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B 00630pe paccMaTpuBaOTCS MOJIEKYJISIPHBIE MEXaHU3MbI aalTallui KapAMOMUOLIMTOB K TUTTIOKCUU U UIIIE-
MUY Y aHAJIU3UPYIOTCSI CUTHAJIbHbIE MEXaHU3MBbl, OTBETCTBEHHbIE 32 DKCIIPECCUIO0 META0OINYECKUX T€HOB 1
¢dhopMUpoOBaHUE TOJIEPAHTHOCTU K TUTIOKCUU U ulleMruu. Ocoboe BHUMaHue yaessieTcs aHaau3y poiu pakrTo-
pa tpanckpunuuu HIF-10, cykunnaTa u AT®-3apucumbix K -xananos (KaT@p-KaHaJIOB) B peryJsiLivy afar-
TUBHBIX OTBETOB KapAMOMUOILIMTOB MIPU UILIEMUU MUOKap/a.
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Nmemuyeckass 6onesns cepaua (MBC) sasusercsa
HauboJiee TSDKEJION M pacpoCTpaHEHHOI 0O0JIe3HbIO
CEepACYHO-COCYANCTOI CUCTEMBI, OT KOTOPOIi B HaIllei
CTpaHe eXXerogHo yMupaeT o6oJjiee 1,2 MUIIMOHA YeJIo-
BeK. B cBs13u ¢ 3TUM pa3paboTke Mep MpodUIaKTUKU 1
JICYSHMSI 3TOTO 3a00JIeBaHMs yIOeIsIETCSI 0CO00e BHU-
manue [1]. K HacTosgmiemMy BpeMeHU HTOCTUTHYTHI
oosbmme ycrexu B Tepanuu UBC, pa3zpaboTaHbl HO-
BbIe 2(h(eKTUBHBIE JIEKAPCTBA M METOABI paHHEe Aua-
THOCTUKM 3a00JIeBaHMUS, HO, HECMOTpPSI Ha JOCTUTHY-
ThI€ pe3yJIbTaThl, OKA3aTeJIM MHBAJIMAHOCTH U CMEPT-
Hoctu oT MBC ocTarmoTcss mo-npeskHeMy BBICOKMMMU,
YTO BBIIBUIAET IIeped MCCIeAOBATeISIMU PsIii HOBBIX
3ajJa4, B TOM 4uclie U PyHIaMEHTaJIbHBIX, HAaIIpaBjIcH-
HBIX Ha pelleHre Mpo0JeMbl KapaAUONPOTEKIINY TIPpHU
NBC.

HaxkomeHHbIe K HacTOsIIeMy BPpEMEHU 3HAHUS O
CYIIHOCTH TaToreHe3a uileMu4ecKoii 00Je3HU cepala
¥ HapYILIEHUI, IPOUCXOASIINX B SHEPreTUICCKOM Me-
Tabonuzme KapauomuonuTtoB (KM) mpu rumoxcuu,
Jexalux B ocHoBe pa3Butus MbC, mpuBen K MOHU-
MaHMIO BaXXHOI POJIY IIPUPOMTHBIX KapAHO3aIUTHBIX
CUTHAJIBHBIX U PETYJISITOPHBIX MEXaHU3MOB, aKTUBU-
PYEMBIX B YCIIOBUSIX TUITOKCUU U K HEOOXOIMMOCTH UX
0oJiee IIPUCTAIbHOTO U3YYSHMUS].

METABOJIMYECKAA AJAIITALINA
KAPAMOMUNOLNTOB K TMITOKCHUH

B 1996 r. P.W. Hochachka ¢ koJjuteramu BbICKa3aiu
MPEANOI0XKEHME, UYTO XKU3HECIIOCOOHOCTh MUOKAapAa B
YCJIOBUSIX MILIEMUU 00eCIIeUNBAeTCs afanTalueil K ru-
MOKCHM, KOTOPYIO MOXKHO pa3iejuTh Ha ABa 3Tama B

3aBUCUMOCTU OT JJIMTEJIbHOCTH HMIIIEMUYECKON “ara-
KM : KPaTKOBPEMEHHYIO 3allIUTHYIO peaKluio U ¢aszy
“BbikMBaHMA” [2]. 3a mpolleniive AecATUIeTUs Ha-
KOIUIEH OOJIbIION 3KCIepUMEHTAIbHBIM MaTeprayl O
GU3UOIOTUIECKNX M OMOXMMHUYECKHUX TIepEeCTpOiiKax,
MIPOUCXOISIINX B OpraHM3Me YeJIOBeKa U XKMBOTHBIX
Moja AeWCTBUEM TUITOKCUM W uieMuu. HarmomHum,
4TO TMEPBOM 3AILIMTHON peaKlMel Ha TMITOKCUIO SIBJISI-
€TCsl yCUJIEHNE YaCTOThI CEPACUYHBIX COKPAILIEHUIA, UTO
MPUBOJIUT K YBEJIUYEHUIO yIApHOTO oO0beMa KPOBU
ceplilia ¥ BO3MEIICHUIO He0oCTaTKa KMCI0poaa B Kpo-
Bu. [Ipu ocTpoii runokcuu, BbI3BAHHOW HIlIeMUYE-
CKOIi aTaKOl, YCUJIMBAIOTCS MPOLIECCH Ta3000MeHa U
aKTUBUPYIOTCS MeXaHU3MBbI TpaHcnopTta O,, Bo3pacTta-
€T ero noTpebJeHre KJieTKaMu, MHTEHCU(ULIUPYIOTCS
npoirecchl aapooHoro cuHTe3a AT® [3]. B To ke Bpe-
Ms1 KJIE€TKM, UHTEHCUBHO MOTPEOJSIONIne KUCIOPO/,
BKIoyass KM, B HaYaJIbHBIM EpUO TUTTOKCUY U UIIIE-
MUHM CITOCOOHBI pe3KO MepecTpanuBaTh CBOM a3pOOHBIN
MeTaboIM3M Ha aHa3poOHbIl [4]. [1pu aTOM yBeIudm-
BAaeTCsl CUHTE3 TJIMKOJIUTUYECKUX (PEPMEHTOB, TaKUX
KaK TeKCcoKuHa3a, (ochodpyKTOKMHA3a U ITMpyBaT-
KMHa3za, yBeanuuBaeTcs pacxoq AT® (B ToMm uucie u
Ha ypOBHE T'e€KCOKMWHAa3hl U (pochodpyKTOKMHA3ZHI), B
CBSI3U C 3TUM NPOUCXOJIUT NOTOJHUTENbHbBII pacran
SHEPreTUYECKUX CyOCTpaToB, BKIIIOYAsl KpeaTUH(OC-
dar, IBISIOIIMNACS HE TOJbKO BaXXHBIM MCTOUYHUKOM
SHepruu B MMoGUOpUIIIIax, HO U OCHOBHBIM TTepPEeHOC-
YUKOM 3HEPIUU B BUle PochaTHbIX TPy OT MUTO-
XOH/IpuUit K Muopudpuiam [5]. HapactaHue MoliHO-
CTH IVIMKOJIM3a COMPSIKEHO ¢ HAKOTIEHUEM TTPOMEXY-
TOUYHBIX TIPOAYKTOB IJIMKOJIM3a, B TIEPBYIO Ouepellb
JlaKTaTa, KOTOpPbIiA, CHMXasi CIIOCOOHOCTb COKpaTH-
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TenbHbIX 6enkoB KM cBsa3biBaTh Ca?t u TeM caMbIM
yMEHbIIIask aMIUIUTYOy M CHJIy CEpACYHBIX COKpallle-
HUil [6], Urpaetr 3HeprocOeperamIIyio pojb B Mexa-
HM3Me KpaTKOCPOUYHOM aganTalluy MUOKapaa K TUIIo-
KCUM U UIIEMUMN.

