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Onpepnenenne Hedpockneposa (HC)

HC - natonornyeckoe cocTossiHUe, NPy KOTOPOM TKaHb
MOYKW 3aMeEHSIeTCS COeaUHUTENBHOWN TKaHb, MPWY 3TOM HapyLuatoTcs eé

q3yHKLI,I/II/I BMJ10Tb A0 NOJIHOIO npekpaLllieHus pa6OTbI OpraHa

Glomerulus

Scar tissue

Damaged

Collecting
glomerulus

tubules

[pyrue Ha3BaHuS:
* YNNOTHEHME MOYKN
* [lepBNYHO/BTOPUYHO CMOPLLIEHF

Damaged
tubules

Diseased
kidney
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[TpnYnHbI pa3BUTUA HEPPOCKEepOo3a

* HC He aBnsaeTca camMocToATeNbHbIM 3aboneBaHNEM
* Pasann4yHelie aTnonornyeckme aktopbl
* [MNnepToHM4Yeckas bonesHb N caxapHbin AnabeTt — 2/3 cny4aes

[lepBUYHO cMOpLLIeHHasa NoYKa BTopryHOo cMopLleHHasa noYka

ApTepuanbHas runepTeH3us CaxapHbin gnaber
ATepockKknepos [ nomepyrnoHeppuT
MHapKT NoYKu TybepKyrnes novkm

Pedntokc-Hepponatugd
[TonNMKMcTOo3 noyek
CuncTteMHasi KpacHasa Bofn4aHKa U
Op. cucteMHble 3aborneBaHus
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dnbpo3Has reHoMHasi nporpamMmma

peLenTopbl C TUPO3NHKMHA3HOM aKTUBHOCTLIO (reHbl Gdnf, Ret)

reHbl PEHUH-aHTMOTEH3MHOBOW CUCTEMBI (FreHbl Agt, Ren, Agtrl, Agtr2)

A0€EePHbIN peuenTop PETUHOEBOW KUCIOTLI (FreHbl Rara, Rarb)

curHanbHaga cuctema Wnt (reHbl Ctnnb1, Wnt7b, Wnt9b, Fzd1)

curHanbHasa cuctema Hedgehog (reHbl Shh, Gli3, Smo, Tshz3)

curHanbHaga cucrtema TGF-f3 (TpaHcdopmMupyoLwmnin doaktop pocTa 3; reHbl Bmp4,

Smad4)

Higgins SP, Tang Y, Higgins CE et al, Cell Signal. 2018 Mar; 43:1-10
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AHIMMOTEH3UH |l — Meanartop BOCHalieHn4d

MCP-1 L
AKTVBHbIE (hOPMBbI KCTIOpoaa M7
(ROS) TNF-o
Monekynbl agresmm \\ // e
AHTMOTEH3UH Il
[MpodpunbpoTrnyeckne aktTopobl — T | MHaykums npoaykumm PAI-1
pocTa / \

CuHTE3 GenkoB aKCTpaLENMONAPHOro WHpykums akcnpeccun TGF-f

MaTpUKca

Mwurpauua makpodparos

AKTnBauUuUa Mmakpodaros

[MopoaepxaHue u perynauns nponudepaunmn KneTok, socnaneHus, ¢omdoposa




MwnodomnbpobnacThbil

EPO
O O Collagens aSMA
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Myofubroblast

CMNeKTp kKomMmnoHeHToB SLIM enie Tubular
(PDGFRJ, NG2) % “..__epithelial cell
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* MN36bITOYHOE HakonneHne
9TUX KOMMOHeHToB LM
BEOET K pa3BUTUIO
domnbpo3sa

a-SMA — a-ImagKkomMbILLEeYHbIV aKTUH

OLM — aKkcTpauennionapHbIn MaTpUKC

OMI1 - anuTtennanbHO-MeEXOHXMUMarbHbIW Nepexoa
OHT — sHpgoTennanbHO-Me3eHXUMarnbHas

TpaHcopmMaLis Mack M., Yanagita M. Kidney Int. 2015 Feb;87(2):297-307




Makpodaru

Makpodharu
1
Cytokines TNF PDGF
ROS IL-1 FGF-2
TGF-gl TGF-p1 TGF-p1
PDG IGF-1

3R

Endothelial Epithelial Pericyte Mesangial Fibroblast

cell cell cell

Proliferation

Leukocytes NTyoﬁbrobla st
| |

- M1/M2?

