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Hy>xub1 11 HOBBIEe KpuTepun OIIII?

ITncratua C: ogH MapKep - ABa AMarHosa:

B KPOBM - IJIOMepyJIsipHasi OucPyHKINsA, B MOode - TyOyJIapHas
Ot ocTpoii cepmeunont aucpysknmm K OIIIT: matodnsnoorms.
[Hopora c AIByCTOpOHHUM BV>KeHVEM:

ot cericuca K OIIII n ot OIIII K cericucy

NGAL n C-peaktuBHbIn 0es1ok nnpu OIIII: 0 yem rosopsat
pa3HbIe M30(pOpPMBI.

Mapxkepsl cericuca ripu OIIII 1 6e3 OIIII: «1rmouyBcTByMTE pa3sHMUILY»
Kputnaeckne nmamyeHTbl:

apasiiesjbHasi AVMAarHOCTMKAa ¥ MOHUTOPVMHT

IJIOMepYJIAPHON U TyOyIsapHOM ancdyHKINU

M CeNITMYeCKMX OCJIOKHEeHWMI.



Hvarnocrnueckme kpurepumn OIIII

RIFLE CK® Jhiypes
Bellomo R et al et ADQI. | Risk Puck 1Crx 1,5 wm | CKO >25% < 0.5Mi/kr/a X 6
it Care 2004:8:204-212
Crit Care 2004,8:204-212 Injury Ilospexgienue | T Crx 2 wmm | CK® > 50% <05mn/kr/a x 12 9
Failure 1 Crx 3 wiu | CKO > 75% < 0.3m/kr/a x 24 4
HecocTosTe IbHOCTh (wu Cr = 350 MxM/71 ipu WM anypus X 12 4
(RIFLE-Fc) opicTpom T Cr > 44 mxm/in)
Loss nepcuctupyromas OIIH = nonnas noreps
Iorepst pynkiuu BBI/JICJIUTEIbHOH (DYHKIIMU 1OYeK > 4 He/lellb
ESKD (End Stage KOHEUHasl CTa/Ms1 IIOPaKEHUS IIOYEK = IOJIHAs TOTepst
Kidney Disease) BBIJICTUTEIbHOM (DYHKIIMH TTOYEK
TepmunanbHast > 3 MecsieB
cragus XIIH

Cramun Cemsoporounsii Cr Jiypes A KI N

1 1 Cr > 26,4 MKMOIB/ 1T <0.5wr/kr/ax 6 | MehtaRLetal.
wm T Crx 1,5-2 pasza Acute Kidney Injury Network

Crit Care 2007:11: R31.

2 T Crx 2-3 paza <0S5w/kr/ax 12 4

3 1 Cr x 3 u Goiee pa3s < 0.3wr/kr/a x 24 4
wm Cr > 354 mxMouns/n ipu ObicTpom 1 WM anypus X 12 u
Cr > 44 mxMou1b/1
wm 31T

OcHOBaHBI Ha IOKa3aTeJIsIX CHVDKEHM IJIOMepyIApHOM PyHKIIMNI:
CK®D, nnypes, KpeaTMHUH



KpeaTnHMH HauMHaeT «BUAETH» [JIOMEPYJIIPHYIO
nvcpynkumio npu OIIII «korma y>ke mo3mHO»

CK® npu passurun OIIII, mia/mun
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«VI3MepeHMe CbIBOPOTOYHOIO KpeaTMHMHA

IIJ1s1 BBIPAaOOTKM HaJIe>KHOI'O TepalleBTMYeCKOIo
BMeIlaresnbcrBa npu OIIII

becnoaesHo

¥ AaHAJIOITMYHO OKVMIAaHUIO 2-3 THeW mepes,
Ha4a/IOM Tepanumu MalMeHTOB ¢ UIIleMUYeCKUM
MHCYJIBTOM, MHPAPKTOM MHOKapaa

M OCTPBIM HEBPOJIOTMYECKVM MHCYJIBTOM»

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



Reabsorption

Kanasnerx




TyOyssipHas cucTteMa sIBJIsA€TCA HeHTPOM KaK NaToPpm3M0I0IUN
OIIII , Tak 1 BO3MO>KHOTO0 BoccTaHOBIeHMsI r1ocsie OIIII.

IIpu passurun OIIIl npokcMasibHbIe KaHaJIBIBI ¥ TOHKME
BOCXOJsIIIIMe IIeT/IM UIPAIOT POJIb CEHCOPOB IIOBPEXXKIA0LIIVX
CTMMYJIOB M 3aTeM - 3pdekTopos nporpeccupoBanmsa OIIII

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

Mimemus v TOKCUYIecKue coeAMHeHMsI NPUBOOAT K 00CTpyKIOI MM
pPeHaJIBHBIX KaHaJIblieB M K OCTPOMY TyOyJIsipHOMY HEKpO3y,
HO IPAMBIM 00pa30M He KOPPeIMPYIOT C IJIOMePYIAPHBIMU

IHIOBPpE>KIACHWMIMMN

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 o6o3Hauaer IIOBPpE’>KIAEeHVeE IIOUEK, HO HE 00s13aTeJIbHO
PE€HaAIBHYIO IH/ICCI)YHKI_U/IIO. PeHastpHOE IHHOBpE’XKIaEeHMne y>Ke €CTb,

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

Pannroro nuarsocruky OIIII, Korma HapyIeHMs IJIOMePYJIsIipHOM

dyHKIMM, cOIJIacCHO KpeaTMHMHY, ellle He 00Hapy>KMBaIOTCsA

o0ecrieumBaroT TY6y.TI}IpHBIe MapKepHhbl.

Hann4aue TyOy1apHOro moBpeXaeHus NPy OTCYyTCTBUN
IJIOMepYJIApHON OcdyHKIIMM, AMaTHOCTUPYyeMOVi 110 KpeaTMHMHY -
«cyoxaunuuecxoe OIILI»

ITpuanmnmaneabie oTinane OIIII or OITH:

-y OIIII ecTp cyOKkImMHM4YecKasa ¢dasa,

- OIIIl, B orsimume ot OITH, 3T0 moTeHIIMaIbHO O0OpaTMas
IIaTOJIOT ML

Bagshaw SM. Subclinical acute kidney injury: a novel biomarker-defined syndrome. Crit Care Resusc. 2011; 13(3):201-3.
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A) HM npu3HaKoOB, HU yTpaThl PyHKIMMU - OIIII HeT;

(B) mpu3Haky moBpe>KaeHMs, HO 0e3 yTpaThbl
dysKIMM; (TYyOy/IsIpHOE HOBpEXXaeHMe) ~
cyoxknmHandeckoe OIIIT;

(C) dynkmoHanbHbIE M3MeHEHM, HO 0e3

npu3HakoB nospexxaenmst (OIIII corsracHo
kputepusMm RIFLE/ AKIN/ KDIGO);

(D) IIpu3Hakm nmoBpe>KaeHMs M yTpaTa PyHKIIUA —
OIIII cornacHo n kpurepusm RIFLE/AKIN/KDIGO
U TyOyIApHOV AMChYyHKIIUN
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Change
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\!} CrossMark

A

No Damage Damage present
B
No functional Damage
changes or without loss
damage of function
5 l
Loss of Damage with
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without function
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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 nytu K HOBBIM KpuTtepwuam OIIII:
RIFLE + 1yOyiisapHbIN OioMapKep

No AKI  OIIITI met
RIFLE-negative RIFLE otp.

