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MpununHblI HePpporeHHO aHEMUM

1. HeadpPeKTUBHOCTb 3pUTPONO33a
- lencreue ypemMmnyecknx TOKCUHOB
- CuHApOM BOCNasieHnA

2.

3.

CHUXKeHMe Npoao/IKUTENbHOCTU }KU3HU
3PUTPOLIUTOB

N3meHeHne deppOoOKMHETUKN — BeAYLMIN MEXAHU3M
BOCMasEeHMNE N aKTUBaLUMA rencnamHa

HepoctaToyHaa npoAayKuuAa spuUTPONO3TUHA
(HaumHasa ¢ XBI1 4 c1. KoppenAauusa mexay ypoBHEM
3MO mn remornobmHom mncuyesaer)



YPEMWUYECKUE TOKCUHDbI - OT HAPYLLUEHUA
PUTPOMNO33A A0 TEMOJIU3A
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OTBeT Ky/NbTypbl KOCHOro mo3ra 60sbHbIx Ha MO yrHeTaeTca npwu
nobasneHnn cbiBOPOTKM BonbHbIX € ypemunen (UC) n cteneHb yrHeTeHUA
YCU/IMBAETCA Npu BocnaneHum y 6onbHbix ¢ ypemuen (Ul). JanbHenwee
nobasnieHmne B KybTypy KOCTHOrO MO3ra aHTUTen K nHtepdepony-y (IFN-
V) n aHtuten K TNF-a no4TM NONHOCTbIO BOCCTaHABAMBAET
yyscTBuTenbHOCTb IO (Allen et al.(1999) .

Allen DA et al. J Invest Med 47:204-211, 1999.
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ACCUMETPUYHBLIN AuMmeTUnapruHmMH (AAMA) Kak npuynHa HapyLLeHUA
YYBCTBUTENIbBHOCTU K 3PUTPOMNO3TUHY NPU HEDPOTreHHOM aHeMUU
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Figure 2. Increased erythrocyte ADMA levels are associated with
erythropoietin resistance in predialysis patients. (A} Erythrocyte
ADMA levels show a significant direct correlation with ERI, which
was calculated from weekly doses of ESA per kilogram of body
woight divided by blood hemoglobin, in patients undergoing
ESA therapy during > 1 month without medications via oral iron
supplementation (n=14), (B) Erythrocyte ADMA levels were sig-
nificantly correlated with logtransformed Epo demand index,
which was evaluated as the plasma Epo units divided by blood
hemoglobin concentration, in patients who were not receiving
ESA (nw28). Statistical significance was determined using
Speaman comalation coefficient (A) or Pearson corralation co-
efficent (B).

MNosblweHne KoHueHTpaunn ADMA
accounmnpyeTca C Pe3nCTEHTHOCTBIO K
3pPUTPONO3TUHY
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Figure 5. Epo resstart anermsa via suppression of EpoR by erythrocyte ADMA accu
mulation. (A} Overview ol Epo signaling and enythrocyte maturation without advanced
CXD. (8) Overall scheme of renal anemia under advanced CKD,

Cynpeccupytowee aericteme ALMA Ha CUrHaNbHYHO
cUCTeMy peuenTopa K 9pUTPONOITUHY

Yokoro M, Nakayama Y, Yamagishi S|, et al. Asymmetric Dimethylarginine Contributes to the Impaired
Response to Erythropoietin in CKD-Anemia. J Am Soc Nephrol 2017;28:2670-80.