M3BecTHO, 4TO MOBBIILIEHHBIMA BO3MOXHOCTH TJIU -
KOJIM3a OCTaloTCs U TpU OoJjiee IIUTEIbHOM IIPUCHO-
cobJIeHUH K TUITOKCUU. B 3TOM cilydae B aganTaliMioH-
HOIi CTpaTeruu opraHu3ma BaxXHy1o poJib IpUoOpeTaeT
nocTerneHHoe pa3BuTue TosiepaHTHOCTU KM K cnBury
KMCJIOTHO-1IIEJIOYHOTO PaBHOBECHS B KUCIYIO CTOPO-
Hy. ObecrnieunBaeTCs 3TO IIyTeM YCHWJICHUSI CUMITOpTA
MMMPOBUHOTPATHON KMCa0ThH 1 HY B MUTOXOHIpUY U
MPOIIECCOB IJTIOKOHEOTeHe3a, B KOTOPBIX ITPOUCXOIUT
obpaTHoe npeBpallleHUue MOJIOYHOMN KUCIOThI B TUPY-
BaT. Mcriojib30BaHWE MOJIOUHOI KUCJIOThI 111 PECUH-
Te3a INIIOKO3bI U HaibHeliiero noaxyyeHus AT® sBsi-
€TCS BaxXHEUIIEH ITprcnocoouTenbHoOl peakuuein KM
K TUIMTOKCUU. AKTHUBAILUS 3TUX OUMOXUMUYECKUX MPO-
1IecCOB ObLIa OTMEYEHa U MIPU afanTalu, BbI3BAaHHOMN
NPEeKOHINLIMOHUPOBAHUEM [7].

Ha »ToM »Tame IpUCIIOCOOUTEIIBHBIX peaKIuit
KJIIOYEBasl pOJib OTBOJIUTCS CeMeiicTBaM TaK Ha3bIBa-
€MBIX PAHHUX IT€HOB, IIPOAYKTHI KOTOPBIX PETYINpPY-
IOT 9KCIIPECCUIO TeHOB Mo3aHeTo neiictBus. Ha cero-
IHSIITHUI TeHb YCTAHOBJICHO, YTO B CEPACYHO-COCY-
mucroit (CC) cucteMe K TaKMM T€HaM OTHOCSTCS
NGFI-A, c-jun, junB, c-fos, urparoiiue BaxkKHyIO pOJb
B BbDKMBaeMoctu KM npu umemuun. B Tom ciydae,
KOTIa TMIIOKCUYECKOE BO3IEMCTBHE HE MPUBOMMIO K
IUCGYHKIMM MHOKapja, HaOJI0JaloCh IMOBBIILICHUE
skcnpeccun MPHK Bcex 3Tux reHoB, Tak Ke, KakK U
MPHK reHoB MUTOXOHApHAJIBLHBIX AaHTHUOKCHUOAHTOB
[8—10].

B a3y “BbokmBaHUSA” B OpraHM3Me IIPOUCXOOUT
OoJjiee TIyOoOKas IepecTpoiiKa YIJIEBOOTHOTO 1 OEIKO-
BOro MeTabojiu3Ma. DTO BeIeT K BHYTPUKIETOUHOMY
HaKOIUIEHUIO HeopraHuuyeckoro gocdara, H*, Boc-
CTaHOBJIEHHBIX IUHYKJIEOTUIIOB, JlaKTaTa U yBeJude-
Huto BeIxona u3 KM anmeHosnHa, Ca?t u K*, 4yro oka-
3pIBaeT Ha MUOKap KapAU03allUTHOE OeiiCTBUE, C O~
HOM CTOPOHBI, BCJEICTBHME YMEHBIIECHUS CWIbI U
YaCTOThI CepASYHBIX COKpaIeHU (UTO CHUKAET SHEP-
TeTUYECKHUE 3aTPaThl KIETKHU, BeleT K SKoHOMUU ATD
U B UTOT'€ YMEHBIIIAET MOTPEOHOCTH CeP/IIia B KUCIOPO-
Jie), a C IPYroid — CTUMYJIMPYET paclIMpeHne KOpoHap-
HbIX cocynoB (rmpu ydyactu H*, NO u HeopraHuue-
ckoro (ocdara), 1 TeM caMbIM YBEIUYMBAET CHAOXe-
HHE MHUOKapaa KMCJIIOPOIOM.

Ha ¢one akTuBauMy npe- 1 MoCTTPAHCISILIMOHHBIX
PETYASITOPHBIX MEXaHN3MOB, TTOBBIIIAIOIINX BbLKIBA-
emoctb KM m pesucteHTHOCTE CC cHCTEeMBI K NIeii-
CTBMIO TUITOKCUU, IPOUCXOAUT IIePeX0]I KIIETOK Ha HO-
BBI YpPOBEHb PETYJISIINU KHUCIOPOIHOTO TOMEOCTasa,
KOTOPBII XapaKTepu3yeTcsl SKOHOMMU3alMe 3Hepre-
TUYECKOro OOMeHa: U3MEHEHMEM KHHETUYECKUX
CBOWCTB (bepMEHTOB OKHUCIUTEIBHOTO METAa00IM3Ma,
KOTOPOMY COITYTCTBYET yBelqmueHUe 3P(PEeKTUBHOCTHA
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OKMCIIMTENBbHOro (hochOopuInpoOBaHUs, ITOSBICHUEM
HOBOM TTOMYJISILMU MEJIKUX MUTOXOHAPUI ¢ HAbopoM
¢depMEeHTOB, MO3BOJISIIOIINX UM padbOTaTh B 3TOM HO-
BoM pexxume. KpomMe Toro, B JaHHBIX YCIIOBMSIX adar-
Talus K TUIIOKCUM Ha KJIETOYHOM YPOBHE TECHO CBSI-
3aHa C TPAaHCKPUIILIMOHHOM 3KCIIpeCcCUeil MHAYLIPYe-
MBIX TUIIOKCHEN T€HOB MO3MHEr0 IEHMCTBUS, KOTOPhIE
Y4aCTBYIOT B PETYJISIIMU MHOXKECTBEHHBIX KJI€TOUHBIX
Y CUCTEMHbBIX QYHKIIUI 1 HEOOXOIUMBI 1151 (POPMUPO-
BaHUS alalITUBHEIX ITpu3Hakos [10, 11].

CUTHAJIbHBIE MEXAHW3MbI
PN AJAIITALMN K NITHEMWN

IIpu runokcuyu B KM BKIIIOYAOTCS CUTHAJIbHBIE
KacKaJaHbIE MEXaHU3MbI, OTBETCTBEHHBIC 3a 9KCIIpEC-
CHUIO METAa0OJIMYECKUX TEHOB (PAaHHETO U TTO3THETO OT-
BeTa) U (popMUPOBaHUE aTalITUBHON PE3UCTEHTHOCTU
K Jednanty Kuciaopona. Takass akTUBalAs TIPOSIBIIS -
eTcs yKe yepe3 2—5 MUH KUCJIOPOAHOTO ToJI0JaHus U
mpoTeKaeT Ha (poHe CHIUKEHMS AbIXaHUS, CBSI3aHHOTO
C TIOJABJICHWEM MUTOXOHIPHUAJILHBIX (hepMEHTHBIX
komruiekcoB I u IV [12]. I[ToaTBepkaeHueM BoOBJIeUE-
HUS B aJallTUBHBIE IPOLECCHl BHYTPUKIIETOYHBIX CUT-
HaJIBHBIX MEXaHNU3MOB, HEOOXOINMBIX IJIsI (pOpMHUPO-
BaHUS TOJECPAHTHOCTU K TUTIOKCHUH, SIBJISICTCS] aKTUBa-
U1  CYKIIMHAT-3aBUCUMbBIX CHUTHAJbHBIX CHCTEM,
KJIIOUEBBIMU PETYJISITOPAaMU KOTOPHIX SIBJISIIOTCS (haK-
TOp TPAHCKPUIILMU, UHAYLUpYeMbIi Tunokcueii HIF
(hypoxia-inducible factor) 1 pelenITopsl K CyKIIMHATY
GPROI1, otkpbiTe MUTOXOHApPUATBHBIX AT®d-3aBU-
cuMbix K*-kananoB (MutoK,rq), YCHIEHHE CBSI3aH-

Horo ¢ HuMu AT®d-3aBucumoro tpancmopra K*, a
TakKXe TMOBbIIIEHHAs1 9KCIPecCcrs alanTOreHHbIX MU-
TOXOHApPUATIbHBIX 0EJIKOB, MHIYKIIUS TIOCTTPAHCISII-
OHHBIX PETYJIATOPHBIX MexaHu3MoB Ca’"-romeocrasza
u ap. [12—17]. U3BecTHO, YTO MPU HU3KUX KOHLIEHTpA-
LUSIX KWUCIOpoAa 3TOT TIPOLIECC KOHTPOJIUPYETCS,
Tpekae BCero, CrieluruieckumM TpaHCKPUITIIMOHHBIM
daxkropom HIF-10, vHAynIMpyeMbIM TIPU TUTIOKCUU B
KM, kieTkax roJJOBHOTO MO3ra, CKEeJIETHBIX MbIIIIIAX 1
JIPYrux TKaHsaxX opranusma |15, 16].

