Ivcratnn C - Onomapkep a1 guddepeHnMaIbHON AMarHOCTUKNA
IJIOMEPYJISIPHOM M TyOyisipHOM OMchPyHKIIN:

3Ha'eHMe JIA p€aHNMMaTOIOI'MN VI XUPYPINN

Benpkos B.B.. AO «IMMTAKOH», 2020 r.



Hy>xubl 511 HOBBIe KpuTepun OIIIT?

Ivicratnn C: ogH MapKep - ABa AMarHosa:

B KPOBM - IJIOMepyJisipHasaA AucPyHKIMs, B MOode - TyOysIsipHas
Ot ocTpoit cepaeunon aucdpynknmm K OIIIL: marodmsnonorms.
Hopora ¢ IByCTOpPOHHMM OBVIKeHVEeM:

ot cericuca K OIIII v ot OIIII K cericucy

NGAL u C-peaktuBHbINn 0es10K ripu OIIII: 0 yem rosopsar
pa3HbIe M30pOPMBI.

Mapxkepsl cericvica npu OIIII 1 0e3 OIIII: «mouyBcTBYITE pasHUILY»
Kpurtnueckne mamyeHTbI:

napasuiejibHasi AVMarHOCTMKa I MOHUTOPVHT

IJIOMEPYJISIPHOM M TyOyIsipHOM OUCcPYyHKIIUN

¥ CeIITUYECKMX OCIO>KHEHM.



Hvarnocrnueckmne kpurepum OIIII

RIF LE CKD Jmypes

Bellomo R et al et ADQI. | Risk Puck 1 Crx 1,5 wiu | CK® >25% < 0.5Mi/kr/a X 6 4
Crit Care 2004:8:204-212

Injury Ilospexaenue | 1 Crx 2 wm | CK® > 50% < 0.5mn/kr/a x 12 9

Failure 1 Crx 3 wiu | CKO > 75% <0.3vu/kr/u x 24 4
HecocTosTe IbHOCTh (wu Cr = 350 MxkM/71 ipu WM anypus X 12 1
(RIFLE-Fc¢) obicTpom T Cr > 44 mxm/11)

Loss nepcuctupyromasi OITH = nosnnas noreps
Iloreps Gpynkuuu BbI/JICJIUTEIbHOU (PYHKIIMU 10YeK > 4 HeJlellb
ESKD (End Stage KOHEYHasl CTa/IUsI TIOPaKeHHUs I0YEK = II0JIHASI TIOTeps
Kidney Disease) BBIJICJTUTEILHOM (DYHKIIMH TTOYEK
TepMuHansHas > 3 MecsieB

cragust XIITH

Crampisn Cemoporounsni Cr Jype3 AKIN

1 1 Cr > 26,4 MKMOJIB/II <05wmykrfux 6u | MehtaRL etal.
wm T Crx 1,5-2 paza Acute Kidney Injury Network

Crit Care 2007:11: R31.

2 1T Crx 2-3 paza <0.5mi/kr/ax 12 9

3 1 Cr x 3 u 6osee pa3 < 0.3Mmr/kr/a x 24 4
wm Cr > 354 mxMous/in ipu OpicTpoM | WM anypus X 12 1
Cr = 44 mxMoIIb/J1
wmm 31T

OcHoBaHBI Ha IOKa3aTesIAX CHVDKEHMsI [JIOMePYJIApHO PyHKITMN:
CK®D, nuypes, KpeaTHMH



KpeatuHuH HaumHaeT «BUAeTh» IJIOMEPYIAPHYIO
nvicpyuakamio npu OIIII «<korma y>xke mo3gHO»

CK® opu passutun OIIII, ma/muH
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«VI3MepeHMe CBIBOPOTOYHOIO KpeaTMHMHA

17151 BBIPAaOOTKM HaJle>KHOI'0 TepareBTMYeCcKOro
BMel1aTesrbcTBa npm OIIII

oecnose3sHo

¥ QaHAJIOTMYHO OXKUIAHWUIO 2-3 JHeM mepes
Ha4vaJIOM Tepanuy NalMeHTOB C UIIleMUYeCKUM
MHCYJIBbTOM, MHPAPKTOM MHUOKapa

M OCTPBIM HEBPOJJIOIMYECKNUM MHCYJIBTOM>»

Devarajan, Expert Opin Med Diag 2008
Coca, etl al. Kid Internat 2008



Reabsorption

Kananenn




TyOysapHas cucreMa ABJIsIeTCs LIEHTPOM KaK IaTodPM3MOI0TUN
OIIII , Tak 1 BO3MO>KHOI0 BoccTaHOBJIeHMs 1ociie OIIIL.

IIpu pazsutumu OIIII npokcuMasibHbIEe KaHAJIBIBI ¥ TOHKME
BOCXOALIVE IeT/IM UT'Pa0T POJIb CEHCOPOB MOBPEXKIA0IIMX
CTMMYJIOB 1 3aTeM - 3¢ deKkTopoB nporpeccupoBanms OIIII

Vallon V.Tubular transport in acute kidney injury: Relevance for diagnosis, prognosis and
intervention. Nephron. 2016 ; 134(3): 160-166

Mimemust miim TOKcUvIecKue coeAMHeHMsI MPUBOOAT K 00CTpyKIIMNU
peHaJIBHBIX KaHaJIblLieB M K OCTPOMY TyOyJIsipHOMY HEKpoO3y,
HO IIPAMBIM 00pa30M He KOPPeIMPYIOT C IJIOMEPYIAPHBIMU

IHOBPEKIOECHMAMMN

Liu X et al. Early Predictors of Acute Kidney Injury: A Narrative Review Kidney
Blood Press Res 2016;41:680-700



Yewm OIIII «wiryurie», uem OIIH

TepMT/IH OIIII o603Hauaer IIOBpEe’XaeHNne I1104€K, HO HeE 00s13aTeJIbHO
PE€HaAIBHYIO ,ZH/ICCI)YHKLH/IIO. PenasipHOe IHOBpE’XKaeHmne y>ke eCrb,

HO peHa/IbHas1 OcPyHKIOMA KpeaTMHMHOM ellle He BhISIB/IsIeTCA.

PanHior0 nuarHoctuky OIIIl, korga HapymieHNsI IJI0MepPY/IAPHO
dyHKIMM, cOIJIacHO KpeaTMHMHY, ellle He 00Hapy>KMBaIOTCA

obecrreunBaIOT TYGYJIHPHBIQ MapKephl.

Hanmvane TyOy1sspHOTO moBpeXKaeHMs IIPY OTCYTCTBUM
IJIOMepYJIIpHON OUchyHKIIMM, AMaTHOCTUPYEMOV 110 KpeaTMHUHY -

«cyoxaunuueckoe OIIILI»
ITpuanmnuaneabie oTinuane OIIIT or OITH:
-y OIIII ectb cyOxImHEMYecKas dasa,

- OIIIl, B ot;inume ot OIIH, 3T0 moTeHIIMaIbHO 00paTMas
TIaTOJIOT VS

Bagshaw SM. Subclinical acute kidney injury: a novel biomarker-defined syndrome. Crit Care Resusc. 2011; 13(3):201-3.



Journal of Nephrology
https://doi.org/10.1007/s40620-018-00566-y

REVIEW

Subclinical AKI: ready for primetime in clinical practice?

Jill Vanmassenhove'! - Wim Van Biesen' - Raymond Vanholder' - Norbert Lameire

Received: 26 October 2018 / Accepted: 3 December 2018
© Italian Society of Nephrology 2018

A) HM pu3HaKOB, HU yTpaTthl pyHKIMM - OIIII HeT;

(B) mpu3HaKkm oBpe>XaeHMsI, HO 0e3 yTpaThl
dysKINM; (TYyOy/1apHOE MOBpEXKIaeHme) —
cyoximan4deckoe OIIII;

( ©) dynkumoHanbHbIE M3MEHEHMs, HO 0e3

npu3HakoB nospexxaeHmst (OIIII corimacHo
kputepusiM RIFLE/ AKIN/ KDIGO);

(D) IIpm3Hakyu noBpe>xaeHns M yrpaTa PyHKIIUM —
OIIII cornacuHo n kputepusam RIFLE/AKIN/KDIGO
U TyOyIApHOV AMCHYyHKIIUN
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Change

Functional
Change

\!} CrossMark

A

No Damage Damage present
B
No functional Damage
changes or without loss
damage of function
D '

Loss of Damage with
function loss of
without function
damage

Entities of AK by damage and dysfunction
(or both). a No AKI. b AKI with tubular
Damage (biomarker-positivity) (subclinical

AKI). ¢ AKI with dysfunction (RIFLE/AKIN/

KDIGO). d AKI with tubular damage
(biomarker-positivity) and dysfunction

(RIFLE/AKIN/KDIGO). Arrows indicate the

potential progression from subclinical AKI
(b) to AKI (d) and from hemodynamic
AKI (c) to AKI (d).(




Ha nytn Kk HOBBIM Kputepusm OIIII:
RIFLE + 1yOyisspHBI OioMapKep

NoAKI  OIIIT et

RIFLE-negative RIFLE otp.
Biomarker-negative Mapkep otp.

AKI with tubular damage OIIII ¢ TyOy 1sspHBIM
IOBpeXIeHneM

RIFLE-negative RIFLE otp.
Biomarker-positive = Mapxep mo10>KMTeIbHBIN

AKI with function loss
OIIII c yrpaTov dpyHKIMM

RIFLE-positive RIFLE mosoxur.
Biomarker-negative Mapxep orp.

