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Figure 1. Renal and extrarenal acute organ injury models in which iron chelation is
protective. HIF-1a, hypoxia-inducible factor 1a; NTBI, nentransferrin-bound iron.
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Hepcidin Mitigates Renal Ischemia-Reperfusion Injury by Modulating
Systemic Iron Homeostasis

Nwemnyecknin penepPy3moHHbIM CUHAPOM,
OlI n rencnanH Kak MOAYNATOP CUCTEMHOIO
roMeocCTasa *Kesesa

Nimemuyeckuii penepy3noHHbIA CUHIPOM
VHAYUHUPYET IKCIPECCUIO (PeppPONOPTHHA B IICUCHU
U CEJIE3EHKE, YTO ITOBBIIIAET HEFEMOBOE JKEJIE30 B
KPOBH U B MOYKax. BBelleHrE rencuiunua
MPENOTBPAIIAET ITH HAPYILICHUS, B TOM YHCJIE
CHIKAs DKCIPECCHIO B TTOUKax (peppornopTuHa u
MOBBIIIAs IKCTIpeccHto pepputuHa. Kak KoHeuHbIN
3 PeKT oTMeHaeTCsl CHUKeHHe TyOyIsIPHbBIX
MOBPEXKACHUI, aNONTO3, BOCIAJTUTEIbHAA
HHPWIbTPAIAS MOYEYHOU MAPEHXUMBI.

Y. Scindia et al. Seminars in Nephrology,
Vol39,Nol,January2019,pp76-84
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Figure 4. Protective role of hepcidin in AKI. Hepcidin protects against
renal IRl. Male C57BLK mice (age, 8-10 wk) were injected with phos-
phate-buffered saline (PBS) (vehicle) or 50 ;g hepcidin (intraperito-
neally). Forty-eight hours later they were subjected to bilateral renal
ischemia by clamping of the renal pedicle (26 min). After 26 minutes,
blood flow was restored by removing the clamps and tissues were
harvested after 24 hours of reperfusion. The plasma creatinine con-
centration was measured to evaluate renal function. Compared with
sham operation, renal IRl induced a significant increase in the
plasma creatinine concentration of PBS-treated mice. This IRI-
induced increase in plasma creatinine concentration was reduced
significantly by hepcidin pretreatment. Data points are plotted as
means = SEM. *P < .005. Abbreviation: Hamp, hepatic antimicro-
bial peptide.
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Kidney tubule iron loading
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glomerulosclerosis
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3yyeHbl MONeKynsipHble MeXaHU3Mbl
OTIIOXEHUS Kemnes3a B noykax npu
akcnepumeHTtarnoHoMm OCIC n adbekT
NHTEPBEHLNN CHUXKAIOLLMX Xerle3o
kantonpuna (CA), aneTtbl ¢ 4edumToM
xenesat (ID) n npedepockamMuH

(DFO). NHbekuumn Mab npmnsoaunnu kK
3HaunTenbHon anbbymuHypun (p < 0.01).
OTnoxeHus Xernesa HapacTtanm c
nporpeccunen 6onesHn NPenmyLeCTBEHHO B
AncTanbHbIX KaHanbuax. HasHa4vyeHnune CA, ID
anetbl unn DFO 3Ha4nTenbHO CcHUXano

OTJ10KEHNE Xefe3a Ha D8 n d D22 (p < Figure 2. Kidney iron loading in mAb-injected mice. Representative images of kidney Perls staining
O . OO 1) n CbV'6p03 Ha D22 (p < O . O 5) . demonstrating iron deposition (in blue) in mAb-injected mice that increases over time (a). Immunostaining

of L-ferritin and H-ferritin in combination with proximal tubule marker LTA-FITC demonstrates distal
tubule iron deposition (b). Quantification of kidney iron loading as a percentage of cortex tubules positive
for iron deposition (c). Significantly increased urine non-heme iron levels were observed in mAb-injected
. : mice compared to control at D5 and D8 (d). *p<0.05, **p <0.01, ***p <0.001 compared to control using
htt p S: //d Ol1.0 rg/10 . 103 8/5415 9 8 -022-0 5 2 6 1- 4 Mann-Whitney t-test; D day, Ctrl control, mAb monoclonal antibody, PT proximal tubule, DT distal tubule.
Scalebar=50 um in A, 20 um in (b).
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A3y4eHbl MONeKYnsipHblE MEXaHU3MDb
OTNOXEHUA Xenesa B rnoykax npu
akcnepumeHTtarnbHoM OCIC n adbekT
NHTEPBEHLMN CHUXKAIOLLMX XKere3o
kantonpuna (CA), aMeTbl ¢ 4edPMUMTOM
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arrows and quantified in the graph (n=4-8 per group). mRNA expression levels of Collagen III and TGFj
demonstrate a significant increase in mAb-injected mice compared to control, which is reduced by CA, ID

