJIETOK TUIIOTajlaMyca CTapbIX MbI-
el AUKOTO THUIIA.

VY crapwix mbieit HER2/neu ycroitunBocTh Kie-
TOK TUITOTajaMyca K aIlloIlITo3y 00eCeuYrnBaeTCsI coue-
TaHUEM pa3IMYHBIX ITyTeit BokuBaHus — B COSl Ha-
omromaercsa aktuBauusa ERK-nytu, B I1BS — NF-kB-
u AKT-nyreit. Ilpennoiaraercsi, 4To B aKTUBALlUU
MaHHBIX ITyTeil UTPAaeT POJIb MOBBILIEHHAS SKCIIPECCHUSI
TRADD. Kpome Toro, nmpu IaToJOrM4eCKOM CTape-
Huu (cBepxakcrnpeccusi HER2/neu) Habnogaercs cy-
npeccusa FAS mytu, 9To Takke IMpUBOIUT K HU3KOMY
yposHIo arorrto3a B COS u T1B4.

OMHAHCHUPOBAHUME PABOTHI

PaGora BbINoIHEHA IPU NTOANEPKKE TOC3aNAHUS [10 TEME
Ne AAAA-A18-118012290371-3.

BKIJIAD ABTOPOB

E. 1. BaxxaHoBa — rutaHMpoBaHUE KCIIEpUMEHTa, cOop
NIAaHHBIX, 00pabOTKa JAHHBIX, HAlMCAHUE U pelaKTUpOBa-
HUE MaHYCKpUIITa

H.J1. Ternblii — penakTUpoBaHUe MaHYCKPUIITA
JI.K. XyxxaxmeToBa — 06pab0oTKa TaHHBIX
B.H. AHncumMoB — pemakTrupoBaHUEe MAHYCKPUIITA

KOoHOIUKT NHTEPECOB OTCYTCTBYET.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

1.

10.

11.

453

CIINCOK JIMTEPATYPbI

YuY, Feng L., Li J., Lan X., A L., Lv X., Zhang M.,
Chen L. The alteration of autophagy and apoptosis in
the hippocampus of rats with natural aging-dependent
cognitive deficits. Behav. Brain Res. 334: 155—162. 2017.
https://doi.org/10.1016/j.bbr.2017.07.003

. Bazhanova E.D., Teply D.L. The apoptosis regulation

mechanisms in hypothalamic neurons in physiological
and pathological (overexpression of oncogene HER-
2/neu) aging. The chapter in the book “Hypothalamus in
Health and Diseases”, InTech, Rijeka, Croatia. 99—131.
2018. https://doi.org/10.5772 / intechopen.72694

. Dulamea A.O. Role of Oligodendrocyte Dysfunction in

Demyelination, Remyelination and Neurodegeneration
in Multiple Sclerosis. Adv. Exp. Med. Biol. 958: 91—127.
2017.

https://doi.org/10.1007/978-3-319-47861-6_7

. Pesa U.B., Imamomo T.T., Odunyosa HU.A., Mapmeiren-

ko C.I., Tomopkynaoe P.U., Huxonraeunko I'.A., lemeur-
ko T.H., Huovixk M.B., llImeaée M.E., Bepwununa C.C.,
banoaes C.H., Anvopanom K.@D., Pesa I'.B. Anonto3 u
ero pojib B HapylieHun (GyHkuuii HeiipoHoB. CoBpe-
MEHHbBIE TIpOOJIEMbI HayKd W oGpaszoBaHus. 6: 1—24.
2016.

https://doi.org/10.17513 /spno.25497

. Lisi §., Sisto M., Ribatti D., D’Amore M., De Lucro R.,

Frassanito M.A., Lorusso L., Vacca A., Lofrumento D.D.
Chronic inflammation enhances NGF-/TrkA system
expression via EGFR/MEK/ERK pathway activation in
Sjogren’s syndrome. J. Molec. Med. 92: 523—537. 2014.
https://doi.org/10.1007/s00109-014-1130-9