AKI with function loss and tubular damage

OIIII c yrpaTon HKIIMW Y TyOy/IApHBIM NIOBpeXXaeHeM
R|FLE-pOSI¥IV6 Rd[)ELE ILJIOKUTEIbHBIN

Biomarker-positive Mapkep H0J10>KUTeIbHbBINI

B OospmvHCTBe ciiy4daeB camas paHHsAsa craans OIIII -
pasBuTHe TyOyIsIpHOM ANCPYHKIIVM, KOTOpOe IPOMUCXOaUT
IIpW ellle COXpaHEeHHOV IJIOMepPyJIApHON PyHKIIN.

Ronco C et al. Subclinical AKI is still AKI. Crit Care. 2012;16(3):313.

Haase M, Kellum JA, Ronco C. Subclinical AKI--an emerging syndrome with important consequences.

Nat Rev Nephrol. 2012;8(12):735-9




I''tomepyiisipHble U TYOyJIsIpHBIE OMMOMapKephl

I'momepynsapHas pyHKUIMA
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g-GT, g-glutamyl transpeptidase; GST, glutathione S-transferase; HGF, hepatocyte growth factor; IGFBP-7, insulin-like growth
factor-binding protein 7; IL-18, interleukin 18; KIM-1, kidney injury molecule; L-FABP, liver-type fatty acid-binding protein;
NAG, N-acetyl-d-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; RBP, retinol-binding protein;

TIMP-2, tissue inhibitor of metalloproteinases

Lombi F, et al. Biomarkers in acute kidney injury: Evidence or paradigm? Nefrologaa. 2016;36:339-346



Incratnnu C

benok cemevictBa mmcraTnHOB (13 Kma) -
MHrMOUTOp IMCTEMHOBBIX IIPOTEA3
CuHTe3upyercs bcemu sapocomep>Karammmn
KJIETKaMM C IIOCTOSSHHOV CKOPOCTBIO

M BBIXOAUT B KPOBOTOK.

ITomHOCTBIO PMIIBTPYeTCs B KiIyOOUKax,
ITostHOCTBIO peabcopOMpyeTcs v pacUieryisieTcs
B KaHaJIbIIaXx,

Umeet 100% xampeHc

B HOPME B MOY€ ITPAaKTHUHUECKNM HE OIIpeae/isieTcia



u-IIncratmna C - MmapKep TyOyJIsipHOM
avicpyHKOIMMU

YpoBaM u-incratHa C B Moue (u-urinary) -

MapKep 3ddeKTUBHOCTU peadcopOnmm

B IMMPOKCMMAaJTBHBIX KaHaTbIIaX

u-yucmamun C:

Bepxuuu pepepencuviii npedea - 0,28 me/a,

He 3a6ucum om noaa u 6o3pacma.

« Usmepenue u-yucmamuna A64:1emca mouHbsIM.

Bovicokaa cmabusvHocms u omcymcembue unmepepenyuil

deaatom usmeperue u-vucmamuxa C PYMUHHBIM
OUOXUMUUECKUM 1ECHOM»

Herget-Rosenthal S, Feldkamp T, Volbracht L et al. Measurement of urinary cystain C by particle enhanced
nephelometric immunoassay: precision, interferences, stability, and reference range.

Ann Clin Biochem 2004;41(Part 2):111-118. .



Incratuu C

B xpoBu (s - serum, p - plasma) B moue (u - urinary)
Mapkep riiomMepysIapHON AUcPyHKINMU Mapxkep TyOys1sipHOM

aicpyHKIOIUM
YemMm T5I0Ke 1€Ce pEHaJIBHaﬂ

I11aTOJIOI'Ms, TEM XysKe (bMJIBTpYETCH
IIpu HapyImeHUM
B IIOYKaX, TEM BbIIIl€ YPOBE€Hb B KpPOBM1

peabcopOIIIN
[Tpu passurnmu OIIIl HaunHaeT P ORCIIM BTN
IIOBBIIIATHCA 3a 24-48 u 1o KaHaJ/IbIlaX
KJIMHWYIeCKOV MaHMd@ecTarmm CeKpeTupyercsa B MOUY

COIVIaCHO Kpe€aTMHMHY

YpoBHM B I1a3Me M B MOYe
OnHoOKpaTHOe M3MepeHMe IIpaKTUYIeCK He 3aBVCAT:
I103BOJIsIeT pacCYUTHIBATH - OT MBIIII€YHO MacChl,
- BO3pacra,
- I1oJ1a

sHaueHusa CKdD



s-IIncratnH C npenckasepiBaeT OIIII panbiie, yeM KpeaTrHUH

s-Cyst C predict ARF earlier than sCr Serum cystatin C is an early, predictive biomarker of AKI, which
outperforms serum creatinine in the heterogeneous emergency department setting
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s-Cyst C and sCr on the three days prior to ARF (R-day -3 to R-day -1) and on the day ARF
was detected by creatinine (R-day 0) in ARF patients and controls

Herget-Rosenthal et al, Early detection of acute renal failure by serum cystatin C Kidney International (2004) 66, 1115-1122;



OCH < -> OIIII

KapanopeHanpHBIN
CYHIPOM -

narodn3noorndeckKoe
paccTpoviCTBO

cepaIlia M Iovex,

IIpM KOTOPOM OCTpaAa
VIV XpOHMYecKasa
ovicyHKIIMsA

OIHOTIO W3 3TVX OpPraHOB
BeaeT K OCTpon

VIV XPOHMYIECKOM

ocPyHKIIMM IPYyroro




KapaonopeHaIbHBIN PUCK

KapananisHbIe Penaianabie
3000/IeBaHMs 3300/IeBaHs1

M, cepneuHnas

OIIII 1 peHa/IBHASA CMEPTH HeI0CTaTOYHOCTh,
KapAnaJIbHbIX IIALVIeHTOB apuUIMMs "
KapauasibHasi CMepTh

PE€HA/IBHBIX IIalIME€HTOB

Y ~ 25% nanmmenToB ripu nocrymiaeHnn ¢ O CH passusaercsa OIIII
OIIII ocinoxusier Teuenne XCH



CEPHE‘IHa}I " peHa/IbHasxA HEJO0CTATOYHOCTDb B3aVMMMOCBs13daHbI

C IIOMOIIIBIO CUMIIaTUYEeCKOM HepBHOﬂ CncCreMbl
Heart and Kidney Failure are Linked through the Sympathetic Nervous System

CumMniaT4deckast HepBHas cycTeMa
PenvH-aHIr'MOTEeH3MHOBASA cCUCTEMa

* Ceppalie ¥ MOYKM MOTYT HEIIOCPeACTBEHHO B3aMMMOEVICTBOBATh 3a CUeT:
- CuMnaTn4decKkovyi HEpBHOV CCTEMBI,

- PeHMH-aHIMOTEH3MHOBOV CHCTEMBI,
- Bocnanenmus,

- AKTHUBHBIX dpOpM KHCII0PO/a,
- bamanca NO

Efstratiadis G et al. Hippokratia 2008;12:11-16;
Jie KE et al. Am | Physiol Renal Physiol 2006;291:F932-F944;
Ronco C et al. Blood Purif 2009;27:114-126



ITpu cepaevuHOV HEJOCTaTOYHOCTH

pe€HA/IbHAA IH/IC(I)YHKI_H/IH ITIOBbBIIIIACT JICTAJIBHOCTD
Renal Function Is Associated With Increased Morbidity and Mortality in HF

CBs3p CK® c sreraszipHOCTBIO ¥y 1906 nnanimenTos ¢ 3acroviHon CH

CK® (My1/mM1H)

0.7 —
0.6 - <44
0.5 -
a)
S 0.4- 44-58
IIpu CH penanbpHas T wl 59-76
amucpyHKIMS § ' >76
cvnbHBI npeaukTop O 927
JIeTaJILHOCTU 01+ 4
Wl 00 2000 40015600} 800} 000} 1200

Han

Hillege et al. Circulation. 2000;102:203-210.



IIncratua C - mapkep
1peKIMHNYEeCKOro 3a001eBaHMsA I04YeK

ITpexnnmHaMYecKkoe 3a001eBaHMe IOYEK XapaKTepu3yeT JIIIL:
- 0e3 KIIMHMYecKMX 3a0071eBaHM I10UEK,
- ¢ CK® no xpeatamny > 60 muy/mun/1,73 m?;

- C HOBBIIIIEHHBIM CHIBOPOTOYHBIM IucTaTvHOM C 21,0 mr/m.

IIpexnuHaM4YecKoe 3a001eBaHMe ITOYEK ~

He3aBucumo ot apyrux pakTopoB 00yciIaBIMBaeT: pMCK
pa3sBUTHA KJIMHWYIECKNX 3a00/1eBaHU [T0YeK

u puck passutusa CC3

Shlipak MG, Praught ML, Sarnak MJ., Update on cystatin C:new insights into the importance of mild kidney
dysfunction. Curr Opin Nephrol Hypertens 2006; 15: 270-275

Shlipak MG. Cystatin C: research priorities targeted to clinical decision making . Am J Kidney Dis 2008; 51:358-61



s-Llncr C - Mmapkep «npekiunuueckou»
pPeHaJIbHOM TNUCPYHKIIUN

s-Cystatin C - the Marker of a “Preclinical” state of kidney dysfunction

HaOmrogenme: 3659 mo>XmyibIX JIMII

0e3 1M3BecTHBIX 3a00/IeBaHMI IIoOUeK

CK® no kpeatnauny 2 60 mi/mun/1,73 M2) - HOpMa,
HaGsrogeamue - 9,3 s1er

IToBwImmenmne s-Ilucratmua C 21,0 me/a

0bL10 c6:43aHO € NOBbIUIEHHBIM PUCKOM:

cMepTH,

MHCYJIbTa,
- VM,
CepaevHOVI HeJOCTATOYHOCTH,

Pa3zButns n nporpeccupoBanus XIIH,

Shlipak MG et al. Cystatin C and Prognosis for Cardiovascular and Kidney Outcomes in
Elderly Persons without Chronic Kidney Disease Ann Intern Med. 2006,145:237-246.