OAKTOP TPAHCKPUIILHNHN HIF-1o

®akrtop TpaHckpurnimu HIF-1a, oTKpbITHI B Ha-
yane 90-x romoB, GYHKIIMOHUPYET KaK CEHCOP KUCIIO-
pola U MIaBHBIN PeryjsiTop KUCIOPOIHOTO TOMeOoCTa-
3a, C IIOMOIIIBI0 KOTOPOTO OPTaHM3M, OTBedasi Ha TKa-
HEBYI0O THUIIOKCHUIO, KOHTPOJHUPYET 3KCIIPECCUIO
OEJIKOB, OTBETCTBEHHBIX 32 MEXaHU3M JOCTaBKU KHC-
JIopoja B KJIETKY, T.€. peTyJIUPYeT aJallTUBHbEIE OTBETHI
KJIETKM Ha M3MEHEHMsI OKCHUIeHalluM TKaHell, B
MEPBYIO ouepeab, cepaa u moara [18]. B kierkax CC
cucteMbl pesdyiabraToM wHAyKumn HIF-lo seasercs
yBeJIMYEeHNE CUHTEe3a (PEPMEHTOB, 0OOECIIECUMBAIOIINX
TPaHCIIOPT U OOMEH IIIOKO3bI, TAKUX KaK TPaHCIIOpTep
IJII0OKO3HI 1, anbaonas3a A, eHojasa 1, Jlakrataeruapo-
reHasa, ¢ochodpyKTOKMHA3a, YTO CITIOCOOCTBYET I10-
Ne 3
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BBIIIICHHIO XXU3HeCITOcOOHOCTH KM 1 KJIETOK COCYIM-
CTOTrO pycJjia B YCJIOBUSIX Tunokcuu [19].

B nacrostiiee Bpems a1 HIF-1o mopentTudummpo-
BaHO Oojiee 100 mpsiMbIX reHoB-MulleHeil. Bce oHu
CIOCOOCTBYIOT YIYYIIEHUIO OCTAaBKU KHUCIOPOIA
(apuUTpOIIO033a, aHTUOTeHEe3a), MeTabOINYSCKOI agar-
Tauuy (TPAHCIOPTY TJIIOKO3blI, YCUJICHUIO TIMKOJIN-
THyeckoi npoaykuun AT®P, HOHHOMY TPaHCIOPTY)
n kjaerouHoit mponudepauuu. Ipoaykrer HIF-10-
peryJIMpyeMbIX T€HOB JeiiCTBYIOT Ha pa3HbIX QYHKIIU-
OHAJIBHBIX YPOBHSIX. KOHEUYHBIM pe3ysibTaTOM TaKOii
aKTUBAlLIMU SIBJISIETCS yBeJIWUYeHUe TnocTyruieHus O, B
KJIeTKy [16, 19—22].

Wnentudukanus u kiionuporanue HIF-10 mo3Bo-
JIWJIM YCTAaHOBUTH, YTO OH MpPEACTaBIsIET COOOI reTe-
POIMMEPHBII PEIOKC-IYyBCTBUTEIBHBIN 010K, COCTO-
SIIUMIA U3 IBYX CYOBbEIUHUII: UHAYIUOEIBbHO 3KCIIpec-
CUPYEMOI KMCJIOPOAOYYBCTBUTEIIBHON CyOheTMHUIIBI
HIF-10t ¥ KOHCTUTYTMBHO 3KCIIPECCUPYEMOI CYOb-
emuuuiel HIF-1B (TpaHciokatop apuiruapokap6o-
HOBOTIO saepHoro perenrtopa — aryl hydrocarbon re-
ceptor nuclear translocator — ARNT). 'ereponumepu-
3ysCh ¢ apuiikapooHoBbIM perienitopoM (AHR), HIF-1
o0pazyeT (QYHKIIMOHATBHBI TUOKCUHOBBIN SIACPHBIN
penenrop [23].

HIF-1o coctout u3 826 aMMHOKMCIIOTHBIX OCTaT-
koB (120 kD) u comepXuT B aMUHO-TEpMUHAIbHOMI
(N-KOHIIEBOI1) YacTH KaxKIoil CyObeIMHUIIbI IBa IO-
MeHa, OTBeTCTBeHHbIe 3a cBa3bpBaHue JJHK. DTo oc-
HOBHOI JOMeH “crnupanb—IieTias—caupanb” (basic
helix-loop-helix — bHLH), xapakTepHbIii 1jIsI caMbIX
Pa3IUYHBIX TPAHCKPUITITUOHHBIX (paKTOPOB U HEOOXO-
ITUMBIN 111 auMepu3aiuu 1 cesa3piBanus JIHK [24], u
PAS-nomMeH, obGecrieunBaronuii 6ojee IpOYHOE CBSI-
s3piBaHne cyobenuauil HIF-1 ¢ JIHK u B3aumoneii-
CTBUE C OeJKaMu, MOIYJIUPYIOLIMMU €ro aKTUBHOCTD
[24—28]. YcTaHOBIEHO, B YaCTHOCTH, YTO C JOMEHAMU
HLH-PAS HIF-10 B HOpMOKCHYECKMX YCTOBUSIX B3a-
MMOJEHCTBYeT OenokK TerutoBoro moxka HSP90, urto
OrpaHMYMBaET KUCIOPOA-HE3aBUCUMYIO Ierpamallnio
CyOBEIMHUIIBI U CIIOCOOCTBYET SIIEPHOM TpaHCJIOKa-
uu HIF-1o mpu runmokcum [28, 29].

ITomumo bHLH- n PAS-nmomenoB, 6enku HIF-1o
conepxar (PyHKIMOHAJIbLHBIE TOMEHbI, OTBETCTBEH-
Hble 32 TPAHCKPUIILIMOHHYIO aKTUBHOCTb M Jerpaia-
LIMIO B YCJIOBUSX HOPMOKCUU. JIOMEHBI TPAHCKPUITIIU -
OHHOM akTUBaumu (transactivation domain; TAD) no-
KaJIM3yloTcs MexXay octaTkamMu 531—575 (N-KoHI1IeBOt
TAD) u B xap6okcurepmuHanbHoi obnactu HIF-1a
(C-xonuesBoit TAD), comepXkar pea1oKC-4yBCTBUTEb-
Hble OCTAaTKM LIMCTeUHa, OTBETCTBEHHbIE 32 B3aHUMO-
neiicTBUe CyObeNMHUIIBI C KOaKTUBAaTOpaMU TpaH-
ckpunuuu, TakuMu kKak CREB-cBsi3pIBato1Uii TpOTE-
nH (CBP), p300, SRC-1, TIF-2. B ycuoBusx
aopMmokcuu B TAD-C momene HIF-1o octarok acra-
paruHa (Asn-803) TUOPOKCUIMPYETCS acHaparvH-
runpokcuiasoit FIH (factor inhibiting HIF), uto Ha-
pyllIaeT CBSI3bIBaHME KOAKTUBATOPOB TPAHCKPUTILIUU 1
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OpedoTBpalllaeT TPAHCKPUIIIMOHHYIO aKTHBAIIMIO
HIF-10 B Herunokcuueckux yciaosusx [30, 31].