CHu)XeHue ANNTEeNbHOCTU }KU3HU 3PUTPOLUTOB Y NnauueHTos ¢ XbIl
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Table 1. Renal anemia indicator data by CKD stage group
Indicator CKD stage
1 2 3 4 5

Hb, g/L 13416 146220 122+23* 99+20* 99+19*
RBC lifespan, days 122450 11226 90+32* 88+28* 60424
EPO, IU/L 9.044.1 7.7+49 11.1+5.7 10.6+4.5 7.2447
Ret/10° uL 0.07 (0.05-0.07)  0.06 (0.05-0.09) 0.07 (0.04-0.1) 0.05 (0.04-0.07) 0,04 (0.03-0.05)*
Ferritin, ng/mL 99 (60-178) 161 (109-329) 283 (143-448) 149 (79-378) 203{115-390)
Folic acld, ng/mL 10.2 (8.7-16.1) 13.4 (85-155) 14.2 (10.3-184) 156 (14.2-18.2) 156(149-184)

Vitamin B12, pg/mL 402 {364-541) 434 (415-503) 517 (394-837) 540 (438-723) 509 (404-965)

* Significantly shorter than CKD stage 1 (p < 0.05).

RBC lifespan, serum EPO, and (Hb) data are means + SD. Serum ferritin, folic acid, vitamin B12, and Ret data are medians
(interquartile ranges).

Hb, hemoglobin; CKD, chronic kidney disease; RBC, red blood cell; EPO, ervthiropoletin; Ret, reticulocyte count,

Jiu-Hong Li, Jun-Feng Luo Kidney Blood Press Res 2019;44:1158-1165



Ypemusa 1 runokcusa — camoctoaTesibHble ¢paKTopbl MHAYLUpPYIOLME
3PUNTO3U3 U OKUCIUTENIbHO-BOCCTAaHOBUTE/IbHbIN AncbanaHc B
3pUTPOLIUTAX
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Fig. 7. Disturbance of
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HapyleHuna romeocTtasa 3puUTPOLMTOB Ha POHE YpeMUn U
FMMOKCMW KaK pe3ynbTaT NOBbILWEHMA BHYTPUKIETOYHOrO
Ka/NbUuA, NOBbILLIEHNA OKUCAUTENBHOM aKTUBHOCTH,
CHUXEHUA rNYyTaTUOHA C Aa/ibHenLen nHNUnaumen
3punTo3a

saturation [hypoxemia)
15 observed ina number
of patients. These conditions in CKD RBC, favor an increased calcium inffux and consequently a rise in
mtracelludar caloyum concentration. With the celludar redox state-matntained, the zmount of ROS generation

mereases and GSH recycling ts impaired. When the redox balance is disturbed, high ROS levels can disrupt
acation of FS to the RBC surface, a signal

that Initiates RBC deatly (eryptosis). (C) Undertaking further stily are necessary to understand 1. Jevels of

the normal cellular msachinery, eventually triggeving the traw

ceramide formation under ureniic and hypoxemic conditions, and Z. the impact of blocking the transpo

the uremic toxins into RBC via organic anon transporter 2 (QAT2) an cell homeostasis. Fig. created using
BioRender (https:/ /app biorendercom)

S. S. Tozoni and G. F. Dias Uremia and Hypoxia Independently

Biochem 2019;53:794-804

MNoBbiweHne AKTUBHbIX GOPM KMCNOPOAa B 3pUTPOLMUTAX
Ka OTBET HA TMMNOKCUIO U MHAOKCUA cynbdaT

Fig. 5. ROS production in response to IS

and hypoxia. RBC obtained from healthy o ::;::?
subjects (n=10) were treated with different " »
concentrations of IS (0.01, 0.09, 0.17 mM) for E w = o
24h at 37°C in an incubator with controlled §§ . 2
oxvgen partial pressure under normoxic § "

(21% 0,) (white bars) or hypoxic (5% 0,) <82

(black bars) conditions. Control RBC (CON- EE

RBC) were incubated with TRIS-Glc-BSAin | 8 4

normoxia and hypoxia. ROS production was

analyzed by flow cytometry through DCFH- o

DA probe fluorescence and results were - :: i
represented as Mean Fluorescence Intensity PO S