Cyqaes B roa(%)

IIncratna C - maaukarop Tsoxkecrr OKC

S N O B O &

Y CepaevYHOM HeJOCTaTOYHOCTH

O Lyicratua C

0 CH

1 2 3 4 5
KeuHTImm

Sarnak MJ et al. Ann Intern Med 2005



sCysC - npeaMKTOp KapaAMOBaCKYyJJIAPHBIX PUCKOB
B pacueTe Ha craHAapTHOe oTK10HeHMe (0,18 mr/mn)
ypoBH:A nucratnaa C

Ucxon }?;flf:;e“"e 95% CI
CMmepTh 1,33 1,25-1.40
KapanosackyisipHas cmeprs 1,42 1,30-1,54
HexkapanoBacKyisapHas 1,26 1,17-1,36
cMepTh

Cepneunas 1,28 1,17-1,40
HeI0CTaTOYHOCTh

VHCcybT 1,22 1,08-1,30
VIM 1,20 1,06-1,36

Shlipak MG et al. Ann Intern Med 2006; 145:237-246.



IToBeimieHHBIN sSCysC He sABIIsAE€TCA
HerocpeacrseHHon npuaviaon CC3: meTa-aHam3

MHorou4ncsjieHHbIe 3IIMIeMMU0I0IMIecKue 1CcIeJ0BaHMA:
BbIcOKMe ypoBHM sCysC acconnmpoBaHsbl ¢ puckom CC3

He3aBMCVMMO OT pEHaHBHOﬁ (bYHKI_U/IT/I, OHpeﬂeHHeMOﬂ II0 Kpe€aTMHMHY.

MeTta-aHaamu3:

16 mpocrieKTMBHBIX McciieqoBanui (n = 76,481 ) ¢ 37 126 usmepenmnssmu sCysC ;
43 reHeTHMUeCKMX ViccaedoBaHMs, auia ¢ BeicokuM sCysC, (n = 252,216),

63 292 ciryuaes CC3

IIpMYMHHO-C/IeACTBEHHOM CBA3M Me>Kay NMoBbIHIeHHBIM sSCysC u

JIO0BIMM MHpAMBUAYaIbHbIMY KoMIIOHeHTaMM CC3 He 00Hapy’KeHO.
A causal effect of cystatin C was not detected for any individual component of CVD.

van der Laan SW et al. Cystatin C and Cardiovascular Disease: A Mendelian Randomization
Study. ] Am Coll Cardiol. 2016, 30;68(9):934-45.



s-ITncraTuH C - M IPOrHO3 JIeTaJIBHOIO MCX04a

CmMmepTHOCTB, %
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0.83-0.99

C <0.83

24 36 48 Mecsiip

Jernberg et al. Circulation. 2004;110:2342-8.



«s-Hwncratia C Mo>KeT OBITH peKOMEHI0BaH
- JIs1 pPyTMHHOIO CKpVHMHTIA
- NpeKJIMHUYeCKUX
Y KJIMHUYecKnx 3a001eBaHUM I1049eK "
- JIJIA OLEeHKM pUCKa cepeaudHO-COCYAVCTBIX
OCJIO>KHEHWVN Yy MY>KYMH CcTapliie 55 jieT

My JKeHIIMH crapiue 60 j1er».

s-Cyst C could be recommended for routine screening of preclinical and clinical kidney
diseases and for risks assessment of their cardiovascular complications in men older 55 years
and women older 60 years

Shlipak MG. Cystatin C: research priorities targeted to clinical decision making .
Am J Kidney Dis 2008; 51:358-61



sCysC - npeaukrop OIIIl: meTa-anam3

30 nmpocrieKTMBHBIX MccaegoBanuii B 15 crpanax,
n= 4247, OIIII pa3Buiock y 982 (23,1%).

.73, 0.80

un

1-6h after cardiac surgery 0.68(0.62,0.74) 0.77

0.72,0.92 7,0.92

YygcTeuTeabHocTh  CrrenmdmaHOCTE

Study Sensitivity Specificity AUROC

Time Bpems number (95% CI) (95% CI) (95% CI)
All settings 0 h pu nocrynmenwn 12 0.79 (0.70, 0.86) | 0.82(0.74,0.88) 0.88 (0.84, 0.90)
1-12h 9 0.75 (0.70, 0.80) 0.68,0.76) 0.80 (0.76, 0.83)
24h 16 0.82 (0.69,0.90) | 0.83(0.76,0.89) 0.89 (0.86,0.92)
48 h 7 76 (0.60, 0.88) )
) )
) )

72 ( (

( (
0.87(0.76,0.93) 0.89 (0.86,0.92

0.73 (0.65, 0.80 ( (0

( ( (0.

12-24h after cardiac surgery 6 0.85 0.80 (0.68,0,89) 0.90

sCysC Mo>KeT OBITh JKM3HEHHO IIepCcleKTMBHBIM MapKepoM a1t cKkpuHuHra OIII1
sCysC could be a vital promising marker to screen out AKI.

Yong Z, Pei X, Zhu B, Yuan H, Zhao W. Predictive value of serum cystatin C
for acute kidney injury in adults: a meta-analysis of prospective cohort trials .
Sci Rep. 2017 Jan 23;7:41012.




Cystatin C (ng/ml)
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Hvinamuka sCysC npu passurum OIIII mociie
Kapaonoxvupyprum ¢ AVIK

57 mannenTos, AKII - 59,6%; 3ameHa MmuTpanbpHOro KjamnaHa - 17,5%;
3aMeHa aopTaJbHOTIO Ki1anaHa - 14,0%; OIIII pa3Buiaoce y 42,1%.
UNsmepenmne:. sCysC beta-trace protein (BTP), NGAL, kpeatnHMH

SCYSC BTP NGAL

300,000,
250,000, 0
< 200,000

: B3

e ——— & 150,000 _ 2 40,000 -

S — = AKI- > i
& 100,000 «ms AKI+

50,000

CysC may help for both predicting preoperative risk for development of AKI
and for postoperative follow-up of AKI. As a result, CysC may be used as an
early biomarker for the detection of renal dysfunction after cardiac surgery
Before any detectable increase in SCr level occurs.

Saydam O., al. Emerging biomarker for predicting acute kidney injury after cardiac surgery: cystatin C.
Turk J Med Sci (2018) 48: 1096-1103



uCysC mpenukrop passurus OIIII
rnocsie Kapavoxupyprum ¢ AVIK

b 267 {3 No AKI Bes OIIII
2.4 1 O-AKI ommx

S 227 n=72, IulaHoBas Kapanoxupyprmusa ¢ AVIK.
Tk 2.0 1 | OIIII pasBwiiock y 34 manyeHTOB,
5, 9 :2 " P /i/ M3 HUX -Yy 7 remoavanns, 4 ymepiio
& E ] T
L :: _ AUC ROC, anarnocrmuka OIIII
1.0 4
= TR IToct-AKIIIT 0uB OUT 6uB OUT
CPB CPB cu 1 pCysC 0.631 0.617 0.627
Bez OIIII - No A uCysC 0.709 0.693 0.724
OIIIT+P3T <O RRT
5.0 4 OI1Il §e3 Pgi =/ AKI without RRT _
ol — pNGAL 0.448 0.526 0.463

. I\_.- % uNGAL  0.607 0.705 0.704
S 1.0 %gm s puarsocrukm OIIII, cBsizamHOTO

¢ kKapanoxupypruen, uCysC

uCysC
Urine CyC/urine creatinine (mg/g)
N
o

Pre- Post- ICU 6 hICU Day 1

cPs  cPB npesocxonuT KpeatHuH 1 pCysC
lepen Ay oOUT 6asoUT
AVIK

Koyner JL, Bennett MR, Worcester EM, et al. Urinary cystatin C as an early biomarker of acute kidney injury following
adult cardiothoracic surgery. Kidney Int. 2008;74:1059-1069.



uCysC - npeaukTop pa3surmsa cyoxkiamamndeckoro OIIII
M TSIKeCTU ero MCXOA0B

n = 510, HoBOpOXXaeHHBbIe 1 aeTy, nocrynuian B OUT.

