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OTKPbITUE, Y10CTOEHHOE HOBEJIEBCKOI MPEMUM N0 MEANLIMHE 2019 TOJIA,
- HOBASl ANbTEPHATUBA NEPENUBAHUIO KPOBU

YXuobypt E.b.*, Kysneyos C.J.
@BY «HaimoHanbHbIi MeANKO-XupypIruyeckui LieHTp
umern HN. [uporosa» Munszapasa Poccun, Mocksa

Pestome. B 2019 rogy Hobenesckas npemus no MeauLMHe NpuUcyxaeHa
TPEM YHEHbIM, YCTAHOBMBLLIMM, YTO OTBET HA MUNOKCH0 ONOCPEYIOT Ceundnye-
ckue cermenTbl [IHK, pacnonoxeHHble psaom ¢ reHom aputponoatika (3M0). 3tor
MEXaH3M BOCMIPUSTUS KUCTIOPOLA MPUCYTCTBYET MPAKTUYECKI BO BCEX TKAHSIX.
BenkoBblIii KOMMIIEKC, KOTOPbIA CBA3IBAETCS C YNOMSHYTBIM BbILLE CErMEHTOM
[HK kucnopoaHo-3asucuMbiM 06pa3om Ha3sanu MakTopoM, UHAYLMPYEMbIM
runokcueit (hypoxia-inducible factor, HIF). OTkpbITve nponunruapokcunas, pery-
NMPYHOLLIX CTabUNBHOCTb HIF-1¢t, NO3BOAMNO HANTY MHMGUTOPbI MAPOKCUNASbI
A5t N0BbILLEHWS ypoBHs HIF, 4T0 OTKPLINO HOBLIE MyTH ANS DapMaKONOrU4ECKIX
OTKDbITUA. DAKTUYECKI, CO3AAETCS PAS NOTEHLUANBHBIX JIEKAPCTB, KOTOPbIE Mo-
BbILLAOT CDYHKLMIO HIF 32 CHET MHrMOMPOBAHNS (DEPMEHTOB NPONNATMAPOKCHIAS.
Takim 06pa3om, BHeapeHe B NPpaKTuky oTkpbITs Hobenesckix naypearos 2019
roJa BNUCLIBAETCA B KDOBECOEPErAOLLYO AEONOrI0, NPUHATYIO B [MPOroBCKOM
LleHTpe.

KnioyeBble ¢noBa: aHeMus, KMCNOPOL, 9PUTPONOITUH, UHY-
LUMpYyembli runokcuen HakTop, NPONUArNAPOKCIUNAasbl, MEHEIKMEHT
KpOBM MauueHTa.

Beepaenue

B 2019 rony HobeneBckas mpemMus 1o MegulIMHe IpU-
Cy>KIieHa TpeM y4eHbIM: Ywibsamy Kemmmy, ITerepy Patkmddy
u Iperry Cemenne (William G. Kaelin Jr., Sir Peter J. Ratcliffe
and Gregg L. Semenza) 3a UX OTKpBITHE TOTO, KaK KJIETKH
YyBCTBYIOT M aJalITHPYIOTCSA K IOCTYIIHOCTH KUcIopopa [1].

JKHBOTHBIM HY)XeH KHUCIOPOJ [/ IpeBpalleHus
MUY B HOTe3HYI0 3Hepruio. OyHIaMeHTaIbHOEe 3HAUYeHHE
KHCIOpOJia IIOHMMA/IOCh BEKaMU, HO KaK KJIETKH IIPHUCIIO-
cab/IMBaIOTCA K U3MEHEHHUAM YPOBHA KHUCIOPOJa, BCe ellle
OBbLIO HEH3BECTHO.

Hob6eneBckue naypeaThl OOHAPY>KHIU, KaK KJICTKU
MOTYT IyBCTBOBATb M aHANTHPOBATHCSA K M3MEHAIONIEHCA
TOCTYIHOCTH Kucaopopa. OHH OIIpene/vIn MOIEKY/IS PHBII
MeXaHN3M, KOTOPBIH PeTY/TUPyeT aKTHBHOCTD T€HOB B OTBET
Ha pas/JIMYHbIe YPOBHU KUCIOPOTA.

