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TUpo3SMHTUOAPOKCHUIIIa3a MO3ra

N ee peryjiaianms r'ifOKOKOPTNKONAaMU

E.B. Cyxapera! @, T.C. Kaannnnal> 2, B.B. Byasirunal, H.H. Apiraaob 2

T ®epepanbHoe rocynapcTBeHHoe 6lofKeTHoe HayuHoe yupexaeHne «DeaepanbHblil NccnefoBaTeNnbCKnii LeHTP HCTUTYT LMTONOTN 1 FeHeTUKN

Cunbupckoro otaeneHns Poccuiickon akagemmm Hayk», HoBocubupck, Poccus

2 DepepanbHoe rocyfapcTBeHHoe aBTOHOMHOE 06pa3oBaTesibHOe yupexaeHne Bbicliero obpasoBaHusa «HOBOCMOUPCKMI HALMOHaNbHBIN

MNCCeaoBaTeNibCKMi rocyfapCcTBEeHHbIN YHUBepcuTeT», HoBocnbupck, Poccus

B ocHoBe fonroBpeMeHHbIX U3MEHEHN HENMPOXMMUYECKUX CUCTEM
MO3ra 1 perynmpyembix UMu Grsnonornyecknx GyHKLMn 1 noBeaeHns
nop AeicTBrEM HEOGNAronpPUATHbLIX GakTOPOB PaHHEro OHTOreHe3a
HaXOANTCA N3MEHEHME SKCNPEeCCMU BaXKHbIX ANA GYHKLMOHMPOBaHNA
HEeNPOXUMMNYECKOI CMCTEMbI TeHOB. KntoueBoll GepmeHT BrocrHTe3a
KaTexonamunHoB, TMpo3nHruapokcunasa (1), onpepenseT akTUBHOCTb
HENPOXMMMNYECKOW CUCTEMbI U MHAYLIMPYETCA FOPMOHaMM CTpecca,
rIOKOKOPTUKOMZAMW, in Vitro v in vivo. AHann3 co6CTBEHHbIX U NUTe-
paTypHbIX JaHHbIX NO BANAHUIO FOPMOHOB CTpecca — MIOKOKOPTU-
KOUAOB — B KPUTUYECKMEe Nepunofbl NeprHaTaibHOro OHTOreHesa

Ha aKcnpeccuio reHa Tl, ypoBeHb ero 6esika 1 akTUBHOCTb hepMeHTa
B MpoLuecce pa3BUTUA, @ TakKe PaCCMOTPEeHMEe BO3MOXKHbIX MeXa-
H3MOB TaKOro BAVAHWSA NOCNYXW/O0 3afjayeil 063opa. BeepeHne
[leKcameTa3oHa Un rmapoKOPTM30Ha NOBbILWAET Yepes 6 Y ypoBeHb
MPHK TI B ctBONE mo3ra 20-CyTOYHbIX NAOA0B U TPEXAHEBHbIX
KPbICAT, UTO COMPOBOXAAETCA YBENMYEHNEM aKTUBHOCTY depMeHTa

1 IMMYHOTUCTOXMMMYECKN BblsiBRiAemoro 6enka Tl B cTBOse mMos3ra.
N3meHeHwne skcnpeccnn reHa TI B KpUTUYECKUI Nepuos paHHero
pa3BuUTMA NPUBOAUT K NOBblleHMto ypoBHA MPHK TI B cTBONe mo3ra
25- 11 70-AHEBHbIX KPbICAT U aKTUBHOCTU pepMeHTa B CTBOJIE U Kope
MO3ra B3pOC/blX XMBOTHbIX. lMepuog uyBcTBUTENBHOCTY TI K YPOBHIO
rNIOKOKOPTUKOMAOB 3aBUCUT OT BO3pacTa. BeefeHre ropmoHoB

Ha BOCbMOW AieHb XM3HU He COMPOBOXAAETCA N3MEHEHUAMMN

B ypoBHe MPHK 1 akTuBHoCcTV depmeHTa. lNMpomoTop reHa Tl He nmeeT
Knaccmyeckoro GyHKLMOHANbHO akTMBHOIO FOPMOHO3aBUCUMOTO
anemeHTa. MexaHv3m ropMmoHanbHOW MHAYKUMK sKkcnpeccun TT
MOXET ObITb OCHOBaH Ha HEKAHOHNYECKOM My TV AeNCTBUA MMIOKO-
KOPTUKONLOB B pe3ysibTaTe M3BECTHOro 6enok-6enKkoBoro B3ammo-
[eCTBUA MMIOKOKOPTUKOULHOMO peLenTopa C APpYrumm TPaHCKpUn-
LIMOHHBbIMU daKkTopamMu, Takumu Kak 6enku AP-1 komnnekca. imeHHO
3TOT MexaHu3M perynauum skcnpeccun TI gekcameTasoHOM ycTa-
HOBNEH ANA KyNbTypbl GeoxpomaLmTombl. [JokaszaTenbCTBo CyLLeCTBO-
BaHUA NOJOGHOIro MexaHM3Ma Ans FKOKOPTUKOMAHOW perynauum
TI in vivo Heo6xo[MMo A NOHVMaHNA MHOroobpasna ypoBHel
perynaumm sKkcnpeccum HeporeHoB GpakTopamum BHELLHeN cpefpbl.

KntoueBble cnoBa: TMPO3UHINLPOKCUIA3a; FIOKOKOPTUKOULDI;
OHTOreHeTUYeCcKoe NPorpaMmmmnpoBaHIe; IKCNPECCUs reHoB;
rO/IOBHOW MO3T.
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Tyrosine hydroxylase
of the brain and its regulation
by glucocorticoids

E.V. Sukhareval! @, T.S. Kalininal> 2, V.V. Bulyginal,
N.N. Dygalo!" 2

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Novosibirsk State University, Novosibirsk, Russia

Early life stress events can produce long-lasting
changes in neurochemistry and behaviors related to
monoamine systems, with increased risks of cardio-
vascular, metabolic, neuroendocrine, psychiatric
disorders, generalized anxiety and depression

in adulthood. Tyrosine hydroxylase (TH), the key
enzyme for catecholamine synthesis, also plays

an important role in the activity of the noradrenergic
system and may be a target for glucocorticoids during
the perinatal programming of physiological functions
and behavior. Administration of hydrocortisone or
dexamethasone to female rats on day 20 of pregnancy
and to 3-day-old neonatal pups significantly
increased TH mRNA levels (real-time PCR) and enzyme
activity as well as protein levels determined by ICH

in the locus coeruleus. Moreover, our treatment led

to increase in TH mRNA levels in 25- and 70-day-old
animals, as well as an increase in enzyme activity

in the brainstem and cerebral cortex of adult rats.