(MFI). **p<0.01; ***p<0.001 between
normoxia versus hypoxia in the same group. ##p<0.01; ###p<0.001 between CON-RBC vs. IS concentration
in the same group (normoxia vs. normoxia; hypoxia vs. hypoxia)



Serum erythropoietin concentration, mU/m/

Hauyano 3MT npnBoaUT K yBeNNYEHUIO reMaTOKpPUTa U
CHUXXeHuto cbiBopoToyHoro MO0 (1980r.)
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®YHKLMOHA/IbHbLIN U ABCONOTHDLIU
OEOULUTA KENE3A




Cxema KpyroobopoTta »enesa

nevyeHb

DPUTPOH

KNweyHUK

I BHewHMe noTepu

@ - ®epponopPTUH — OYEeHb BaXKHblii 6enokK
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Drakesmith et al. Cell Metab. 2015 November 3; 22(5): 777-787.



depponopTuH, TPaHCPEPPUH, rencuamH —
MoeNnb nepemeLleHmnn xKenesa

Hepcidin

Ubiquitination

‘ Endocytosis

Drakesmith et al. Cell Metab. 2015 November 3; 22(5): 777-787.



[encnauH

OTKpbIT B 2000 r Kak aHTMbaKTEpUaNbHbIN NENTUA,
BbipabaTbiBaeMbl NEYEHbIO

OcHOBHaA YacTb NpoAyLUpPYETCA renaTounuTaMmm, OKpyHKatoLwmmm
nopTanbHble BeHbl (N0bAMKeE K Kenesy noctynatolemy ¢ nuuen)
N KynpepoBCKUMM KNeTKamu (peakumsa Ha MUKPODOHbIe areHTbl U
paspyLUeHne 3pUTPOLNTOB)

Koaunpyetca Hepcidin Antimicrobial Peptide (HAMP) renom.

MyTaumm reHa HAMP accounmnpytoTcs neperpy3komn Kene3om u
reMmoxXpomaTto3om



J1Ba OCHOBHDbIX NYTU CTUMYNALMUU CUHTE3A rencuamnHa
1.  Oedpuuunt xenesa (BMP6-HJV-SMAD)

2. Bocnanenue (IL-6- JAK2-STAT3)
JpuTPodPepPoHOBbIA NYTb TOPMOXKEHUA

Erythropoietic Iron signaling Inflammatory

signaling Activin f signaling

FIGURE 2 | Major pathways for hepcidin regulation. High serum iron levels or hepatic iron stores (reflected in BMPE) induce hepcidin mANA transcription via the
BMP/SMAD signaing cascade. The inflammatory cytokines IL-6 and activin B induce hepcidin mRNA transcription via JAK/STAT and non-canonical BMP/SMAD
signaling, respectively. High erythropoietic drive {reflected in ERFE) suppresses hepcidin transcription, ikely via interference with BMP/SMAD signaling.

Sebastiani G, Wilkinson N and Pantopoulos K (2016) Pharmacological Targeting of the
Hepcidin/Ferroportin Axis. Front. Pharmacol. 7:160. doi: 10.3389/fphar.2016.00160



Cxema KpyroobopoTta ¥»enesa u rencuamnH
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KpyrooboporT »enesa y naumeHTa,
nosiyyatoLlero remogmanms

B KOCTHbIA MO3T

H LUPKYAUPYIOLLUE 3PUTPO
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KpoBonoTeps y nauueHTa, NoayyatoLwwero XpoHUYecKmni
remoamanms AoNXHa NPUBOAUTb K HEOHXOAMMOCTH
BocnonHeHua 1,5 — 2,5 r/>kenes3a B roa

O6ycnoBneHHble guanusHou TexHonormeit (membpana + | 165 mn/ropg,
Marmcrpanb)