Biomarker-negative Mapxep otp.

AKI with tubular damage OIIIT ¢ TyGysipHbIM
IIOBpeXIdeHneM

RIFLE-negative RIFLE otp.
Biomarker—positive Mapxkep 11o10>XUTeIbHBIN

AKI with function loss
OIIII ¢ yrpaTovt pyHKIMMU

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

AKI with function loss and tubular damage

OIIII c yrpaTon ¢yHKunmu 1 TyOy IsIpHBIM HOBpEXXIeHVEM
RIFLE- pOSI lve qu)lgLE IIJIOJKUTEIbHBIN

Biomarker-positive Mapkep I10/10)KUTeTbHBIN

B GonpmmHCTBe ci1ydaeB camast panHssA cragusa OIIIT -
pa3sBuTHe TyOyJIsIpHOM OUCPYHKIINM, KOTOpOe IPOMCXOANUT
IIpM ellle COXpPaHEeHHO IJIOMepyJIApHOM PyHKIINN.

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'rmomepyssipabie 1 TYyOyIsipHBIE OMOMapKepbl

I'momepynsipHast pyHKIMA

Markers of

glomerular function:

Cystatin C
NGAL

RBP
Hepcidin

TyOynsipHasa dpyHKOMA
Markers of

tubular function:

Cystatin C
NGAL
RBP

PeHaJ'IBHOE BOCIIaJIEHe
Markers of

renal inflammation: \4\
Calprotectin

HGF
IL-18

Nephron

TyOysipHOe mOBpe’KIaeHme

Markers of
tubular damage:
NAG

o—GST

n—GST

v~GT

NGAL

KIM-1

RBP

L-FABP

o.1/B2 microglobulin
IGFBP7

TIMP-2

microRNA

Netrin-1

Clusterin

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? Nefrologna. 2016;36:339-346



Incratunu C

benok cemevictBa mmcratuHOB (13 Kmoa) -
UMHIMOMTOP HMCTEeMHOBBIX IIpOTEas
CuHte3upyercsa 6cemu AapocomepKarayumu
KJIETKaMM C IIOCTOSTHHOV CKOPOCTHIO

" BBIXOAWUT B KPOBOTOK.

ITomHOCTBIO PMIBTPYeETCs B KIIyOOUKax,
ITomHOCTBIO peabcopOMpyeTcs: M pacIernisieTcs
B KaHaJ/TbIIaX,

Umeet 100% xampeHc

B HOpME B MO'I€ IIPaKTUYECKNM He OlIpeaeIsaeTCsd



u-Ilncratun C - MmapKep TyOyIsapHO
aVcPyHKIIUMU

YpoBHaM u-tincratHa C B Moue (u-urinary) -

MapKep 3¢ddPeKTMBHOCTH peadcopOonmm

B IIPOKCMMA/TbHBIX KaHAJIbITaX

u-yucmamun C:

Bepxuuu pepepencusiii npedea - 0,28 me/a,

He 3a6ucum om noaa u Bospacma.

« Usmepenue u-yucmamuna abasaemcsa mouHsvIM.

Boicoxasa cmabusvHocms u omcymcmbue unmepgepenyuil
deaatom usmeperue  u-yucmamuna C pymuHHoIM
OuUOXUMUUECKUM MEeCHOM»

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. .



Incratnu C

B xpoBu (s - serum, p - plasma) B moue (u - urinary)
Mapxkep riiomepysipHONn aucdyHKIIUU Mapxkep TyOys1sipHOM

INCcPyHKIINN
Yem T51Ke 1€ peHaHBHaH

I1aTOJIOIMsI, TeM Xy>Ke (puIbTpyeTcs
IIpu HapyieHUN
B IIOYKaX, TEM BbIIII€ YPOBE€HDb B KPOBU

peabcopOIMM
[Tpu passurmm OIIIl HaumHAET & IO PARIEET L 2 DT NI B IS
MOBBIIIATHCSA 3a 24-48 1 10 KaHa/IbIIaX
KJIMHUYIEeCKOV MaHMdecTamm ceKpeTupyercss B MOUY

COIVIaCHO Kpe€aTMHVMHY

YpoBHM B 1I)1a3Me 1 B MO4e
OpnHOKpaTHOe M3MepeHue IpaKTUYIeCKM He 3aBVCAT:

I103BOJIsIET PacCIYUTHIBATH - OT MbIINIE€YIHOM MaCCh],
- BO3pacTa,

- I10J1Ia

3HaueHusa CKdD



s-IlncraTnH C nnpenckaspiBaeT OIIII panbire, yeM KpeaTHUH

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 < - > OIIIT

KapaonopeHaibHBIN
CVHIPOM -

naTodm3noI0rnIecKoe
paccTpoviCTBO

ceparia M Iovex,

IIpV1 KOTOPOM OCTpast
VIV XpOHMYIecKas
ovicyHKIMs

OJIHOTIO W3 3TVX OpPraHOB
BeJeT K OCTpon

VIV XPOHMUYIECKOM

avicyHKIIMY IPyroro




KapaonopeHalbHBIN PUCK

KapayaiibHbIe PenajiabHbIe
33a00/IeBaHMsa 3200/IeBaHVIsg

VIM, cepneuHnas

OIIII 1 peHa’/ibHas1 CMEPTH HeI0CTaTOYHOCTD,
KapAyaJabHbIX IalVIeHTOB apuUTMMs U
KapavasibHasi CMepTh

PE€HAJIBHBIX ITIAaITMEHTOB

Y ~ 25% nanmenTos npu nocrymineHun ¢ OICH passusaercs OIIII
OIIII ociioxxusier Teuenme XCH



Cep,ueqHaﬂ M p€Ha/IbHasA HEQJOCTATOYHOCTD B3aMMMOCBA3aHbI

C IOMOIIBIO CMMITATMYECKOVI HEPBHOV CVICTEMBI
Heart and Kidney Failure are Linked through the Sympathetic Nervous System

CumMmniaTn4deckasi HepBHas ccTeMa
PermH-aHIMOTEeH3MHOBAA CCTeMa

* Cepaue M IOYKM MOTYT HeIIOCpeACTBEHHO B3aMMO/1eVICTBOBaTh 3a CYeT:
- CumMmnarmn4deckoy HepBHOM CUCTEMBI,
- PeHuH-aHIMOTEeH3MHOBOW CHCTEeMBbI,

- Bocmanenmus,

- AKTuUBHBIX POpPM KMcI0poaa,
- 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 cepoevHOM HEIOCTATOTHOCTH

P€Ha/IbHAA ,D;I/IC(l)YHKI_U/IH IIOBBIIIIACT JIECTAJIBHOCTD
Renal Function Is Associated With Increased Morbidity and Mortality in HF

CBsa3p CK® c neranpHOCTEIO y 1906 nnanmenToB ¢ 3actoviHon CH

CK® (Mms1/mMUH)
0.7 —
0.6 - <44
0.5+
a
S 0.4-+ 44-58
ITpu CH penanpHasaz & il 59-76
acyHKIIV 02" ' >76
CMJIBHBIU IIpeauKITop © 029
JIETaJIbHOCTU 0.1+ [
. O 2008 4008 6005 8001 100051200

HHan

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



IIncratnua C - mapkep
1npeKJINMHNYIECKOro 3a001eBaHMs IT0YeK

ITpexnmHMUIecKkoe 3a001eBaHMe MOYEK XapaKTepu3yeT JINII;
- 0e3 KIIMHMYecKMX 3a00/1eBaHM IT0YeK,
- ¢ CK® o kpearnumnny > 60 muy/muu/1,73 m?;

- C IIOBBIIIIEHHBIM CBIBOPOTOYHBIM IicraTiHOM C 21,0 Mm1/m1.