and DFO (c). *p<0.05, **p<0.01 compared to mAb, ***p<0.001 compared to control using one-way ANOVA
Kruskal-Wallis test; D day, mAb monoclonal antibody, CA captopril, ID iron-deficient diet, DFO deferoxamine.
Scalebar=50 pm.
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1. TpaHcnopT 1 MeTabonnam xernesa B NPOKCUMarbHbIX
KaHanbLax

2. TpaHcnopT n metabornnam xeresa B AUCTarnbHbIX KaHanbLax,
ponb NGAL

3. ['encnanH n noYku



nnnnnnnnnnnnn

TpaHcnopT 1 metabonmnam xenesa
B MPOKCUMaribHbIX KaHanbLax




TpaHcnopT *enesa
B HEPPOHE

Heneso u KenesocoaepKawme
KOMMJIEKCbI 1ETKO NpeoaoneBatoT
rTOMEpPYNAPHbIN Bapbep, 0AHAKO
noTepu xenesa c Mo4Yon y
340POBOr0 YeN0BEKA MMHMMA/IbHBbI.
3710 TpebyeT MOLHbIX U
pa3Ho0bpa3HbIX MEXaHMU3MOB
peabcopbuunn, perynaymu
BHYTPUKNETOYHOIO
pacnpeaeneHus, TpaHcnopTa U
AEeNOHUPOBaHUA

Wareing M and Smith CP (2021) Iron Is Filtered by the Kidney
and Is Reabsorbed by the Proximal Tubule.
Front. Physiol. 12:740716.
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FIGURE 6 | Renal iron transport. Model of renal iron handling along the nephron showing estimated quantitative contribution of three groups of nephron
segments. Percentage data refer to the amount of filtered iron reabsorbed. Values apply to a 250g Wistar rat and are based on data presented in this manuscript
and Wareing et al., 2000). Filtered load of iron was calculated assuming a glomerular filtration rate of 2.251.day" (Bijsterbosch et al., 1981) and taking the 30kDa
ultrafiftrate iron concentration of 4.48 pmoll-" as representative of the concentration of iron fittered. Iron remaining at the end of the PCT was calculated assuming
60% of filtered water is reabsorbed along PCT and taking the end PCT iron concentration to be 1.8 pmol.I-" (from Figure 1). PCT reabsorption of iron was
calculated by subtracting end PCT iron concentration from the filtered load of iron. The amount of iron reabsorbed by the loop of Henle or DCT and collecting
ducts was calculated using the urinary iron concentration as a starting point (value taken Wareing et al., 2000,) and assuming 20% of injected iron was reabsorbed
downstream of the PCT (value taken Wareing et al., 2000). Iron present at the start of the DCT was calculated assuming 50% of injected iron was reabsoried
downstream of the DCT. Iron reabsorbed by loop of Henle was calculated by subtracting the calculated value for the DCT from the measured iron concentration at

the end of the PCT (from Figure 1).




ANUTENNM NPOKCUMAIbHbBIX KaHaNbLEB

van Swelm, R.P.L., Wetzels, J.F.M. &

Swinkels, D.W. Nat Rev Nephrol 16, 77—
98 (2020).

C asmeHeHMAMM 13




ANUTENNM NPOKCUMAIbHbBIX KaHaNbLEB

o
\ )
V

C asmeHeHMAMM 13

van Swelm, R.P.L., Wetzels, J.F.M. &
Swinkels, D.W. Nat Rev Nephrol 16, 77—
98 (2020).




ANUTENNM NPOKCUMAIbHbBIX KaHaNbLEB

MeranuH

___>
KybynuH
o
7, Sl

4 pH g@

van Swelm, R.P.L., Wetzels, J.F.M. &

Swinkels, D.W. Nat Rev Nephrol 16, 77—
98 (2020).