Meng, X.-M. et al. Nat. Rev. Nephrol. 10, 493-503 (2014)



AKTMUBaUMA 1 nonapmnsaumns makpodparosn

Macrophage Activation and Polarization

M1 -"Classical"
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TGF-f1 — OCHOBHOM perynaTop
pemoagenupoBaHusa UM

Tubular epithelial cells

Macrophages
Recruitment

T cells
Activation
Differentiation

Mast cells
Recruitment;
Production of

Podocytes
Apoptosis

Detachment
ECM production
EMT

Myofibroblasts
nlig[align.
ECM production
Hypertrophy
Fibroblasts
Proliferation
Activation
\ ECM production
Endothelial cells
Cell apoptosis
Mesengial cells ro-angiogeni
iferati ECM production
Proliferation T

ECM production
Meng et al. Front. Physiol.,2015



MCP-1 - kno4yeBou (hakTop NePCUCTEHLUNN UHTEPCTULNANBHOIO

BoCcnaneHusd
[1po-BOChANUTENbHbIE
LINTOKUHBbI —
[Mnokcusa

o -

AkTtnBauma peuentopoB CCR-2 Ha memMbpaHe

NogONTOB

PeopraHusauuns uutockenerta nogoLUmnToB

YBenunumsaeTtcs nx
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[MpnBReYeHne MOHOLMTOB, Makpodaros u

nMMdoLnTOB

1 KOHUeHTpauma akTMBMpoBaHHbIX Makpodaros
PAOOM C KaHasbLUeBbIMWU SNUTENManbHbIMU KIETKamMu
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1 MpoHULIaeMoCTb rMomMepynsapHoro 6apbepa ans

[MoBpexaeHue
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VEGF — BackynosHgoTenunanbHbIM doakTopa pocTa

o \/EGF

VEGF BnngaeT Ha:

i
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KonnareH IV Tvna - MOJ1EKYNAPHad OCHOBaA MNOYe4HOoro
pybua

 [NonMmopdHbIN BENOK N OCHOBHON MOSEKYNSIPHBIN KOMMOHEHT
pybLOBOU TKaHU

« CUHTE3upyeTCcs KneTkaMmn NpokCMMarbHbIX KaHanbLEB Nof BO3OENCTBUEM
TGF-B1, MHOYLMPOBAHHOIO aHIMOTEH3UHHOM |l 1 Mnodmnbpobnactamm



[lepcnekTmBbl TEepanuu u anarHoctukm HC

* Iurmoutopbl PAAC

*+ brnokatopbl MCP-1

 + KneTto4yHaa Tepanus

* + Makpodrar-opueHTupoBaHHasa Tepanus

MonekynapHaga AnarHoCTUKa:
« Co3gaHne bomMapKepHbIX NaHENen Macc-cnekTpomeTpus
* MOHUTOPUHI C OLUEHKOW NPOTEKTUBHOIO NEYeHns




[lepcnekTmnBbl TEpanum n gnarHoctnkm HC

MOJ'IeKyJ'IFIpHaFI ANArHOCTUKAa — COBOKYINHOCTb METOO0B
onpenerieHnd coaepKaHn4d cneu,mcbmqecmx MOJIEKYI1 B
BNONOrMYEeCcKNX XXMOKOCTAX N TKAHSAX, OoTpaxXarwwnx TedeHne

MIQH QJJ-MH(QSCASQFQ/ HQ 91%9&@75 NeuroRx. 2004 Apr;1(2):182-8.)