CysC -
Css136 uCysC co cmeptrOCcTBIO B OUT, AUC OC ULyst — IIpEINKTIOp

cyoxamamnvdeckoro OIIII

VcxooHbII ypOBeHb - 0,76; e —
MakcuMaaIbHBI - 0,81 e o
25,5% nanmenToB - uCysC(+)/OIIII(-) ¢ {
Prick cMepTHOCT B IIEPBYIO HelesIl0 - IOBbIIIIEeH
B 9,3 pa3 no cpaBHenmio ¢ rpynmnonn CysC(-)/OIIII(-) =
ITpn uCysC(+)/OIlIl (-) npebriBanme B OVT :
B 2,8 pa3 mosbIiie. | B
| e
o e Ju — liness severity score, A =0.74
Cyoxamanueckoe OIIII mo>keT pasBuBaThCcsa 0e3 5 , 14 1 ; ,
0 2 2 1.0
neTeKTHPyeMOVi yTpaThl peHa/IbHbIX (PYHKIIUTA. 1 - Specificity
« uCysC moy10XmnTesIbHOE CyOKIIMHMYecKoe ROC curves for the ability of the initial and the
peak uCysC) to predict severe AKI) in critically ill
OIIII» cBsi3aHO C XyamvmMn KIIMHUYEeCKVMMMN neonates and children . Severe AKI was defined
as Kidney Disease: Improving Global Outcomes
UCXO0daMI. (KDIGO) stages 2 and 3

Fang F et al. Subclinical acute kidney injury is associated with adverse outcomes in critically ill neonates and children.
Crit Care. 2018 Oct 10;22(1):256.



Kax OIIII Biausier
Ha JMarHOCTM4YecKue XapaKTepmuCcTUKN

peHaJIbHBIX MapKepoOB M MapKepOB BOCIIaJIeHWSI
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Abbreviations

AKI Acute kidney injury

NGAL Neutrophil gelatinase-associated lipocalin
RRT Renal replacement therapy

Neutrophil gelatinase—associated lipocalin (NGAL), also
called lipocalin-2, is a 25 kD protein of the lipocalin
superfamily expressed and secreted by numerous cells
including immune cells, hepatocytes and renal tubular
cells [1]. Beyond its bacteriostatic activity, numerous
observations have suggested that NGAL might act as a
growth and differentiation factor in several cell types,
including renal epithelia [2]. Report of a massive up-
regulation of NGAL expression following renal tubular
injury created interest in this molecule as a promising
candidate to detect renal injury earlier and more reliably
than conventional markers of renal function [3]. Hence,
first investigations suggested urinary NGAL to be both
highly sensitive and specific in predicting acute kidney
injury (AKI) [4, 5]. Although some studies confirmed the
excellent performance of urinary or plasma NGAL as a
biomarker of AKI or renal replacement therapy (RRT) in
larger unselected cohorts of critically ill patients [6, 7],
substantial variation was observed across studies [8].
Additionally, several conditions were identified which
may interfere with NGAL performance such as sepsis [9],
COPD [10] or cardiac dysfunction [11] and act as con-
founding factors. Finally, the performance of NGAL
appears to be influenced by age (superior prediction in
children) [12], by sex and baseline renal function [13].

In the current issue of Intensive Care Medicine,
Glassford et al. [14] provide additional insight into the
nature of this biomarker. They examined results of uri-
nary and plasma NGAL measurements with both research
and commercially available assays characterized by dif-
ferent specificity for the molecular isoforms of NGAL
with respect to their ability to detect AKI in a highly
selected population of patients [14]. The authors con-
cluded that both plasma and urinary NGAL assays
detected different molecular forms of NGAL, each of
them having limited predictive value for mortality, the
need for RRT or the development of AKI.
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Abstract

For many years, neutrophil gelatinase-associated lipocalin
NGAL) has been considered the most promising biomarker
of acute kidney injury (AKI). Commercial assays and point-of-
careinstruments, now available in many hospitals, allow rap-
id NGAL measurements intended to guide the clinician in
the management of patients with or at risk of AKI. However,
these assays likely measure a mixture of different NGAL
forms originating from different tissues. Systemic inflamma-
tion, commonly seen in critically ill patients, and several co-
morbidities contribute to the release of NGAL from haema-
topoietic and non-haematopoietic cells. The unpredictable
release and complex nature of the molecule and the inabil-
ity to specifically measure NGAL released by tubular cells
have hampered its use a specific marker of AKI in heteroge-
neous critically ill populations. In this review, we describe the
nature and cellular sources of NGAL, its biological role and
diagnostic ability in AKI and the increasing concerns sur
rounding its diagnostic and clinical value.
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Introduction

The predictive and diagnostic value of neutrophil gel
atinase-associated lipocalin (NGAL) in acute kidney in
jury (AKI) has been assessed for more than a decade [1].
Such assessment was triggered by genomic and subse-

quent proteomic analyses showing that the NGAL pro-
tein was highly induced in animal kidneys and released in
the urine following ischaemic or nephrotoxic insults [1,
2]. After the first promising validation study in humans
[3], NGAL was for several years considered the ‘troponin
of the kidney [4]. However, unlike myocardial infarction,
AKlis rarely triggered by ischaemia. Instead, the underly-
ing pathophysiology is characterized by a complex inter

action between predisposing chronic illnesses, haemo-
dynamic disturbances, nephrotoxic insults and inflam

matory responses leading to tubular cell injury and
eventually a fall in glomerular filtration rate [5]. Adding
to this complexity is the fact that the NGAL molecule is
produced by a number of tissues in different molecular
forms [6, 7]. Indeed, the inability to distinguish the spe-
cific molecular forms produced by the kidney from other
forms released by non-renal tissues has hampered its use
as reliable biomarker of AKT in the critically ill patient

CuicremMHOe BOcIiajJieHMe M pa3jIMdHbIe
KOMOPOMIHOCTY, 00OBIYHO HaOJII0JaeMble

y KpUTHM4IeCKMX HallMeHTOB, CII0OCOOCTBYIOT
BbICBOOOXXOeHmI0 NGAL m3 remaTomnosTm-
YeCKMX M He-TaMaTOIIO3THUYeCKM KJIeTOK.

Takoe HempenckasyeMoe BBICBOOOXKIeHMe
NGAL, xoMIUIeKcHas1 Ipupoaa ero
MOJIEKYJI M HeJOCTYIIHOCTb M3MepeHWsI
NGAL, cnenmmdm4aeckm BbICBOO0KIaeMOro
Y3 KaHaJIbLIEB,

IIperATCTBYeT ucnoab3oBaHnio NGAL

Kak crenmdmniecKoro Mapkepa ajis
nviarHocTuKM OIIII B rereporennon
IOITYJIAIVN KPUTHUYECKH OOJIBHBIX .

Systemic inflammation, commonly seen in critically ill patients,
and several comorbidities contribute to the release of NGAL from
haematopoietic and non-haematopoietic cells. The unpredictable
release and complex nature of the molecule and the inability to
specifically measure NGAL released by tubular cells have
hampered its use a specific marker of AKI in heterogeneous
critically ill populations.



Neutrophil gelatinase-asscociated lipocalin (NGAL)

JInnokasivH, acCOIMMPOBaHHBIN C >KeJIaTMHa30¥1 HeMTPOPWIOB (JIMHOKaJIMH-Z).

Tpu n3odopmbl

Monowmep (25 x[a), mpu OIIII
CHHTe3UpYyeTCcsl HpeuMYIeCTBEHHO

B KaHaJIbIlaX M CeKpeTHupyeTcsi B MOUY -
u-NGAL (u-urinary)

MapKep TyOy1s1pHOV OuchyHKIIUMI

F'omonmmep (45 Kma), mpu OIIII n
CHMCTEMHBIX MHPEKINIX CMHTEe3UPYeTCs
B KpOBW (HeITPOPWIIbI) —

npu unuivmpayuu maxpogazo8 8

NnovKuU cexpemupyemnica ux Hux 6 Mouy

I'eTreponvimep - MOHOMEpP, KOBaJIECHTHO
CBsI3aHHBIM C JKeJIaTMHAa30M1 —
CMHTEe3VpyeTcsi KaHa/IbIIaX, C(JIOXKHO
M3MepsATh

Systemic inflammatory response:
t NGAL synthesis by extrarenal tissues
t NGAL release from circulating neutrophils

Megalin-cubulin receptor
® MMP9

® Monomeric NGAL
@@ Homodimeric NGAL

0@ Heterodimeric NGAL

Wang Y, Bellomo R. Cardiac surgery-associated acute
kidney injury: risk factors, pathophysiology and treatment.
Nat Rev Nephrol. 2017 Nov;13(11):697-711



CoBpemenHnble TecTbl HA NGAL
B KPOBM M B MOYe OIIpeaessiioT cMeCh ero m30popM...

...¥ OTPA>KaOT OTHOBPEMEHHO
KaK TsDKeCTh BocIiasieHms1, Tak u TsKecTrb OIIII.
UemMm Ts2Kes1ee mHpekysa - TeMm Bbilne NGAL, kak npu
Hastmaum OIIII, Tak 1 mpm oTcyTcTBUM

* Produced by both neutrophils and renal tubular cells

Monomeric NGAL - * Urinary monomeric NGAL is primarily of renal origin
+ Can be released by urinary neutrophils in UTI states

* Produced by neutrophils only
« 45kDa in weight on Western blotting

v

Homodimeric NGAL

* Produced by renal tubular epithelial cells

+ Covalently bound to gelatinase, 135-kDa in weight
« Only present in small quantities in the urine

+ Difficult to detect and quantify at present

v

Heterodimeric NGAL

Neil J et al.The nature and discriminatory value of urinary neutrophil gelatinase-
associated lipocalin in critically ill patients at risk of acute kidney injury Intensive
Care Med (2013) 39:1714-1724



IIpu OIIII, cBsa3anHOM ¢ Kapanoxupypruen, NGAL
OoTpa’kaeT BOcCIIajIeHVe, HO He pPeHaIbHYI0 AMCyHKIINIO

ITpu mocrymieann B OUT - NGAL B ry1a3me B (Hr/mo):
0e3 OIIII - 37,9 nopu OIIII - 48,8.

