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ABSTRACT Progressionofkidneydiseasefrommildormoderatetoendstagemaybepreventedifitisdetectedataveryearlys-
tage.Sensitivityordiagnosticvaluesofallconventionalbiomarkersarepoor,unreliableandtheirdelayedresponse

oftendeliveredfalse-positiveorfalse-negativeresults,whichfinallyleadtoalatedetectionofrenaldamage.Developmentofomic-
stechnologyleadstotheidentificationofseveralurinaryproteinbiomarkersandtranscriptionalbiomarkerswhichenableearlierde-
tectionofkidneyinjury.Urinaryproteinbiomarkersshowgoodpredictivepowerandhavegreaterbenefit,becauseofeasyavailabilit
yofurine.Severalurinaryproteinbiomarkershavebeenidentifiedanddemonstratedsuperiorityindetectingkidneyinjurythancon-
ventionalparameterslikeserumcreatinine(SCr),bloodureanitrogen(BUN),etc.Thesepromisingexperimentalbiomarkersofkid-
neydamagerequirefurtherconfirmationof their useinroutineclinicaluse.

Conclusion
Nearlyfor100yearsandstillserumcreatinineisusedasamajorde-
terminantofkidneyfunction.RIFLEscheme(risk,injury,failure,los
sandendstagerenaldiseases)andAKINscheme(acutekidneyin
jurynetwork)areoptionsusedfortheclassificationofrenalinjury.
Thesemethodsarebasedonthespecificcutoffvaluesofserum-
creatinine,GFRorurinaryoutput.DifferentdefinitionsofAKIinth-
epublishedliteraturesrelyonchangesinSCr.Kidneydisease:im
provingglobaloutcome(KDIGO)clinicalpracticeguidelinefo-
rAKIrecommendsriskassessmentforallcriticallyillpatients,ack
nowledgingthatriskassessmentisdifficult.Sothereisanurgent-
needforastandarddefinitionwhichisnotbasedonserumCrcon-
centration.Markersofdamagearebetterthanfunctionalmark-
ers.

DifficultyinearlyoraccuratedetectionofAKIleadstosig-
nificantproblemsinpatientcareanddrugdevelopment.
Thedatageneratedduringpreclinicaltoxicitytestinghasto-
beasdetailedandinformativeaspossibleasithasbeenob-
servedthattheincidenceofpatientsinintensivecareunitsdevel-
opingAKIisabout30-50%,butonly7%ofnewdrugcandidatesfai
linthepreclinicaltrialsbecauseoftoxicity(Devarajan,2005).This-
discrepancymaybeduetotheunderestimationofnephrotoxici-
tyinpreclinicaltrials.

Functionalgenomicsandproteomicstoolshaveprovidedvari-

ouspromisingnovelbiomarkerswhichwillbeusefulforearlyde-
tectionofdurationandseverityofkidneydiseases.Butnoneare-
currentlyestablishedenoughtoreplacecreatinineasamarkerof-
renalfunction.

Betterbiomarkerswillhelpdrugdeveloperstotakedecisionsab-
outwhichproductstomoveforwardintesting,dosesatwhichthey
shouldbeusedanddesigningclinicaltrialsthatwillprovideclear-
informationaboutproductbenefitandsafety.Italsopreventsen-
tryofnephrotoxicdrugsintothemarketandfacilitatesearlyman-
agementofpatientswhosufferfromkidneyinjury.

Therefore,thesepromisingexperimentalbiomarkersofkidneyd
amagerequirefurtherconfirmationofitsuseinroutineclinicaluse.

Introduction
Kidneyisoneofthemajororgansevokingdrug-relatedtoxicre-
sponses(Fregusonetal.,2008).Inthepharmaceuticalindustry,-
kidneyisoneoftheroutinelyassessedorgansduringpreclinicalsa
fetyevaluations.