IIpexnHM4YecKoe 3a001eBaHMe II0YeK ~

He3aBucumo ot Opyrux pakTopoB 00yciIaBIMBaeT: pUCK
pa3sBUTHA KJIMHUYIECKMX 3a00/1eBaHU ITOYeK

u pucK passurmusa CC3

Shlipak MG, Praught ML, Sarnak M]J., 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-Lncr C - Mapkep «npekaunuueckou»
pPeHaIbHOV TUCPYHKIINU

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

HaoO1rogeHme: 3659 mo>XmIbIxX JINII,

0e3 M3BeCcTHBIX 3a00/7IeBaHUM IIOUeK

CK® no kpeatnauHy 2 60 Mmii/Mun/1,73 M2) - HopMa,
HabOaronenne - 9,3 j1er

IToBpimenme s-Ilvicratmraa C 21,0 m2/a

0bL10 c643aH0 ¢ NOBBLIEHHBIM PUCKOM:

cMepTH,

MHCYJIbTa,
- M,
CepoedHon HeIOCTATOYHOCTH,

Pa3zButms n nporpeccuposanus 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.



Cnyuaes B roa(%)

IIncratua C - maaukarop TsikecTr OKC
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Sarnak MJ et al. Ann Intern Med 2005



sCysC - mpeaMKTOp KapaAMOBaCKYJIAPHBIX PUCKOB
B pacueTe Ha cTaHAapTHoe oTkj1oHeHMe (0,18 mr/m)
ypoBHA mucrarnHa C

Vicxon, S;flf;‘e“"e 95% CI
CMmepTh 1,33 1,25-1.40
KapanoBackyisipHas cmeprs 1,42 1,30-1,54
HekapanoBacKyisapHas 1,26 1,17-1,36
CMepTh

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

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

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



IToBeitneHHbIN sCysC He sABjIsIeTCA
HeniocpencrseHHon npuunHon CC3: meTa-aHaIns3

MHoro4ncieHHbIe 31IMIeMMUO0I0IMIecKye MccIeJ0BaHMA:
BbIcOKMe ypoBHM sCysC acconumpoBaHbl ¢ puckom CC3
He3aBVCHMO OT peHaJIbHOV (pyHKI MM, OIpeesisieMoi 10 KpeaTuHMHY.

Meta-aHaamns:

16 npocrieKTUBHBIX MccaenoBauui (n = 76,481 ) ¢ 37 126 nusmepenmsimu sCysC ;
43 reHeTHUYIeCKMX McciIegoBaHMA, iulia ¢ BbicokuM sCysC, (n = 252,216),

63 292 ciryuaes CC3

HPI/I‘II/IHHO-CJIG,HCTBEHHOIZ CBs31 ME’K/1Y ITOBBIINIEHHBIM SCYSC n

JIFI00BIMM MHPpAMBUAYaIbHBbIMY 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. J] Am Coll Cardiol. 2016, 30;68(9):934-45.



s-ITncrtaTvH C - ¥ IPOrHO3 JIeTAJIBHOI'O MCX04a

CMmepTHOCTB, %
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>1.25 mr/a

1.00-1.24

0.83-0.99

C <0.83

24 36 48 Mecsaiipl

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



«s-Hwucrata C Mo>KeT ObITH peKOMEHI0BaH
- JIs1 pyTMHHOI'O CKpVHMHIA
- NPeKJIMHUYeCKMX
Y KJIMHUYecKnx 3a00/1eBaHU I[1I04YeK U
- JJIsI OLI€HKM pVCKa cepeauHO-COCYAVCTBIX
OCJIOCKHEHMV Y MY>KYMH cTapIiie 55 jier

My >KeHIIUH 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 npocreKTMBHBIX VcCIeJ0OBaHMUN B 15 cTrpaHax,

n= 4247, OIIII pa3sunocsk y 982 (23,1%).

YygerButenbnocts  CrernmduaHOCTD

Study Sensitivity Specificity AUROC

Time Bpewmst number (95% CI) (95% CI) (95% CI)
All settings 0 h ripu nocrynnermn 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) 72(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 6 (0.60,0.88) | 0.87(0.76,0.93) 0.89 (0.86,0.92)
1-6h after cardiac surgery 5 73 (0.65,0.80) | 0.68(0.62,0.74) 77 (0.73, 0.80)
12-24h after cardiac surgery 6 0.85(0.72,0.92) | 0.80(0.68,0,89) 0.90(0.87,0.92)

sCysC Mo>KeT OBITh >)KM3HEHHO IepCclIeKTMBHbIM MapKepoM a1 ckpuHmHra OIIII

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 € (ng/mL)

Hvinamuka sCysC nnpu passurun OIIII mociie
Kapouoxupyprum ¢ AVIK

57 manuenTos, AKIII - 59,6%; 3ameHa MmuTpaapHOrOo Kjiamnata - 17,5%;
3aMeHa aopTa/IbHOrO KjanaHa - 14,0%; OIIIIl pa3ssuiocsky 42,1%.
Usmepenmne:. sCysC beta-trace protein (BTP), NGAL, kpeatnauH

sCysC BTP NGAL

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 npenukrop passurmsa OIIII
rnocsie Kapavoxupyprum ¢ AVIK

b 27 {3 No AKI Bes oI
2.4 1 O AKI OIIII
< 22 n=72, IulaHoBas Kapauoxupyprusa ¢ AVIK.
B =2 | OIIII pa3Buiock y 34 manimeHTOB,
5 f zz L & P /}/ V3 HUX -y 7 reMoamanus, 4 ymepsio
BN E 44 yy
é’ 1.2 | AUC ROC, gmnarsoctmuka OIIII
1.0 4
T IToct-AKIIIT 0uB OUT 6uB OUT
CPB CPB cu 1 pCysC 0.631 0.617 0.627
s | Bes OIIIT & No AX uCysC 0.709 0.693 0.724
S ol ONII+P3T &rART
OTIII Ges P3T' " A0 ey
o ——Q : pNGAL 0.448 0.526 0.463
73 r uNGAL 0.607 0.705 0.704
o ¢ %—_k s nuaraocruku OIIII, cBsi3anHHOTO

- — — ¢ Kapanoxupypruen, uCysC
- npeBocxoauT KpeatnanH 1 pCysC

Ilepen
AUK T T
AVIK n OUT 6uB OU

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 passutusa cyokiamandeckoro OIIII
Y TSDKeCTH ero MCXOO 0B

n = 510, HOBOpOXKOeHHbIe M aeTn, nocrynmian B OUT.