Tao H., Cheng L., Yang R. Downregulation of miR-34a
Promotes Proliferation and Inhibits Apoptosis of Rat Os-
teoarthritic Cartilage Cells by Activating PI3K/Akt Path-
way. Clin. Interv. Aging. 15: 373—385. 2020.
https://doi.org/10.2147 /CIA.S241855

. Zhang Y., Liu X., Zhang J., Xu Y., Shao J., Hu Y., Shu P,

Cheng H. Inhibition of miR-19a partially reversed the re-
sistance of colorectal cancer to oxaliplatin via
PTEN/PI3K/AKT pathway. Aging (Albany NY). 12 (7):
5640—5650. 2020.
https://doi.org/10.18632/aging.102929

. Muller W.J., Ho J., Siegel P.M. Oncogenic activation of

Neu/ErbB-2 in a transgenic mouse model for breast can-
cer. Biochem. Soc. Symp. 63: 149—157. 1998.

Panchenko A.V., Popovich 1.G., Trashkov A.P.,
Egormin P.A., Yurova M.N., Tyndyk M.L., Gubare-
va E.A., Artyukin I.N., Vasiliev A.G., Khaitsev N.V., Za-
bezhinski M.A., Anisimov V.N. Biomarkers of aging, life
span and spontaneous carcinogenesis in the wild type
and HER-2 transgenic FVB/N female mice. Biogeron-
tology. 17 (2): 317—324. 2016.

Ilonenos A.JI. MopdodyHKIIMOHATBHASI OpraHU3alus
HEMPOCEKPETOPHBIX KJIETOK rumoTajgamyca / B KH. Heii-
posagokpuHonorus. Ilom pen. Ilomenosa A.JI. CII6.:
PAH, 1993. Y. 1. C. 31-70. 398 c. [ Polenov A.L. Morfo-
funkcional’naya organizaciya nejrosekretornyh kletok
gipotalamusa / v kn. Nejroendokrinologiya. Pod red. Po-
lenova A.L. SPb.: RAN, 1993. V. 1. 31-70. (In Russ)].

IToaenoe A.JI., Koncmanmunosea M.C., Taproe I1.E. Tnu-
MOTaJIaMO-TUITOMDU3aAPHBINA HEHPOIHIOKPUHHBIN KOM-
ruiekc / B KH. HelipoannokpuHonorus. [Tox pen. IMone-

TOM 56 Ne 6 2020



454

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

BA’KAHOBA u np.

HoBa A.JI. CII6.: PAH, 1993. Y. 1. C. 139—187. 398 c.
[Polenov A.L., Konstantinova M.S., Garlov P.E. Gipotala-
mo-gipofizarnyj nejroendokrinnyj kompleks / v kn. Ne-
jroendokrinologiya. Pod red. Polenova A.L. SPb.: RAN,
1993. Ch. 1. S. 139—187. (In Russ)].

Sartin J.L., Lamperti A.A. Neuron numbers in hypotha-
lamic nuclei of young, middle-aged and aged male rats.
Experientia. 41: 109—111. 1985.

Sturrock R.R. Stability of neuron number in the ageing
mouse paraventricular nucleus. Ann. Anat. 174: 337—
340. 1992.

Goudsmit E., Hofman M.A., Fliers E., Swaab D.F. The su-
praoptic and paraventricular nuclei of the human hypo-
thalamus in relation to sex, age and Alzheimer’s disease.
Neurobiol. Aging. 11: 529—536. 1990.

Roberts D.FE., Killiany R.J., Rosene D.L. Neuron Num-
bers in the Hypothalamus of the Normal Aging Rhesus
Monkey: Stability Across the Adult Lifespan and Be-
tween the Sexes. J. Comp. Neurol. 520 (6): 1181—1197.
2012.

https://doi.org/10.1002/cne.22761

Hsu H K., Peng M.-T. Hypothalamic neuron number of
the old female rats // Gerontology. 24: 434—440. 1978.

baxcanosa E.JI., Anucumos B.H. Yuactue FAS- u TNF-
3aBMCHMBIX ITyTeil B MeXaHM3Max arornTo3a B TUIoTala-
Myce Mpu HGU3NOJIOTUYECKOM U TTaTOJIOTUUECKOM CTape-
Hun. Ycnexu reponrojioruu. 33 (1): 34—39. 2020. [Ba-
zhanova E.D., Anisimov V.N. FAS- and TNF-dependent
ways participation in apoptosis mechanisms in hypothal-
amus in physiological and pathological aging. Adv.
Geront. 33 (1): 34—39. 2020. (In Russ)].