Mapkepbl nwemmnmn: KIM-1, Clusterin

Mapkepbl runokcun: VEGF, HIF

Mapkepbl BocnaneHus: MCP-1, IL-18

Mapkepbl HeNnoCpeaCTBEHHOIO NOBPEXAEHUA NOYEYHbIX KaHaNbLEB:
NpoKkcumMarnbHbIX — B2M, Cystatin C ;aucTtanbHbiX — NGAL, Calbindin, Osteopontin
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[nabetnyeckasa HedpponaTus

Hyperglycemia

afferent arteriole
dilatation — T GFR

\ 4
Mesangial injury | _
via AGE/ROS i
J A 4
: Glomerular [
. Hemodynamic i
Metabolic effects off eycts Ja‘t’:;”r‘,'s'gz'd“f’,”'i hyperfiltration
distal tubule flow — early disease
T tubul ular
J J I feedback
— 3
\ 4
Stimulate growth gy | Mesangial stretch and
— glomerular A
factors 2l increased pressure
permeability
Detachment of
v podocytes _| v
Proteinuria Activate RAAS SIaEIaT
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Proximal tubules take . |
. TR Constricts
up protein and initiate . T GFR
‘ A efferent arteriole
inflammation ¢

Increased glomerular
capillary pressures [N

AT1 receptors
stimulate TGF-B and
growth factors

Decreased AGE
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Conversion of tubule

cells to fibroblast:
scarring

o

via TGF-B, VEGF, PDGF ————

A

Fibrosis

Decreased GFR/
urine output

E.Wong (http://www.pathophys.org/ckd/)



SCLEROSIS PRESSURE
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[ noMepyrnoHepPuUT

He-BocnanutenbHbLIU MexXaHU3M:

BocnanutenbHbLIA MeXaHU3M

Inflammatory injury:

Common examples include post-streptococcal
glomerulonephritis (GN), membranoproliferative

GN, Henoch-Schonlein purpura (HSP), systemic lupus
erythematosus (SLE), some forms of rapidly progressive
glomerulonephritis (RPGN), IgA nephropathy, hemolytic
uremic syndrome (HUS) and various vasculitides.

This inflammatory injury has been found to be mediated
by a number of mechanisms:

bonesHb MMHUMAarbHLIX U3MEHEHWUI
dokKarbHbIM CErMeHTapHbIN
rmomepynocknepos, MembpaHo3Has
HedponaTtugd
Kputmndeckum poct npoHNLAeMOCTU rIOMepPYNAPHOro
douneTpa (6e3 Npru3HaKoB BOCMAaNEHUs NPy CBETOBOW
MUKPOCKONUMN)
LInToknHbl (11-13) / KOMMOHEHTLI KOMMANIMMEHTa (C3,
C5b-9)

YTonweHne [NoBpexaeHne nogoumToB

ANonTo3 KNeTok

bM

Cknepos rmomepyn

ToTanbHbIN CKNEpPOo3 NapeHXnMbl

Some members of the complement system such as
C5a have been implicated in inflammatory injury via
inducing antibody deposition and activation and
recruitment of polymorphonuclear cells (PMNs);
neutrophil, macrophage/monocyte, platelets and
T-cells.

These cells produce oxidants and proteases that
cause fibrin deposition, capillary wall damage and
produce proteinuria.