CysC -
Css136 uCysC co cmeptHOCcTEIO B OUT, AUC OC ULyst - IpEANKTOp

cyoxamamndgeckoro OITII

VicxomHBII YpOBEHBD - 0,76; yrrm—
MakcuMaIbHBIN - 0,81 o —

g e
25,5% manmenToB - uCysC(+)/OIIII(-) 8 {

PycK cMepTHOCTM B IIEPBYIO HeeJII0 - MOBBIIIEeH
B 9,3 pa3 no cpaBHeHMI0 ¢ rpynmnoit CysC(—)/OIIII(-)

Sensitivity

ITpu uCysC(+)/OIIII (-) npebriBarme B OUT
B 2,8 pa3 mosiblire.

rn

— — Initial uCysC, A =076

_——— Peak uCysC A =081

¢ — e e w— liness seventy score, A =0.74
Cyoxnmandeckoe OIIII moxxeT pa3BuBaTbcss 0e3 0% l ] : ] ;

0.0 2 4 8 8 1.0

OeTeKTUPyeMOV yTpaThl peHaJIbHBIX (PyHKIIMIA. 1 - Specificity

« uCysC nos1oKmuTesIpbHOe CyOKIMHMYecKoe ROC curves for the ability of the initial and the
peak uCysC) to predict severe AKI) in critically ill

OIIII» cBs13aHO C XyammMn KJIMHUYEeCKMMMN neonates and children . Severe AKI was defined
as Kidney Disease: Improving Global Outcomes

NCX01aMm. (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.



Kak OIIII BiaausieT
Ha AVarHOCTUYecKNe XapaKTepuCTIUKN

PE€HA/IBHBIX MapPKeEPOB 11 MaPpKepOB BOCIIaJICHMA
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Abbreviations

AKI Acute kidoey injury

NGAL  Neotrophl gelatinase-associated fipocalin
RRT  Reml replacement therapy

Neutrophil gelatinase-asociated hipocalin (NGAL), alyo
called Hipocalin-2. is a 25 kD protein of the lipocalin
superfamily expressed and seereted 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 ecll types.
including renal cpithelia [2] Report of a massive up-
regulation of NGAL expression following renal tubular
injury created interest in this melecule as o promising
candidate to desect renal injury earlier and more reliably
thun conventional markers of renal function |3]. Hence.
first mvestigations suggested unnary NGAL 10 be both
highly sensitive and specific in predicting acute kidney
njury (AKI) [4, 51 Although some studies confirmed the
excellent performance of urinary or plasm NGAL as a
hiomarker of AKI or renal replcement ¢ IRRT ) n
lurger unselected colwas of critically il patients [6, 7],
substantial varistion was observed across studies [8]
Additionally, several conditions were identified  which
may interfese with NGAL performance such as sepsis [9).
COPD [ 10] or candiac dysfunction [11] and act as con-
founding factors. Finally. the performance of NGAL
appeans 10 be imfuenced by age (supenor prediction m
children) [12). by sex and baseline renal fuscton |13
In the cument ssue of Dbuensive Care Medicine.
Ghassford et al, | 14] provide wdditional msight into the
nature of this biomarker. They examined results of uri-
nary and plasma NGAL measurements with bath research
and commercially availuble assays characterized by dif-
ferent spevificity for the molecular isoforms of NGAL
with respect 10 their ability o detect AKI in a highly

“selected population of patients [14], The authors con-

cluded that both plasma und unnary NGAL  assays
detected different molecular forms of NGAL, cach of
them having limited ictive value for mortality, the
need for RRT or the development of AKL




The Rise and Fall of NGAL in Acute

«B3mer v mageamne NGAL
Kak Mmapkepa OIIII»

In-Depth Review

CucTreMHOe BOcIiajJieHHMe M pa3IuvIHbIe
KOMOpOMOHOCTH, 00BIYMHO HaOJII0OZaeMble

y KpUTHUYIecKMX HalieHTOB, CII0COOCTBYIOT
BbICBOOOXXTeHmMI0 NGAL 13 remaTornosTm-
YyecKMX M He-raMaTOIIO3TUYeCcKM KJIeTOK.

Kidney Injury

Takoe HermpecKa3zyeMoe BbICBOOOXKIeHME
NGAL, komIIsiIeKcHas1 Ipupoaa ero
MOJIEKYJI VI HeJOCTYITHOCTb M3MepeHMs]
- NGAL, ciemdnaeckm BEICBOO0XK/1aeMOro
i ' V3 KaHAJIbIIEB,
IIpersATCTBYeT ncrosab3oBaHnio NGAL
KakK coenmdnieckKoro Mapkepa ajis
nviarHocTuKM OIIII B rereporenHon
IOIYJIALIVN KPUTHUYIeCKM O0IBHBIX .

Abstract

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.

KARGER



Neutrophil gelatinase-asscociated lipocalin (NGAL)

JTMIOKaIMH, acCOIMMPOBaHHBIV C JKeJIaTMHA30V HeVITPpodWIIOB (MUIIoKaMH-2).

Tpu nzodopmsbIl

Monowmep (25 x[1a), mpu OIIII
CHHTe3UpYyeTcsl IIPerMyIecTBeHHO

B KaHaJIbIIaX M CeKpeTHUpyeTcss B MOUY -
u-NGAL (u-urinary)

MapKep TyOy1sipHOM aucdyHKIIMM

lomoammep (45 Kna), mpu OIIII
CHMCTEeMHBIX MHPEKIMAX CMHTEe3UPYyeTCs
B KpoBU (HemTpodmiIbI) -

npu unuivmpayuu maxpogaeob 8

nouKU ceKkpemupyemcs ux Hux 6 mouy

I'ereponvimep - MOHOMEP, KOBaJIECHTHO
CBA3aHHBIN C JKeJIaTMHAa30M -
CMHTEe3MPYyeTcsI KaHa/IbIlaxX, CJIOXKHO
M3MepsATh

Systemic inflammatory response:
1 NGAL synthesis by extrarenal tissues
4 -~ " “ N =
NGAL release from circulating neutrophils

R 'e7alt
D
q TJU\JUL

= z \
B So0 % ’
3 =
= \ ~ S ]
=4 I/
S e S )
s I3 S
: 3

Megalin-cubulin receptor
MMP-9

Monomeric NGAL

Homodimeric NGAL

®@ 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



CoBpemeHnHbIe TecTbl Ha NGAL
B KPOBM M B MOUe OIpeaesatoT cMech ero M30popM...