99% pNGAL n3 Hemttpodmniios.

NGAL penanbpHOro mpoucxoxxgeaus - 0,9%.
Pasznuuani B coorHomreHn n3ogpopm NGAL
0e3 OIIII i mpwu OIIII He BbIABIIEHO

Plasma NGAL is an indirect and inaccurate marker of
AKI shortly after CPB. During cardiac surgery with CPB
plasma NGAL is mostly derived from activated neutrophils

Passov et al. The origin of plasma neutrophil gelatinase associated lipocalin in cardiac surgery.
BMC Nephrology (2019) 20:182



CPb npwu OIIII: mapkep BocriasieHVA
MJIM MeOVaTop pa3BUTHU TyOy IApHOM OMUCPYyHKIIMN?

CPb: «aABYy/IMKMIN» Y4acTHUK CMCTEMHOI'O BOCIIaJIeHVsI

IlenTamep Monomep
Anmusocnianurenbubit  [IpoBocnanvureIbHBIN

[Tentamep (MoHOMEP X 5)

CuictemHOe BocrasieHue v nosbiiaieHue CPb urparor
KJIIOUeBYIO pOJIb B pa3BuTumn u nporpeccupoBanmy OIIII



CPb: nearamep ->MOHOMEP

n-CPB - anTMBOCIIa/INTe/IbHBIN ~ Y3HaBaHMe M yaajleHne MH(peKIMOHHbBIX
M IIOBPe>XJAIOMINMX areHTOB: MHAYKIMs paronmnTos3a, akTMBalsa KOMILIMMEHTAaIIo
KJIacCMYIeCcKOMY IIyTH, aKTMBaIlys alloIloTosa...

A M B s,
PCRP '*‘ -systemic inflammation marker “% 4,—,\_
‘ ‘ -exerts anti-inflammatory effects £ %, '%n
‘% A
JaSsemet, l 45,_‘;_ s e
‘ z v% 4

mCRP-ox Q\S -activates complement system 4: (]
/ -modulates LDL metabolism

S

disulfide
reduction via
thioredoxin

disulfide 1
oxidation ‘
Iy
SH -activates endothelial cells,
mCRP-red SH
G~ adhesion molecule expression,
cytokine release, ROS and

monocyte adhesion Cys36-Cys97

Y3naBaaue PAMP/DAMP -> nucconmnanms B M-CPB - nmepexon B IpoBocHaIMTeIbHYIO
q)OpMy B KVIETKaX: HEKPOTU3MPOBAHHBIX, UIIIEMUYECKUX , IIOABEP>KEHHBIX aIIOIITO3y U
Ha MeMOpaHaxX aKTMBVMPOBAaHHBIX KJIeTOK (TpOMOOIIMTHI, MOHOIIMUTHI M 3HI0TEIINN).
M-CPb cBsi3pIBaeTcs ¢ IHHOBpEKACHHBIMM TKaHIIMM, HAIIPAaBJIEHO JIOKAJIM3YE€T B HUX
IIPpOBOCIIA/INTE/IbBHBbIC pP€aKIINN U aMHJII/I(l)I/II_II/IpyeT (YCI/IJII/IBaeT) X B KOHKPETHBIX MeCTaxX
IIOBPEeXIeHuit - 0C00eHHO B anumesuu noueuHsvlx kaxHaivueb
IToBpe>xmeHHbIe KaHA/IBIIBI HAaYMHAIOT caMu cuHTe3uposars M-CPb,

410 MHNONMpyer u yrsokensaer OIIIL.

Thiele JR et al.Dissociation of pentameric to monomeric C-reactive protein localizes and aggravates inflammation: in vivo
proof of a powerful proinflammatory mechanism and a new antiinflammatory strategy. Circulation 2014;130(1):35-50

Jabs W], et al. The kidney as a second site of human C-reactive protein formation in vivo. Eur J Immunol. 2003;33(1):152-61.



MonomepHabIn CPb naMIIMmnpyer OIIII nyTrem
MHIMOVPOBaHMsA pereHepauum TyOyJIApHOIO 31IUTesINA

CRP
4
FCyRII

ERK/p38 TGF-B1

N

Smad3

|

p27

CDK2/Cyclin E
e ®?
& (e2)

P

4
l

AKI

CPb akTuBupyeT perentop Smad3
IIyTeM CTMUMYJIMPOBaHMUA KMHAa3
TGF-f1 i ERK/p38 MAP,

-4TO HapyllaeT peryjsnuio p27,

- 4TO BeJeT K OCTaHOBKe perHepanmmn
KJIETOK TyOyJIApHOIO 30UTesINsI

B paze GI1 m3-3a momaBiIeHMSI
akTuBHOCTH InkImHa DK2/cyclin E

CRP activates Smad3 via both TGF-f1 or ERK/p38 MAP
kinase-dependent mechanisms, which upregulates p27
to cause TEC growth arrest at the G1 cell cycle by
suppressing CDK2/cyclin E activities.

Lai W, Tang Y, Huang XR et al. C-reactive protein promotes acute kidney injury by impairing tubular
epithelial cell regeneration via the CD32-Smad3-p27 dependent inhibition of CDK2/cyclin E mechanism.

Kidney Int. 2016 90(3): 610-626



Kpearnann

—

Serum creatinine (umol/l

PenanbHbin cuHTe3 M-CPb 000cTpsieT OIIII

>

A 45 1 *okk
da]
15001 e o
R2=0.406 @) o)
P <0.001 L < g 30 1
)
0 o
1000+ o CE)
2 5 151
=~ [in)
& n
500 1 8 )
= 0 24
0 @) Hours after AKI
0 20 40 60 CPBSO
CRP(mg/l) Yacel nocie uaunuanyy OIIII

«CPb, cviHTe3MpyeMBIN B IIOYKaX,
MHIMOVpPYyeT pereHepannio HEKPOTU3MPOBAHHBIX
myoyaApHbIX STUTEINATIBHBIX KJIIEeTOK»

Tang Y et al. C-reactive protein promotes acute kidney injury by impairing G1/S-dependent
tubular epithelium cell regeneration. Clin Sci (Lond). 2014; 126: 645659



M-CPb - meguaTop OIIII

SUMMARY AT A GLANCE

CD32/64 (P ’?

PERFTP—P Accumulating evidence demonstrates that
CRP is not only an inflammation biomarker,

‘ but also a mediator of AKI. Recent studies
revealed that CRP may mediate AKI by

l promoting renal inflammation, autophagy,

mitochondrial dysfunction, and importantly

by impairing tubular epithelial cell
regeneration. Thus, CRP can be used as a
. biomarker for AKI. It is also possible that
v targeting CRP may represent as a novel

0 therapy for AKI.

Tang Y et al. Role of C-reactive protein in the pathogenesis of acute kidney injury. Nephrology 23, Suppl. 4 (2018) 50-52

Kakas mosna noseitnenuss CPb, cuHTE3MpyeMoOro B medyeHu,
OoTpakaeT Ts)KeCTh cellcrca, a Kakasi, CMHTe3upyeMas B [I0OYKax,
TsKecTh OIIII? OTBera moka Her.

Ho gem Boimie CPb - Tem Tsi>kestee C-OIlII, Tem xy>ke IIpOrHO3.



Cencuc <-> OIIIl

Cenrnueckoe octpoe nmospexxaeHmne nodek: C-OIIII
Septic Acute Kidney Injury: S-AKI

CuHapoM, OHHOBpEeMEHHO COOTBETCTBY O
KpurepusaMm cericuca v OIIIL.
Y 30-50% xpuTutecknx naneHTOB
AVIaTHOCTUPYeTC
v cericuc vy OIII1
vy v cericuc v OIIIL.
Cencynic crumynmupyet passurme OIIII,
OIIII - pa3zBuTHe cercuca.



Paszsurme C-OIII1

IIpu mocrynieHun BryTpurocnmuraabHoe
Presentation . Hospital-acquired
OIIII

1) | Sepsis ——>  AKI

C-OI1I1
Sepsis Sepsis
2) > +
AKI AKI
Onm

3)  AKI ——> Sepsis
OII -

OIIII pa3BmuBaetcs y ~ 50% marymeHTOB ¢ cericucoM
Cenicuc pa3BuBaerca y ~ 50% mammenTos ¢ OIIII

Godin M et al., Clinical Approach to the Patient With AKI and Sepsis
Seminars in Nephrology, Vo0l35,Nol,January2015,pp12-22



Cernicrc - npmumna OI1I1

Sepsis as a cause of AKI

.
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Cernicrc - npmumna OI1I1

Sepsis as a cause of AKI
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CmeprHOCTs ipu OIIII, cennicuce 1 C-OIII1

S C- OIIII
50%
40%
30%
20%
10%

0%

NO AKI AKI Sepsis Sepsis &
bes OIIII OIIII CeHCI/IC AKI

kidney ®

INTERNATIONAL

Clermont et al., KidneyInt 2002



ITatodnsnonorusa passurusa C-OIIII:
ot cericvica K OIIII

Tpaduyuonunas konyenyus:

IIPY CceIICHce CMCTeMHas IMIIOTeH3Ms BeJeT K
peHaIbHOV MIIeMIM, YTO BeJeT K OCTPOMY
TyOy/JIIpHOMY HEKpPO3y M, B UTOTe, K runonepdysun