OpuruHaIbHBIEe OTKPBITUSA, CIe/IAHHbIe HOOeTHaTaMU
2019 ropa, pacKpbUIM ME€XaHM3M OJHOTO M3 CAMBIX Ba)KHBIX
aaNTAIMOHHBIX IIPOIIeCCOB B KN3HHU. OHU 3aI0KIIN OCHO-
By [UIA HAIleTO IIOHMMAaHUsA TOTO, KaK YPOBHU KHCIOPOZIA
BJIMAIOT Ha KJIETOYHBI MeTab0Mu3M U (PH3HOIOTUYeCcKyIo
dyHrKIUI0. FIX OTKPBITHA TaK>Ke IIPOJIOKIJIN ITYTh K MHOTO-
006EIIAIOIINM HOBBIM CTPATerHAM 60PbObI ¢ aHEMUEIL, PAKOM
Y MHOTHMH JPYTUMU 3a00/IeBaHUAMU.

Kucnopop B LeHTpe BHUMaHUS
Kucnopon ¢ dopmynoit O, cocTaBisieT OKOIO OfHOM
mATou arMocdepsl 3emti. Kucmopon Heo6XomuM m1s JKUSHU
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NOBEL 2019 - A NEW ALTERNATIVE TO BLOOD
TRANSFUSIONS

Zhiburt EB.*, Kuznecov S.I.
Pirogov National Medical and Surgical Center, Moscow

Abstract. In 2019, the Nobel prize in medicine was awarded to three scientists
who found that the response to hypoxia is mediated by specific segments of DNA located
next to the erythropoietin (EPO) gene. This mechanism of oxygen perception is present in
almost all tissues. A protein complex that binds to the above-mentioned DNA segment in
an oxygen-dependent manner is called a hypoxia - induced factor (HIF). The discovery of
prolylhydroxylases that regulate the stability of HIF-1a allowed us to find hydroxylase inhibi-
tors to increase the level of HIF, which opened new pathways for pharmacological discoveries.
Infact, a number of potential drugs are being created that increase HIF function by inhibiting
prolylhydroxylase enzymes. Thus, the implementation of the discovery of the Nobel laureates
in 2019 fits into the blood-saving ideology adopted at the Pirogov center.

Keywords: anemia, oxygen, erythropoietin, hypoxia- inducible factor,
prolylhydroxylase, patient blood management.

JKMBOTHBIX: OH MCHOIb3YeTCSI MUTOXOHIPUAMU, IPUCYT-
CTBYIOIIUMHU MPAaKTHYECKU BO BCeX KJIeTKaX KUBOTHBIX, /IS
peoOpasoBaHUs IHIIH B II0/Ie3HY0 aHepruio. O1to Bapbypr,
naypeat HobeneBckoit mpemus 1o GU3HOIOTHH U METHUIIHHE
1931 roma, mokasaj, 4To 3TO MpeBpalleHue siBsetcst dep-
MEHTaTHUBHBIM IIPOLIECCOM.

B xone aBosoIuu 6bUTH Pa3BUTHI MEXaHU3MBI, 0ecrie-
YUBAIOIIHE TOCTATOYHOE CHAG)KeHNE KUCITOPOIOM TKaHel U
k1eToK. COHHBII KTyOoUeK (glomus caroticum), pacIiosioxeH-
HBII Ha 3a/iHeil IOBEPXHOCTH GudypKauu oOIIeii COHHO
apTepuu, COIEP>KUT CIIeIIHaTU3UPOBAaHHbIE KJIETKH, KOTOpbIe
H3MepsIIOT YPOBeHb KHCIopona B KpoBu. HobemeBckast mpe-
Mus o ¢usuonoruu U MeguuuHe 1938 roma mpucyxneHa
Kopuesto XefiMaHCy 32 OTKPBITHS, TOKa3bIBAIOIINE, KaK M3Me-
PpeHIe KHUCIOpoia B KPOBH COHHBIM KTyOOYKOM KOHTPOTHPYET
YaCTOTY AbIXaHUS, HAIIPSMYIO CBS3bIBasACh C MO3TOM.