AcuteKidneyInjury(AKI)remainsacommonandseriousclinical-
problemwhichrepresentsanacutedeclineinrenalfunction,fin
allyleadingtostructuralchanges,associatedwithincreasedmo
rbidity,mortality,lengthofhospitalstayandcostsinbothsurgical
andmedicalpatients.Ischemia,sepsisandtoxinsarethemostco
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mmonetiologiesinhospitalizedpatients.Drug-inducedkidney-
diseaseconstitutesanimportantcauseofacuterenalfailure(ARF)
andchronickidneydisease(CKD)inpresentdayclinicalpractice.
Drug-inducedARFaccountedfor20%ofallARFinanIndianst
udy(Jhaetal., 1995).TheincidenceofmajorriskfactorsofCK-
Dintheworldisincreasingand,itisexpectedthatthisinciden
ceandprevalence,particularlyindevelopingcountries,willc
ontinuetoincrease(Najafietal., 2012).Theincidenceofend-
stagerenaldisease(ESRD)hasalsodramaticallyincreasingwo
rldwide(Bommeretal.,2002). Anti-cancerdrugs,non-steroi-
dalanti-inflammatorydrugs(NSAIDs),antibiotics,angiotensin
convertingenzyme(ACE)inhibitors,contrastagentsandheav
ymetalsaremajorculpritdrugscontributorytokidneydamage 
(Jhaetal.,1995).

Standardparameters inprecl in icalandcl in icalstudie-
saswel las inrout inecl in ica lcareforthedetect ionand-
monitor ingofrenalfunct ionareserumcreat inine(SCr)
andbloodureanitrogen(BUN).Someotherteststhatmeasureab-
normalkidneyfunctionsincludelowered(<60%)glomerularfiltr-
ationrate(GFR),proteinuria,hematuria,highbloodpressure,de
tectionofurinarycomponentslikeelectrolytes,enzymesandoth
erwasteproducts.Itisoftenassociatedwithfrequentorpainfuluri
nation,swellingofhandsorinfeetandpuffinessaroundtheeyese
tc.

Drug-inducedrenaltoxicityonanimalsystemcanbedirectlyobse
rvedandcharacterizedthroughhistopathologicalobservation,
is currentlyconsideredasgoldstandardinpreclinicalstudies.Ho
wever,itisdifficulttoidentifythetimeatwhichkidneydamageocc
urs.Itdoesnotgiveany detailedinformationofnon-histopathol-
ogyassociatedtypeofkidneydisturbances.

However,sensitivityordiagnosticvaluesofalloftheseparamete
rsarepoor,unreliableandtheirdelayedresponseoftendelivere
dfalse-positiveorfalse-negativeresultswhichfinallyleadtoalat-
edetectionofrenaldamagefor which dialysisis the only option 
for treatment.Allofthesesymptomsarenotspecificforkidney-
damagebutarealsoreportedforotherorgandamageordiseas-
es.Areductionofrenalfunctionalityoccursonlyaftertwothirdof-
renalbiomasshasinjured(Rachedetal.,2008).

Deve lopmentofomics techno logy leadtothe ident i -
f icat ionofseveralur inaryproteinbiomarkersandtran-
s c r i p t i o n a l b i o m a r k e r s w h i c h e n a b l e e a r l i e rd e t e c -
t ionofkidneyinjuryandalsogivesinformationaboutt-
heareaofnephrondamageortheunderlyingmechanism.
Novelkidneyinjurybiomarkersinbothserumandurinehave-
beendemonstratedsuperiorityindetectingkidneyinjurybe-
forechangesinconventionalparameterslikeserumcreatinineor-
BUN.