...V OTpa>kar0T OJHOBPEMEHHO
KaK TsDKeCTh BocmajieHms1, Tak M TsKecTthb OIIII.
UewMm TsKestee mHpekms - TeM Bbitne NGAL, kak mpu
Hastmaun OIII, Tak M npu oTcyTcTBUM

« Produced by both neutrophils and renal tubular cells

Monomeric NGAL j— * Urinary monomeric NGAL is primarily of renal origin
« Can be released by urinary neutrophils in UTI states

. : ! * Produced by neutrophils only
Homodimeric NGAL J *| « 45kDain weight on Western blotting

* Produced by renal tubular epithelial cells
« Covalently bound to gelatinase, 135-kDa in weight

‘ —+ Heterodimeric NGAL « Only present in small quantities in the urine
« Difficult to detect and quantify at present

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
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IIpu OIIII, cBsizanHOM ¢ Kapanoxupypruen, NGAL
OTpa’kaeT BOCIIaJIeHVe, HO He peHaJIbHYIO AMCPYHKIIMIO

ITpu mocryrieaun B OUT - NGAL B nita3me B (Hr/Mo):
0e3 OIIII - 37,9 opwu OIIII - 48,8.

99% pNGAL m3 HerTpodPMIoB.

NGAL penanbHoOro npomucxoxxageamus - 0,9%.
Pa3zamanun B coorHomeHni n3ogpopm NGAL
0e3 OIIII n mpu OIIII He BBIsIBIIEHO

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 BocriasieHMA
VJIM MeaVaTop pa3BUTHUs TyOyIsapHOM OnuchyHKIIMM?

CPb: «aABYy/IMKMI» YY4aCTHUK CYICTEMHOI'O BOCIIaJI€HVSA

IlenTamep Monomep
AnmusoctanurensHbt  [IpoBocnanvre1bHBIN

[TenTamep (MOHOMEP X 5)

CucremHoe BocriasieHue u nosbliieae CPb urparor
KJIFOYEeBYIO POJIb B pa3sBuIum 1 rnporpeccuposanmm OIIII



CPb: menTamep ->MOHOMeEP

n=CPb - anTMBOCIAINTE/IHbHBIN — Y3HaBaHME M y1aIeHue I/IH(l)eKI_U/IOHHBIX
M ITIOBpPEXXIAaI0IMINX aTr€HTOB: MHAYKII M cparouvrrosa, dAKTUBanyisi KOMIIVJIMMEHTAIIO
KJIaCCMYIECKOMY IIyTH, aKTUBAILl¥sAd aIlIOII0TO3a...

A f B
-5
pCRP C' | / systemic Infflammation marker \%/‘. \
> tory effects N\%

A T =
axerts anti-inflamn

" g

,,,,,

C

(
thesior Cys36-Cys97

Y3naBaune PAMP/DAMP -> muccoumanmusa B M-CPb - nepexon B MpoBOCHaIMTEIBHYIO
(l)OpMy B KJI€TKaX. HEKPOTU3MPOBAHHBIX, MUIIIEMNYECKMNX , IIOABEPIKEHHBIX anonTo3y 14
Ha MeM6paHax AKTUBUPOBAHHBIX KJIETOK (TpOMGOHMTBI, MOHOIINUTBI 1 BHILOTeJII/Iﬂ).
M-CPB CBA3bIBAETCA C HOBPQ)K/IEHHI)IMI/I TKaHAMWM, HaHpaBHEHO J'IOKaJ'II/I3YET B HUX
IIpOBOCHAINTEIbHbIE peaKInn M aMIuIMduumpyer (ycuanBaeT) MX B KOHKPETHBIX MecTax
IIOBpEXIeHUI - 0CO00eHHO B snumesuu noueuHsvlx Kanaivyeb
IToBpe>xmeHHbIe KaHAJIBIBI HAYMHAKOT caMu cuHTe3npoBarb M-CPb,

410 MHUIUupyer u yrskessier 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 WJ, et al. The kidney as a second site of human C-reactive protein formation in vivo. Eur J Immunol. 2003;33(1):152-61.



Monomepubin CPb mannumupyet OIIII nyrem
MHIMOMPOBaHMA pereHepanmu TyOyJIAPHOIO 3IMUTe I

CRP
¢ CPb akTuBupyeT perenrtop Smad3

FCYRII
d IIyTeM CTUMYJIMPOBaHMA KMHa3
ERK/p38 TGF-B1 TGF-p1 vuin ERK/p38 MAP,
N

Smad3

|

p27

-4TO HapyulaeT peryjsanuio p27,

- UYTO BeleT K OCTAaHOBKEe perHepanmm
CDKZ/Cyclin E KJIETOK TyOyJIsIpHOTO 3IIUTe IV
B daze G1 wm3-3a momaBIeHUs
akTBHOCTH InkmHa 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



Kpeatnann

—

Serum creatinine (umol/l

PenanpHbIN cuHTe3 M-CPb 000cTpsieT OIIII

A 45
ok k
A da
1500+ BN o
R2=0.406 o o)
P <0.001 . - Iad
2 o
1000+ o CE)
& 5 15-
B 3
o QL
500 g .
= 0 24
. O Hours after AKI
0 20 40 60 cpgp80
CRP(mg/l) Yacel nocjae uaumuanuun OIIII

«CPb, cviHTe3upyeMBIN B IIOYKaX,
MHIMOVpPYyeT pereHepanmnio HeKpOTU3MPOBaHHBIX
myoYyAApHbLIX STUTEINATIBHBIX KIIeTOK»

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: 645=+659



M-CPb - meguaTop OIIII

CRP

I? (P P 00032'64,? '? p /o
?" P PTRPTT 0 Accumulating evidence demonstrates that

CRP is not only an inflammation biomarker,
@l,@ ‘ but also a mediator of AKI. Recent studies
revealed that CRP may mediate AKl by

~cokz ) promoting renal inflammation, autophagy,
E mitochondrial dysfunction, and importantly

- by impairing tubular epithelial cell
B) regeneration. Thus, CRP can be used as a

il T e biomarker for AKI. It is also possible that
targeting CRP may represent as a novel

Y
o 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

SUMMARY AT A GLANCE

Kakas mosa noseitnenus CPb, cuHTE3MpyeMoOro B nedyeHm,
oTpakaeT Ts)KeCTh cellcrca, a KakKasi, CMHTe3upyeMasi B [I0YKax,
TsiKecTh OIIII? OTBera moka HerT.

Ho gyeMm Boimte CPb - Tem Ts>Kkestee C-OIIII, Tem xy>Ke IIpOrHO3.



Cencuc <-> OIII1

Centmnueckoe ocrpoe nmospexxaeHne nmovek: C-OIII1
Septic Acute Kidney Injury: S-AKI

CvHOpoM, 0OHHOBpEMEHHO COOTBETCTBY IOV
KpurepusaMm cericuca v OIIIL.
Y 30-50% xpwuTuteckmnx namMeHTOB
AVIaTHOCTUPYeTCA
v cericuc vy OIIII
v u cercvic u OIIIL
Cencuc crumynmpyert passurue OIIII,
OIIII - pa3BuTHe cercuca.