The long-term changes in TH expression are limited by
the perinatal period of development. Administration
of hormones on day 8 of life was not accompanied

by changes in TH mRNA levels or enzyme activity.
Glucocorticoids use several mechanisms to bring
about transactivation or transrepression of genes.
The main mechanism includes direct binding

of the hormone-activated GRs to glucocorticoid
responsive elements (GREs) in the promoter region

of genes. However, despite optimistic claims made
the classical GRE was not found in the TH gene
promoter. Protein—protein interactions between
hormone-activated GR and other transcription factors,
for example, AP-1, provide an additional mechanism
for the effects of glucocorticoids on gene expression.
An important feature of this mechanism is its depen-
dence on the composition of proteins formed by
AP-1. Hormone-activated GRs are able to enhance
gene expression when AP-1 consists of the Jun/Jun
homodimer, but do not do that when AP-1 appears

as the Jun/Fos heterodimer. Furthermore, as has

been shown recently, the GRE/AP-1 composite site is
the major site of interaction of glucocorticoids with



KAK UUTUPOBATbD 3TY CTATbIO:

the TH gene in the pheochromocytoma cell line.
Ontogenetic variation in the expression of Fos and
Jun family proteins, which affects their ratio, can be
one of the reasons for the TH gene regulation by
glucocorticoids at near-term fetuses and neonates.
However, to date this hypothesis has been sup-
ported only by in vitro data, and the existence

of this mechanism in in vivo conditions needs to be
explored in further studies.

Key words: tyrosine hydroxylase; glucocorticoids;
ontogenetic programming; gene expression; brain.
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€0aronpusITHBIC YCIOBHS IPOTEKAHKS IEPHHATAILHO-
IO OHTOT'€HE3a, KaK IPaBHJI0, CTPECCOPHbIE, BBI3BIBAIOT
JIOJITOBPEMEHHbBIE, COXPAHSIOMINECS HA MPOTSHKEHUN
JUTMTEJIBHOTO TIepHOo/a BPEMEHH, MOCIeCTBUS. D10 (yH/Ia-
MEHTAJIBHOE SIBJICHHE, MOJAKPEIUICHHOE 3IUAEMHUOJIOrHYe-
CKUMH JIaHHBIMH, TTOJYYHIIO Ha3BaHHE KOHTOICHETHUECKOE
nporpammupoBanue» (Barker, 1995). IToBblmenne ypoBHS
TOPMOHOB CTpecca, INIIOKOKOPTUKOUIOB, 1 JJaXKe TaKUe cliadble
BO3/ICHCTBHSA, KaK CHIDKEHHE Ka4eCTBa MaTePUHCKOM 3a00THI
B TIEPBBIC JIHU/MECSIbI )KU3HU, HAPYIIAIOT HYHKIIMOHUPO-
BaHKME MEAUATOPHBIX CUCTEM U PErYIUPYEMBIX UMU Pa3HBIX
(dhopM moBesieHHs, B TOM YHCIIE COMPSDKEHHBIX CO CTPAaXOM
u TpeBoxkHOCTRIO (Harris, Seckl, 2011; Markham, Koenig,
2011; Bingham et al., 2013; Gallo et al., 2013; Reynolds,
2013). HecmoTpst Ha OYEBHAHYIO BaXXHOCTH BBIICHEHUS
MPOIIECCOB, 00ECIEUMBAIONIMX JOJTOBPEMEHHOE MPOrpam-
MUPOBAHUE HeﬁpOXHMHH MO3ra 1 1noBCACHUS, MCXaHU3MBI,
JIe)kKAIe B UX OCHOBE, JI0 CHX MOp OCTAIOTCS J0 KOHIA He-
sicHbIMH. Kak ObLJI0 MOKa3aHO, B TOM YKCJIE U B HAIIIUX UCCIIe-
JIOBaHMSIX, JJa)Ke KPAaTKOBPEMEHHOE M3MEHEHUE SKCIPECCHU
KJTFOYEBBIX U151 (PYHKIIMK HEWPOXMMHUYECKOI CHCTEMbI TEHOB
B KPUTHYECKHUE MMEPUOJIBI OHTOTEHE3a CIIOCOOHO B JalibHEl-
IIE€EM BbI3bIBATh UBMCHCHUEC IICUXOOMOIIMOHAJIBbHbBIX peaKqu/i
(Shishkina et al., 2004a, b; Dygalo et al., 2008).
Hopaapenepruueckas cucteMa Mo3ra, Hapsity ¢ CepoTo-
HUHEPTrUYEeCKOM, OTHOCUTCA K MOJYJIUPYIOIIMM MEInuaTop-
HBIM CHCTEMaM M MPHUHAMAET HEMOCPEICTBEHHOE y4acTHe
B PEryJISIUA MHOTHUX (PU3HOTOTHYECKUX CHCTEM U (DYHKIIHH,
a TaKk)Ke pa3iIMuHbIX Ncuxomnaroioruii. KiroueBbiM epmeH-
TOM CHHTE3a HOpaJpeHaJIHHa, ONPENCISIONUM (YHKIIUIO
MEIUATOPHON CUCTEMBI, SIBISETCS THPO3UHTHIPOKCHUIIA3a
(TT") (Kvetnansky et al., 2009; Tekin et al., 2014). Dxcrnpec-
cusl TeHa 3Toro (hepMeHTa, He UMEOIIETr0 KJIACCHYECKOTO
(DYHKIIMOHATIBHO aKTUBHOTO TOPMOHO3aBHCUMOTIO JIEMEHTA
(Sabban, Kvetnansky, 2001), Tem He MeHee, HHIYIUPYETCs
TIIIOKOKOPTUKOHUIAMH in Vvitro u in vivo (Rani et al., 2009;
Kalinina etal., 2012). Ananu3 coOCTBEHHBIX U JINTEPATYPHBIX
JaHHBIX MO0 BJIMAHWIO TOPMOHOB CTPECCA — ITTFOKOKOPTUKOU -
JIOB — B KPUTHUYECKHE MIEPUOJIbI IEPUHATATILHOTO OHTOTeHEe3a
Ha 3Kcrpeccuto rera TI, ypoBeHb ero Oeika ¥ aKTUBHOCTb
(hepMeHTa B poLiecce pa3BUTHS, & TAKKE PACCMOTPEHUE BO3-
MOYKHBIX MEXaHHW3MOB TaKOTO BIUSIHUS TIOCITYXHIIH 3aaueit
JTAaHHOTO 0030pa.

TuposuHrngpokcunasa:

reH, GEHOK, JNIOKannsauuma

Tuposunrugpoxcunaza (EC 1.14.16.2) — dpepmeHT, KOTOpBIi
JUMHUTHPYET CKOPOCTh OMocHHTE3a JJodhaMrHa U HopapeHa-
JIMHA, TIPeBpaIias THPO3HUH B quokcuermtananuH (JJODA)
C MCHOJIB30BAaHUEM MOJIEKYJISIPHOTO KHCJIOposa U KodakTo-
pa — terparuapoduontepuna (Nagatsu et al., 1964; Kvetnan-
sky et al., 2009; Tekin et al., 2014).