Urinaryproteinbiomarkershavegreatbenefitofeasya-
vailabilityofurinesample andlackofsampleprepa-
rationand manyshowinggoodpredictivepower.
Enhancedsamplepreparationeffortandlimitationintissueavail-
abilitylimitstheroutineuseoftranscriptionalbiomarkercom-
paredtourinaryproteinsbiomarkers.Severalurinaryproteinbio-
markersofnephrotoxicitylikeKidneyInjuryMolecule(Kim-I),Clu
sterin,NeutrophilGelatinaseassociatedLipocalinorLipocalin-
2(NGAL/Lcn-2),TissueInhibitorofMetalloproteinases-1(Timp-
1),Osteopontin(OPN),Interleukin-18(IL-18),FattyAcidBinding-
Protein-LiverType(L-FABP),Vanin,Treffoilfactor-3(TFF-3),etc.,h
avebeenidentifiedinkidneytissues,serumandinurinebyusingE
LISA,immunohistochemistryandquantitativerealtimePCRmet
hods.

Thisreviewisaimedatsheddinglightonsomeofthemostpromis-
ingbiomarkerscurrentlyunderinvestigation,foridentifyingtox
in-mediatedacutekidneyinjury.

Recentreportsonthemostpromisingurinaryproteinbiomarkers

1. KidneyInjuryMolecue-1(KIM-1)
Kim-1isatype-Itransmembraneglycoproteinwithanimmu-

noglobulin-likedomainconsistingofsixunusualcysteine-
andalongmucin- l ikedomaininextracel lularregion, lo
calizedtotheapicalmembraneofexclusivelysurvivingproxi-
maltubularepithelialcellsafterinjury(Vaidyaetal.,2008).Itin-
ternalizesapoptoticbodiesandcelldebrisfacilitating,remode
lingandregenerationoftubuleepitheliumandthuspreventing-
tubuleobstructioninresponsetoinjury.Itisexpressedatlowlev-
elinnormalkidneytissuebutdramaticallyupregulatedandiseasi-
lydetectedintheurineuponnephrotoxicity.

Kim-1hasbeenconsideredasanon-invasivebiomarkerforhu-
manrenalproximaltubulardamage(Ichimuraetal.,1998).
Hoffsmanetal.,2010analyzedthelevelsofKim-1,Lipocalin-
2,ClusterinandTimp-1inthekidneyandconfirmedthatKim-
1andClusterinareearly,sensitiveandnoninvasivemarkersofr
enalinjury,asthemarkersreflectedchangesingene/proteine-
xpressionandhistopathologicalalterations,inabsenceoffu
nctionalchanges.Previousstudiesinratsandinpatientswith-
AKIdemonstrated,significantlyhighersensitivityandspecif
icityofurinaryKim-1andClusterin,asmarkersofrenalinjuryth
antraditionalclinicalchemistryparameters(Etietal.,1993;Ha
netal.,2008;Horstrupetal.,2002;Zhouetal.,2008;Vaidhyaet
al.,2008).Kim-1isnotdetectedinnormaltissueorurine,buthigh
lyexpressedinproximaltubularepithelialcellsfollowingtoxicin
jury(Vaidyaetal., 2006).AdministrationofOchratoxintomaler-
atsresultedinadose-time-dependentincreaseinthegene-
expressionofKim-1,Lipocalin-2,Timp-1,OPNandClusterin.
Induct ionofK im-1geneexpress ion i s theear l ies t re -
sponsesofthekidneybutnosignificantincreaseingeneexpres-
sionhasbeenseenininvitrostudies(EvaRachedetal.,2008).
UrinaryKim-1levelsweresignificantlyelevatedwithin12hafterari
stolochicacidadministration,withsignificantincreaseofBUNl
evels,onlyonday5,butnochangesinurinaryNAGandtotalprot
einweredetectedthroughoutthestudy(Sabbisettietal.,2012).
However,urinaryKim-1isreportedtobeincreasedafterthepeak-
sofurinaryNAGandNGALinpatientswithAKIaftercardiacsurger
y(Hanetal.,2009).