MeraamH-KyoyaamHOBbIN
KOMMEKC

Meranus — 3To TpaHCMEMOpaHHbBIN MPOTENH, OCHOBHAS
9aCTh - KCTPAICIUTIONSPHBIN TOMEH, KOTOPBINA OMPEACIISIECT €TO
CIIOCOOHOCTH K CBSA3BIBAHUIO 3HAUUTEIHHOTO KOJIMUECTBA
nuranjoB (0onee 50), MeHbIIAsA YaCTh - TPAHCMEMOpAHHBIH,
BHYTPUKJIETOUHAS YaCcTh HEOOJIbIIAsl, UTPAET BaXXHYIO POJIb B
€ro PEIUPKYIISIIUU U pa3pylieHun. BaxubiMu cBoicTBaMU
MeraJIMHA SIBISIIOTCS] OBICTPOE BOCCTAHOBIIEHHE MOCIIE LIUKIIA
3axBara U MHTEPHAJIM3AIUU JIUTAH/1a U JITTUTEIbHBIA MePHUO/]
KU3HU. ODYHKIIMOHUPYET OH BMECTE C BHEKJIETOUHBIM
MPOTEUHOM KyOUIMHOM, (OPMUPYST HECEIECKTUBHBIN
pPELENTOPHBIN KOMIUIEKC Ha alMKaJIbHOW YaCTH SIUTEIIUS
MPOKCUMAJIbHBIX KaHAJIBIICB.
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ApantuposaHo 13: Sun Y, Lu X, Danser AHJ). Megalin: a Novel Determinant of Renin-Angiotensin System Activity in the Kidney? Curr Hypertens Rep. 2020 Mar 14;22(4):30.




Perynsaums »kenesom akcnpeccum KybyanHa n peLentopos K
TPpaHCPEPPUHY B MOYKAX pa3HOHAMNPaBAEHO

Mpwn neperpyske »kenesom cpabatbiBaeT
MEXAaHU3M CHUMKEHUSA IKCNpeccumn
PELEnTOPOB K TPAHCPEPPUHY, HO
HapacTaeT akcnpeccus KybynnHa, 4to
BEPOATHO CBA3aHO C HEOBXOAMMOCTbIO
ybunpaTb Keneso U3 NpocBeTa KaHanbLEB

Weiss A, Spektor L, A. Cohen L, Lifshitz L,
Magid Gold I, Zhang D-L, et al. (2018). PLoS ONE 13(10):
€0204471.
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Fig 3. Cubilin and Tfr1 are regulated by iron in opposite directions. TfR1 (A) and cubilin (B) protein levels were tested by Western-blot analysis of
kidney lysates. Membranes were probed with either cubilin, TfR1 or actin antibodies. TfR1 levels in iron over-loaded mice were decreased. Cubilin
levels were increased in kidneys from iron-loaded mice. (C, D and E) Kidney mRNA levels of TfR1, cubilin and megalin were evaluated by qPCR. (C)
TfR1 mRNA levels correlated with protein levels (n =5, *P<0.05), (D) no significant difference in cubilin mRNA levels was observed (n = 6). (E)
Megalin mRNA expression increased in iron overloaded kidneys (n = 7, ** p<0.005).




Perynaums »kenesom akcnpeccum KybyanHa v peLentopos K
TpaHCPEepPUHY B MOYKAX pa3HOHAMNPaBAEHO

1. TpaHcnopTHble cuctembl TFR 1 1 MeranuH-kybynnmnHoBbIN KOMMNIEKC HAaXoaAaTCA
Mexay cobon B peunnpoKTHbIX OTHoweHUsX: TFR 1 Tuna B oTBET Ha neperpysky
Kernesom No4YeyHOro annTenusa nodYkax CHUXaeT CBOK 9KCNPECCUI
(nocpegHunkom BbicTynaet IRE-IRP ), yto cornacyercsa ¢ on3nonornyecknm
MexaHNn3MoM obpaTHOM CBA3M N HOCUT YHUBEpPCAaribHbIN XapakTep. B aT1o xe
BpPEMSI aKTUBHOCTb MerasnnunH-kyoyrnnmHOBOro KoMmnriekca HapacTaert. B
NPOTMBOMNOMOXHOM CUTyaunmn BCE NponcxoamnT HaobopoT.