B renome GonbrmHcTBa oprann3moB red TIT mpucyTcTBy-
eT B BHJIE OJHOI KOIHH, 32 UCKIIFOYCHUEM KOCTHUCTBIX PBIO
(Candy, Collet, 2005; Yamamoto et al., 2010), ¢ pa3sHbIM
YHCIIOM 9K30HOB: ceMb y npo3o¢misl (Friggi-Grelin et al.,
2003), 13 y GonbImMHCTBA MIIEKOTTUTAIONINX, 14 y YemoBeka
(Lenartowski, Goc, 2011). I'er TT genmoBeka pacmoiokeH
Ha KopoTkoM Tuteue 11-it xpomocomsl (Craig et al., 1986;
Bademci et al., 2012). CoceacTBo mociienoBare/ibHOCTH, KO-
mupytoreit TT, ¢ mocnenoBaTeIbHOCTHIO HHCYITHHOMIONOOHOTO
TeHa YBOJIOIMOHHO COXPAHHUIOCH B XPOMOCOMAaX IT03BOHOY-
HbiX (Hernandez-Sanchez et al., 2006). B renome Mbitin Takast
CHHTEHHAas 00JacTh HAXOAUTCS B KOHIIE 7-i, a Y KpbIC — 1-i
xpomocomsl (Tekin et al., 2014). Y GonbIOImHCTBA MICKOIIH-
Tarowux ¢ reda TI' cuHTe3upyeTCst TONbKO OMH TPAHCKPUIIT
(Haycock, 2002). Y kpbICHI ero [iHa cocTaBisieT okoio 1 800
HYKJICOTHIOB, 13 KOTOPBIX 1494 KoanpyroT cOOCTBEHHO MO~
MENTUAHYIO enb pepMenTa, a 35 —B 5'- u 265 — B 3'-0o0mactu
SABIISTIOTCST HeKomupyrommme yaactkamu (Kvetnansky et al.,
2009; Lenartowski, Goc, 2011). B romoBHOM M0O3re U Ha/IImo-
YEeUHHMKAX YeJI0BeKa 0OHapy KeHb! yeThipe popmbl kak MPHK,
Tak 1, coocrBenHo, oenka T, ommnyaroniyuecs: HaJMaIreM 1b
1/ 1 2 5K30HOB U 4 1/ 1y 27 aMUHOKHCIIOT COOTBETCTBEHHO
(Tekin et al., 2014). CpaBHUTEIBHBIN aHATH3 TIPOMOTOPOB TT'
YeJIOBEKA, KPHICHI ¥ MBIIIHU BBISIBAJ IISITh TOMOJIOTHYHBIX 00-
JacTel, Py 9TOM 00111ast TOMOJIOTHsI MKty poMoTopamu TT°
YeJI0BeKa M MBIIIH cocTaBisieT 47 %, a 4enoBeka u KPBICHI — He
6omee 30 % (Romano et al., 2005).

CTaOMIIbHOCTD M aKTUBHOCTB (PepMEHTa, a TAK)KE KHHETH-
YeCKHe CBOMCTBA €ro pa3jIMYHbIX M30(OPM OIPEACIISIOTCS
JUIMHOM MOCHEeJ0BATEIbHOCTH HYKIEOTHAO0B, C KOTOPOU
MIPOUCXO/IUT CHHTE3 CaMOT0 OeJIKa, ¥ YHCIIoM caiiToB (ocdo-
punupoBanus MPHK. TpaHcnsamus npoxoauT He co BCex Cy-
mectByronmx ¢popm MPHK TT" (Haycock, 2002). Usmenenuns
B crabmisHoctd MPHK TI' n cymectBoBaHMe pa3iudHBIX
TPAHCKPUIITOB 32 CUET aJbTEPHATUBHOIO CIUIAHCHHTa IPEJIO-
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CTaBJIAIOT AOIIOJTHUTCIIbHBIE BO3BMOXKHOCTH IJIS PEryIAlUn
skcrpeccnn TT (Kumer, Vrana, 1996; Tekin et al., 2014).

Benox dgepmenra npeacrasisieT codoi TeTpamep, COCTOsI-
i u3 498 aMHHOKHUCIIOT B KQXK/I0W CYOBEIUHUIIC C BapHa-
6e1bHBIM N-KOHIIEBBIM PETyISITOPHBIM U KOHCEPBAaTHBHBIM
KaTaJUTHYECKUM JOMeHOM Ha C-KOHIIe MOJIEKyIbl. VIMEeHHO
KaTaJIUTUYECKHUE JOMECHbI YUaCTBYIOT B o6pa303aH1/11/1 TEeTpa-
Mepa 10 TUITy «JIeHnnHoBEIX 3acTexkex» (Tekin et al., 2014).

TT skcmpeccupyercst B KarexoJdaMUHEprHIecKuX HeHpoHax
neprdepruuecKo 1 IEHTPAIbHOI HEPBHOM CHCTEMBI,  TAKKE
B XpoMaPUHHBIX KIETKaX MO3TOBOTO BEIIECTBA HAIIO-
yeqHnKoB. DepMeHT obecneynBaeT Kak 0a3aabHbIH YPOBEHb
nodamMiHa U HOpaJIpeHAINHA, TAK K HEOOXOIMMOE U3MCHEHHE
YPOBHEH HEMPOMEIUATOPOB NPU IEHCTBUU 3HI0- U K30 €H-
HBIX CTUMYJIOB. MakcuMarbHast akTUBHOCTH (pepmenTa B [THC
IpeJ/ICTaBjIeHa B 00JIaCTH MEPUKAPUOHOB KaTeXoJlaMHHEePI U~
YeCKUX HEHPOHOB (TIPOIONTOBATHIH M CPETHIIA MO3T, 00J1acTh
MOCTa), MUHUMaJIbHast — B 00J1acTH MX TepMHHAJIEH (Kopa,
THIITOKAMIT, MO3X€40K). J[e()MHUTHBHBIC YPOBHU DKCIIPEC-
CHUHM TeHa, OesTka U aKTUBHOCTb ()ePMEHTA yCTaHABINBAIOTCS
B TIpOIeCcCe Pa3BUTHSI.