2. Lipocalin-2/NeutrophilGelatinaseAssociatedLipocalin/
(Lcn-2/NGAL)
Lipocalinsaresmallproteinsthataresentbycellstobindthingsa
ndcarrythemback,mostimportantlipocalinsaresiderophores.
Thisfamilyincludesseveralproteinssuchasα1-microglobulin,re
tinolbindingprotein-4,prostaglandinDsynthaseandnitrophori
ns,whicharespecializedinbindingandtransportingsmallhydro-
phobicmolecules.NGAL,alsoknownashumanneutrophillipoc
alin,lipocalin-2,andsiderocalinbelongstowelldefinedsuperfa
milyofproteinscalledlipocalins.NGALisaproteinthatbindsto-
gelatinaseinparticularneutrophilgranulocytesandisupregu-
latedduringinflammationortumorigenesis(Nielsonetal.,1996)
andalsomightbereadilydetectedinurine.NGALmaybe-
producedinmanycellsincludingkidneytubule.NGALlevel-
predictsthefutureappearanceofAKIaftertreatmentsthat/
whichadverselyaffectskidney.Recentevidencealsosuggest-
sthatitmaybeinvolvedinpathophysiologicalprocessofchroni-
crenaldiseasesuchaspolycystickidneydiseaseandglomerulo-
nephritisandhighlyexpressedinmanyotherconditions,likeinfe
ctionorinflammation,includingappendicitis,inflammatorybow
eldiseaseorurinarytractinfections,butinclinicalpractice,theint
erestisfocusedonAKI.Forallthesereasons,NGALmaybecomeo
neofthemostpromisingnext-generationbiomarkersinclinical-
nephrology.

NGALwaseasilydetectedinurineofmousewithcisplatin-induc-
ednephrotoxicityprecedingtheappearanceofNAGandβ2-mi
croglobulin,suggestingasanearly,non-invasivebiomarkerfori
schemiaandnephrotoxicrenalinjury(Mishraetal.,2003).Inapr-
eviousstudy,theratswereadministeredwithgentamicinanduri
naryLcn2wasfoundtobeperformedbetterthankim-1(Seibere-
tal.,2009).NGAL/lipocalin-2hasbeenrapidlyincreasedandse-
cretedintourineinarangeofpreclinicalandclinicalstudiesonAKI(
Bennettetal.,2008;Nickolasetal.,2008).

PlasmaandurineNGALhaveemergedassensitive,specificand
highlypredictiveearlybiomarkersofAKIaftercardiacsurgeryin
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children,sinceNGALconcentrationincreasedwithin2-6hinpa-
tientswhosubsequentlydevelopedAKIaftersurgery(Waikaret
al.,2009).However,ithasbeendemonstratedthaturinaryconce
ntrationsofLcn2alsoisincreasedinliverfibrosisinducedbycarb
ontetrachloride(Smythetal.,2008),andelevatedinpatientswit
hpneumonia(Chanetal.,2009)andinflammatoryboweldisease
(Oikonomuetal., 2011).Henceitissuggestedthatitmaynotbe-
specificforkidneyinjurybutalsooccurinresponsetosystemicin-
flammationortissuedamageatothersitesororgans.

3. Clusterin
Clusterinisadisulphide-linkedheterodimericglycoproteinconsi
stingofαandβsubunits(JonesandJomary,2000;Kujiraokaeta
l.,2004),presentinthecytoplasmofproximalconvolutedtubu
leorattheendofdistalconvolutedtubule(DCT)includingcon-
nectingtubuleinthekidneycortex.Clusterin,anapolipoprotei-
nwhensecreted,protectscellsagainstapoptosisandcytolysisb
ycomplementandassociateswithmembranerecycling,lipidtr
ansportation,tissueremodeling,spermmaturation,etc(Julyet
al.,2002).Itcanbeusedasapotentialmarkerofnephrotoxicity,si
nceitisupregulatedanddetectedintheurineofpatientswithAKI.
Ithasbeenconfirmedthatthedepletionofclusterinworsensglo-
merulonephritis(Kharashetal., 2006).