2. Pesynstupyolwnin agpdekT aTUX peunnpoKTHLIX B3auMog4encTBMnU COCTOUT B TOM,
YTO HOPManbHO OYHKLUMOHMPYIOLLNE NOYKN MUHUMUBUPYIOT MNOTEPU XKeresa B
Mo4y Byab TO COCTOsIHUE ero geuumnTta nnm neperpys3kn, YTo cCHMTaeTcsa OaQHUM
N3 3aLUNTHBIX MEXaHN3MOM B OTHOLLEHMN MHMEKLINM MOYEBBLIBOOALLMX NYTEMN.

3. [pyrasa Bo3amoxXHaa npuynHa Takon peabcopbumm xxenesa COCTOUT B TOM, UTO
OHO Hapsioy C KNCITOPOAOM y4acTBYET B PErynsaumm CUHTE3a 3puUTPonoaTuHa, He
Byab OOCTAaTOMHOM KOHLUEHTpaUUW Xenesa B NoYe4YHON napeHxmme, Bbl3BaHHOM
6riokom ero peabcopbunmn 3to 661 4ONONMHUTENBHBLIM dakTOPOM cTabunusauymm
HIF n HeonpasgoaHHOW CTUMYNALUMKN CUHTE3a 3PUTPONOITUHA.

Weiss A, Spektor L, A. Cohen L, Lifshitz L,
Magid Gold I, Zhang D-L, et al. (2018). PLoS ONE 13(10):
€0204471.
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[Tyt peabcopbrpoBaHHOIO *Kesnesa

* TpaHcunTO3UC (NPEANoNoKEHMNE, MAJIO YTO N3BECTHO)
* JKCNOPT Kaaccmyeckni (beponopTuH)
* YTUAM3AUMUA HA BHYTPUKNETOUYHbIE HYX b

* CBA3bIBaHMe ¢ peppUTHOM H.
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Figure 2. Cellular iron regulation. The intracellular iron pool is regulated by the binding of IRP1 and IRP2 to IRE. IRP1
and IRP2 are RNA binding proteins that interact with IRE to control the translation of proteins involved in iron metabolism.
IRPs are either present at the 3/ UTR or the 5’ UTR of the target mRNA. When an IRP binds to a single IRE at the 5’ UTR,
mRNA translation is repressed. On the other hand, the binding of IRP to IRE at the 3/ UTR stabilizes the transcript and
leads to increased mRNA translation. The illustration was created using BioRender.com, (accessed on 3 April 2021).

* BbICOKMI ypOBEHDL Xenesa cnocobCTBYHOT NHIMOUPOBaAHUIO aKTUBHOCTU CBA3bIBaHUSA
IRP1 c IRE

* [lpun oedpuuymnte xenesa IRP ceasbiBaetca ¢ IRE:

TpaHcnauunsa 6enkos, 3aBUCUT OT MECTONMOSIOXKEHNA B OQHOM Crlyvyae nponcxoguT

pernpeccus TpaHcnaunn dpepputmHa n pepornopTrHa, B ApYrom - ctabmunmnsayma

TpaHCKpUnuum 0erkoB, CBA3aHHbLIX C TPAHCMOPTOM Xere3a BHYTpb KIeTkn (DMT-1 n TfR)

Vogt, A.-C.S.; Arsiwala, T.; 9Mohsen, M.; Vogel, M.; Manolova, V.; 9Bachmann, M.F. Int. J. Mol. Sci.
2021, 22, 4591
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[MpeobnapaHme TyOynApHOro OTNOXKEHUA XKee3a B NoYeYHbIX buonTtaTax npu
XPOHMYECKOM 3a60N1€BaHUN MOYEK.

Patients with tubular iron Localization of
Kidney disease Abbreviation deposition/Total patients (n/n) (%) | iron deposition
Diabetic nephropathy DN 6/27 (22) PT+DT
Membranous glomerulopathy 7/21(33) PT+DT
IgA nephropathy IgAN 7119 (37) PT+DT
Focal segmental glomerular sclerosis FSGS 6/19 (32) PT+DT
Minimal change disease 3/13 (23) PT
Lupus nephritis LN 3/11(27) PT+DT
Wegener's disease 5/7 (71) PT+DT DT, AucTanbHbIK KaHaneu,;
Hypertension nephropathy 3/4(75) PT+DT [T, npoKkcumanbH bIN KaHaneuy,
Anti-glomerular basement membrane disease 1/1 (100) PT+DT
Thin basement membrane disease 0/1(0)
Total 41/123 (33)
Healthy control 0/8 (0)