Unlike podocyte targeting in non-inflammatory
injury, disorders in which glomerular endothelial and
mesangial cells are principally involved exhibit a
more dramatic response to immune injury. This
response is usually characterized by cell

proliferation and phenotype change, as well as
readily visible structural changes in the renal biopsy



Pe@ntoKkc - HedoponaTtus

PH xapakTepuayeTtcsl MUHTepCcTULUManbHbIM BocnarneHnem, dbndbpo3omMm napeHxmmebil,
avnataunen n atpodpumen kaHanbLeB pa3HOM CTENEHU BbipaXXeHHOCTU N B 25-60%
clly4YaeB CTaHOBUTCA NpUYNHOU TepMuHansHoun ctagun XbI'1 Ha dooHe MMP (ccbinka)

[ToBbILLEHWE BHYTpUKaHaNbLEBOro AaBfieHNsa NPpUBOAUT K MOBPEXOEHUIO0
TyoynoanutenunarnbHbIX KneTok (TOK) n npoBoUMPYET CUHTES psaaa
npoBocnannTenbHbIX LUTOKMHOB, PakTOPOB POCTa, XEMOKMHOB U MOJIEKYST aare3um
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ApTepuanbHasa rmnepTeHs3ns

CucremHas apTepuaribHad rmneprteH3nd

[ToBpexaeHne NoYe4YHOM TKaHU

l

CHuxXeHne konmyectBa OYHKLUNOHMPYOLWMX
He(pOoHOB

[MnepTeH3uns B KIyOOYKOBbIX Kanunnsapax
[MoBbILWEHME NPOHMLAEMOCTM OS11 MaKpOMOJIeKyn
[MoBbilweHWe hunsTpauum nnasmol

[NoBbILWLEHHAA KaHanbLeBas peabcopbumna benka
TyOGyno-nHrepctuumnanbHoe BocnaneHme

Cknepo3 no4ye4yHOU NapeHXnMbl

Cchbinika Ha HOPM UCTOYHUK



®nbpo3Haa reHOMHanA nporpamma =

peuenTopbl C TUPO3UHKUHA3HOW aKTUBHOCTbIO
(reHbl Gdnf, Ret)

curHanbHas cuctema Wnt (redsl Ctnnb1, Wnt7b, Wnt9b, Fzd1)

Higgins SP, Tang Y, Higgins CE et al, Cell Signal. 2018 Mar; 43:1-10



CrsamomOusl Mome o

' M® - ueHTpanbHOe 3BeHO natoreHesa PH e

3Kcnepnme|-rran bHblI€ AOKd3aTe/ib(TBa.

MO BCerga npUcyTCrByiOT B Y4aCTKaxX akTUBHOro cbuﬁpoareneaa noYeyHoM napeHxmMmbli
Genovese F, Manresa A.A., Leeming DJ. et al. Fibrogenesis Tissue Repair. 2014;7(1):4

e Konunuecrso M® B TKaHM NOYKMU HYETKO KOoppenupyeT C BbipaXXeHHOCTbIO Hed)pocxnepoaa
Duffield J.S. Semin Nephrol. 2010; 30(3):234-54

. M36upa'renbuoe vyAaneHue M® 3HauMuTeNnbHO YMEHDLLUZET BblIPpaXeHHOCTb He¢pocxneposa
Kitamoto K., Machida Y., Uchida J. et al. ] Pharmacol Sci. 2009;111(3):285-92

* TpaHcdysua MP noteHuupyeT passuTue Hedpockneposa
Wang Y., Wang Y,, Cao Q. et al. Am J Pathol. 2008;172(6):1491-9
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Mack M., Yanagita M.
Kidney int. 2015 Feb;87(2):297-307
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M® - ueHTpanbHoe 3BeHO natoreHesa PH 5

Crssm s Y rouTs

M® - 3710 reTeporeHHas

NONYNAUMA KNETOK,

oTAnYaKWmxca no peHoTuny

Liu Y, Zou X.B., Chai YF,, Yao Y M.
Int J Biol Sci. 2014;10(5):520-9

M® obnapator
deHoTUNUYECKOH

NAaCTUYHOCTBIO

Murray PJ., Allen JE., Biswas S.K, et al.
Immunity. 2014;41(1):14-20




AKTuBauma makpodaros (MP)
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Macrophage Activation and Polarization
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