B HopMokcnueckux yciaoBusix cuHTe3 HIF-10 ipo-
MCXOOUT C HEBBICOKOI CKOPOCTBIO M €T0 COIIepKaHMe
MUHUMAaJIBHO, TaK KaK OH IIOABEpraeTcsl OBICTpOI
yOMKBUTUMHALIMM U Aerpajallud mpoTeacoMaMu. DTOT
MIpPOLECC 3aBUCUT OT B3aUMOICHCTBUS NMEIOIIETOCs B
nepBuaHOM cTpyktype HIF-100 m cmenmpuanoro nis
HEro KHUCJOPOJ03aBMCUMOIO JOMEHa Jerpamaluu
(ODDD — oxygen dependent degradation domen) c
nporenHaurasoi — 6eakom von Hippel Lindau (VHL),
SIBJISTIOIIMMCST CYIIPECCOPOM OIyXOJIeBOro pocta [32,
33].

MoJteKyasipHOIf OCHOBOM JJISI TAKOM PETYIISIIINY SIB-
jsercst O,-3aBUCUMOE TMAPOKCUIMPOBAHUE IBYX €ro
MPOJIMHOBLIX OocTaTKOB P-402 u P-564, Bxoasimux B
crpyktypy HIF-1o, onHuMm u3 Tpex ¢bepMeHTOB, U3-
BECTHBIX MMOJI OOIIINM Ha3BaHUEM “O€JIKM IIPOJIUIITUI -
pokcunaszHoro gomeHa (PHD)”, unu “HIF-1o-npo-
JIMITUAPOKCUIIA3bl”, YTO HEOOXOAMMO [Jisl CBSI3bIBa-
Huga HIF-loo ¢ 6enkom VHL. OO06s3aTenbHbIMU
KOMITOHEHTaMM TIpoliecca SIBJISIIOTCSI TakKXKe (l-KeTOo-
raytapat, ButaMuH C u kene3o. Hapsny ¢ aTum npo-
WUCXOOUT TUAPOKCUIMPOBAHUE OCTAaTKa acnaparvHa B
C-TepMUHaJIbHOM TpaHCAaKTUBAIlMOHHOM JOMEHE
(C-TAD), 9yTO NpUBOIMT K ITOAABJICHUIO TPAHCKPUII-
nuoHHo#t aktuBHoctn HIF-1o. Ilocne runpoxkcunm-
poBaHUs ocTaTKoB MpoyinHa B ODDD u octaTka acna-
paruHa mnipoucxonuT cBsasbiBaHue HIF-1o ¢ 6eakom
VHL, koTopoe neinaeT HOCTYNHOI 3Ty CYyObeIWHUILY
IUJIsl TpoTeacoMHoOM aerpagamuu [31].

B ycnoBusix peskoro aedunuTa KMcjiopoaa K1ucio-
POI-3aBUCUMBIN MPOLECC TUAPOKCWIMPOBAHUS IIPO-
JILJIOBBIX OCTAaTKOB, XapaKTEepHBbI IJII HOPMOKCHU,
nonasisiercs. B cuny aTtoro VHL He MoxkeT cBSI3aThbCs
¢ HIF-1a, ero merpamanus rmporeacoMaMu OTpaHIIN -
Bae€TCsI, YTO JIeJa€T BO3MOXHBIM €ro akKKyMYJISIIUIO.
B otanune ot aTtoro p300 1 CBP MoryT CBSI3BIBaThCS
¢ HIF-10, Tak KaK 3TOT IIpoIiecC He 3aBUCHUT OT acla-
pParuHWI-TUAPOKCUJIMPOBaHUSI. DTO oOecreuynBacT
aktuBanuo HIF-1o, ero TpaHCcI0KaLuIo B IApO, OU-
Mepu3sanuio ¢ HIF-1[, npuBozsiiyio K koHbopmariu-
OHHBIM U3MEHEHMUSIM, 00pa30BaAHUIO TPAHCKPUITIIOH-
Horo aktuBHoro komiuiekca (HRE), 3amyckaroiiero
akTHBanuio mupoxoro criekrpa HIF-1o-3aBucuMbIx
TeHOB-MMIIICHEM W CHHTE3 3alllMTHBIX aJalTHBHBIX
GeJIKOB B OTBET Ha TUITOKCHUIO [ 14—16, 34].

IMpu agantauum K rurnokcuu HIF-1o peanusyer
CBOE [JIEUCTBHE, B TOM YMCJIe, U 4Yepe3 BIUSIHUE Ha
9HEpPreTUYecKuii metadonusM MutoxoHApuini KM,
Mpyu BTOM YCTAHOBJIEHO, YTO MO KOHTpPOJIEM 3TOTrO
TPaHCKPUMNILIMOHHOTO (paKTopa HAaXOAsATCS aKOHMUIa3a
" KOMIUIEKC | aieKTpOHHOI TpaHCHOPTHOM LIENU MU-
TOXOHJpPUI, B TO BpeMs Kak Komruiekc IV ot Hero He
3aBucur [12].

BriienpuBeneHHbIE MEXaHU3Mbl BHYTPUKJIETOY-
HOMU CUTHAJIbHOM TPAHCOYKIIUU ITPOUCXOIAT B KJIIETKE
TIIpM ee aJanTalluy K TMIIOKCHU. B ciydae, korga Ha-
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crynaet ae3agantaiys, B KM HakarimBaloTcst akTUB-
Hble (hopMbl Kuciopoaa (ADPK), koTopble aKTUBU3U-
pyIoT mpoiiecchl anonTto3a. B atom ciryyae HIF-1a Bo-
BJIEKaeTCsl B TMAaTOreHe3 MWIIeMUYeCcKol OoJie3HU
cepila U pasBUTHE Kapauomuonatuu [35, 36].

ITomumo HIF-10 B ceMelicTBO O€TKOB, MHAYLIUPY-
eMbIx rurnokcueit, BxomaT oenku HIF-2o m HIF-3q,
onHako B otimumre oT HIF-10, ux pyHKIMM ocraroTcst
MeHee u3ydyeHHbIMU. M3BecTHO, uTo HIF-200 KOHTpO-
JIMpYyeT IPOAYKIIUIO KaTeXOJIAMWHOB HA CTAIUM M-
OpuoreHesa, B IIOCTHATAJIbHOM II€PUOJIE U, TPEAOI0-
XKUTeNbHO, KOHKYypupyeT ¢ HIF-10 3a cBA3pIBaHUE OT-
BEUAIONINX Ha TUIIOKCHUIO DBJIEMEHTOB TI€HOMa
(hypoxia-responsive element; HRE) [37, 38]. HIF-3a,
B otiinuuie oT HIF-1o u HIF-20, He cogepxuT qoMeH
TpaHCAKTUBALIMU U SIBJISIETCS HETAaTUBHBIM PETYJISITO-
POM Ie€HOB, MHIYLIMPYEMBIX TUITIOKcueit [39].