3KCI'IpECCI/Iﬂ TUPO3NHIN[POKCUI1a3bl
B OHTOreHese
Pa3BuTue HellpoMeOUaTOPHBIX CUCTEM MO3Ia ONpEaeiseT-
Cs TIOCNIEOBATEIHLHON aKTHUBAIMEH Kackaga MOp(hOTeHOB
1 TPaHCKpUNIMOHHBIX (akropos (Goridis, Rohrer, 2002).
[TyckoBbIM (DakTOpPOM IpH ClENHATU3ANNH J0P3aJbHOM
4acTH HEPBHOW TPYyOKH, U3 KOTOPOH M 3aKJIaABIBAIOTCS HEH-
POHBI CHHETO IISTHAa CTBOJA MO3Ta, OCHOBHOTO MCTOYHHUKA
HOPaJPEHEPTUYECKUX HEMPOHOB, BBICTYIIA€T KOCTHBIA MOpP-
thorenernueckmii 6emox (BMP) (Altmann, Brivanlou, 2001;
Vogel-Hopker, Rohrer, 2002). Yposens skcnipeccun BMP
OIIpEIENISIeT MECTO JIOKATU3ALIMH [IEPUKAPHOHOB ATUX HEHPO-
HOB — YeM CHJIbHEE IKCTIpeccHs Oenka, TeM Oosee 10p3aabHo
3aKJIa/IbIBAIOTCS] HEHPOHBI, TPO/TYLIUPYIOIINE HOPAAPCHAINH
(Barth et al., 1999; Guo et al., 1999). CHmwkeHue ypOBHS IH-
norenHoro BMP ymenspiiaer uncio TI'-o3UTHBHBIX KIETOK
B KYJBTYpE KJICTOK CTBOJIa MO3ra |3-CyTOUHBIX SMOPHOHOB
mbiu (Holm et al., 2006). Bocemoti haktop pocta pudpo-
6mactoB (FGF8) siBisteTcst KoopraHM3aToOpOM pa3BUTHS KIIETOK
CHHEro IsITHa coBMecTHO ¢ Mopdorenom Sonic Hedgehog
(SHH), perynupyst ¢popmupoBaHue UCTMycCa — I'PAHMIIBI
MEXKAY 33JHUM, I1e 1 GOPMHUPYIOTCS HOpPaIPEHEPTUUECKUE
Heliponsl, n cpenqaum mozrom (Wurst, Bally-Cuif, 2001;
Holm et al., 2006). Dxcnpeccust kayaajibHee HCTMYyCa T'EHOB
Eglwn Eg2, rOMOJIOTUYHBIX T€HAM CETMEHTAI[H HACEKOMBIX,
obecrieunBaeT KOppPeKTHOE 00pa30BaHKE KJICTOK CHHETO ITSITHA
y Mbiiel (Simon et al., 2005). HopmanbHoe pa3BuTHe HEHpo-
HOB CHHETO IIITHA IIPOMCXOIUT O1aroiapsi Iocie0BaTeIbHON
AKTHBAIMU YETHIPEX TPAHCKPHUITIMOHHBIX (pakTopoB: Mashl,
Phox2a, Phox2b u Rnx/TIx3 (Morin et al., 1997; Hirsch et
al., 1998; Pattyn et al., 2000; Qian et al., 2001).

[Ipu dopmMupoBaHuK HOpaApPEeHEPTUIECKUX HEHPOHOB
B CUMIIaTMYECKOM HEPBHOM CUCTEME II0CIIEI0BATEILHOCTD aK-
TUBALMH TPAHCKPUIILIMOHHBIX ()aKTOPOB OTIMYHA OT TAKOBOM
B rostoBHOM Mo3re (Goridis, Rohrer, 2002; Hippenmeyer et al.,
2004), 9To CBUAETEIBCTBYET O CI0KHOM MPOrpaMMHUPOBAHUN
Pa3BUTHSI HEPOHOB PA3HOTO MPOUCXOXKICHUS, JaXKe UCTIONb-
3yIOIIMX OAMH U TOT )K€ HeHpoTpaHcMHUTTEp. BmecTe ¢ Tem
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TpaHckpunuuonnsie paxropsl Mashl u Phox2b seistrorcs
OCHOBHBIMH JI€TEpMUHAHTaMU ()OPMUPOBAHUS HOpajpe-
Heprudeckoro (eHornna u mosra, u nepudepuu. B nemom
MopdoreHes HOpaApEeHEPruiecKOl CHUCTEMBbI TOJOBHOTO
MO3ra HAYMHAETCs B KOHIIE ITEPBOH MTOJIOBUHBI SMOPHOTEHE3A,
MIPOXOJIMT C JIOCTATOYHO BHICOKOH CKOPOCTBIO U 3aBEPIIACTCS
B paHHEM IOCTHaTalbHOM nepuozae passutus (Herlenius,
Lagercrantz, 2004).

OIHOBPEMEHHO C 3aKJIaAKOH HOpagpeHEepTrHYEeCKUX
HEHPOHOB CTBOJIa MO3ra HauuMHAeTCs dKcipeccus rexa TI.
B cTBOMOBOI wacTu mosra rpezyHoB MPHK n 6enok TI™ ne-
TEKTHPYIOTCs Ha 8-i—10-11 1eHh SMOPHOHAIBHOTO Pa3BUTHUS
(Thomas et al., 1995; Fujinaga, Scott, 1997), B runoraiamyce
aKTUBHOCTH (pepMeHTa onpenensercs ¢ 13-ro, a B Kope Mo3ra
¢ 18-ro nus npenaransHoro passutus (Puymirat et al., 1982).
Huskuil y HoBoposkaeHHbIX KpbicsaT ypoBeHb MPHK TT ¢ Bo3-
pacToM yBEIUYUBAETCSI, HO TUHAMHKA N3MEHEHHS SKCIIpEC-
CHM T€Ha U aKTUBHOCTH ()epMEHTa B Pa3HBIX OTAEIAX MO3Tra
HMeeT peruoHaigbHbie ocodeHHocTH (Bonnin et al., 1994;
Kamnnuna, {pirano, 2013). YpoBeHs 3KcIpeccn reHa, Oenka
n aktuBHOCTH TT, XapakTepHBII AJIs1 B3POCIBIX )KUBOTHBIX,
YCTaHaBIIMBAETCS K MOJIyTOpaMecsiuHOMY Bo3pacty. [1pu sTom
Hanbosee OBICTpPhIE Teproas! (HOPMHUPOBAHIS HEHPOXUMHYE-
CKOM CHCTEeMBI, OIlepesKarolIye 001iee pa3BUTHE OPraHU3Ma,
Y KpbIC IIPUXOASTCS Ha KOHEI| MPEHATaJIbHOTO OHTOreHe3a
u "eTBepTyIo Hexenro sku3Hu (Kalinina et al., 2012). Bo3aeii-
CTBHE UMEHHO B 3TH CPOKH IPHUBOIUT K JOJTOBPEMEHHOMY
W3MEHEHUI0 MEJAMAaTOPHOW CHUCTEMbl U PETYIUPYEMBIX €€
(hyHKIHH, 9TO TO3BOJISIET CUNTATH JAHHBIE TIEPUOIBI PA3BUTHUS
KPUTUYECKUMH B OHTOTCHE3€ HOpaJpeHEprHdecKoi Menu-
atopHoii cuctemsl ([pirano, Kanununa, 1993; Kanununa,
Hpirano, 2013).