Table 1. Prevalence of tubular iron deposition in renal biopsies in chronic kidney disease. DT, distal tubule; PT,
proximal tubule.

van Raaij S, van Swelm R, Bouman K, Cliteur M, van den Heuvel MC, Pertijs J, Patel D, Bass P, van
Goor H, Unwin R, Srai SK, Swinkels D. Tubular iron deposition and iron handling proteins in human
healthy kidney and chronic kidney disease. Sci Rep. 2018 Jun 19;8(1):9353. doi: 10.1038/s41598-018-
27107-8. Erratum in: Sci Rep. 2018 Sep 3;8(1):13390. PMID: 29921869; PMCID: PMC6008459.
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Wilazlo E, Mehrad B, Morel L and
Scindia Y (2021) Iron Metabolism: An
Under Investigated Driver of Renal
Pathology in Lupus Nephritis.

Front. Med. 8:643686
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FIGURE 3 | Under physiological conditions little transferrin bound (TBI) and non-transferrin bound iron (NTBI) is filtered by the glomerular assembly and is reabsorbed
and cycled by the proximal tubular cells (PTEC). However, in LN, glomerular injury results in an increased leakage of TBI and NTBI, which can be reabsorbed by the
PTEC via TfR1, ZIP8/14, and MCEC. While TfR1 is regulated by the IRP-IRE system, ZIP8/14, and MCEC are not and can continue to absorb the leaking TBI and
NTBI to iron overioad the PTEC. This can overwhelm the heavy chain ferritin (FtH) iron binding capacity, leading to release of labile iron and render the PTEC
susceptible to ROS mediated injury and lipid peroxidation. The glomerulopathy associated protein overload (e.g., albumin) and lupus autoantibodies can
independently induce ROS in the PTEC and activate ROS sensitive inflammatory pathways. The accumulated iron can catalyze ROS formation via the Fenton reaction
and exacerbate the inflammatory phenotype of the PTEC to worsen tubulointerstitial injury and accelerate the progression to renal failure. TfR1, transferrin receptor 1;
MCEC, megalin cubulin endocytic complex; FtH, heavy chain ferritin; ROS, reactive oxygen species; IRP-IRE, iron regulatory protein-iron response element.




Mpeanaraemblt mexaHu3m yvyactma ZIP14 B onocpeoBaHHOM
dbepponTo3om AnabeTnyecKkom NOBPEXKAEHMNM MOYEK.
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Figure 3. Role of myeloid-and proximal tubule-specific Ferritin heavy chain deletion on fibrosis
during reversible obstructive nephropathy.

(A) Illustration of experimental design. Reversible obstructive nephropathy was induced by
clamping one of the ureters for two days. following which the clamp was removed and
animals were allowed to recover for five days. (B) Fibrosis following injury was determined
by picrosirius staining on the obstructed kidney sections from wild-type (FtH™™). proximal
tubule specific FtH deletion mice (FtH*7 ") and myeloid specific FtH deletion mice
(REEM=7) Rep ges of the stained kidney sections are shown in the upper
panel (scale bar — 400 um) and middle panel (scale bar — 100 pm). Lower panel: graphical
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TpaHcnopT n MeTabornnam xereasa B
aucTanbHbIX KaHanbuax, ponb NGAL




TpaHCnopT Xenesa
B HEPPOHE

Wareing M and Smith CP (2021) Iron Is Filtered by the Kidney
and Is Reabsorbed by the Proximal Tubule.
Front. Physiol. 12:740716.
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FIGURE 6 | Renal iron transport. Model of renal iron handling along the nephron showing estimated quantitative contribution of three groups of nephron
segments. Percentage data refer to the amount of filtered iron reabsorbed. Values apply to a 250g Wistar rat and are based on data presented in this manuscript
and Wareing et al., 2000). Filtered load of iron was calculated assuming a glomerular fittration rate of 2.251.day" " (Bijsterbosch et al., 1981) and taking the 30kDa
ultrafiftrate iron concentration of 4.48 pmoll-" as representative of the concentration of iron fittered. Iron remaining at the end of the PCT was calculated assuming
60% of filtered water is reabsorbed along PCT and taking the end PCT iron concentration to be 1.8 pmol.I-" (from Figure 1). PCT reabsorption of iron was
calculated by subtracting end PCT iron concentration from the filtered load of iron. The amount of iron reabsorbed by the loop of Henle or DCT and collecting
ducts was calculated using the urinary iron concentration as a starting point (value taken Wareing et al., 2000,) and assuming 20% of injected iron was reabsorbed
downstream of the PCT (value taken Wareing et al., 2000). Iron present at the start of the DCT was calculated assuming 50% of injected iron was reabsoried
downstream of the DCT. Iron reabsorbed by loop of Henle was calculated by subtracting the calculated value for the DCT from the measured iron concentration at