OKKynbTHble XKKT (MMKpoO) KpoBOTEUEHMSA 2257 mn/rop,
PerynsapHbie 3a6opbl KpoBu ana obcnepaosaHusA 428 mn/rop,
PaboTa c 4BYXNpOCBETHbIM KaTeTEPOM 2680 mna/rop,
Utoro: naumeHT c ABD 2850 mn/rop,
UTOro: naumeHT C NnepMaHeHTHbIM KaTeTpom 5530 mn/rop,
3abbITbl NPO4MeE NOTEPU OKO/IO 2 MN Ha NpoLeaypY, mM
YTO A0/IKHO A06aBuUTb eLle 312 Ma KpoBOMOTEPU B rof, P s o

Patient with a long-lasting 5320 mL of blood/year

double-lumen catheter

G. Rostoker et al. Drugs (2016) 76:741-757



dochop KaK NPUYNHA CHUMKEHMA caTypaLmnm
TpaHcheppUHa

Low phosphate

High phosphate
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Fe(3+) -phosphate complex ’
Fe(3+) ~phosphite Polymesic Fe(3+) —phosphate
complex complex

Figure 3

T. Nakanishi, M. Nanami, T. Kuragano, The pathogenesis of CKD
complications; Attack of dysregulated iron and phosphate metabolism, Free Radical Biology and
Medicine (2020)
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3. CHux@ceHHouU buodocmynHocmu

OBECMEYUTb NALUUEHTA EJIESOM?
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s Summary

A preliminary account is given of the successful
clinical trial, in 15 patients, of a newly elaborated pro-
prietary dextran-iron haematinic (*‘ imferon™). The
agent proved non-irritating when given intramuscularly
and was readily absorbed, giving serum iron levels of
600 pg. +ithin eighteen hours : absorption via the lym-
phatics was demonstrated histologically. The complex
proved an effective haematinic, giving average haemo-
globin regeneration.rates of between 3.5 and 11.3% Hb
per week over the first four wesks of treatment,

We wish to thank the Medical Director, Research Department,
Benger's Ltd., for supplies of imferon.
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KpaTKaa ucrtopusa B/B npenapaTtoB ¥*esie3a — NonbITKa
BOCMNPOM3BECTU MONEKYNY BU3KYIO K MoneKkyne deppuUtmnHa
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Hanbonee BakHa Pa3HULUa B OGOI’IO‘-IKE, KOTOpPaAa OKpPYHKaeT KenesHoe AAPpo U
onpeagenaeTtr CMny Kotopan yaepKmsaet xKesneso " UMMYHOreHHOCTDb npenaparta

D. Girelli et al. International Journal of Hematology (2018) 107:16-30



MexaHn3Mbl PUCKOB N CNeAcCTBUA Npu
MNapaHTEPaA/IbHOM BBeAEHUNN MPENAPATOB XKeJie3d

Annepruyeckue peakuumu

MNceBpoanneprnyeckme peakumm Ha
cBob6oaHOe Keneso

|V|exaHl/I3MbI'/ KOHKYPEHTHbI 3aXBaT Xese3a bakTepuamm u
N cneacTBus BMPYCaMM

OTnoKeHue *Kenesa B opraHax 1 TKaHAX
OcBoboxaeHne nabmnbHOro Xenesa B
HecBA3aHHOW popme



PacnpeaeneHmne 60/1bHbIX NOAYYAOLLLNX
remoamanms3 B 3aBUCUMOCTU OT YPOBHSA 3aMacoB
enesa B neyeHu (no aaHHbIMm MPT)

Normal hepatic iron

/ stores
2 [16%]

Fig. 1 Results of a cross-
sectional quantitative magnetic Severe iron overload
resonance imaging (MRI) study [30.2%)]
of 119 hemodialysis patients
(according to [3] and [8])

Moderate iron
overload
[19%]

Mild iron overload
[35.3%]

BbicoKasa nons 60n1bHbIX C NPU3HAaKaMK Neperpy3Kkun *Keiesom nevyeHu
CBMAETENBLCTBO Npobaem ero A4OCTYNHOCTH