POJIb CYKIIMHATA.
CYKHUHWUHAT-3ABUCUMBIE CUTHAJIBHBIE
InyTHn

I'maBHOIT GMOXMMUYECKON MUIIEHBIO TUITOKCUU B
pa3HBIX KJIETOYHBIX CHUCTEMax SIBIISIETCS a’3pOOHBIA
sHepreTuYeckuit oomMeH. [1pu3Haky yrHeTeHUST BeIy-
IIYX 3HEPro3aBUCUMBIX (PYHKIMOHAJIHLHO-METa00JIM-
YeCKMX IIPOLIECCOB MOSIBIISIIOTCS IIPY CHIDKEHUN BHYT-
pukiaeroyHoro cogepxanus ATD Ha 15—20% ot HIK-
Heil TpaHULBl (PU3MOJIOTUYECKOM HOPMBI, a IIpu
nageHun ypoBHsTI AT® Ha 30% HabaomaeTcst MX MoJ-
Hoe yrHeteHue [40]. DTO MMeeT NMPUHIMIHUAILHOE
3HAYeHUE IS XXKU3HEAEeSITSIbHOCTU KJIETKU B YCIIOBU-
sx gedunuTa Kuciaoponaa. Hapymenne cuHTe3a sHep-
TMM B BTUX YCJIOBHUSX, NPHUBOMMAIIEE K CHUXKEHUIO
YPOBHSI BHYTpUKJIeTOYHOro AT® Huke (HU3NO0I0rv-
YeCKOil HOPMBI M CONYTCTBYIOILIEMY IIOJABJICHUIO
9HEPro3aBUCHUMBIX IIPOLIECCOB, JIEKUT B OCHOBE MYJIb-
TUCUCTEMHOCTH U IOJIUOPIraHHOCTU (DYHKIIMOHATIBHO-
MeTa0O0IMYECKMX HapyLIEHU, XapaKTePHBIX IJIs TH-
nokcuu [16].

MuTtoxoHapuajibHasl AbIXaTeJbHAsl LeIlb, OTBET-
CTBeHHas1 3a a3po0OHLIi cuHTe3 AT®, saBJIsIeTCS CEHCO-
pOM KHCJIOPOAA, PETYIASITOPOM U MOIYJISITOPOM IIO-
TpeOJIEeHUsI KMCI0pOAa U CKOPOCTU €ro MOCTYIUICHUS
M3 BHEKJICTOYHOM cpenbl B KJIETKY, T.€. y4acCTBYET B
NoIIepKaHU KHCIOPOTHOro romeocTtasa. OHa He
TOJABKO TIPUHMMAET HEMOCPeICTBEHHOE YyJyacTue B
CJIOXHEHUIIEH CUCTEME BHYTPUKIIETOYHOU M MEXKKIIE-
TOYHOM CUTHaJM3alMU, HO B YCJIIOBUSX TUIIOKCUU
y4yacTByeT B GOpMUPOBAHUM KaK paHHUX, TaK U O3/ -
HMX aJalTUBHBIX NPU3HAKOB, OJlarogapsi yeMy ooOec-
MEeYMBACTCS CUCTEMHBIN OTBET OpraHN3Ma Ha 1ePUIIAT
kucaopona [16, 41, 42]. Bce 3To aenaet npobiemMy pe-
TYJISILMU SHEPreTUYECKOro OOMeHa, MOIIEepKaHUs U
COXpaHEHHUsI SHEPreTMYECKOTOo roMeocTasa, KaK Ha
KJICTOYHOM YPOBHE, TaK U Ha YPOBHE OpraHu3Ma, 1c-
KJIIOYUTEJIbHO aKTyaJlbHOM U TpeOyeT U3y4eHUS U I10-
HUMMAaHUS MEXaHMU3MOB €ro HapylIeHUsl.
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CornacHo COBpeMEeHHBIM IIPEACTABICHUSIM, YBEIH-
YeHHEe PE3UCTEHTHOCTU K TUIIOKCUHU COIPSIKEHO C pe-
TYJISITOPHBIM ITIE€pPEKIIIOYeHMEM TpPaHCIOpTa 3JIEKTPO-
HOB B IbIXaTeIbHOI 1I€TIM, HAIIpaBJICHHLIM Ha aKTHUBa-
U0 DJHepreTuyeckn Oojiee 3(PGPEKTUBHOTO B
YCIIOBUSIX THUIIOKCUM CYKIMHATOKCUOAA3HOIO MNyTHU
okucieHus cyoctparoB [40—42]. [1pu oTcyTcTBNM Ta-
KOTO IMePeKII0YEeHUsI CPOYHBIE MEXaHU3MBbI afarTalluu
He dopmupyrotcs [16]. Takum obpa3oM, CyKUMHAT —
cyoctpar nmkia TpukapooHoBbix kKuciaor (LITK) u
¢depMeHTa ObIXaTeJIbHOM 1IeNU CYKIMHATAEeTUApOre-
Ha3bl — BBIMNOJHSET POJIb CUTHAJBHOII MOJIEKYJIbI,
BKJTIOYAIOMIEHCS IIPY TUIIOKCUU B IIOIePXKaAHNE XKI3-
HEHHO BaXKHbIX META0OIMYECKUX ITPOLIECCOB, T.€. B pe-
TYJSITOPHBIA IIPOLIECC MUTOXOHAPHUATIBHO-KIIETOYHO-
CHUCTEMHBIX B3aMMOICHCTBUI, 0OECIIeUMBAIOIINX
¢opMUpOBaHUE CPOYHBIX MEXaHU3MOB aganTalluud K
neduuTy Kuciopona [16, 42].

I1pu nimeMuy MruoKapaa U TOJI0BHOI'O MO3Ta, a TaK-
2Ke npyrux 3abojieBaHUsIX, CBSI3aHHBIX C HEAOCTATOY-
HBIM KPOBOCHA0XEHHWEM, YPOBEHb CYKIIMHATA B CHIBO-
POTKe KPOBU MOXKET ITOBBIIIATHCS, YTO MOXHO OOBSIC-
HUTH YyCWJIIEHWeM cuHTe3a cykumHata B LTK,
BCJIEICTBUE CTUMYJISILIMM OKHUCIUTEIBHOTO 1eKapOoK-
CUJIMPOBaHUS O.-KeTorinyrapara nof aeiictBuem ADPK,
MHTEHCUBHO oOpa3ywoluxcs npu uimemuu [42, 43]. B
OTCYTCTBUE O.-KETOIIyTapaTa BHEMUTOXOHIPUATbHBIN
CyKIIMHAT oOpa3yeTcs M3 TJlyTaMUHa W ajlaHWHa, pac-
Tag KOTOPBIX TaKKe YCHIIMBAETCS MpU WImeMnn [43,
44]. B pe3ynpTaTe MOBBIILIEHUS CUHTE3a CYKIIMHATA €TI0
BHEKJICTOYHAsT KOHILICHTpAlMs MHOTOKPaTHO YBEJIU-
YMBAETCs, YTO MPUBOIUT K aKTMBALlUM CYKIIMHAT-3a-
BUCHUMBIX CUTHAJIbHBIX ITyTeH, 3aITyCKaeMBbIX CBSI3bIBa-
HUEM CYKLMHaTa C CYKUWHAaTHBIMM peuenTopamu
GPROI1, nokann30BaHHBIMHM Ha IIOBEPXHOCTU MHOTUX
KJIETOK, BKJItouyast KM [45].