Paszsurme C-OIII1

IIpu mocTynieHun BryTpurocrimraibHoe
Presentation | Hospital-acquired
OIIII

) Sepsis L — s

C-OIlII
Sepsis - Sepsis
2 . > =
AKI f AKI
omnmn

3 AKI  ——> Sepsis
orl -

OIIII pa3BuBaetcsa y ~ 50% marmeHTOB ¢ cernncmcoM
Cencumc pasBuBaetcsa y ~ 50% nammenTos ¢ OIIII

Godin M et al., Clinical Approach to the Patient With AKI and Sepsis
Seminars in Nephrology, Vol35,Nol,January2015,pp12-22



Cemnicuc - mpuumHa OIIII

Sepsis as a cause of AKI



Cemnicuc - mpuumHa OIIII

Sepsis as a cause of AKI



CmeprHOCTh ITpU OIIII, cericvice u C-OIII1

60% C- OIII1
50%
40%
30%
20%
10%
0%

NO AKI AKI Sepsis Sepsis &
BesONN oONN  Cemcuc AKI

Clermont et al., KidneyInt 2002



ITaTodmsmnonornsa pazsurus: C-OIIII:
oT cericuca K OIIII

Tpaduyuonnaa konyenyus:
IIPY CeTICVice CMCTeMHasl TMIIOTeH3MsI BeeT K
peHaILHOM UIIIeMMUM, YUTO BeJleT K OCTPOMY

TyOy/JIIpHOMY HEKpPO3y ¥, B UTOTe, K rMnonepdysun

Oonaxo:

Pazsurme C-OIIII mpovcxonuT i ipu OTCYyTCTBUM
runonepdysumu v Opv HOpMaIbHOM MUV
IIOBBILIIEHHOM CKOPOCTH KPOBOTOKa

CobBpemennan KxoHyenyus:

«TokcaHasi» cennTMdecKasi KpoBb, coaeprKarias
IIpOBOCIIaINTEIbHbIE MeAMaTOPbl, IPOBOLIVIPyeT
BOCIIaJIEeHMe B [I0OYKax, YTO HapylIaeT
MUKPOLVPKYJISLVIO B peHAJIBHON [IapeHXuMe,
CTUMYJIVPyeT MHPMIBTPAMIO MUMMYHHBIX KJIETOK

", B UTOI'E€, IIOBpPEKIa€T KaHAJIbIIbI»




ITaTodnsnosrormsa OIIII,
MHOYOMPOBAHHOIO CEIICHCOM

Sepsis

AxTugarms
I'morensus MPOBOCHAIUTETBHBIX
IIMTOKMHOB
Hypotension Proinflammatory Nitric oxide (NO)
/\ cytokine activation
Filtered

Sympathetic Reduced renal "‘2:’::::::" -
activation perfusion . s ‘ 0.
L
F

Renal ischemia Tubular damage: Microcirculation

\/ .':.@ 6

TNF, IL-1,
IL-6

. Macrophage

Apoptosis = £
n::,':;:'s P and endothelial
—- - - dysfunction P i
- () - Inflammatory mediators
o) - 4 ®
. e © O — Cytokines
6 s Activated leukocyte

PenanbHas Tubular cell
UIIeMmsa

| Peritubular 5 Dendritic cell
‘ capillaries

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 pPeHaIbHYIO TUCPYHKIINIO

YpoBuu p-uincratnna C (M1/m),

IIpu mocrynyieHumn Yepes 7 nHen
be3 OIIII n cericmca 0,72 0,73
be3 OIIII + cencuc 0,80 0,96
OIIII Oe3 cericuca 1,21 1,47
C-OIII1 1,36 1,99

«... CeIICMC KaK TaKOBOWM He BJ/IMseT Ha IIMCTaTUH C....

ITockosibKy s-mmicratvH C He OABeprKeH BIVMSITHUIO pa3/IMYHbIX
HepeHaJIbHbIX PaKTOPOB, KOTOpBIe BJIMAIOT Ha KpeaTHMHUH,
mycraTuH C Kak on-line Mmapkep CK® mo>xeT mMeTh
IIPeVIMYIIIeCTBO 110 CPaBHEHWMIO C KpeaTVHVHOM»

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.



YpoBHM u-tincratmHa C (Mr/mn)
y Kputndeckmnx mnanveHTos ¢ OIIII n C-OIIII

IIpu mocTynieHUn

IuaamMmuKa u-mmcratmaa C

-2 Sepsis and AKI

C OHH It Sepsis and NotAKI
= b -2 Mot Sepsis and AKI
%_— -+ Mot Sepsis and NotAKI
5
+ Cenicuc 3
h = E .
4 -,:___," SEUTU N o
@

0 24 48 72 96 120 144 168
Time from first sample (hours)

A 1EI:
10
> =
S %
Q - o
-4 2
S . + OIIII S
‘ 0f g0
- Cernicmc ]
Sepsi ‘ - OmI
epsis No AKI
on Entry

bes OIIII - 0,06 (0,02 - 0,15)
OIIII - 0,18 (0,07 - 1,62)
Cencuc 2,45 (0,26 -10,70)
C-OIlIT - 5,48 (0,85 -13,05)

«He mMcK/II049€HO, UTO NOBBIIIEHME
u-niuctaTrHa C Ipm cericrice oTpa>kaer
paHHMe CTaguM pa3BUTHUA TyOyIApHO
mncdyuknmm, xkorga OIIII,
oIpenesisieMoe COIJIacHO
riroMepyssipHon oucdyskummu (AKIN),
elle He AMarHOCTUPYyeTCs».

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)

20+

YpoBHM u-1iucratrHa C mpm cercuce

p<0.001

——— 0,007

=1

0.309

I
control
n=84

T
septic patients
n=35

KouTponsp C-OIIII (n=43)

u-Ilnc C

MIy/71) 0,06 (0,04-0,09) 0,91 (0,28-3,25)
u-lluc C/u-Kp

(Mr/MoJ1b) 6,5 (5,3-7,8) 309,6 (123,1-1010,8)
ITpu C-OIIII

u-rmcraTvH C moBbBIIIIeH B 15 pas,
cootHoiieHne u-Ilnc C/u-Kp B 44 pa3a

Pe3Koe moBbIIIIeHME U-IIMCTaTMHA C moxxert CBMaeTe/IbCTBOBATDH

0 paHHeM pa3BUTUM TyOyIApHO AMChHYyHKIIMN

erre g0 Toro, Kak amarao3 OIIII mo>keT OBITH ITOCTaBJICH
Ha ocHoBaHUM KputepmeB RIFLE n 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



KapanopeHaapHBIV CMHOIPOM — IaTO0PM310JI0TMIecKoe
PaccTpOVICTBO cepAla M IIokveK, IPV KOTOPOM OCTpasi MiIn
XpoHMUecKas AMCcPyHKIIVSI OAHOI0 M3 3TUX OpraHOB
BeJleT K OCTPOM MJIM XpOHMUecKo ANcPyHKINM TPyroro

KPC. Ty I. OcTpbin KapanopeHaIbHBIVI CMHAPOM
Pe3koe yxynmieane PpyHKIIMM cepalia (OCTpbIN KapaMOTeHHBIN 0K
VIV JeKOMIIeHCVpOBaHHas cepaedHasi HeI0CTaTOUYHOCTB),
BeayIlee K pe3KoMy noBpexaeHmnto nouek (OITH)

KPC. Twn II. Xpoundeckni KapanopeHaIbHbIV CMHIPOM
XpoHnuecKre HapylleHNsI KapayaabHov pyHKIONM (XpoOHMIecKasl 3acCTOMHast
cepAedHasi HeIOCTaTOYHOCTH), BBI3bIBaIOIIVe IIPOrpeccHpPyIOLIyI0
Y IIOTeHIIMaJIbHO NepMaHeHTHY 0 XITH

KPC. Tun III. OcTpeiii peHOKapAMaIbHBIV CMHAPOM.