st HopmanibHOTO pa3BuTHs opranusma TI abcomroTHO
Heobxoauma (Carson, Robertson, 2002; Lopez-Sanchez et
al., 2010), mokayTsl o reny TI nmeTambHBI U3-3a TATOIOTUN
cepaedHO-cocyaucToi cuctemsl (Zhou et al., 1995). Beenenue
JIODA Bo Bpemsi OEpEMEHHOCTH MO3BOJISIET TAKHM KHBOT-
HBIM POJWTHCS, HO O€3 JanbHEHIeld Teparnuu OHU THOHYT
B TIEPBBIC HEEIH )KN3HH. DEPMEHT METaHOINTOB — THPO3H-
Ha3a — CrocoOeH CHHTE3UPOoBaTh 10(GhaMHUH U HOPaAPEHAINH
B 00xox cunTe3a n3 JODA. ITosToMy MHIMEHTHPOBAHHBIC
HOKayThlI 110 TeHy TI" BbDKMBAIOT. JIBoHBIE HOKayThl 10 TT°
U THpO3MHA3e TaKkxke jietanbhbl (Rios et al., 1999). Ho naxe
MTUTMEHTUPOBaHHBIE HOKAYTHI 10 TI” Menmbue cBoMx copoan-
4ell IMKOTO TeHOTHUIA, UMEIOT MTOHM)KEHHBIH TOHYC COCYZOB
U JIe30pTraHM3aLHI0 KapIMOMHUOLIUTOB B 1iesioM. HecmoTpst Ha
3aMmecTuTensHyto Tepanuio JJODA, y Takux MBIIIEH CHIKe-
HBI COJIep)KaHHNE KaTeX0JaMUHOB B HA/ITOYEYHUKAX U MO3TE,
ypoBeHb KopTukocTepona B kposu (Kobayashi et al., 1995;
Bornstein et al., 2000).

B nenom skcnipeccust TI' B Mo3re mporpeccuBHO MOBBIIIA-
€TCs1 CO BTOPOii MOJIOBUHBI SMOPHOHAIBHOTO PA3BHUTHS, IOCTH-
rast K TOJlyTOPaMeCSIIHOMY BO3PacTy YPOBHsI, XapaKTEPHOTO
JUISL B3pOCIBIX ®KUBOTHBIX. Tpanckpunnus TI” Haxoqurces mox
KOHTPOJIEM II€JIOT0 psijia PErysSTOPHBIX (pakTopoB, B3auMo-
JIEHCTBYIONINX C TPOMOTOPHOI 001aCThIO TEHA.

Perynauus skcnpeccun TMPO3UHIMAPOKCANA3bI
AKTHBaIUs yxe uMmeromuxcs monekyn TIT perymupyercs
oOpatuMbeIMu peaknusiMu (pocopunposanus— aedocdo-
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punupoBanusi. TI' umeer caiitbl pocopunnpoBanust Tpems
KJIacCaMH NPOTEUHKHHA3: UAM®-3aBUCHMbBIMY, KaJbLUN-
KaJIbMOYJIMH-3aBUCUMBIMU, 1l M®-3aBucuMbIMU. OCHOB-
HbIMH caiiTaMu (hocOopUITMPOBAHHS SIBIISIFOTCSI CEPHHBI B 8-,
19-, 31- m 40-m momoxeHnu N-peryIsaTOpHOTO JOMEeHa OenKa,
npu 31oM Ser-31 u Ser-40 BHOCAT HanboJee CyIIeCTBEHHBIH
BKJIaJl B aKTHBAlMIO (pepMEHTa U MPUCYTCTBYIOT Y BHJOB,
UMeroInX MHOKecTBeHHbIe (hopmbl pepmenta (Dunkley et
al., 2004; Lenartowski, Goc, 2011; Tekin et al., 2014).

Bce karexonaMuHbl ”HrHOUpYIOT akTuBHOCTH T1" 10 Mexa-
HU3MY OTPHIIATENIFHON 00paTHOM CBSA3M, HAPYIIas CPOICTBO
(epmenta k xodakropy. AkTuBHOCTE TI' CHIKaeTcst Ipu
YCHJICHMH OOpaTHOro 3axBaTa MEIMaTOPOB M yBEJINYHBA-
eTcs MIPY MOBBIIIEHHOM BBIOPOCE B CHHANTHYECKYIO IIETh
(Lenartowski, Goc, 2011). Anmnocrepudeckue W3MEHEHUS
KoH(opmaruy 6es1koBoi Mosekyibl TT nmpu B3aumMoencTBum
C TIONTMAaHUOHAMH — TeTTapuHOM, POCHOTUIMUIAMH U T. II. — IT0-
BermaroT aktuBHOCTE TI (Kumer, Vrana, 1996; Tekin et al.,
2014). B ecrectBenHbIX ycnoBuax TI akTHBHpYeETCs B OTBET
Ha UMMOOMIM3AMOHHBII CTPECC KaK B HAATIOYEUHUKAX, TAK
Y B CHHEM IISITHE TOJIOBHOTO MO3Ta, U 3TH 3P ]EKThI orocpe-
JIOBaHbI PA3JINYHBIMU TPAHCKPUIIMOHHBIMU (pakTopamu,
AKTHBAIIS KOTOPBIX 3aBUCHT OT JUTUTEIBHOCTH cTpecca (Sab-
ban et al., 2004; Hebert et al., 2005; Kvetnansky et al., 2009).
TpanckpunuuonHas peryiasauus reda T BiIseTcst KOMILIEKC-
HOHM M TKaHecmenu(UIHOM, TOCKOIBKY 3aBHUCHUT OT ITyJa
TPAHCKPUIIIHOHHBIX (haKTOPOB B TKaHU. CyIeCTBYET BUI0BAs
CHEeUU(PHUIHOCTb paCIPeAeICHHs PEryIATOPHBIX JIEMEHTOB
B TIPOMOTOPAX MBIIIIEH, KpBIC 1 gesoBeka (Romano et al., 2005).

DKcpeccHs TeHa Peryiupyercs MO3UTUBHBIMHU M Hera-
TUBHBIMH PETYJISITOPHBIMU JIEMEHTaMu NpoMoTopa reHa TT7
(Sabban, Kvetnansky, 2001; Kvetnansky et al., 2009). B ipo-
MOTOpPHOH 007acTH reHa (pepMeHTa U3BeCTHB MHOXKECTBEH-
HbIE TPAHCKPHUIIMOHHBIE (PaKTOP-CBS3bIBAIOLINE CANTHI: JIBA
AP-1, SP-1, AP-2; nBa CRE; Oct/HEPT motuB; E-box/0OuBa-
JICHT W JIpyTUe, KOTOPBIC MO3BOJISIOT PA3IMYHEIM (hakTopam,
takuM Kak Ca?", TIIOKOKOPTHKOMIbI, YPOBEHb KUCIOPOIA
u ctpecc, peryauposatsh yposeHb MPHK TI' (Kvetnansky et
al., 2009; Rani et al., 2009; Lenartowski, Goc, 2011). Hau-
OonbIINit BKIAJ B perynauuio TpaHckpuniuu TT' BHOCAT
AP-1 (-205/-195) u CRE (—45/-38) anemMeHTH IpoMOoTOpa.