Ilo cBoeil cTpykType CYKIIMHATHbIE PELENTOPbI
GPRI1 oTHocsaTcs K cynepceMeiicTBy pelenTOpOB,
conpskeHHBIX ¢ G-0enkamu (G-protein-coupled re-
ceptors, GPCRs), kotopsble crieninpuuyecKu CBsI3bIBa-
0T JIMTaHAbl W peaiu3yloT CUTHaJIbl Oojiee, 4YeM
80% ropMOHOB, (h)aKTOPOB pOCTa M HEPOTPAHCMUTTE-
poB [46]. K aTOMYy cymtepceMeiicTBY OTHOCITCSI XOPO-
1110 U3YYEHHbIE PEeLENTOPbl KaTeX0JaMUHOB, alleTUII-
xonuHa, rmyramarta, TAMK, ceporoHnHa, TMICTaMIHA,
aHTUOTECH3WHOB, SHA0TeANHOB U 1p. [47]. Ho B TO ke
BpeMsI CITUCOK PeLeNTOPOB, BXOASIINX B 3TO Cyrnepce-
MelCcTBO, Bce BpeMs TonojHsieTcsa. CeKBeHupoBaHue
reHoMa 4YeJlOBeKa IO3BOJWJIO BBISBUTH MHOXECTBO
HOBBIX PEUENTOPOB, CONpPSIKeHHBbIX ¢ G-0eaKamu.
Tak, B 2001 r. B cTtpykType 3q24—3q25 XpOMOCOMBEI
ObLT MASHTU(MUIIMPOBAH KJIAaCTep M3 IIIECTU TeHOB,
koaupytomx GPCRs [48]. 115 yeTbipex U3 ooHapy-
xkeHHbIX pententopoB (GPR91, GPR86, GPR&7,
H963) nuranmel GbuM Heu3BeCcTHBI. KccnemoBaHue
GPR91 mnokaszajio, 4To pelenTop BOBJEKAeTCS BO
BHyTpUKJIeTouHYI0 Ca’t-curnanusauuio. Tax, B KyJib-
Type DBIUTEIUATbHBIX KJIEeTOK W3BUTOTO KaHablia
HedpoHa akTuBaiusa GPRI1 BBITSKKOM TKAaHM HOYKHA
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CBUHBU BbI3bIBAJIa YBEJIWYEHUE BHYTPUKIETOUYHOM
KOHUeHTpauuu uoHoB Ca’" [45, 48, 49]. Bricokas
ctpykrypHas romojorusi GPRI1 ¢ npencraBurensimu
cemeiictBa P2Y mypuHOpeLienTOpOB Ipeaonpeacainia
noucku npupoaHoro aroHructa GPR9I1 cpenn mypuHo-
BbIX coenuHeHui. Ognako surana GPR91 6bu1 HeBoc-
MPUMMYMB K BO3IEHCTBUIO 1IEJOYHOM (hocdaraszsl u
rugpoausy B 6M HCL mpu 100°C, a ciiemoBaTebHO,
HEe UMeJI HYKJICOTUIHOM npupoas! [45].

ITo pe3ynbTataM Macc-CHEKTPOMETPHUU (HAIIMYUIO
B JIUTaHAE METWJICHOBBIX M KapOOHWJIBHBIX TPYNI) U
criocobHocTu coenuHeHuss aktuBupoBatb GPRI91 B
Ka4eCcTBe arOHUCTA pelenTopa Obl1a UIeHTU(UIINPO-
BaHa sTHTapHas KucioTa. [IprdyeM akTuBalus penemn-
TOpa STHTAPHOM KHUCJIOTOM OCYIIECTBIISIIACH C BBICOKOM
crreunuyHOCThI0. HUM onuH M3 1pyrux MHTEpMeaua-
TOB LIMKJIA TPUKAPOOHOBBIX KWCJIOT WJIM M3BECTHBIX
nurangoB GPCRs, a takke 800 TecTupoBaHHBIX (ap-
MAaKOJIOTMYECKMX IIperapaToB HE BJIMSJI HAa aKTUB-
Hocth GPRI1. MckmoyeHne cocTaBUIN MajerMHOBasI
KUCI0oTa (TpaHc-u3oMep (pymMapoBOit KUCIOThI) U Me-
TUJIMAJIOHOBAsI KMCJIOTa, KOTOPbIE AaKTUBUPOBAIU
GPROII ¢ 5-kpatHbIM 1 10-KpaTHBIM CHIDKEHHUEM (-
GEXTUBHOCTH ITO cpaBHEHMIO ¢ cykiuHaToM. Ilocne
naeHTudrkanuu duraiga GPRY1 6b01 Ha3BaH CyKIIM-
HaTHBIM pelenTopoM (succinate receptor 1 —
SUCNRI) [45].

BricokocnenuduyHoe B3auMOAEUCTBUAE CyKIIMHA-
ta ¢ GPRII omocpenyeTcst 4eThIPbMSI TTOJIOXKUTEIBHO
3apsiKEHHBIMU aMUHOKUCIOTHBIMU OCTaTKaMu (apTru-
HMHAa-99, ructunuHa-103, apruHnHa-252, apruHuHa-
281) B CBSIBBIBAIOIIMX ITOJIOCTSIX, OOpa30BAHHBIX
TpaHCMeMOpaHHBIMM JIOMEHaMu pelienropa. MyTa-
U1 OelKa Mo 3TUM OCTaTKaM OTMEHSUIM aKTUBAlIUIO
peuentopa [45]. IlpocTpaHcTBeHHasT CTPYKTypa
GPROII, Tak ke Kak y Ipyrux npeacTaBUuTeNeil cyrep-
cemeiictBa GPCRs, npeacraBisieT co60i1 CeMb O-CITH -
pasieii, TpOHMU3BIBAIOIINX MeMOpaHy (TuapohOOHbIE
TpaHcMeMOpaHHBIe ToMeHBI) [46, 50, 51]. N-koHIIe-
BOM Y4acTOK PELEeNTOpOB HAXOMUTCS Ha BHEKJIECTOY-
HOM CTOpOHE MEeMOpaHbI U COAECPXKUT YIACTKU IIIUKO-
3urpoBaHusl. C-KOHIIEBOM y4acTOK JIOKaJIM30BaH Ha
LUATOIUIa3MaTUYECKOM CTOpPOHE KJIETOYHOII MeMOpa-
HBI, COAEPXUT PEOOKC-UYBCTBUTEIbHBIE BHICOKOKOH-
cepBaTUBHbIE IMCTEUHOBBIE OocTaTKu [47, 51].

B xapmnomuonurax peuentopel GPR91 o6Hapyxke-
HBI B CTPYKType capkojieMMHbI 1 T-Tpybouek [52, 53]. B
KYJbType KJIEeTOK UX aKTUBALIMsI CYKIIMHATOM BBI3HIBa-
J1a yBeJIM4eHUe BHYTPUKIIETOYHOro ypoBHs Ca’t, npo-
TeMHKMHa3bl A u Ca’’/KajibMOIy/IMH-3aBUCUMOIA
nporenHkuHasbl [16 (CaMKIIJ). Aktusauus Ca2*-3a-
BUCHUMBIX KMHa3 IpuBogmWia K (PochopimpoBaHUIO
PYAaHOIMHOBOIO PELENTOPa, BCTPOCHHOTO B MeMOpa-
HY capkoruia3MaTtudeckoro petukyiayma (CP), urto, B
CBOIO OYepe/lb, BBI3BIBAJIO €0 MPOJOJLKUTEILHYIO aK-
TUBALMIO, MPUBOAMIIO K oTKpbiTHio Ca’t kananos CP
W TIOBBIIIEHUIO 3((OEKTUBHOCTU BJIEKTPOMEXaHUYE-
ckoro conpskeHus B KM [52—56]. Hannyue ctumy-
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Jupyromux 3pGEKTOB CyKIIMHATA Ha KIIOYEBbIE KOM-
nmoHeHTbl GPRI1-akTuBMpyeMoro Myt U Ux oTMeHa
MPUY UCTIOJIb30BaHUM COOTBETCTBYIOLIUX UHTMOUTOPOB
JaeT OCHOBAaHHUE MoJaraTh, YTO B YCIIOBUSIX OpTaHU3Ma
peuentopel GPR91 m axktuBupyemblii CyKIIMHATOM
CUTHAJIbHBIN TyTh 00ECNEeYnBaOT PEMOIEIMPOBaHUE
U afalTaluio CepAeYHOM MBIIIIBI K YCIOBUSIM WIIIE-
muu [16, 52].