the end of the PCT (from Figure 1).




BBOAHbIE NO/OXEHUA

* KonnyecTBo Kenesa B mo4ye 3Ha4YnUTe/IbHO YMeHbLUaeTCA

e [lnctanbHble KaHaNbLbl MPAaKTUYECKN HE PacCYUTAHbI Ha
peabcopbumnio benka

* MeTtabonnyeckas akTUBHOCTb (COOTBETCTBEHHO NOTPEOHOCTD B
yKenese) ANCTa/IbHbIX KaHaNbLLEeB 3HAYUTENbHO HUXKE Yem
MPOKCUMabHbIX

CobcTBeHHbIE AaHHbIE, NpeacTaBaeHHble PACHAHCKUM B.1O., MEANLMHCKMM OMPEKTOPOM CETU Anann3HbiX KnMHuk «Hedpomen»



SNUTENNIN ANCTaNIbHbIX KaHa/ibLEB

C uameHeHnaAMU u3
van Swelm, R.P.L., Wetzels, J.F.M. &
Swinkels, D.W. Nat Rev Nephrol 16, 77—
98 (2020).




[BOWHOE AencTBue nUnokKannHa, accoummpoBaHHOro ¢
HeuTtpodunbHoun xenatnHasomn (NGAL)

A holo-NGAL
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Iron export

Figure 4. Schematic model of NGAL-mediated iron traffic. (A) Siderophore:iron-associated NGAL (holo-NGAL) delivers iron into
the cell. After receptor-mediated uptake, NGAL traffics in acidic endosomes, which promote the release and cytoplasmic
accumulation of iron, resulting in regulation of iron-dependent genes (9). (B) Siderophore:iron-free NGAL (apo-NGAL) captures
intracellular iron and transports it to the extracellular space. Endosomal NGAL captures iron via a hypothetical intracellular
siderophore, which is followed by recycling to the extracellular space as per Devireddy ef al. (20).

Schmidt-Ott KM, Mori K, Li JY, Kalandadze A, Cohen DJ, Devarajan P, Barasch J. Dual action of
neutrophil gelatinase-associated lipocalin. J Am Soc Nephrol. 2007 Feb;18(2):407-13

Figure 5. (Top) Ischemic kidneys synthesize NGAL for at least
50 h after reperfusion manifest by an approximately 1000-fold
increase in NGAL message (measured by real-time reverse
transcriptase-PCR). The mRNA levels of NCAL are compared
with the smaller degrees of modulation of genes that are rele-
vant to acute renal injury (hypoxia-inducible factor [HIF],
FGF2, and bone morphogenic protein 7 [BMP7]; “significantly
modulated from time zero). Note the log scale of mRNA abun-
dance. (Middle) After renal injury, NGAL mRNA is expressed
predominantly in the loop of Henle and collecting ducts as
determined by in situ hybridization. (Bottom) Urine from pa-
tients with mild (lanes 1 and 4) and severe (lanes 2, 3, and 5)
renal epithelial injury contains NGAL as analyzed by immuno-
blot for NGAL protein (NCAL standards are shown on the left).
The molecular weight difference between standards and sam-
ples is due to glycosylation.



NGAL (J/lunokanumH, acCouMMPOBaAHHbIN C HEMTPOPUIbHOWN
enaTnHa3on)

®dyHKuMKM LCN-2 onpeaenaroTcs ero cTaTycCom Nno OTHOLUEHMUIO K »Kenesy, cBoboaeH
NN Harpy»KeH um. C 3TUM e CBA3aHO M ero nepBMYHOE NPOUCXOXKAEHME.