G. Rostoker et al. Drugs (2016) 76:741-757



[NepopanbHbIn

B/BEHHbIN

Yepes
Anannsart

Cnocobbl AOCTaBKU XKene3a

dunsnonornyecknum nyTob

BbiCOKMe A03bl, Nno3sonaroLmne
BOCNONHUTb 3HAYUTENbHbIE
nortepwu

OCHOBHaA YacTb Cpasy NAeT B
Makpodaru, rae AenoHUpPyeTcs

[lo3npoBaHHOe NocTynaeHue
(3aaymaHo Kak [03a,
NO3BO/IAOLWAA HACLITUTb
TpaHcheppuH)

BepoATHO He CBA3aHO C
rencMamMHoBbIM NyTEM 6/10Kaabl
Mpsmon NyTb K TpaHCPEPPUHY

OrpaHuyeHmna no o6 vEMyY
BO3MELLEHMA
Jlerko 6n0KkMpyeTca rencuamHoOm

OrpaHuyeHmna obycnoBeHbl

1. pucKamu Bbixoaa cBoH6oAHOro
enesa (TOKCUYHOCTb)

2. annepruyeckMmm peakumamm
AKTUBaLMA rencManHoOBOro NyTu
6noKaabl

OrpaHuyeHmna no o6 vLEMY
NOCTYNAEHUA
KaK paccuuTaTb



CHATME PYHKLMOHANbHOIo 610Ka

Intracellular and
extracellular iron Erythropoietic iron
concentrations requirements Inflammation

~ 1l 7

CHepcidinD

Duodenal
enterocytes

\\/

Plasma iron

Hepatocytes and

Splenic Kupffer cells

macrophages

Ganz T, Nemeth E. Hepcidin and iron homeostasis. Biochim Biophys
Acta. 2012;1823(9):1434-1443.



9N03TUH-0NOCPEAO0BaHHbIN MeXaHU3M perynauum
3puTpono33sa: INO-3puTpodeppoH-rencuanH-xeneso
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Peakuyuna rencuguHa Ha Tepanuio Xene3om U NaLnMeHToB Ha
aoananusHbix ctraauax XblM: aHanmns nccneposaHna FIND-CKD
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Fig 5. Correlation between hepcidin levels and ferrltin |eve| at basellne week 8 and week 24 for patlents in the hlgh ferrltln FCM
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Gaillard CA, Bock AH, Carrera F, Eckardt K-U, Van Wyck DB, Bansal SS, et al. (2016) Hepcidin Response to Iron Therapy in Patients
with NonDialysis Dependent CKD: An Analysis of the FINDCKD Trial. PLoS ONE 11(6): e0157063.



HIF KaK perynatop sputponossa
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Figure 1. Hypoxis-induchie factor (HIF) pathway. Abbraviations: DoytB, duodenal

N kL oo vty M Lepynonnasmun (Fe2* > Fe3+) /

Gupta and Wish Am J Kidney Dis. 2017



AktuBaumna HAMP Ha doHe apednumnta Butammua D
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Figure 5. Vitamin D and the hepcidin-ferroportin iron-regulatory axis. Schematic
representation of a proposed mechanism for vitamin D regulation of hepcidin/HAMP -
ferroportin (Fp) interaction in hepatocytes and monocytes. Under conditions of vitamin
D deficiency, elevated synthesis of hepcidin by hepatocytes or monocytes may in-
crease intracellular and systemic concentrations of hepcidin and decrease membrane
expression of Fp in these cells. The resulting suppression of iron export will, in turn,
lead to intracellular accumulation, increased cellular ferritin, and decreased systemic
levels of iron. Under conditions of vitamin D sufficiency, decreased transcription of
HAMP may lead to decreased intracellular and systemic concentrations of hepcidin
and concomitant increased membrane expression of Fp. The resulting enhancement
of iron export may then lead to decreased intracellular iron and ferritin and increased
systemic levels of iron.