IIpu umemMuyeckoili 0oJjie3HU cepalia yCToHUMBOE
YBEIMYCHUE COACPKAHUS CyKIIMHATa B MMOKapAe U
HUpKyIsiTopHoM pyciie (0.9—2.69 MMmonb/n), Tpoaon-
xutenbHas aktuBalus GPRI1 cBsg3aHbl ¢ HapylieHU-
amu  CaMKIId-omnocpenoBaHHON  CUTHAIMA3ALINM,
BKJTIOYAIOIINMU: TUriepdocPopuInpoBaHue pHAHO-
IWHOBOTO perenTopa, yredky nonos Ca?* n3z CP B da-
3y IMACTOJIbl U HapyllleHUE pacciiablieHUusI MUOKap/a;
dochopunupoBaHue AealleTuia3 TMICTOHOB U aKTUBa-
LI1I0 TeHOB pemoaempoBanus KM; akTuBaiuio amno-
MITOTUYECKUX CUTHAJBHBIX IyTeit [52, 53, 57—60]. I1pu
9TOM MHTMOMPOBAHWE TIOBBILIEHHON 3KCIpecCcuu
Ca’" /kanbMOomyIMH-3aBUCUMBIX KuHa3 1 reHa GPRI1
¢ npuMeHeHeM SiRNA OTMeHsIIO pa3BUTHE CYKIIM-
HaT-UHAYLUPOBAaHHOI runepTpohun MruoKap/aa JeBo-
ro XeJIyIo4yKa v JajibHeli1Iee pa3BUTHE KapIuOMUOIIa-
™u [52, 60—62].

TaxkuMm o0pa3oMm, TTOTydeHHBIE K HACTOSIIIEMY Bpe-
MEHU JaHHBIE CBUIIETEIBbCTBYIOT O BaXKHOM pOJIM pe-
nentopoB GPRY91 m cyKlIMHAT-3aBUCUMBIX CUTHAJIb-
HBIX MIyTeil B pa3BUTUN OMOXMMWYECKON amganTaiii
KM K ¢puznoiornyeckoi ’MImoKCUu 1 agarTUBHOM ' -
nepTpodum, Ipy IJINTEILHOM NaTOJIOTUYSCKOM UIIIe-
MUN.

MEXAHMW3MbI KAPAWUOITPOTEKIINU,
OINOCPEJOBAHHBLIE AT®-3ABUCUMbIMHA
K*-KAHAJIAMU

AT®-3aBucumble K*-kananbl (Kurg) LUTOIIIA3-
MaTUYECKO U MUTOXOHAPUATIbHOI MeMOpaH M3yda-
IOTCSI JOBOJIBHO UHTEHCUBHO. IHTEpEC K 3TUM CTPYK-
TypaM BbI3BaH TeM, UTO, KaK MOKa3aJIu UCCIeTOBAaHUS
nocyieqHux Jet, Kpep-KaHalbl y4yacTBYIOT B 3alllUTe
MUOKapIa oT uieMun [63—65]. Haubonpiiag poib B
KapAuo3alluTe  OTBOLMUTCS  MUTOXOHAPUATIBbHBIM
AT®-3aBucUMBIM KasMeBbIM KaHaitaMm (MUTOK 1)
[63, 64].

HM3yueHue cBoiicTB MUTOK y ¢ MOKa3a10, UYTO OHU
OTHOCHITCH K ceMeiicTBy AT@-3aBUCUMBIX KaJUeBbIX
KaHaJIOB, BIIEpBbIE OOHApPYXXEHHBIX B CapKoJeMMe
KM [66]. K re-KaHaTbl — 3TO (PYHKIIMOHATBHBIE OK-
TaMepbl, KOTOPbIE COCTOSIT U3 YEThIPEX KaHaJbHBIX
Kir6.x-cy6pennHui, ¢GopMHUPYIOIMINX MOpPY KaHaja,
M YeThIpeX pelenTopHbIX 0e1koB SURX-penentopoB
K cyabdpoHuIMoueBuHe (sulphonylurea receptors).
HaszBanue nmocieqHeit cyoObeIMHULIBI O0YCIIOBIIEHO TEM,
YTO TIpU OJJOKMPOBAHUU KaHalla CyJIb(POHUIMOYEBU-
HOM oHa cBs13bIBaeTcst uMeHHO ¢ SUR [67].
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Kir6.x BkJIO4aeT B cebg ABa TpaHCMEMOpPaHHBIX
ydacTKa 1 OIWH MOTPY>KEHHbBI B MeMOpaHy 1 OpMU-
pYIOILIMiIT BHYTPEHHIOIO ITOBEPXHOCTH ITIOPHI KaHaja C
ceJIeKTUBHBIM (priibTpoM miist noHoB K. Kir-cyonenm-
HUIIAa OTBEYAeT 3a IoANep:KaHWe KaHajla B 3aKPHITOM
COCTOSIHMU (3a HMCKJIIOYEHMEM KaHaJIOB B TJIAAKUX
Mbitax). CeaeKTuBHOCTD K, 1¢-KaHatoB K noHaMm K*
obycnoBieHa HamndueM puiabTpa (cermeHTa HS), pac-
MOJIOXKEHHOTO B caMoii y3Koit yactu kaHajna. [Tpu aTom
KOH(pOpPMaLIIO 1 KECTKO 3aKpeIUIeHHBII pa3Mmep ce-
JIEKTUBHOII MOpHI 0O0ecIieYnBaeT BBICOKOKOHCEpPBa-
TUBHAasi KOHCEHCYCHas rociaeaoBareabHocThb (Thr-Val-
Gly-Tyr-Gly) [68]. SUR-cy6beguHMIIA COCTOUT U3
Tpex TpaHcMeMOpaHHux nomeHoB (TMDO0, TMDI,
TMD?2), nepBblii U3 KOTOPBIX COAEPXKUT B ceOe TSITh, a
OCTaJIbHBIC IBA — IIIECTh TPAHCMEMOpPAHHBIX CETMEH-
TO0B. Mexny TMD1 u TMD2 u nocie TMD2 Ha 1tuto-
MJ1a3MaTUYECKOM CTOPOHE MEMOpaHbl HAXOASITCS HYK-
neotua-cessyommue goMeHel (NBD1 m NBD2).
NmenHo SURX-cyOBemMHUIIBI OTBEYAIOT 3a aKTHBa-
muio kaHana. OHM oTHocsATCS K Kitaccy ABC-tpaHc-
noprepoB (ATP-binding cassette transporters), OCHOB-
Hasl PYHKIIUST KOTOPBHIX — TPaHCAOKALMS Pa3IndHbIX
cyOCTpaTOB BHOJIb MEMOpaHBI IJISI KCHOJIb30BaHUS
sHeprun AT® Ha HyXIBI caMoOii KITeTKH [69].

JIIst Kaxkaoro TUIa KJIETOK XapaKTepHa CBOSI KOH-
durypaims mopooOpa3yoIlINX U PelelITOPHBIX CYOb-
enuHull K, rep. 1 KiI€TOK MHOKapaa XapakTepHa
koHdurypanus Kir6.2-SUR2A. Ho, ecau mopooGpa-
3ylollasl eAMHUIIA TUTIMYHA 1151 BceX n30hopM Kre-
KaHaynoB, npucyrcrByomnx B KM, To SURIA 3kc-
npeccupyetrcst B npencepaHblix KM, B To BpeMs Kak
SUR2A — B xkenynoukoBbix KM [70]. Bce Bapuaiuu
Kuire komupylorcsi 4deTbipbMms reHamu: KCNIJIS,
KCNI11, ABCC8, ABCC9. OHu oTBedyaloT 3a 3KC-
npeccuto cyobennuul Kir6.1, Kir6.2, SUR1 u SUR2
cooTBeTcTBeHHO. [lociaenHsss oOpa3yeT OBa cCILIalic-
papuanTta — SUR2A n SUR2B, n3 xotopbix nzodpopma
SUR2B xapakrepHa wis1 K,rq-KaHaJIOB IAAKOMBILLIEY-
HBIX KJIETOK cocynoB (kKoHdurypauus Kir6.1-SUR2B)
[71].