dakTop, MHAYLMPYEMbIii TUNOKCHEN

B momonHeHue K yIpaB/sieMOI COHHBIM KIyOOYKOM
CHCTEMOIT OBICTPOII aTaNTALMK K HUSKUM YPOBHSIM KHCIIO-
pora (TMIIOKCHH) CYILIECTBYIOT U Apyrye GU3HOIOTHIeCKIEe
MeXaHU3MBbI ajanTanuu. KioueBpiM QU3HOTOTHIECKUM
OTBETOM Ha T'MIOKCHUIO ABJISAETCS IMOBBIIIeHUE YyPOBHSA
spurponoatuHa (3I10), 4TO IPUBOAUT K YBETHICHUIO
IPOAYKLIHU 9PUTPOUUTOB [2]. BaXKHOCTH TOPMOHAIBHOTO
KOHTPOJISI 9pUTPOII0332a ObUTA U3BECTHA ellle B Hadame XX
BEKa, HO KaK CaM 3TOT TPOoIiecc KOHTponuposacs O, ocra-
BaJIOCh 3aragkoii. JlaypeaTsi-2019 ycTaHOBUIM, YTO OTBET
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Ha TUIIOKCHIO o1tocpenyiot criennduyeckue cerments! JHK,
pacnonoxeHHble psagoM ¢ reaoM III0. IToT MexaHU3M
BOCHPUATHS KUCIOPOZA IIPUCYTCTBYET IIPAKTUYECKU BO
BCeX TKaHAX, a He TOJbKO B KJIETKaX II0Y€K, rge OOBIYHO
BeIpabatbiBaeTcsi OI10. B KyIbTHBHpPYeMBIX TelaToOUTax
06HAPY>KMUIH 6eIKOBBII KOMIUIEKC, KOTOPBII CBSI3BIBAETCS
¢ ynoMsaHyTsIM Bblille cermenToM [JHK kxucmoponno-3a-
BUCHUMBIM 006pa3oM. ITOT KOMIUIEKC Ha3Bamu (PakTopoMm,
nagyuupyemeim runokcueit (hypoxia-inducible factor,
HIF). Ycranoswiy, uro HIF cocTouT U3 ABYX pasanyHbIX
IOHK-cBsspiBaoux 6e1koB, (pakTOPOB TPAHCKPUIIIUH,
HasBauHbIX HIF-1a 1 ARNT.

VHL: HOBbII napTHep Y6MKBUTHHA

Korna ypoBeHb KHC/IOpOZia BBICOKHUIL, KJIETKH COflepyKar
ouyeHb Mano HIF-1a. OnHaxo, Korna ypoBeHb KHUCTIOpoaa HU-
30K, komdecTBo HIF-1a yBemumBaeTcsi, Tak YTO OH MOXET
cBs3bIBaThCs ¢ reHoM OI1O, U perympoBars ero Tak e, Kak
u ppyrue rennl ¢ HIF-cBaseiBatonumu cermentamu JTHK.
HIF-1a, 06619HO GBICTPO pasiaraeTcsi, HO 3allMIIEH OT pas-
JIOXKEHUS P THIIOKCHH. [ Ipr HOpMa/IbHOM ypOBHE KHC/IOpOzia
HIF-1a pasnmaraeTcs KJIETOYHO¥ IIPOTEACOMON, BBISIBICHHOM
Aaponowm llexanosepom, ABpamom Iepmiko u Mpsunom Po-
ysoM (HobeneBckast mpemus no xumun 2004 roxa). B Takux
ycnoBusix K nentuny HIF-1a mo6asnsercst He6O/IbINOM ITer-
TH] YOUKBUTUH. YOUKBUTHH DYHKIIMOHUPYET KaK METKa JI/Is
6e/IKOB, TTpeIHA3HAYEHHBIX [UIs IETPAAlli B IIPOTEacOMe.
Yéuxksutun casbiBaerca ¢ HIF-1a 3aBUCMMBIM OT KHC/IO-
pora crocobom, ¢ momorsio reHa ¢ou [unmens-JInnmay
(6onesns VHL). bonesus VHL - renetudeckoe 3aboseBanue
C MOBBIIIIEHHBIM PUCKOM paKa, 06YCIOBIEHHOE MyTalyeil 1
orcytcTBueM reHa VHL. PakoBble KIeTKH, THIIIEHHbBIE QYHK-
IIMOHaIbHOTO reHa VHL, akcIipeccupyioT aHoMa/IbHO BBICOKHE
YPOBHHU T€HOB, PETYIMPYEMBIX T'MIIOKCUEN; HO IIPU BBEIEHUU
reHa VHL B 3THX K/TeTKaX 9KCIIPeCCHsI BbIIIIEYKa3aHHBIX TEHOB
HOPMaJIU3yeTCSl.

banaHc kucnopopa

HopmanbHble YPOBHH KUCIOPOLA KOHTPOIUPYIOT
6picTpyio nerpaganyio HIF-1a ¢ IOMOLIbIO BYX HE3aBUCH-
MBIX MEXaHM3MOB IIOCTTPAHCIAIIMOHHOTO HHTUOUPOBAHUS
~ YYBCTBUTEIBHBIX K KHCIOPONY (DEPMEHTOB: @) IIPOJIM/ITH-
npokcuias u 6) ruppoxcwiassl FIH-1.

Takum 06pasoM MOALep>KaHNe HAIJIEKALIUX YPOBHEN
HIF TOYHO perymupyioTcsi KJIETOYHBIMU YPOBHAMHU KUC/IO-
pona.