Justine Bacchetta u gp J Am Soc Nephrol 25: 564-572, 2014



[Tpoyme HoBenbl perynaumnmm obmeHa
Kenesa

AT K rencnanHy
BbikntoyeHmne reHa HAMP

AHTaroHMUCTbl TPUITEPOB N CUTHANbHbIX NYTEN
3anyckaembix BMP6 u IL-6

BnoKaTtopbl genctema Ha pepponopTUH



Renal Failure
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Figure 1. Study design.
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CHUXKXeHune rencngnHa n nosblilwleHUe remornobmnHa Ha (I)OHe Ha3Ha4eHWMA aTOpPBOCTATUHA



®YHKUUOHA/IbHbIA U ABCONIOTHbIU AESULUT
PUTPOMOSTUHA
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Figure 1. Diurnal changes of arterial oxygen saturation (5a0;, A)
and erythropoietin (Epo) concentration (B) in six men (squares) and
nine women (filled circles). Means and SE. 5Sa0; was only measured
in five males and seven females. Asterisks indicate significant
differences between sexes for single hours (P < 0.05 or better).

CyTouHble KonebaHus
3HAOreHHoro yposHsa 30O

Y 34,0pPOBbIX UL,

E. Cristancho et al Physiol Rep, 4 (17), 2016, e12901



YpoBeHb 910 mexaHU3MbI perynauum

EANHCTBEHHbI GU3MONOTNMYECKUI PETYNATOP - TKAHEBOE NapuMaibHOe AaBneHue
Kucnopoaa B TKaHAX (p0O2), KOTopoe 3aBUCUT OT KOHLEHTPaLUMn remornobuHa,
apTepuanbHoro pO2 n cpoacTBa remorniobuHa K Kucaopoay

[1o Tex Nop, NOKa KOHUEHTpaumna remornobmnHa He ctaHeT HUxKe 105 r/n,
KOHUEHTPaUMA 3PUTPONOITUHA HE BbIXOAMT 33 AManNa3OH HOPMaAbHbIX 3HAYEHUMN.

BbipaboTKa 3pUTPONO3TUHA PEryIUPYETCA HA YPOBHE TPAHCKPMMLMK ero reHa.
Kakue-nnbo geno ana 3MO OTCyTCTBYIOT, OH CEKPETUPYETCA Cpaly Noc/e ero
CMHTE3a

pO2 B MO3roBOM C/10€ MOYKN MaN0 3aBUCUT OT KPOBOTOKA, TaK Kak notpebneHue
NOYKaMM KUC/I0pOAa M3MEHAETCA Napan/ie/ibHO KPOBOTOKY NOYKM Hanbonee
0b6bEKTMBHbIN CEHCOP TKAHEBOW MTMMNOKCUM, OTBEYalOLWKNN npoaykumnen 3MO

Hebonblune KonebaHMsa KOHLEHTPALUMKN B KPOBU NPUBOAAT K CYLLECTBEHHbIM
N3MEHEHUAM CKOPOCTU 3PUTPOMNO33a , @ HOPMaA/IbHbIN ANANA30H €ro KOHUEHTpaLni
I0BOJIbHO WMPOK (4-26 ME/n).

Cekpetmpyembliit MO yTunamsmpyeTca NnocpeacTBOM 3HAOLUMTO3a U Pa3pyLlEHMA B
IN30COMax nocse coeguHeHMA Co CBOMMM pelenTopamm



B pe3ynbTraTte nporpeccmposaHna HeppocKaepo3a u ypemmu
apeKBaTHoe nosbiweHue MO B oTBET HAa aHEMUIO Ucyesaer