IIpu dusnonoruvyeckux ycnoBusix K,rq-KaHaubl
KM HaxomsaTcs B 3aKpbITOM COCTOSTHUM. KaHasbl OT-
KpBIBAIOTCS B YCJHOBUSIX (DYHKIIMOHAJLHOI TIepe-
TPY3KU CEePAEYHON MBIIILBI MPU CHUXEHUU LIUTO-
M1a3MaTH4ecKoro ypoBHS AT®, conmpoBoxXIaloeM
rurnokcuto. BceneactBue aktuBaiuu Kurpe-KaHaaoB
capkoieMmMa KM rumnepnosisipusyercsi, aMIUIMTyaa
HOoTeHIMajla ASHCTBUS YMEHBIIAETCs, B pe3yabTaTe
nputok Ca?' yepes moreHumMan-ynpasiasgeMmble Ca?t-
KaHaJIbl OrPaHUYMBAETCSI, 1 COOTBETCTBEHHO YMEHb-
1aetTcss BpeMsl Hea(HEKTUBHOIO COKpAIleHUS MHO-
kapra [72]. O1o cBoiicTBO K,rg-KaHaJIOB MMEET BaXk-
HOE€ 3HaYeHHUE ST pabOThI CEPASYHOI MBIIIIBI IIPU
Pa3BUTUU MOJEKYISIPHBIX aganTallMOHHBIX MEXaHU3-
MOB, MHIYLIMPOBaHHBIX UllleMueii. bonee Toro, ObLI0
MOCTYJUPOBAHO, UYTO K, rp-KaHaIbl SBISIIOTCS KOHEY-
HBIMU MUIIEHSIMH UIIEMUYECKOTO IMPEKOHIUIIMOHM-
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poBaHus (COKpallleHre 30HbI MH(MAPKTa 1 BOCCTAHOB-
JieHue puTma cepaua) [73].

MuTtoxonapuaibHble AT®-3aBUCHUMBIE KaJlUeBbIE
KaHanbl (MUTOK,rq) BHEpPBBIE ObUIM OOHApPYXEHBI B
MUTOXOHIPUSIX MJIIEKOITUTAIOLIUX B Havase 90-X rogos
M PEKOHCTPYUPOBAHBI B OMCIIOHON JTUTTMIHOM MEM-
Opane [74, 75]. B pe3yabTaTe MpOBEeAECHHBIX UCCIEHO-
BaHU ObUIM OMNpenejeHbl UX OCHOBHbIE (PU3UKO-XU-
MUUYECKHE CBOWMCTBA U MEXaHM3Mbl akTUBaluu. B
YaCTHOCTH, ObLIO YCTAHOBJIEHO, YTO MUTOK s g MHTU-
OUPYIOTCS TJIMHHOLIEIOYEYHBIMU aKTUBUPOBAHHBIMU
KUPHBIMU KUCJIOTaMU U (DU3HUOJIOTUYECKUMU KOH-
meHTpauusaMu AT® 1 aKTUBUPYIOTCS TYaHUITMHOBBI-
MU nrdocdaramu [76, 77]. K HacTosIeMy BpeMeHU
U3BECTHO, UYTO MUTOK,1¢, JOKaJM30BaHHBIE BO
BHYTpeHHEe MeMOpaHe wmutoxoHmpuii KM, mo
CTPYKType W CBOMCTBaM OJM3KMU K capKoJieMMallb-
HbIM K1 1 cOcTOAT U3 KaHaNbHBIX (MUTOKIR) 1 pe-
ryssiTopHbIX (MUTOSUR) cyObpenuHMII, 00pa3yst KOM-
miekc Kir6.2-SUR2A [78].

OcHoBHYIO QYyHKIINIO MUTOK 41 CBSI3BIBAIOT C pE-
ryjsuueil oo0beMa MUTOXOHIPUIL, YTO OKa3bIBAET BIIM-
stHue Ha cuHTe3 AT®, nbixaHUe MUTOXOHAPUIA, OKHC-
JIEHVE XXVUPHBIX KUCIOT U HECOKPATUTEIILHBIA TEPMO-
renes [16, 76, 79, 80]. B To xe BpeMst MUTOK s 1q,, BITUSIS

Ha TpaHcnopT K* B MuToxoHIpusax (Ipyu CTUMYJISLIN
paboTbl MUTOK ;¢ aKTUBUPYETCSI CUCTEMA BBIXOIA Ka-
JIUsI U3 MUTOXOHIPUIT B OOMEH Ha MPOTOHbI), MOTYT
CHMXXATh MHTEHCUBHOCTb OKUCIUTENILHOTO CTpecca U
TeM caMbIM CITOCOOCTBOBATh BOCCTAHOBJICHUIO SHEP-
reTUYeCKOro 06ajaHca B MIIEMU3UPOBAHHOM MUOKAp-
ne [81].

ToyHBIE MeEXaHU3MBI 3allIlUTHOIO MOEUCTBUSI MHU-
ToK st TOKa ellle 10 KOHIIa HE BbISICHEHBI, HO TIpe/-
roJiaraercsi, YTo akTuBalus MUTOK ytq, MOXET coxpa-
HATH ITy71 AT® Bo BpeMs UILIEMUM, a CHIDKECHIE MUTO-
XOHIPUATbHOr0 MeMOPaHHOI'O MOTEHIIMAJIA IIPUBOIUT
K yMeHbleHUIo Bxoga Ca?" B MUTOXOHIPHH, YTO TOXKE
OKa3bIBaeT 3alllUTHBIN 2(h(HEKT BO BpeMsi UIIIEMUU, 0O-
JIee TOTO, JOIOJHUTENbHBINA Bxon noHOB K Bo Bpemsa
aKTUMBAllMM KaHaja MOXET IIPOAOJLKUTEJILHO coXpa-
HSITh ITyJI 3TUX KaTUOHOB B KM, 6016111011 BBIXOH KOTO-
pBIX HabmomaeTcs BO BpeMsI COKpallleHWs TIPU UIIIe-
muu [16].

O0600111as cKazaHHOE, MOXKHO 3aKJTIOYMTh, YTO B OC-
HOBE KapAUOIMPOTEKIINHU JIeXKaT 001IMe MOJIEKYJISIPHBIC
MEXaHU3MBbI, HallpaBJICHHBIE Ha COXpaHEHME KM3HE-
CIIOCOOHOCTH KJIETOK MMOKAapaa B yCIOBHUSIX HEAOCTAT-
Ka KMCJIOpoAa, KOTOPOE OCYIIECTBIISIETCS MyTeM MO/ -
nepxaHus sHeproodecreyeHrss KM Ha HeoOxoauMom
YPOBHE — 3a CUET CMEHBI SHEPTeTUUECKUX CyOCTPaToOB
U PEUMIPOKHON peryasluu MeTadoau3Ma III0KO3HI;
CHIXeHMS MoTpeOHOoCcT KM B 3HEeprum nocpeacTsoM
YMEHBIIEHUSI COKPAaTUTEIbHOM CIIOCOOHOCTY MUOKap-
J1a; MOBbIIIEHUS TojJdepaHTHOCTU KM K caBuraMm Kuc-
JIOTHO-IIIEJIOYHOTO PaBHOBECUsI, MHAYKIIUUA MOJICKY-
JISIPHBIX MEXaHU3MOB PEryJisiiuy TPaHCIOpTa MOHOB
Ne 3
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K* u Ca?', BbI3BaHHBIX TMIIOKCHEH, a TAKXKE aKTUBA-
el CUTHAIIbHBIX MEXaHU3MOB, KOTOPEIE 0OeCITeun-
BaIOT ITOCTENEHHOE pa3BUTHE ToJiepaHTHOCTH KM K
JUIMTEJILHOM IIeperpy304HoOil TMIIOKCUY WJIN UILIEMUU,
BBI3BAHHOI pa3BUTUEM CEPACUYHO-COCYIUCTON IaTo-
JIOTUMU.

OPUHAHCHUPOBAHUME PABOTDHI

PaGoTa BbIMIONTHEHAa B paMKax TOCYIapCTBEHHOTO
3agaHus (No r.p.: AAAA-A18-118012290142-9).
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The review addresses the mechanisms of adaptation of cardiomyocytes to hypoxia and ischemia and analyzes
the signaling mechanisms responsible for expression of metabolic genes and the formation of tolerance to hy-
poxia and ischemia with a special focus on the role of HIF-1¢, succinate, and ATP-dependent K*-channels
(KArp-channels) in the regulation of adaptive responses of cardiomyocytes during myocardial ischemia.
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