CRE/CaRE (TGACGTCA) sBnsieTcst 31eMeHTOM, o0e-
CHEYMBAIOIUM OCHOBHOHN M MHIyIIHPOBAaHHBII YPOBHU IKC-
npeccuu reHa TT" (Rani et al., 2009; Lenartowski, Goc, 2011)
[pU U3MEHEHHUH B KIIETKe ypoBHel HTAM® u Ca?', a Takke B
OTBET Ha JIeHCTBHE arOHMCTOB XOIMHEPTHUECKUX PELETITOPOB,
(hopOosoBOTO >PHpa, HUKOTHHA, YTO yBEINIHBAET TPAHC-
kpunnuro reHa TT. Ipu 5ToM 1715t MaKCHMalTbHOTO OTBETA reHa
TT Ha tAM®-3aBrcHUMbIE TPOLICCCHI HEOOXOAMMA AKTUBALIUS
TByX TAM®-3aBHCUMBIX CATOB, PACTIOIOKEHHBIX B 00IaCTH
—102 u —73 . 1. (Nagamoto-Combs et al., 1997).

IIpoxcumansusiit AP-1 (TGATTCA) anemeHT mpomMoTopa
TI" onpenenser ypoBeHb TpaHckpunuuu reHa TI' B oTBer
Ha Bosneiictere Ca’’, arOHUCTOB MYCKAPUHOBBIX PELIENTO-
poB, THUIIOKCHH, (opOoIoBEIX 3dupoB. B neinom Haguuue
B 5'-06mactu rena TT caitroB AP-1 u CRE Bricoko KoHCEp-
BaTUBHO M OOHAPYXEHO y BCEX MCCIICIOBAHHBIX HA JaHHBIN
momeHT BuoB (Lenartowski, Goc, 2011). [Tomumo akTuBupy-
IOLUX TPAHCKPUIILHIO 3JIEMEHTOB, B ipoMoTope T1" nmerorcst
PeTyIsITOPHBIE CAWTHI, TTOAABISIONINE HKCIIPECCHIO TeHa,
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Hanpumep rentamep (HEPT), pacnionosxennsiit mexxay AP-1
n CRE/CaRE, xotopsrii B3anumozaeiictyet ¢ Oct-2 1 HHTHOH-
pyeTt Tpanckpunnuio rena pepmenta (Lenartowski, Goc, 2011).

HcenenoBanus HOCIEIHUX JIET CBUJIETENBCTBYIOT O BAYKHOM
BKJIaJI€ MOCT-TPAHCKPHUIIIMOHHBIX TIPOIIECCOB B M3MEHEHHUE
aktuBHOCTH TT romoBHoro mo3ra (Tank et al., 2008; Boschi
et al., 2015) u HaamoueunukoB (Sun et al., 2004). Ycunenue
TpaHCcKpHMniwy reHa T MOoXKeT COnpoBOXKIaThCs yBEINIEHH-
em cradbmwipHOCTH e¢ MPHK. YcTaHoBieHo, 9T0 yuIMHCHHE
Bpemenu nonyxkuziu MPHK TT' npu runokcuu npoucxoaut
B pe3ynbrare B3anmonericteus PHK co crmennduueckum
OexkoM, 3arumIaonrM ee ot Hykieas (Paulding et al., 2002).

B nenom, HecMOTpsl Ha MHOTOJIETHHE HCCIEOBAaHUS pe-
TYISIAN TPAHCKPUMIUK U TpaHcmsinuu TT, 1o HacTosimiero
BPEMEHH MHOTHE JCTAIU ATHX MPOIECCOB OCTAIOTCS He-
scHbIMH. Kak yTBepiK1atoT aBTopbl 0030pOB, MOCBSIIEHHBIX
stim Bonpocam (Lenartowski, Goc, 2011; Tekin et al., 2014),
MOSIBJIIIOTCSI BCE HOBBIE (DAKThI, OATBEPIKAAIONINE CIIOXK-
HOCTb M MHOTOATAITHOCTh PETYIISILIUY SKCIIPECCHHU KITIOUEBOTO
(hepmenTa cuHTe3a A0hamMHuHa M HopaapeHannHa. K ux unciry
OTHOCHUTCS TpoOIeMa MEXaHU3MOB TTTIOKOKOPTHKOHMIHOM
peryasauuu resa TT.

Perynauma askcnpeccnm TMPO3NHINgpoKcunasbl
rMIOKOKOpTUKOngamm

JleiicTBre cTpecca pa3IMIHON MPUPOABI — XOIOI, UMMOOH-
JU3AIHS, U3O0JSIIIHS, THTIOTTMKEMUS | T. 1. — MOBBIIIACT yPO-
Benb MPHK, Genka u aktuBHOCTh TT" Kak B MO3re, Tak 1 Ha
nepudepun (Makino et al., 2002; Sabban et al., 2004; Kvet-
nansky et al., 2009). OnHako HEMOCPEACTBEHHOE BBEICHHE
TOPMOHOB CTpecca — INIIOKOKOPTHUKOUIOB — BBI3BIBAET I10/[4aC
HEOJHO3HAYHEIE ¥ IPOTHBOPEUHBEIC PE3yIBTAThI, CBI3aHHBIC
B OCHOBHOM C IICPHOJIOM BO3JICHCTBHSI, /T030H BBEICHHOTO
rOpMOHa, UCCIIEyEMOU JIMHUEN KUBOTHBIX.

B xymprype xieTox (heoXpOoMOIMTOMBI WHIYKITHS TIIO-
KOKOPTHKOHMIAMU 3Kcripeccnr TIT ycTaHOBIIEHA MHOTO JIET
Hazana (Lewis et al., 1983) u HEOqHOKpATHO TOATBEPIKACHA
B nanpHeiineM (Tank et al., 1986; Fossom et al., 1992; Hagerty
et al., 2001; Radcliffe et al., 2009; Rani et al., 2009). Bonee
TOro, 00pabOoTKa KyJBTYPbI KJIETOK JAEKCaMEeTa30HOM Oblia
WCTIONB30BaHa TPH OTPEeNIeHIH HYKICOTHIHON MOCTeo-
BarenpHOCTH TeHa TT (Lewis et al., 1983).

Pabotsl psia uccienoBaTesnield U Halllk ONBITHI YOeIUTeb-
HO CBUJETEILCTBYIOT O TOPMOHAJIBHON MHAYKUMU reHa TT'
in vivo IpH BBEJICHUU TIFOKOKOPTUKOUIOB B paHHEM OHTO-
reHe3e y rpbI3yHOB, a Takke 00 yyactuu TI mosra B rop-
MOH-3aBHCHIMOM «OHTOT€HETHYECKOM IPOTPAMMHUPOBAHNA.
ITocrne BBeIeHNS TITFOKOKOPTUKOHIOB B KOHIIE TPEHATAIBHOTO
OHTOTCHE3a aKTUBHOCTH (pepMeHTa B 00JIACTH JIOKATH3AIMU
MIEPUKapHOHOB HOPApPEHEPTHIECKUX HEHPOHOB MOBHIIIACT-
csl y’Ke depe3 6 9 ¥ OKa3bIBaeTCsl H3MECHCHHOW BO B3POCIIOM
cocrosiuuu (Markey et al., 1982; J{pirano, Kanununa, 1993;
Dent et al., 2001; Kanmuauna, [prano, 2013).