* YposeHb IO nosblwaeTca npu
cHukeHun Hb npun XBIM 1-3 cT.
No CHD * [lpn CHUXKEHUU KNNpPEHCA KPpeaTUHUHA
HUXe 30-40 mn/MmuH nosbiweHme 3M0
CTAHOBMUTCA HEaAEKBATHbIM
* [lpu TepmuHansHom ctagmm XIMNH
onpeaeneHHoe KOMMNEeHCAaTOPHOE NoBbIWEeHUE
M0 ocTaeTtcAa, 0o4HAKO aMnNAnTyaa ero
CHUXeHa
* YpoBeHb cbiBOpOTOYHOro 3MO0 y
o s 10 15 20 25 nauneHTos ¢ XbIl1 B 5 pa3 BbiWwe no

Ho, o/ CpaBHEHWUIO CO 340POBbIMU TNLLAMM
S Fishbane et al.Kidney International (2010) 78, 646-649
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Artunc F and Risler T. Serum erythropoietin
concentrations and responses to anaemia
in patients with or without chronic kidney
disease Nephrol Dial Transplant (2007) 22:
2900-2908
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Perynauuna tpaHcKkpunuuu reHa 3MN0

Degradation

Mpoaykuma MO 3aBUCUT OT CKOPOCTHU
TpaHckpunuuu reHa 30O Ha 7 xpomocome

B 3TOT npouecc BOB/IEYEHO HECKO/IbKO
$aKTOPOB TPAHCKPUNLUN.

NHaubumopeoi: GATA-2 1 HyKneapHbI GaKTop
gB (NF-gB), KoTopble cBsi3aHbl C HapyLleHnem
cnHTe3a D10 npu BoCnannTeNbHbIX
3aboneBaHMAxX

Cmumynamopsi: TMNOKCUEN MHAYLNPYEMDbIE
TPaHCKPUNUMOHHbIe pakTopsbl, (TUD)
NMetoLwme HECKONbKO HEeCTAabUNbHbIX
n3odpopm, nogeepratowmeca 6oicTpomy
rMMAPOKCUNNPOBAHUIO MO, BAUAHUEM
NPONINMHINAPOKCUANA3. TMNOKCcUA aBnaeTca
[NaBHbIM PErYIATOPOM MO3BONAKOLLNM
OCTAHOBUTb NPOLECC TMAPOKCUNNPOBAHMUA,
COOTBETCTBEHHO cTabunmnsnposatb NN, yto n
3anycKaeT npouecc TpaHcKpmnuum MO reHa.



[louemy Bbl
rnyboKoyBarkaemas NoYKa
HeAOoCTaTOYHO CMHTEe3upyeTe
3PUTPONOITUH?




2110 npoayuupyrowme KNeTin u rmnoKcua

1. Mpwn HopMmanbHOM oKcureHaumm ymucno IO

Oxygen replete Oxygen deficient NPOAYUMPYOWMNX KNETOK HEBENNKO, MO
__rx EP?‘Q?"*? _r> JIOKaNn3aumm OHW orpaHuYeHbl ryboknmm
Eno switching Epo
Y4aCTKaMM KOPTUKANBLHOIO M YaCTUYHO
OFF-REP ON-REP HApPY*KHbIMM y4aCTKaMKU MeayNANAPHOrO C/oA

2. [1pn rMNOKCUN NX YNCNO BO3pacTaeT
9KCNOHEHUMANbHO, OHU PACNPOCTPAHALOTCA OT
B Normal Acute anemia Chronic anemia |'f|y6o|.([/|x KOPTUKaNbHbIX Y4aCTKOB 40
: : NOYe4YHOM Kancy bl
3. MNpu HePppOoCKepo3e NOTPEOHOCTL B
KMucnopoge nagaet, no3Tomy
4YyBCTBUTE/IbHOCTb K KNC/IOPOAHOMN EMKOCTH
KPOBW CHUXKAeTCA
4. Crabunusauma HIF-1la no3sonser
aKTuBMposaTtb «cnawume» MO
npoAayuupylowme KAeTKku B 3TUX YC10BUAX

«' OFF-REPs .+ ON-REPs %% Hypoxic area

Souma T, Suzuki N and YamamotoM (2015) Renal erythropoietin-producing cells in health and disease.
Front. Physiol. 6:167. doi: 10.3389/fphys.2015.00167



[louemy Bbl
rnyboKoyBarkaemas NoYKa
HeAOoCTaTOYHO CMHTEe3upyeTe
3PUTPONOITUH?