* MMpoaykuma un cekpeumns LCN-2 KneTKkamm no4YeyHoro annuTesina NPom3BoaANUTCA B
cBoboaHOM OT XKenesa dopme, a Makpodarm ero CeEKpeTupytoT B opme, KoTopas
V)K€ HaXo4MTCA B COCTOAHUM CBA3AHHOM C }Kee30M.

* [poayKumna cBoboaHoOM OT Kene3a GopPMbl aCCOLUMPYETCA C MOYEYHbIM
noBpexaeHnem, To BTopas popma npeobnagaet npm pereHepaTUBHbIX
npoueccax (MHdy3nma makpodaros, ob1aaaroLMX CBOMCTBOM CBEPXIKCNPECCUM
LCN-2 B paHHIOIO $pa3y MWIEMUYECKOTO NOBPEKAEHUA MOYEK CHMUMKAET CTENEHDb
noBpeXAeHUs U NoTepto noyeyHou GyHKUMM U cnocobeTByeT bonee BbICTpoOM

pereHepauunmn)

Mertens, C.; Marques, O.; Horvat, N.K.; Simonetti, M.; Muckenthaler, M.U.; Jung, M. TheMacrophage Iron Signature in Health and Disease. Int. J. Mol. Sci. 2021, 22,8457.
YangJ,MoriK,LiJY,Baraschl.Iron,lipocalin,andkidneyepi-thelia.AmJPhysiolRenalPhysiol.2003;285:F9-18. 55.YangJ,GoetzD,LilY,etal.Anirondeliverypathwaymediatedbyalipocalin.MolCell.2002;10:1045-56.
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The kidney hepcidin/ferroportin axis controls iron ) Gheaicfor pdatas
reabsorption and determines the magnitude . .
of kidney and systemic iron overload OFEN

Goran Mohammad ', Athena Matakidou®, Peter A. Robbins' and Samira Lakhal-Littleton'

'Department of Physiology, Anatomy and Genetics, University of Oxford, Oxford, UK; and “Cancer Research UK Cambridge Institute,
University of Cambridge, Cambridge, UK
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Ctparterumn, HanpaBrieHHbIE Ha OCb
rencuguH/pepponoptnH (FPN) ansa nevyenus
HapyLLUEHW Neperpyskn XXenesom, MoryT BNusTb
Ha YPOBEHb Xeres3a B Novkax Kak Hanpsimyto,
nyTem MHrmbmposaHus nodyedHoro FPN, Tak n
KOCBEHHO, NyTeM nHrnomnposaHust FPN B
KULLEYHUNKE U Cere3eHkKe.

[MoBbILLEHHbIN YPOBEHL rerncuanHa npu
XPOHUYECKOM 3aboneBaHMn NOYEK MOXET
NpPenaTCTBOBaTb NMPOrpeccnpoBaHnIo NOYEYHOMN
He4OCTaTOYHOCTN, BNOKMPYSA SKCNOPT XKenesa 13
NOYEYHbIX KaHanbLEB.

B-TpeTbux, gencreue rencmgmHa Ha noYedHbIn
FPN moxeT nameHnTb Ucxoabl napeHTepanbHOro
nevyeHna npenapartamm xernesa nytem
CTUMYNALNN yOep>KaHUS XKeresa B NOYEYHbIX

Ka Han bL"aX. ‘..lllllllllllllllllllllllll’lllllllll‘lllll llllllllllllllllllllllllllllI:llll.llllllllllllll.llllllIllllll'llIlllllllll‘lllllllllllllllll'lll'llll""
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Ducdenum Duodenum

Reticuloendothelal Reticuloendothelial

system

FPNCGZGY
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Figure 5 | The role of the renal hepcidin antimicrobial peptide (HAMP)/ferroportin (FPN) axis in the setting of iron overload. Provision
of iron-loaded diet increases serum iron availability and iron levels in the glomerular filtrate and increases hepcidin (HAMP) production and
release by the liver. Increased serum HAMP inhibits iron reabsorption by blocking FPN in renal tubules. Inhibition of iron reabsorption causes
renal iron retention while decreasing systemic iron availability and consequently reducing liver iron overload. In FonC3326Y"" Pax8.CreER™"
mice, the loss of HAMP responsiveness in the renal tubules causes unregulated iron reabsorption. This, in turn, prevents renal iron retention
while increasing systemic iron availability and subsequently increasing liver iron overload.