Pe3koe yxyameHve (pyHKIIMM IT04YeK (OCTpasi MieMus MovueK VI
rJIoMepys10HedpnT), BRI3BIBAIOIIee OCTPOe HapylleHne paboThI cepana (ocTpast
cepIevHas HeJOCTaTOYHOCTh, HApYIIeHMsA pUTMa cepAalia,

UIeMVsI MMOKap/a)

KEC A IV XPpOHMS eCKyin peHOKapAVAIIGHBIN CHUHIPOM
XU E (xponmEeckye 1iIoMepy IsipHbIe 3a00/IeBaHV 1) BHOCIIEe BKIIATT B
yXyAUIeHVIe Py HKIIVIVE CEPAIa, TNITEPTP OO MIOKAPAA WY/ VIV By BeJIV e HIIE
pYicka OCI0>KHEHVVI €O CTOPOHBI CEPIETHO=COCYIVICTON CHICTEMBL

KPC. Ty V. BTOpM~HBIV KapAVopeHaIbHbI CMHIPOM
CrcremHoe 3a0o0steBaame (C, cericyic), BbI3bIBAIOIIIEE

AVCPYHKINIO KakK IOMeK Tak J cepaia

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




u-Ilvicratua C - mapkep KPC 5 Tuma

KPC 5. Bropmuassbiin KPC. CucremHoe 3a001eBaHMe BbI3bIBaeT OMCPYHKIIMIO II0YEK M cepalia

444 nmanmenTa, nnocrynmsimmnx 8 OUT,
y 18% - cencuc, y 45% - OIIII,
65 nmauyeHTOB YMepJin B TedeHme 30 nHen

IIpu cencuce u-umcratnu C - 2,45 mr/n, 6e3 cencuca - 0,08 mr/;
VIS DUCKPVMMWHAIMY IallMeHTOB C cercycoM 1 0e3 Hero
IIOTpPaHWYHBIV ypOBeHb - 0,24 m1/1.

ITpu OIIIT u-oucratnH C - 0,45 M1/, 6e3 OIIII - 0,07 mr/i,
IHOTpPaHWYHBI ypoBeHb - 0,12 m1/1.

IIpu cencuce u OIILI od0HoBpemento - u-umucTaTd 5,48 M/,

0e3 cericuca n 6e3 OIIII - 0,06 M1/ .

IIpu cmepmu 6 meuenue 30 onenr u-tpcratuH C - 0,32 mr/n,

y BbDKMBIONX 0,08 mr/i1 , norpaamassm yposess 0,09 mr/n
Y nayuenmo8, nocmynubuwux 6 OUT, u-yucmamun C nHe3aBucumo c6a3an
c OIIII, cencucom u cmepmuocmuoto 6 meuerue 30 Oneil

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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OtBerHBIN Yaap: OIIII -> cenicric

OIIII Hapyn1aeT PyHKUIMM OMCTaIbHBIX
OpraHOB 3a cYeT CTMMYJIMPOBaHMA
OKCMJATMBHOIO cTpecca; BOCIajIeHWs,
aKTVMBaLU JIEVIKOLIUTOB, yTpaThl

BacKYyJIIpHBIX (PyHKIIMV, alIOIITO3a M AP.

Hapywenue npu OIIII »xeaydouno-
Kuuleunoz2o bapvepa npubooum

K DakmepuaivHoll MpancAoKayuu u
baxmepuemui.

Ypemus Bener kK duchyHkyuy UMMYHHO

cucmemuvl, CBA3aHHOM C HapylLIeHMUsAMNU

TpaHCIIOpTa JIEVIKOLIUTOB, IIPOHMIIAEeMOCTH
COCYJI0OB M peryJIsiluv IUTOKMHOB.



I[Tozmrge M ormocpeioBaHHOE BO3MEMCTBME TOKCMYHOCTY MOYE€BVHBI
Ha pa3jIMYHbIe CYICTEeMbI OPTaHOB

Lau WL, Vaziri ND. Urea, a true uremic toxin:

the empire strikes back. p 4 ﬁ?
](; 111111191(;1((&;) ;—?2 2017 \ Direct urea toxicity H,N \NHz
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toxins into bloodstream
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TOKCMHOB B KPOBOTOK




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 T [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 T [112]

Homocysteine (Hcy)

ICAM-1 7 [113]; damage of DNA [114] and proteins [115]

Methylglyoxal (MGO)

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

Middle Molecules, Profeins

Immunoglobulin light chains

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

(Igl.Cs) basal T [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 T: (low concentrations) chemotaxis T [123]

High-density lipoprotein (HDL)

Loss of anti-inflammatory properties in uremia [124,125]

Protein Modifications

Glucose-modified proteins

PMNTLs: chemotaxis 1. glucose uptake T, apoptosis 1 [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 7 [129]

Advanced oxidation protein
products (AOPPs)

PMNLs and monocytes: oxidative burst T [130]

Oxidized low-density lipoproteins
(0oxLDLs)

Macrophage activation [131]:
PMNLs and eosinophils: chemotaxis T, degranulation 7 [132];
Regulatory T cells: proteasome activity | — cell cycle arrest and
apoptosis [133]

Homocysteinylated albumin

Monocytes: adhesion T[134]

Ypemuueckne
TOKCUHBI:

dyHKIMOHaIbHBIE

IIOBpE’XIOEeHMs

Cohen G etal.
Immune Dysfunction
in Uremia —

An Update.

Toxins 2012, 4, 962-990



Pa3HbIe ypeMmdecKne TOKCMHBI MOTYT OKa3bIBaTh
AHTAarOHMUCTUYecKHe BO3deVICTBUA, IIPUBOOAIINE
K MH(EeKIIMsIM ¥ BOCIIaJIEHUIO

UREMIC
TOXINS
INHIBITORY —— BASELINE ANTI-
UPON ACTIVATION
ACTIVATION AL & PRIMING sl

INFLAMMATION

Cohen G et al. Immune Dysfunction in Uremia — An Update. Toxins 2012, 4, 962-990
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CucremHoe
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TyOynsapHoe
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Kellum JA, Prowle JR.
Paradigms of acute kidney
injury in the intensive
care setting.

Nat Rev Nephrol.