HccrenoBaHus MOCTICTHAX JIST ITOKA3AJIH, YTO ITOBBIIICHIEC
aktuBHOoCTH TI' B paHHEM OHTOreHE3€ IpPU BBEIACHUM Kak
JIeKcaMeTa30Ha, TaK U THAPOKOPTH30HA COMPOBOXKIACTCS
yBenmuenueM MPHK ¢epmenra (Kalinina et al., 2012). beiio
YCTaHOBJIEHO, YTO [EPUOJ MHTYLIUPYIOIIETO IEHCTBUS ITTFOKO-
KOPTUKOWJIOB y TPHI3YHOB OXBAaThIBAET KOHEIl BHYTPHUYTPOO-
HOTO— HayaJIo MOCTHATAIBHOTO pa3BUTHs. BBeeHne ropMmona
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Tupo3MHrMapoKcnasa mosra
1 ee perynauus roKoKopTUKOMAaMMN

a 20-cyTouHble Nofbl 6 *

TpexcyTouHble
KpblcATa

L % L

150

o
o

[onsa K KoHTponio, %
w
o

[lonAa K KoHTponio, %

172 3 172 3 172 3 1
MPHK T AktuBHoCTb TI MPHK Tl

2 3
Benok TI'

Puc. 1. YposHu MPHK 1 akTBHOCTb/3KCNpeccus 6enka Tl B cTBone
MO3ra NIoAoB (a) 1 TPEXCYTOUHbIX KPbICAT (6) Yepes 6 4 noce BBeAEHNA
fleKkcameTasoHa.

T — UHTaKTHbIN KOHTPOJb, 2 — BBeAeHMe ¢13. pacTBOPa, 3 — BBEAEHNE AeKca-
MeTa30Ha. *p < 0,05 Mo CPaBHEHNIO C KOHTPOSbHbBIMYA rpynnamu.

a AktusHOCTb TI . 6 250 CTBOM MPHK TT *
70-e CYyTKM XN3HWU
150
200
R =3
150
g100 g
= =
I I
g g
x < 100
x x
:5[ 50 ':5[
50
0 0
1 2 12 1 2 12

CrBon

Kopa

25-e cyTkn

70-e cyTKM
Puic. 2. OTpaneHHble NoCNeacTBUA BBEAEHVA feKCaMeTa3oHa BO Bpems
6epemMeHHOCTY (a) N Ha TPETbU CYTKM XKU3HN (6).

a - akTMBHOCTb TI B cTBOME 1 KOpe Mo3ra 70-AHEBHbIX XXUBOTHbIX; 6 — YPOBHU
MPHK TT B cTBONE mo3ra 25- 1 70-4HEBHbIX >KMBOTHbIX. | — KOHTPOIb, 2 — BBE-
AeHue flekcameTasoHa. *p < 0,05 Mo cpaBHEHMIO C KOHTPOSLHO FPyMMoM.

Kak Ha 20-if 1eHp MpeHaTaJIbHOTo OHTOTreHe3a (puc. 1, a), Tak
u Ha 3-i neHb xu3HU (puc. 1, 6) IPUBOJUT K yBEITHICHHIO
MPHK rena TT, a Takke pocTy akTUBHOCTH MJIM UMMYHHO-
TUCTOXMMHYECKH BBISBICHHOTO Oenka epMenTa depes3 6 1
nocie Bo3aeicTBua. OTAaneHHble MOCIEACTBUS BBEICHUS
rOpMOHA MPOSIBIISIIOTCS KaK MOBBIIIEHHON akTUBHOCThIO TT°
B CTBOJIE M KOPE€ MO3Ta YK€ B3POCIIBIX JKHBOTHBIX (pHC. 2, a),
TaK U 3HAYUTEIbHBIM IPEBBIILIEHUEM YPOBHS DKCIPECCHU TeHa
B CTBOJIC MO3ra FOBCHUJIBHBIX U B3POCIBIX KPBIC (pHC. 2, 6).
CrenoBarenbHO, TOPMOHAIBHAS MHTYKIHS B UyBCTBUTEIIBHBIN
TIepHO/] pAHHETO OHTOTeHE3a CITI0OCOOHA Ha JUTUTEIILHBIN TIepH-
0J1 MOIM(HUIIUPOBATH XOJI Pa3BUTHUSI MEIMATOPHON CHCTEMBI
U T€M CaMbIM U3MEHUTH €€ (DYHKIIMOHNPOBAHHE.
OTCcpoYeHHBIE MOCIEACTBUS TOPMOHAIBHOTO BO3/I€ICTBUS
PacnpoCTpaHsIIOTCs Ha yPOBEHb I0(aMUHA M HOpaIpeHaInHa,
00MEH HEMPOTPAaHCMHUTTEPOB IIPH CTPECCE, a TAKKE HA PETy-
JMpyeMble KaTeXolaMUHAMU (yHKIIMH 1 TIOBE/ICHUE B3POCIBIX
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»kuBoTHBIX (Naumenko, Dygalo, 1980; Matthews et al., 2001;
Kreider et al., 2006; Slotkin et al., 2006; McArthur et al., 2007;
Kapoor et al., 2008; Champagne et al., 2009).

Bwmecte ¢ Tem Bonpoc o mexanuszme perynsiuu TI miro-
KOKOPTHKOMAAMHI OCTAETCSI OTKPBITBIM Ha NPOTSKCHHUH
MHOTHX JIET €0 MCCIIEI0BAHMS. DTO CBSI3aHO C OTCYTCTBHEM
(DYHKIMOHAJILHO aKTHBHOTO ITFOKOKOPTHKOM/-3aBHCUMOTO
anementa (GRE) B mpomortope rena TI, B3anmMmonelicTBre
C KOTOPBIM IIIOKOKOPTHKOUIHBIX PELIENTOPOB SBIISETCS 0051
3aTeNIbHBIM ATAIOM peryisiiuu skcrnpeccun reHos (Oakley,
Cidlowski, 2013), cormacHO KaHOHHYECKOMY MEXaHU3MY
JICUCTBUSI CTEPOHTHBIX TOPMOHOB. Bee momnbITKH 00HAPYKHUTH
«padoratomuity GRE B perynstopubix obnactsix rena TI
y TPBI3YHOB U YelIOBEKa, HadaBIuecs yxe 0oxee 30 et Ha3axn
(Lewis et al., 1983; Tank et al., 1986; Fossom et al., 1992;
Hagerty et al., 2001), He 1au MOJOKUTEIBHOTO PE3yJIbTaTa.
ITocnenoBarensHoCTH, cxonuble ¢ GRE B mo3unmsix —454 1. H.
u —2,5 ThIC. I. H. OT cTapTa TpaHckpunuuu B npomorope TT,
100 COBCEM HE pearupoBayid Ha jaekcamera3oH (Lewis et
al., 1983), nrubo uX aKTHBHOCTH HE MOATBEPINIIACH B J1aJh-
neiimrem (Hagerty et al., 2001; Rani et al., 2009). Perymsmus
NIFOKOKOpTUKOUAaMu 3Kkcnpeccun TI' B Mo3re B3pocibIx
KUBOTHBIX HE HAXOJUT SKCTICPHMEHTAIIbHBIX ITOATBEPKICHUH
(Sabban, Kvetnansky, 2001; Makino et al., 2002; Kvetnansky
etal., 2009; Lenartowski, Goc, 2011). CtocoOHOCTh rOpMOHa
nHayurposars TI' B paHHEM OHTOIE€HE3€ TAKXKE OrpaHuye-
Ha OIIpE/ICIICHHBIM BPEMEHHBIM MHTEPBAJIOM — BBEJICHUE
[JIFOKOKOPTUKOM/IOB Ha BOCBMOM JICHb J)KU3HH HE MPUBOINIIO
K KaKuM-T100 n3MeHeHusiM B ypoBHe MPHK i aktuBHOCTH
(epmenta (Kalinina et al., 2012).