. Baloyannis S.J., Mavroudis 1., Mitilineos D., Baloyannis LS.,

Costa V.G. The Hypothalamus in Alzheimer’s Disease: A
Golgi and Electron Microscope Study. Am. J. Alzhei-
mers Dis. Other Demen. 30 (5): 478—487. 2015.
https://doi.org/10.1177/1533317514556876

Dhani S., Ghazi T., Nagiah S., Baijnath S., Singh S.D.,
Chuturgoon A.A. Fusaric acid alters Akt and ampk signal-
ling in ¢57bl/6 mice brain tissue. FoodChem. Toxicol.
138: 111252. 2020.
https://doi.org/10.1016/j.fct.2020.111252

Zhao M., Tang X., Gong D., Xia P., Wang F.,, Xu §. Bun-
geanum Improves Cognitive Dysfunction and Neurolog-
ical Deficits in D-Galactose-Induced Aging Mice via
Activating PI3K/Akt/Nrf2 Signaling Pathway. Front-
Pharmacol. 11: 71. 2020.
https://doi.org/10.3389/fphar.2020.00071

Chen H.I., Ou H.C., Chen C.Y., Yu S.H., Cheng S.M.,
Wu X.B., Lee S.D. Neuroprotective Effect of Rhodiola
crenulata in D-Galactose-Induced Aging Model. Am. J.
Chin. Med. 5: 1-18. 2020. .
https://doi.org/10.1142/S0192415X20500196

Micheau O., Shirley S., Dufour F. Death receptors as tar-
gets in cancer. Brit. J. Pharmacol. 169: 1723—1744. 2013.
https://doi.org/10.1111/bph.12238

Xyacaxmemoea JI.K., Tenawit /l.JI., baxcanosa FE./I.
dapmakonornueckast KOppeKis U3MEHEHUI ypOBHSI
arnonTo3a HEUPOHOB CyMpaxua3MaTUYeCKOTo simpa TH-
noTajaMyca 1 MUHEAJIOLUTOB Y KPBIC IIPU CTAPEHUU U
cTpecce. Ycrexu repoHTojoruu. 32 (6): 915—922. 2019.
| Khuzhakhmetova L.K., Teply D.L., Bazhanova E.D.
Pharmacological correction of alterations of apoptosis of

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OUIUOJIOTUU

24.

25.

26.

27.

28.

29.

30.

31.

the neurons of the hypothalamus supraciasmatic nucleus
and pinealocytes during aging and stress. Adv. Geront.
2019. 32 (6): 915—922. (In Russ.)].

McKenzie J.A., Grossman D. Role of the Apoptotic and
Mitotic Regulator Survivin in Melanoma. Anticancer
Research. 32: 397—404. 2012.

Liu'Y, Fu Y., Zhang Y., Rose G.M., He X., Yi X., Ren R.,
LiY, Zhang Y., Wu H., Lv C., Zhang H. Butein attenuates
the cytotoxic effects of LPS-stimulated microglia on the
SH-SY5Y neuronal cell line. Eur. J. Pharmacol. 868:
172858. 2020.
https://doi.org/10.1016/j.ejphar.2019.172858

Kangas R., Tormdkangas T., Heinonen A., Alen M., Suom-
inen H., Kovanen V., Laakkonen E.K., Korhonen M.T. De-
clining Physical Performance Associates with Serum
FasL, miR-21, and miR-146a in Aging. Sprinters
Biomed. Res. Int. 2017: 8468469. 2017.
https://doi.org/10.1155/2017 /8468469

Lee C.-W,, Lin C.-C., Lin W.-N., Liang K.-C., Luo S.-F,
Wu C.-B., Wang S.-W., Yang C.-M. TNF-induces MMP-
9 expression via activation of Src/EGFR, PDG-
FR/PI3K/Akt cascade and promotion of NF-B/p300
binding in human tracheal smooth muscle cells. Amer. J.
Physiol. Lung Cell. molec. Physiol. 292: 1.799—L812.
2007.