2018 ;14(4):217-230



Kaxk OIIII BiamusieTr Ha OMarHocruuecKme
XapaKTepMUCTUKM MapKepOB cercuca

VI3-3a cHMOKeH M KJIMpEeHCa ITPOKAJIBITMTOHVMH M IIPpECEIICVH
IIOBBIIIAKOTCA IIPU OTCYTCTBUN CUCTEeMHOM I/IHCl‘)EKI_H/II/I



ITorpavyHble ypPOBHM IIPOKAIBIIMTOHMHA JJIs1 IMarHOCTUKN ceIicymca
IIPM IIaTOJIOTMAX IOoYeK pa3andaHou crerneHn TsKecTy, RIFLE

t t t t
1001 e s
3 801 o
=
B0
= 60
=
2 40 ;
-
< 7,13
Q
g 20 T
S 042 0,57
0,28 ’ —
O - —_— ] e — ;} -1
L\:;:l\“\ I : SCPsIS | :']:I:‘\ I SCDMSJ :_;;l:"\ ; sepsis \'L“;:'\l‘\ . SepsIs
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,



IIpecenncuH - MapKkep:
- peakuMu BpOXKOEHHOI0 MMMYHMTeTa Ha CeIicyc;

- aKTMBanmumu paroumrTosa, OCyInecTBIs1eMOro MHOOMTaAMM -
MaKpodaramMu B OTBeT Ha IIPUCYyTCTBYE [IaTOreHOB (0aKTepuu, rpuoOKM).

bbicTpo nmoBkIIIaeTcs:
- 4epes 30 - 60 MyuH 110CIIe II0sIBJIEHMs B KPOBYU IIaTOT€HOB;

- 3a2 -3 aHA 00 KIMHWYeCKO MaHUdecTalMm CMCTEMHOI0 BOCIIaJIeHMST;

YpoBHM 1py IOCTYIIJIEHUM IPOTHO3UPYIOT
OpTaHHYIO HeJOCTAaTOYHOCTD M MCXOBbI.

Texyias KoHIIeHTpaIVs OTpa>kaeT MHTEHCMBHOCTH paronmrosa

ITpu moamTOpUHTE - OBIcTpOE (4 - 12 9) M3MeHeHMe KOHIIeHTpalnM,
oTpakaroriee 3¢dpeKTMBHOCTHh TEpanIUm



ITorpaavunsble yposHM IICII 01 amarHocTKm cericrica Ipwm raToI0rmsx
II04YeK pa3IMYHOM cTelleHM TsiKecTu corsiacHo 1ikasie RIFLE

| p<0.0001 p<0.01 p<0.01 ns
— 1 | . I Yposuu IICII
20000- —
y 7 maumeHToB
< Loss u ESKD
£ 15000
oD Cencuc IICII
=
§ 10000- 1 - 2457
g 2 - 2134
831 45 924 I 4 + 20000
300 = I |£ % 5 + 3424
04 = 6 + 2450
s |[ sepes '| _sepels || sepsis | [ Sepsls || gt || sepsis | | || sepsis ] 7 + 2632

[ non-AKI ] [ Risk ] [ lijucy ] [ 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



IlorpaHMYHEBIV YPOBEHb
1A AMarHocTukm cericuca mpu OINI1
IICIT ~ > 1500 rnr/mn
IIKT ~ > 5 Hr/mn



PeHanbHBIE MapKepbI IIPU CeIIcyce

Ypoeau NGAL (B KpoBU 11 B MOUe) IOBBIIIAIOTCSA KaK OPW peHaIbHOM
oucdyHkmm, Tak u apu ee orcyrcreum. IIpmu C-OIIIl ypoan NGAL
OTpa>kar0T CYyMMapHYIO TsKeCTb ¥ peHaIbHOM OUCPYHKIMM M CeIicica.

Vposau incrarmaa C B KpoBM afieKBaTHO OTPa>karOT TsXKeCTh
IJIOMepYJIApHON avcdpyHKINMN

¥ He OTPa>kKaroT TsKeCTh MHeKInn.

Vpoeau 1mmcratmHa C B MO4Ye pe3KO IIOBBIIIIEHBIE - 3TO MOXKeT
CBUOETeIbCTBOBATh O Pa3BUTHUM TyOyasspHOV OuchyHKIUNU
10 Toro, Kak amardos OIIIl mo>ker OBITH IIOCTaBJIeH

Ha OCHOBaHWMM KpeaTuMHIMHA ¥ Ouype3sa.



Mapxkepsl cericuca rmpu OIIII

Vposun CPb orpakaroT cymMMapHYIO TSAXKeCTh BOCIIaJIeHWMs M peHa/IbHOM
OINCPYyHKIIUN.

Yposuu IIKT noBeimiaroTca Kak npm mHdeKknmmu m 0e3 Hee M3-3a CHVMDKEHUSA
ero KJIMpeHca ¥ OTpa>karoT cyMMapHY0 TsiKecTh Kak OIIII, Tak v cericuca .

Yewm Ts>Kesiee peHasibHasA aucdyHKIMA — TeM 0osiee Bbicokmm [TKT.

YposHu IICII noBbIImaioTcss Kak Ipu MHGpeKn 1 0e3 Hee ¥M3-3a CHVYDKEHMS
ero KJiMpeHca ¥ OTpa>karoT cyMMapHY0 TsiKecTh Kak OIIII, Tak v cericuca .
Yewm Ts1>Kesiee peHasibHasA aucdyHKLMA — TeM 0osiee Bbicokmm ITKT.

s puarHocTukm cenicrca rmpu OIIII nmorpanuunbie yposaM IIKT n

IICII no/KHBI OBITH IOBBIIIEHBI COIJIACHO TSDKECTH PeHAIBHOM ANCPYHKIIUL.



s nyarHocTuku v MoHuTOopmHra OIlIIl,
cericuca u cenrudeckoro OIIIl y kpurmaeckmx
IIAIVMeHTOB JO/IKHO IIPOBOAUTHCA
ImapauiejibHOe M3MepeHMre MapKepoB
IJIOMEPYJIAPHON W TyOyIsipHOM ONCPYHKIIMUN
M cericrca

TyOynsapHasa avchpyHKIIMA - caMasi paHHSA
cragmus passurus cericuca n C-OIIII.

Hwuaraocrmuka OIIII m cemrmuaeckoro OIIII coriracHO
TyOyJIIpHBIM MapKepaM onepe’kaeT AMarHOCTUKY II0
KpeaTuHUYy U Ouypesy.



s nyarHocTuku v MoHuTOopmHra OIlIIl,
cericuca u cenrudeckoro OIIIl y kpurmaeckmx
IIAIVMeHTOB JO/IKHO IIPOBOAUTHCA
ImapauiejibHOe M3MepeHMre MapKepoB
IJIOMEPYJIAPHON W TyOyIsipHOM ONCPYHKIIMUN
M cericrca

TyOynsapHasa avchpyHKIIMA - caMasi paHHSA
cragmus passurus cericuca n C-OIIII.

Hwuaraocrmuka OIIII m cemrmuaeckoro OIIII coriracHO
TyOyJIIpHBIM MapKepaM onepe’kaeT AMarHOCTUKY II0
KpeaTuHUYy U Ouypesy.



sCys - uCysC

1 HaOOp - 2 aganTaiMm

B ceiBOpOTKeE KpOoBM: B Mmoue:
Ipu I'JIOMQPYJIHPHOI;I I1aTOJI0I'MMN Inpm TY6y.TIHpHOT71 IIaTOJIOIMMN
Hopma < 0,2 M1/
My >KYMHBI 0,50 - 0,96 mr/m TYGYHHPHBIG
3a00/1eBaHMSI > 0.5 mr/n
YKeHIHbI 0,57 - 0,96 mr/n
<1 mecsria 1,37 - 1,89 mr/n HPM TY6YHHPHBIX

Hetn 1-12 mecs1ieB 0,73 -1,17 mx/n e

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

1o 200 pa3

DiaSys Diagnostic System GmbH FRG
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