Oonaxo:

Paszsurme C-OIIII ripovcxoauT v Ipu OTCYTCTBUM
runonepdy3un v Ipu HOpMaaIbHOM MIN
IIOBBIILIEHHOV CKOPOCTV KPOBOTOKA

CoBpemennan koHyenyus:

«Tokcu4aHass» cenTuUvecKasi KpoBb, coep Kamiast
IIpOBOCHa/INTeIbHBbIE MeANaTOPhbl, IPOBOOMPYET
BOCIIaJIEHVeE B [I0YKaX, YTO HapymiaeT
MUKPOLUMPKYJISALNIO B peHaIbHOV [IapeHXnMe,
CTUMYJIMPYeT MHPMIBTPaIMI0 MMMYHHBIX KJI€TOK

", B UTOI'€, IIOBpE€’KI4d€T KaHAJIbIIbI»




ITatodpwnsmonorms OIIII,
MHOYOMPOBAHHOIO CEIICHMCOM

Sepsis
AxTUBams
I'mmoren3wst IPOBOCIAIATETHHBIX
IIMTORVIHOB R~
Hypotension Proinflammatory Nitric oxide (NO)

/\ cytokine activation
Filtered

Sympathetic Reduced renal '”:“e':::::'
activation perfusion . " ‘

Renal ischemia Tubular damage:
- Apoptosis

necrosis

Microcirculation
and endothelial

() - @ = dysfunction k) Inflammatory mediators

R 2 2

b ; F=) ®
‘ e © 0 - Cytokines
. . 9 s Activated leukocyte
TNF, IL-1, @
o) @
‘ ® Macrophage
P o © Peritubular s Dendritic cell
€HaTbHas Tubular cell (@ O ‘ capillarios
UILeMms1

Takkavatakarn K et al. Hemodiafiltration in Acute Kidney Injury.
IntechOpen, 2018 (http://dx.doi.org/10.5772/intechopen.79563)



IIpu cericuce sCysC mevicTBUTEIBHO
OoTpa’kaeT MMEHHO pPeHaIbHYI0 TUCPYHKIINIO

YpoBuu p-uincraruaa C (M1/),

IIpm nmocryIruieHnn Yepes 7 nHenn
be3 OIIII 1 cericmca 0,72 0,73
bes OIIII + cemnicyc 0,80 0,96
OIIII Ge3 cericuca 1,21 1,47
C-OIIIl 1,36 1,99

«... CeIICMC KaK TAaKOBOWM He BJIMsieT Ha IIMCTaTUH C....

ITockosibKy s-mmcraTvH C He MOoOABepPIKeH BIVMSIHUIO Pa3/IMYHbBIX
HepeHaJIbHBIX PaKTOPOB, KOTOpPHBIe BJIMAIOT Ha KpeaTMHWMH,
myctatvH C Kak on-line mapkep CK® mo>keT MMeTh
IIPEeVIMYIIeCTBO 110 CPAaBHEHWIO ¢ KpeaTMHMHOM»

Martensson J et al. Impact of sepsis on levels of plasma cystatin C in AKI and non-AKI Patients.
Nephrol Dial Transplant. 2012;27(2):576-81.



YpoBHMU u-tincrarmaa C (Mr/i)
y kputnuecknx mnanyeHTos ¢ OIIII v C-OIIII

IIpu mocrynyieHUm HnaaMmuka u-mmcrarmHa C
A 105 <@ Sepsis and AKI
C-OIIIT ] > Nt St A
— 10 {J Not Sepsis and NotAKI
> =
£ + Cemcmc E '3
> S 1x..-&
3. \’ - +ormmm ¢ |
Yes “ - Cencuc "
. No b - OIIII 0 24 48 72 96 120 144 168
SepSIS g AKI Time from first sample (hours)
on Entry
«He McK/II0U€eHO0, UYTO IIOBBIIIICHME
Be3 OIIII - 0,06 (0,02 - 0,15) u-mcraTrHa C rpm cercuce orpakaet
OIIII - 0,18 (0,07 - 1,62) paHHMe CTaAVM pa3BUTHUS TyOyJIApHO
Cencmc 2,45 (0,26 -10,70) mcdpyakumm, Korma OIIII,
C-OIIIl - 5’48 (0’85 . 13'05) orpenesisiemMoe CorjiaCcHo

riioMepysasspHon aucdyHkaun (AKIN),
elle He AMarHOCTUPYeTCa».

Nejat M., et al. Urinary cystatin C is diagnostic of acute kidney injury
and sepsis, and predicts mortality in the intensive care unit. Crit Care. 2010;14(3):R85.



u-CYSC/u-CREAT (mg/mmol)

YpoBHM u-incrarrHa C ripm cericrice

N KonTposp C-OIIII (n=43)
’ p<0.001 T
u-Ilnc C
MI/71) 0,06 (0,04-0,09) 0,91 (0,28-3,25)
" u-Ilnc C/u-Kp
(Mr/moub) 6,5 (5,3-7,8) 309,6 (123,1-1010,8)
> | IIpu C-OMII
| ————  0.007 1
0 | , u-1mctaTH C DoBBIIIIEH B 15 pa3,
s A coorHomrenne u-Iluc C/u-Kp B 44 pasa

Pe3koe nnoBpImieHne u-nmucrarmaa C Mo)KeT cBUIeTe/IbCTBOBATh
0 paHHEM pa3BUTUM TyOyIsIpHOV ANCPYHKIIUN
emie 10 Toro, Kak amarao3 OIIII mo>xeT OBITH IIOCTaBJIEH
Ha ocHoBaHMUM Kputepmues RIFLE u AKIN.

Szirmay B, Kustan P , Horvath-Szalail Z et al. Novel automated immune turbidimetric assay
for routine urinary cystatin-C determinations. Bioanalysis (2018) 10(5), 377-384



KapanopeHaapHBIN CMHAPOM - IaTOPM310JIOTMIecKoe
paccTpOVICTBO cepAlia M IoYeK, IIpM KOTOPOM OCTpasi MIn
XpoHMUecKasi AMcPyHKIOMA OJHOTO M3 3TVX OPTaHOB
BeZleT K OCTPOM MJIM XpOHMUecKo ANCPyHKINM TPyroro

KPC. Tun I. OcTpbini KapanopeHa/IbHbIN CMHAPOM
Pe3koe yxyaimenve ¢pyHKOMUM cepana (OCTpbIN KapAMOreHHBIN MI0K
VIV 1IeKOMIIEHCMpOBaHHasI cepevHasi HeI0OCTaTOYHOCTD),
BelyIliee K pe3koMy noppe>xaeHnio nodex (OITH)

KPC. Twun II. XpoEndeckni KapanopeHaIbHBIV CMHIPOM
XpoHn4decKye HapylleHMs KapAnaabHOM PyHKIIMM (XpOHMHIecKas 3acTOMHasA
cepaevHasi HeJOCTaTOYHOCTH), BbI3bIBalOII}ie IIPOrpeccHpyOIIy o
V1 IOTeHIMaIbHO IepMaHeHTHY0 XITH

KPC. Tumn IIl. OcTpbIt peHOKapAMaIbHBIV CMHIPOM.

Pe3koe yxyainenmue ¢pyHKIMM MovueK (ocTpast MiieMus oveK Miin
rJI0MepyJI0HepWUT), BHI3BIBAIOIIEe OCTPOe HapyIleHne paboThI cepana (ocrpast
cepae4YHasi HeJOCTaTOYHOCTh, HapyIlleHMsI pUTMa cepalia,
uIIeMus1 MMOKapaa)

KEC Ay VXD OHMH ECKYIVT PEHOKAPAVATTBHBIVI CHHIP OM
XUH(Xponrtieckyie wioMepyisipHble 3a00/IeBaH51) BHOCALIee BRILA/L B
yXyAUIeHye yHKIIV CepIIla, TIIEPTPO M0 MIIOKAPAA V/ VIV By Beyae e
PYICKA 0 CI0>KHEHVIVI CO I CIOPOHBL CEPAETHO-CO CYAVICION CHICTEMBL.

KPC. T V. BTopyuIHBIN KapAVOpeHaIbHBIV CVHIPOM
CrcremHoe 3a00steBanye (C/, cericyic), BHI3bIBAIOIIIEE

ANChYHKINIO KakK HOYeK Tak 1 cepalia

Ronco C et al. ] Am Coll Cardiol 2008; 52: 1527-39




u-Ilncratna C - mapkep KPC 5 Tima

KPC 5. Bropmunsbiit KPC. CuucremHoe 3a001eBaHMe BhI3bIBaeT IUCPYHKIIMIO II0UEK M cepaia

444 nnatimenTa, mocrynmsimnx 8 OUT,
y 18% - cencuc, y 45% - OIIII,
65 nmaumeHToB ymMepJyn B TedeHue 30 mHen

IIpu cencuce u-umcratmn C - 2,45 mr/i, 6e3 cencuca - 0,08 mr/m;
I AVICKPVMMHAO MM HNallMeHTOB C CeIICCcoOM M 0e3 Hero
IHOTpPaHMYHBIN ypoBeHb - 0,24 M1/J1.

ITpu OIIIT u-oucratnH C - 0,45 mr/n, 6e3 OIIII - 0,07 mr/i,
IIOTpPaHMYHBIN ypoBeHb - 0,12 m1/1.