OueBnjiHOE NpoTHBOpeure Mexay orcyrctBueM GRE u BbI-
SIBIEHHOM INIIOKOKOPTUKOUTHOM MHAYKLMEHN 3KCIIPECCUN I'eHa
TT B psine Mozeneit (KyabTypax KJICTOK U B ONPECICHHBIN
MIEPHO/] PAHHETO OHTOT'€HE3a) TO3BOJIHIIO TIPEIOI0KHTh BO3-
MO>KHOCTb HEKAHOHHYECKOTO ITyTH PETYIIALIIN TOPMOHOM HKC-
npeccun pepmenTa. MexaHn3M HEKaHOHUYECKOTO JICHCTBUS
[TIOKOKOPTUKOUIOB, TPEUIOKEHHBIN erle B cepenune 1990-x
TOJIOB, HAXOZIUT BCE OOJBIIIE SKCIIEPUMEHTABHBIX ITOJTBEPXK-
nennii (Groeneweg et al., 2012). CoracHO 3TOMy MEXaHH3MY,
PEryJisiyst SKCIIPECCHH TeHOB IIIIOKOKOPTHKOWIAMH MOXKET
OCYIIIECTBIIATHCS 3a CUET OETOK-OEITKOBOTO B3aNMOICHCTBHUS
AKTHBHPOBAHHOTO TOPMOHOM peLenTopa ¢ OekaMu Jpyrux
TpaHCKpUIIMOHHBIX (hakTopos (Liberman et al., 2007; Beck et
al., 2009; Langlais et al., 2012), cpemu KOTOPBIX HANOOIBIINI
UHTEPEC NPEACTABIAET TPAHCKPHUIIIIUOHHBIN KoMILTeKke AP-1
(Diamond et al., 1990; Pfahl, 1993; Teurich, Angel, 1995;
Kassel, Herrlich, 2007). Ocobennocth BoBieuenuss AP-1
B PETYJISLHUIO 3KCIIPECCHU TEHOB COCTOHT B 3aBUCHMOCTH Ha-
NPaBJICHHs] U3MEHEHHSI KOMIIOHEHTHOT'O COCTaBa OEJIKOB, €ro
obpasyromux (Teurich, Angel, 1995). IIpu B3anmMoneiicTBun
TITFOKOKOPTUKOMIHOTO penentopa ¢ AP-1 kommiekcom, 00-
pa3oBaHHBIM TeTepoaumepoM Fos/Jun, TIIFOKOKOPTHKOUIBI
TIOAABIISTIOT, a TIPH B3aNMOJICHCTBIH ¢ ToMotuMepoM Jun/Jun,
HAIpOTHB, aKTUBHUPYIOT TpaHckpumuio reHos (Teurich,
Angel, 1995; Sapolsky et al., 2000; Kassel, Herrlich, 2007;
Newton, Holden, 2007).

IIpomorop rena TT' comepkuT aBa caliTa CBS3BIBAHUS
TpaHCKpUNIMOHHOTO KoMIutekca AP-1 (-207/-201 n —5728/
—5734) (puc. 3) (Fung et al., 1992; Rani et al., 2009). Vua-
ctue aucranbHoro AP-1 B MIIOKOKOPTUKOMIHON MHIyKUUHU
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resa TI" B kynbType KiIeTOK (peoXpOMOIUTOMBI KPBICHI
(Rani et al., 2009) u venoBeka (Rani et al., 2013) mokazano.
DyHKIMOHMPOBaHKE MTOJOOHOTO MEXaHU3Ma in vivo, B pas-
BUBAIOIIEMCSI MO3T'e, €1lIe IPE/ICTONT YCTAaHOBHUTH. V3BecTHas
BaprabeIbHOCTH AKCTIpeccuu 6enkoB Fos u Jun B xome pas-
ButHs (Pennypacker, 1995; Zhong et al., 2001; Okada et al.,
2003; Raivich, Behrens, 2006), onpenenstomasi pe3yabrat
0elT0K-0eTKOBOTO MEXaHM3Ma JEHCTBHUA TOPMOHA, MOXKET
OBITh OCHOBOH 3aBHCHMOCTH WHAYLUPYIOMHX 3PPEKTOB
rmokokopTukonoB Ha TT™ ot crajmu ontoreHesa (Kalinina et
al., 2012). B mumoTHBIX SKCTIEpIMEHTaX OBIJIO YCTAHOBIICHO,
YTO YpPOBEHb HaTUBHOH 3KCIIPECCHM I'€HOB ceMeicTBa Jun
(c-jun, junB, junD) BO MHOTO pa3 BBIIIE€ YKCIPECCUN TEHOB
Fos (c-fos, fosB) B 4yBCTBUTENBHBIN K YPOBHIO TOPMOHA
nieprost pa3BuTHs (20—21-CyTouHbIe MO U TPEXIHEBHBIC
KpBICSITa), 4UeM BHE €ro (BOCHbMUIHEBHBIE )KUBOTHBIE) (Cyxape-
Ba 1 1ip., 2015). Kpome Toro, camo BBeeHHE JeKCaMeTa30Ha
Ha TPETHH JIEHb XXU3HU CHIKACT 3KCIIPECCHIO TeHa C-fos
B CTBOJIE F'OJIOBHOTO MO3I'a, TEM CaMbIM CMEII[asi COOTHOIIICHUE
6enxoB AP-1 B cTopoHy npeobiaanus 6emaKxoB Jun, He0OX0-
JIIMOTO JUIsl TIPOSIBIICHUS TJTFOKOKOPTUKOMIHOW MHIYKIINH
rera TI" (Cyxapesa u ap., 2016).

B 11e510M COBOKYITHOCTB N3BECTHBIX Ha CETOJHSAIIHUN JIEHb
JIAHHBIX O PETYJSIINHN DIIOKOKOPTHKOUAAMH 3kcnpeccun TT
MO3ra B KPUTHYECKHUI IEpHUOJ paHHEro OHTOTeHe3a, Ipel-
CTaBJIEHHBIX B 0030p€, CBUJIETEILCTBYET O BaXKHOW POJIH r'eHa
KJTFOYEBOTO (hepMEHTa CHHTE3a HOPAIPeHAIMHA B IPOLIECCAaX
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