[Tos1HOe cooTBeTCcTBUE OTMMMNUNCKUM
aHTUAOMUHIOBbLIM NPUHLMMNAM



AKTMBaLUMA peLenTtopa K 3pUTPONOITUHY

1. AHTUANONTO3

2. OAnddepeHuymnpoBKa
3. Mponndepaumna

Cell Membrane

A": Ry ST Q @
\ @ Anti-apoptosis Proliferation

i - Proliferation Differentiation

Elliott S, Sinclair A, Collins H, Rice L, Jelkmann W. Progress in detecting cell-surface protein receptors: the
erythropoietin receptor example. Ann Hematol. 2014;93(2):181-192. doi:10.1007/s00277-013-1947-2



Pucku

UMMYHOreHHOCTb

3MNO03TUHOBbIE NYTU CTUMYAALNN

3PUTPONO3a

CtumynaTopbl
3pUTPONO33a

JK30reHHble
CTUMYNATOPDI
peuentopos K IO

1. pudMO0

2. AMNO-mumeTnkun

Ctumynartopbl
3HA0reHHOWM
npoaykuumn IMO

1. UHrmbuTopsl

SSinpoannrmapoKkncmnasbl
2. UHrmbutopbl GATAL

d0H3J XUHHOdOL)

BUuneauniny

UMNIUJ



CoTtatepuenTt — rmbpuaHbln 6enok peuentopa aktusuHa llA. JlurangHaa nosyLuka
ana 6enkoB cemenctea (TGFR) (TpaHchopmupyowmin baktop pocta beta),
Yy4aCTBYHOLLMX Ha MNO3OHUX CTagUAX pUTPONOoa3a 1 perynmpytowmx
anddepeHUNpPOBKY U Co3peBaHNE NO3OHUX NpeaLecTBEHHNUKOB 3pUTPOLUTOB.

Sotatercept safety and effects on hemoglobin, bone, and
vascular calcification

Safety Hemoglobin BMD vC

REN-001 D x — %No  %tgtHb % with22% % with $15%
part 2 ose (mg/kg) 2 rescuet  achieved “Mem neck PAgatston

Sotatercept 0.3: n=9 89% 1% 33% 20% 71%
Sotatercept 0.5: n=8 75% 38% 63% 40% 80%

Sotatercept 0.7: n=9 89% 44% 78% 57% 100%

CONCLUSION:
Sotatercept exhibited a favorable safety profile and
was associated with trends in dose-related slowing

of VC. Less consistent trends in improved Hb
K I R E P O R T S Coyne et 3!, Kidney int Rep concentration and BMD were observed.
KiReports.org

Ly Kidney International Reports 2019 4, 1585-1597DOI: (10.1016/j.ekir.2019.08.001)
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Bonpoc:

C KaKoU CKOpOCMbHo 00X HO rnpoucxooumse
0bHOo81EeHUE 3pUuMmpoyUMos npu CHUXEeHUU
gpeMeHU UX #U3HU 0o 60 OHeu?

* Bpems KN3HM 3pUTpOoLMTA COCTABNAET, B CPEAHEM,
120 gHewn.
« ObHOBNEHME NYyNA IPUTPOLUTOB AONHKHO

NPOUNCXOANTb CO CKOPOCTbIO NPUMEPHO 2,3 MUINOHA
kKnetok 3a 1 cekyHay ( Goldwasser E., 1975 ).



http://humbio.ru/humbio/physiology/001793b2.htm

CNACHUBO 3A BHUMAHUE