IIpu cencuce u OIIII o0noBpemenno - u-iucratne 5,48 mr/i,

0e3 cencuca n 6e3 OIIII - 0,06 mr/s1 .

IIpu cmepmu 6 meuenue 30 oneni u-mycratve C - 0,32 M1/,

y BeDKuBIIMX 0,08 m1/51, morpann4ase yposeHb 0,09 M1/
Y nayuenmo6, nocmynubwux 6 OUT, u-yucmamun C nezabucumo c6a3an
c OIIII, cencucom u cmepmuocmoto 6 meuerue 30 onei

Nejat M, et al. Urinary cystatin C is diagnostic of acute kidney injury and sepsis, and predicts mortality
in the intensive care unit. Crit Care. 2010;14(3):R85.
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Review Article

Urea, a true uremic toxin: the empire strikes back

Wei Ling Lau* and Nosratola D. Vaziri*

*Division of Nephrology and Hypertension, University of California Irvine, Orange, CA, U.S.A.

Abstract

Blood levels of urea rise with progressive decline in kidney function. Older studies examining acute urea infusion
suggested that urea was well-tolerated at levels 8-10x above normal values. More recent in vitro and in vivo work
argue the opposite and demonstrate both direct and indirect toxicities of urea, which probably promote the
premature aging phenotype that is pervasive in chronic kidney disease (CKD). Elevated urea at concentrations
typically encountered in uremic patients induces disintegration of the gut epithelial barrier, leading to translocation
of bacterial toxins into the bloodstream and systemic inflammation. Urea induces apoptosis of vascular smooth
muscle cells as well as endothelial dysfunction, thus directly promoting cardiovascular disease. Further, urea
stimulates oxidative stress and dysfunction in adipocytes, leading to insulin resistance. Finally, there are
widespread indirect effects of elevated urea as a result of the carbamylation reaction, where isocyanic acid (a
product of urea catabolism) alters the structure and function of proteins in the body. Carbamylation has been linked
with renal fibrosis, atherosclerosis and anaemia. In summary, urea is a re-emerging Dark Force in CKD
pathophysiology. Trials examining low protein diet to minimize accumulation of urea and other toxins suggest a

clinical benefit in terms of slowing progression of CKD.

Key words: carbamylation, chronic kidney disease, inflammation, urea.

BACKGROUND: CONTROVERSY
SURROUNDING UREA TOXICITY

Chronic kidney disease (CKD) is characterized by the accumu-
lation of waste products that have the potential to dysregulate
normal cellular functions, the so-called uremic toxins. These can
be divided into small molecules (<500 Da) or middle molecules.
Of the water-soluble small molecules, urea has the highest
blood concentrations [1]. Uremic toxins contribute to accelerated
cardiovascular disease in CKD via propagating non-traditional
risk factors that include chronic inflammation, oxidative stress,
protein-energy wasting, disordered mineral metabolism and de-
ficiency of endogenous calcification inhibitors [2—4]. Urea is a
60 Da molecule that is the end-product of protein and nitrogen
metabolism. It is a well-established surrogate marker of kidney
function, protein intake and dialysis adequacy [5,6]: however,
there has been much controversy about whether urea is truly
pathogenic.

Early experiments examining urea infusions in animal models
were done by Vauquelin and Segalas (1822), followed by Gigot-
Suard (1870) and Treitz (1859) [7]. No toxicity was observed as
low doses were used in animals with intact kidney function. In
the late 1800s, detailed investigations by Herter showed that the

mammalian kidney is able to excrete urea atarate 12 times greater
than that of the frog’s Wolffian body (weight for weight), suggest-
ing an evolutionary importance for efficient urea elimination [7].
In rabbits, dogs and monkeys following nephrectomy or ureter
ligation, Herter noted that arrhythmias and muscle spasms would
occur at blood urea levels of 0.3% (8-10x above normal blood
content), with coma and subsequent cardiopulmonary arrest oc-
curring at levels of 0.4-0.5% [7]. Other uremic retention products
including middle molecules were unknown at the time, and were
not assessed. Urea ingestion as high as 4 g/kg for 5 days has been
reported to be harmless in piglets; however, dogs dosed orally
with 5-30 g/kg urea develop weakness, gastrointestinal symp-
toms and eventual coma [8]. In the 1970s, Johnson et al. [9] added
urea to the dialysate in three chronic haemodialysis patients and
concluded that blood concentrations below 140 mg/dl are non-
toxic. When serum urea was increased quickly above 170 mg/dl,
there were mild symptoms such as headache and lethargy; mod-
crate symptoms were observed at urea concentrations above
280 mg/dl [9] (consistent with the threshold of 10x above normal
blood levels that was noted by Herter in animal studies [7]).
Clinical trials that address adequacy of dialysis in the end-
stage renal disease (ESRD) population may be interpreted as
providing indirect evidence for the absence of urea toxicity [10].

Abbreviations: 4D trial, die deutsche diabetes dialyse (German Diabetes and Dialysis Study); BCL2, B-cell lymphoma 2; CKD, chronic kidney disease; ESRD, end-stage renal disease;
FHN trial, frequent haemodialysis network; HEMO trial, haemodialysis study group; LDL, low-density lipoprotein; NFkB, nuclear factor kappa-lightchain-enhancer of activated B cells;

0-GIcNAc, O-inked beta-N-acetylglucosamine; ROS, reactive oxygen species.

Correspondence: Nosratola D. Vaziri (email ndvaziri@uci.edu).

«Mod4ueBmHa,
HAaCTOAIIINM
ypeMmn4uecKmn TOKCHMH:
MIIepvsi HAHOCUT
OTBETHBIN yaap»



OtBerHbIN yaap: OIIII -> cenicric

OIIII HapyuiaeT PyHKIIMM AMCTaTIbHBIX
OpraHOB 3a cYeT CTMMYJIMPOBaHMS
OKCHMOATMBHOIO CTpecca; BOCIIa/ICHWMA,
AKTHMBAIIV JIEMKOIIUTOB, YTPAaThI
BacKyJISIpHBIX PyHKIIMI, alloIITO3a M Jp.

Hapywenue npu OIIII xeaydouto-
Kuueunozo bapvepa npubooum

K 0aKmepuaibHoll mpancioKkayuu u
boaxkmepuemui.

Ypemust Beder k. duchyukyuyu uMMYyHHOU
cucmemvol, CBA3aHHOV C HApYLIEHMSIMM

TPaHCIIOPTAa JIEVIKOIMTOB, IPOHMUIIAeMOCTH
COCYOB W peryJisiliuyi HUTOKMHOB.



I_[I):}.Il‘/.li)e U OII10CpeaT0BaHHOE BO3deVICTBMEe TOKCUYHOCTM MOYEeBMHBI
Ha pa3/IMYHbIEC CICTEMBI OPTaHOB
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Uremic toxin

Functional disturbance

LMW Solutes

Phenylacetic acid (PAA)

Macrophages: inducible nitric oxide synthase | [106]:
PMNLs: oxidative burst, phagocytosis and integrin expression 1:
apoptosis | [49]

Dinucleoside polyphosphates

Leukocytes: oxidative burst 7 [107].

Guanidino compounds

Monocytes/macrophages: pro- and anti-inflammatory [108—110]

Indoxyl sulfate

Endothel: E-selectin 7 [111]

P-cresyl sulfate

Leukocytes: basal oxidative burst 7 [112]

Homocysteine (Hcy)

ICAM-1 1 [113]: damage of DNA [114] and proteins [115]

Methylglyoxal (MGO)

PMNLs: apoptosis T [116], oxidative burst T [117]:
Monocytes: apoptosis T [118]

Middle Molecules, Proteins

Immunoglobulin light chains

PMNLs: chemotaxis |, glucose uptake stimulation |. glucose uptake

(IgLCs) basal 1 [119]: apoptosis | [47]

Retinol binding protein (RBP) PMNLs: chemotaxis |, oxidative burst |, apoptosis | [120]
Leptin PMNLs: chemotaxis |, oxidative burst | [121]
Resistin PMNLs: chemotaxis |, oxidative burst | [122

Tamm-Horsfall protein (THP)

PMNLs: (high concentrations) apoptosis |. chemotaxis |.
phagocytosis 7: (low concentrations) chemotaxis T [123]

High-density lipoprotein (HDL)

Loss of anti-inflammatory properties in uremia [124.125]

Protein Modifications

Glucose-modified proteins

PMNLs: chemotaxis 1. glucose uptake 1. apoptosis T [48]

AGE-modified albumin

Leukocytes: activating, pro- atherogenic [126]

AGEs

Macrophages: TNF  and IL-1  secretion T [127]
Monocytes: Chemotaxis T [128]

Glycated collagen

PMNLs: Adhesion 1 [129]

Advanced oxidation protein

PMNLs and monocytes: oxidative burst T [130]

products (AOPPs)
Oxidized low-density lipoproteins Macrophage activation [131]:
(oxLLDLs) PMNLs and eosinophils: chemotaxis 1. degranulation T [132]:

Regulatory T cells: proteasome activity | — cell cycle arrest and
apoptosis [133

Homocysteinylated albumin

Monocytes: adhesion T[134]

Ypemuueckne
TOKCUHBIL:

CI)YHKH,I/IOHaJ'IBHBIe

ITIOBpPE’KIACHMSA

Cohen G etal.
Immune Dysfunction
in Uremia—

An Update.