Kidney International (2021) 100, 559-569;
https://doi.org/10.1016/
j-kint.2021.04.034



JKCnpeccusa rencuamHa B pa3HbixX OTAenaX
HEPPOH3
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o _ _ Figure 3. Hepcidin protein expression along the nephron.
Y. Scindia et al. Seminars in Nephrology,

Vol39,No1l,January2019,pp76-84



[encnamH 1 NoYKn

[encTteme rencuamHa BblpabaTbiBaemMoro B neyeHm Kak abcontotHoro 6s10kaTopa
MMMNOPTA Xene3a U3 NoveK Ana HUxX 6bi1o bbl rydbnuTenbHO, MOCKONbKY AJ15 NOYEK
Ba*KHO COXPaHUTb COCOBHOCTb NPu N0ObIX YCN0BUAX N36ABNATLCA OT JINLLHETO
Kenesa.

Ponb rencugnHa B Nno4Kax AnAa CUCTeMHOrNo romeocTtasa BTOPOCTENEHHA

JKcnpeccma B MOYEYHbIX KaHa/bL,@AX OT/IMYAETCA OT KAHOHUYECKOTO NyTH,
3aNyCKaeMoro BOCMANUTE/IbHbIMU CTUMYNAMU. [NaBHYIO pPO/ib B 3TOM UrpaeT
¥Keneso, NnocpeacTBOM akTMBALMK TPAHCKpUNLUMOHHOro ¢pakTopa Nrf2,
Y4aCTBYIOLLEro B aKTUBALUMM NPOTEKTUBHbIX aHTUOKUCAUTENbHbBIX MEXaHU3MOB.

B pe3ynbrate CMCTEMHOIO UM NOKANbHOTO AENCTBUA, BbICOKMN YPOBEHD
rencMamHa B Mo4Ye accounmnpyeTca C NPOTeKTUBHbIM 3pPpekTom npu OMT,
BbI3BaHHOM remMo/IN30M nocae onepaumm c npumeHeHnem AUrN

CobcTBeHHbIE AaHHbIE, NpeacTaBaeHHble PACHAHCKUM B.1O., MEANLMHCKMM OMPEKTOPOM CETU Anann3HbiX KnMHuk «Hedpomen»



BbiBOAbI

. "Kenes3o u kenesocoaeprkawme KOMMNAEKCbl NErKO NPEO0A0NEBAOT MTOMEPYNAPHbIN
bapbep, 0AHAKO NOTEPU Kene3a C MOYOM Y 310POBOro YeN0BEKA MUHMMA/bHbI.
370 TpebyeT MOLWHbIX N pa3HOODOpPaA3HbIX MEXaHU3MOB peabcopbumnun, perynaumm
BHYTPUK/IETOYHOIO pacnpeaeneHms, TpaHCNoOpTa U AenOHUPOBAHUA

. MexaHn3mMbl 3axBaTa M TPAHCNOPTA enesa UMET KauecTBeHHble OTIMYMA Npun
CPaBHEHWUN PA3HbIX CErMEHTOB HePPOHaA

. B no4yKax ecTb KaK Hecneundmnyeckme mexaHmu3mbl, 3alumuiatolime ot n3bbiTka
enesa, Tak n cBos 3awmuTHaa cuctema NGAL (Neutrophil gelatinase-asociated
lipocalin), KoTopaa HenocpeACcTBEHHO CBA3aHa C Xene3om

. TTOYKKM BaXKHENLUMWN PErynaTop cMcTeEMHOro metabonmama xenesa (onocpeayeTcs
rencnguHom, T’NoP),

. OCHOBHbIe NaTO/NI0rMYECKME NMPOLLECCHI NPOTEKAOLWME B MOYKAX 3aTParmMeatoT
obMmeH Kenesa, KoTopbin aBnaeTca moanduumnpyemobim GaKTopom pUCKa
MOYEe4YHOro NoBpeXAEHUA

CobcTBeHHbIE AaHHbIE, NpeacTaBaeHHble PACHAHCKUM B.1O., MEANLMHCKMM OMPEKTOPOM CETU Anann3HbiX KnMHuk «Hedpomen»



3 Tembl 41A OyaAyLLNX KOHDEePEeHLUA

* PepponTo3 M NOYKHU
» }ene3so, IRP/IRE KaK perynstopbl NP
* OlM v Xeneso, TPaHCNALMOHHAA meAULMHA
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