Knuxuyeckoe 3Hayenue

OTKpBITHE TPONMWITHIPOKCHIA3, PETYTUPYIOIINX CTa-
6wtbHOoCcTs HIF-10, I03BOMIIIO HAMTH HHTHOUTOPBI THAPOK-
cwrasel i noseienns yposHs HIE uTo oTkpbuio HOBbIE
nyTH Aast GapMaKoTOTHIeCKUX OTKPBITHI. DaKTHUeCKH,
CO371aeTcsl PAl TOTEHIIMAIBHBIX JIEKAPCTB, KOTOPBIE ITOBBI-
mrafoT ¢yukuuo HIF 3a cuer unrubuposanus ¢epmeHTOB
HPOJIITUIPOKCIIA3.

[TepBbiii Takoit pemnapar pokcagycrat (Roxadustat) sa-
peructpupoBan B Kurae 17 nexkabps 2018 roma. Bo MHOrHX
CTpaHax OH IIPOXOOUT KJIMHMYecKHe ucnplTanusa. Kak mo-
TeHIIMaIbHBI JOIIMHT POKCAIyCTaT BK/IIOYEH B COOTBETCTBY-
Iolye peecTphl. [0OTOBATCS HOBBIE ITpenapaThl 9TOTr0 KIacca:
Desidustat, Daprodustat, Molidustat, Vadadustat.

[IpenapaT mokasaH NaleHTaM ¢ XpPOHUIECKO! aHeMuUel
U COXpaHHOM BO3MOXKHOCTBIO ITponykuuu II10. B nepsyto
ouepelpb 9TO NAIJUeHThI C XPOHUYECKOH IIOYeYHO HeoCTa-
TOYHOCTBHIO Ha TOOUAIU3HOM cTanuu. B ommmuue or II1O
POCKanyCcTaT IPUMEHSIOT per os.

B 29 6onpuunax Kuras ¢ yqactiem 154 manueHToB ¢ Xpo-
HUYECKOU MOYeYHOM HeNOCTATOYHOCTHIO TBOMHBIM C/IEIThIM
METOJIOM IIPOBE/I PAaHIOMU3UPOBAHHOE HCC/IeOBAHNE, CPAB-
HUBas pOKCAIycTaT U iane6o. B Havase viccmemoBanus y Bcex
HAI[EeHTOB YPOBeHb reMorIo6 Ha coctas/sit ot 70 1o 100 1/
[IpenapaT npuHUMaIU IEPOPATBHO TPU Pa3a B HELEJIIO B Te-
yeHUe 8 Hellesb. B TeueHue 9TOro repuosia KOHIEeHT ALy re-
MOIJIOOMHA B TPYIIIIe POKCATyCTaTa yBeINImIach Ha 19+12 r/n
a B rpyIle Iwiane6o cHusmwiack Ha 418 r/1 (P<0,001) [3].

bBynyiiee npunoxkenus mjist uHru6uposanus mytu HIF
— CPelCTBO 3aMeJIJIeHU S POrPeCcCUPOBAaHMs HEKOTOPBIX BU-
IOB paKa, KOTOpble MHAYLIUPYIOTCA MyTanuamu VHL.

dapmakonorudecku nosbiiteHHas ¢yskiusa HIF mo-
JKET TIOMOYb B JIEY€HUH IIUPOKOTO CIeKTpa 3ab0jieBaHuil,
IIOCKOJIBKY OBIIO TI0Ka3aHo, 4To HIF Heo6xonum mis Takux
PasHOOOPasHBIX SBICHUIT, KAK UMMYHHas QYHKIUA, 00-
pasoBaHue XPsIeil U 3aKuBIeHue paH. M Ha060poT, HHTHU-
6upoBanure ¢pyukiuy HIF Tak)ke MOXXeT HUMETh MHOXKECTBO
IIpUMeHeHuIL: moBblieHHble ypoBHy HIF Habmroparotcs mpu
MHOTHX PaKOBBIX 3a00JIeBaHUAX, a TAK)XXe IPU HEKOTOPBIX
CepIevYHO-COCYAUCTHIX 3a00/IeBaHUSAX, BKIIOYass UHCYIIBT,
HHOAPKT U JETOYHYIO THIIEPTEHSHIO.

3akntoyenue

Taxum 06pasom, BHeIpeHHe B TPAKTHKY OTKpbITHsI Hobe-
JIeBCKUX JlaypeaToB 2019 rofa BIMChIBaeTCs B KpoBecHeperaro-
IIYIO UIEO/IOTHIO, IPUHATYIO B [InporoBckoM 1ieHTpe [4].
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