Toxins 2012, 4, 962-990



Pa3Hble ypeMmmn4decKkye TOKCMHBI MOT'YT OKa3bIBaTh
AHTarOHMCTUYECKVe BO3deVICTBVSA, IPUBOOSIINE
K MH(PEKIIVISAM M BOCIIaJIEHUIO

UREMIC
TOXINS
INHIBITORY —— BASELINE ANTI-
UPON ACTIVATION
ACTIVATION AT & PRIMING APOPTOTIC

INFLAMMATION

Cohen G et al. Immune Dysfunction in Uremia— An Update. Toxins 2012, 4, 962-990
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Passurne OIIII:
Cernicvic 1 xupyprus ->

DAMPs 1 PAMPs ->

MennaTopsl
Bocraayieausa + CPb ->

AHTUOMOTUKM ->
HepPpOTOKCMIHOCTH ->

CucremHoe
BOcCIIaJIeHue ->

TyOynsipHOe
IIOBpeXXIeHme;
OIIII

Kellum JA, Prowle JR.
Paradigms of acute kidney
injury in the intensive
care setting.

Nat Rev Nephrol.

2018 ;14(4):217-230



Kak OIIII BiamusieT Ha 1MarHOCTUUECKME
XapaKTepUCTUKM MapKepoB Cercuca

VI3-3a cHMOKeH M KJINPpEHCa IIPOKAJIBIIMTOHVIH M IIPpEeCeIIC1MH
IIOBBIIMIAXOTCSA IIPU OTCYTCTBUN CUCTEeMHOM I/IH(I)CKHJ/II/I



ITorpanu4uHBIe yPOBHM NPOKAJIBIIMTOHMHA AJIS1 AMarHOCTMUKM Cericymca
IIPY IIaTOJIOTMAX II04YeK pa3inaHom crerieHn TsKectr, RIFLE

Procalcitonin (ng/mL)

t t t t
100 Ly L
80- -
60-
40-
7,13
20+ T
0,42 0,57
0 (-):2—8 — =
: 5232;5 ] L R J [ s?agrslls ] LsepsisJ [ sl;?):{s ] [ ScPSiSJ [ s:?:ns ] {SCpSiS
V non-AKI ] [ Risk ] [ Injury ] [ Failure ]

T, p<0.0001 vs non-sepsis

Nakamura Y et al. Potential use of procalcitonin as biomarker for bacterial sepsis in patients with or without
acute kidney injury. J Infect Chemother, 2015;21(4):257-63,



IIpecenicuH - MapKkep:
- peakKnOonm BpOKOAE€HHOT'0 MMMYHMUTETA Ha CEIICHC,
-  dKTHMBalMNMN cparouvn"osa, ocymecrs/iieMoro MHOImUTaMm -

MaKpodaramMu B OTBeT Ha IIPUCYTCTBYMe [IaTOTeHOB (0akTepuy, rpmoOKmM).
bricTpO noBeIIIaeTc:
- 4epes 30 - 60 MuH 110CIIe II0SABJIEHUSI B KPOBYU I1IaTOT€HOB;

- 3a2-3 OHSA 10 KJIIMHUYEeCKOM M&HPI(l)ECTaI_U/II/I CMCTEMHOI'O BOCIIAJICHMA,

YpoBHM nIpy IOCTyJIEHWUY IPOTHO3UPYIOT

OpTraHHYIO HEJOCTaTOYHOCTH M MCXOIbI.
TexyIas KoHIIeHTpals oTpa>kaeT MHTEHCMBHOCTH (paroimrosa

ITpmn moEUTOpHUHTE - OBICTpOE (4 - 12 9) M3MeHeHMe KOHIIEeHTparmnm,

oTpakaroiee 3¢ ¢deKTMBHOCTH Tepannum



ITorpanmn4ynslie yposHu IICII 11 amaraocTKm cerncrica mpv raToI0rmsx
II04eK pa3IMYHOM cTelleHM TsiKecTu corsiacHo 1mkasie RIFLE

| p<0.0001 p<0.01 Ip<0.01 | | ns | Y])OBHI/I [ICII
200007 — | y 7 nanueHToB
~ Loss nu ESKD
£ 15000+
ob Cencuc IICII
c
£.10000- 1 - 2457
E 2 - 2134
5000- 1451 1535 1523 3 - 19633
4 + 20000
g o 5 + 3424
6 + 2450
)l ) ()l (@ )l) 7+ 2632

| non-AKI | [ Risk | [ Injury | [ Failure |

Nakamura Y et al. Usefulness of presepsin in the diagnosis of sepsis in patients with or without acute kidney injury.
BMC Anesthesiology BMC Anesthesiol. 2014 Oct 4;14:88



IlorpaHMYHBIN YPOBEHBb

1A aviarHOCTUKM cericvca rapu OIIII
IICITI ~ > 1500 rnr/mi
IIKT ~ > 5 Hr/mn



PenasibHBIE MapKephI IIPY cericmce

Ypoeau NGAL (B KpoB¥M 11 B MOUe) IOBBIMIAIOTCA KaK PV peHaIbHOW
oucdyHKImm, Tak u apu ee orcyrcrsun. IIpm C-OIIIl ypoBamu NGAL
OTpa>kar0T CyMMapHYIO TsDKeCTb M peHaIbHOM ANCPYHKIMM M CeIiCica.

Ypoeau nincratnaa C B KpoBM aJJeKBaTHO OTPa’KaloT TsI>KeCTh
IJIOMepyJIsaspHON oucPyHKINM
¥ He 0TPa’kaloT TsKeCcTh MHPEeKIIMN.

Vposau mmcratmaa C B MOUe pe3KO IOBBIIMIEHBIE - 3TO MOXKeT
CBUOETeIbCTBOBATh O PasBUTUM TyOyIsIpHOV AMCPYyHKIIUN
1m0 Toro, Kak amarao3 OIIIl mo>keT OBITH ITOCTaBJIEH

Ha OCHOBaHUW Kpe€aTHMHA "1 Anype3a.



Mapxkeps1 cernicuca ripu OIIII

Ypoeau CPb oTpakaroT cyMMapHYIO TsI>KeCTh BOCIIaJIeHWsI VI peHaIbHOW
INCPYyHKIIU.

YpoBHM IIKT noBpimarTca Kak npu mHeKIMm v 0e3 Hee M3-3a CHVDKEHWMS
ero KJIMpeHca ¥ OTpakarT cymMmapHYI0 TsDKecTh Kak OIIII, Tak m cercuca .

Yewm Ts1>Kes1ee peHasibHasA OuchyHKIOMA - TeM 0ostee Bbicokmum ITKT.

YposHM IICII noBpImaroTcsi Kak nmpu mH@eKInn mu 0e3 Hee Wm3-3a CHVYDKEHMS
ero KJIMpeHca v OTpakarT cymMmapHYI0 TsDKecTh Kak OIIII, Tak m cercuca .

Yewm Ts1>Kes1ee peHasibHasA OuchyHKIOMA - TeM 0ostee Bbicokmum ITKT.

1 puarHoctuku cericvica rmpu OIIII morpannunbie yposau IIKT n

IICII no/DKHBI OBITH ITOBBIIIIEHBI COIJIACHO TSDKECTH PeHaIbHOV ANCPYHKIIN.



[H1a nyarHocTuku v MoHuTOopmHra OIII,
cericuca u centudeckoro OIIIl y kputmaeckmx
IIAIVeHTOB JO/IXKHO IIPOBOAUTHCA
ImapauiejibHOe M3MepeHNe MapKepoB
IJIOMEPYJIAPHON Y TyOyIApHOM ANCPYHKIINU
M cericyca

TyOynsapHas ogucdyHKOMs - camMasi paHHSIA

cragvs passurus cericuca u C-OIlII.

Huaraoctuka OIIII n cenrmueckoro OIIII coriiacHo

TyOyJIIpHBIM MapKepaM olepe’kaeT AMarHOCTUKY II0
KpeaTuHWy " auypesy.



[H1a nyarHocTuku v MoHuTOopmHra OIII,
cericuca u centudeckoro OIIIl y kputmaeckmx
IIAIVeHTOB JO/IXKHO IIPOBOAUTHCA
ImapauiejibHOe M3MepeHNe MapKepoB
IJIOMEPYJIAPHON Y TyOyIApHOM ANCPYHKIINU
M cericyca

TyOynsapHas ogucdyHKOMs - camMasi paHHSIA

cragvs passurus cericuca u C-OIlII.

Huaraoctuka OIIII n cenrmueckoro OIIII coriiacHo

TyOyJIIpHBIM MapKepaM olepe’kaeT AMarHOCTUKY II0
KpeaTuHWy " auypesy.



sCys - uCysC

1 Habop - 2 aganTanum

B ceiBOpoTKe KpoBu: B moue:
IIPY IJIOMEPYJIAPHON I1aTOJI0T UM IIpy TyOyJIApHOV I1aTOJIOTUN
Hopma < 0,2 M/
My KHIMHBI 0,50 - 0,96 mr/7 TyOysapHbIe
3a00/1eBaHM > 0.5 mr/n
KeHmubI 0,57 - 0,96 mr/n
<1 mMmecsaIia 1,37 - 1,89 mr/n HPM TyﬁyHHpHBIX

Hetn 1-12 mecs1ieB 0,73 -1,17 mr/n IHaTOIOIMAX

BO3pacTaeT
>1roma 0,51 - 0,95 mr/n1

mo 200 pa3

DiaSys Diagnostic System GmbH FRG
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