https://doi.org/10.1152/ajplung.00311.2006

Nishimura M., Shin M.-S., Singhirunnusorn P, Suzuki S.,
Kawanishi M., Koizumi K., Saiki 1., Sakurai H. TAK1-
Mediated Serine/Threonine Phosphorylation of Epider-
mal Growth Factor Receptor via p38/Extracellular Sig-
nal-Regulated Kinase: NF-B-Independent Survival
Pathways in Tumor Necrosis Factor Alpha Signaling.
Molec. Cell. Biol. 29 (20): 5529—5539. 2009.
https://doi.org/10.1128/MCB.00375-09

Subramanian C., Grogan P.T., Opipari V.P., Timmer-
mann B.N., Cohen M.S. Novel natural withanolides in-
duce apoptosis and inhibit migration of neuroblastoma
cells through down regulation of N-myc and suppression
of Akt/mTOR/NF-xB activation. Oncotarget. 9 (18):
14509—14523. 2018.
https://doi.org/10.18632/oncotarget.24429

Segawa R., Shigeeda K., Hatayama T., Dong J., Mizuno N.,
Moriya T., Hiratsuka M., Hirasawa N. EGFR transactiva-
tion is involved in TNF-a-induced expression of thymic
stromal lymphopoietin in human keratinocyte cell line. J.
Dermatol. Sci. 89 (3): 290—298. 2018.
https://doi.org/10.1016/j.jdermsci.2017.12.008

Yerbes R., Lopez-Rivas A., Reginato M.J., Palacios C.
Control of FLIPL expression and TRAIL resistance by
the extracellular signal-regulated kinasel/2 pathway in
breast epithelial cells. CellDeathDiffer. 19 (12): 1908—
1916. 2012.
https://doi.org/10.1038/cdd.2012.78

Ne 6

TOM 56 2020



AKT-, ERK-, NF-KB-CUTHAJIbHBIE KACKAIbI B HEMPOHAX 455

AKT, ERK AND NFKB SIGNALING PATHWAYS IN NEURONS
OF HYPOTHALAMIC SUPRAOPTIC AND PARAVENTRICULAR NUCLEI
IN TRANSGENIC MICE WITH HER2/NEU OVEREXPRESSION DURING AGING
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Epidermal growth factor receptors are widely expressed in the various tissues, including the brain, and play an
important role in the regulation of such biological processes as proliferation, cell migration, cell death, etc. This
study aimed to study the involvement of signaling pathways related with cell survival (AKT, ERK, NF-kB cas-
cades) in the regulation of hypothalamic neuronal apoptosis in experimental models of physiological and patho-
logical (HER2/neu overexpression) aging, as well as the effect of FASL and TNF-alpha cytokines on these sig-
naling cascades. Experiments were carried out on HER2/neu transgenic mice with accelerated cellular senes-
cence compared to the wild type mice (FVB/N strain). In the hypothalamic supraoptic and paraventricular
nuclei, expression of the antiapoptotic protein survivin was determined by immunohistochemistry, while expres-
sion of proteins of the cytokine-dependent cascades (FASL, TNF-alpha) and protein members of the survival
signaling pathways (phosphorylated AKT, ERK, NF-kB) was assayed by Western blotting. It was found that in
FVB/N mice the AKT, ERK cascades do not play a significant role in aging, whereas activation of FAS signaling
and a decrease in the NF-kB pathway activity can lead to an increased proportion of dying neurons. In
HER2/neu mice, neuronal tolerance to apoptosis during aging is provided by a combination of different survival
signaling pathways: the ERK cascade is activated in the supraoptic nucleus and the NF-kB and AKT cascades in
the paraventricular nucleus. In addition, a suppression of FAS signaling was revealed, also leading to a low level
of apoptosis.

Keywords: apoptosis, neurons, hypothalamus, aging, HER2/neu, AKT, ERK, NF-kB signaling pathways
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