Increasedexpressionofclusterinwasfoundintubulesshowing-
signsofcelldeathandregeneration,indicatingitsroleintissuere
modelingafterdamage(Rosenbergetal.,1995).Clusterinhas-
beenimplicatedinapoptosisandgrowthcontrol,celladhesiona
ndtissueremodelingandsignificantlyupregulatedinresponset
ocellularstress(Shannanetal.,2006).Reductionofinducibleex-
pressionofclusterinresultsinanincreaseinrenaltubularepitheli-
alcellapoptosisintheculturesandrendersmicemoresusceptib-
letoischaemic-reperfusioninjury,showingaprotectiveroleofcl
usterininkidneyinjury(WenjunZhouetal., 2010).Expressionof-
clusterinmRNAwassignificantlyincreasedwithin6hinratunilat-
eralureteralobstructionmodelandsuggestedthatdetectionof-
clusterinmRNAandclusterin-βinthekidneyorclusterin–αintheu
rinemaybeusefulforpredictingnephrotoxicity(Ishiletal.,2007).
Clusterinhassignificantlyincreasedinpatientswithbladdercan-
cerraisingtheconcernthatthepresenceofclusterinmaynotbelin
kedonlytokidneytoxicity(StejskalandFiala,2006).

4. Interleukin-18(IL-18)
IL-18isawidelyexpressedpro-inflammatorycytokine,formerlyk
nownasinterferon-gamma-inducingfactor,producedbyrenalt
ubularcellsandbymacrophages.IL-18inducesinterferon-gam-
maproductioninTcellsandnaturalkillercellsandhasanactiverole
inapoptosis,ischemia,infection,malignancyandautoimmunec
ondition(Melnikovetal.,2001).

Johnetal.,2013,measuredtheconcentrationofIL-18in-
urinesamplesof95patientswithAKIaftercardiacsurger-
yandfoundIL-18wasthebestpredictor, inaddit iontoL-
FABP,NGALandKIM-1,whichwerealsogoodpredictors.
L iueta l . ,2013foundIL-18asausefu lbiomarkerofAKI-
withmoderatepredictivevalueacrossallclinicalsettings.
Inacrosssectionalstudy,urineIL-18levelsweremarkedlyelevate-
dinpatientswithestablishedAKI,butnotinsubjectswithUTI,CK
Dandnephroticsyndrome(Parikhetal.,2004).UrinaryIL-18was-
significantlyupregulatedinpatientswithacuterespiratorydistr
esssyndromewhodevelopedAKI(Parikhetal.,2005).UrinaryIL-
18levelwassignificantlyelevatedwithin6hinchildrenundergoi
ngcardiopulmonarybypass(CPB)whodevelopedAKI,(Parikhet
al.,2006).IL-18isapredictivebiomarkerinkidneytransplantation
(Parikhetal.,2006).Overall,IL-18appearstobemorespecifictoA-
KIandhasbeenanticipatedasapossibleearlymarker.

5. Vanin-1
Vainin-1isanepithelialectoenzymewithpantetheinaseactivit
y,whichcatalyzestheconversionofpantetheineintopantoth-
enicacidandcysteamine.Lackofcysteamineisassociatedwi-
thenhancedγ-glutamylcysteinesynthetaseactivityleadingtoe
levationofendogenousglutathionestoresintissueswhichpro-
tecttissueagainstthedegeneratingeffectsofoxidativedamage-
byscavengingfreeradicals(MeisterandAnderson,1983).High-

erserumandurinaryconcentrationsofVanin-1wereobservedine
thyleneglycoltreatedgroupscomparedtocontrolgroup,sugge
stingitasausefulandrapidbiomarkerforrenaltubularinjury(Hoso
hataetal.,2011).

Arecentstudyhasbeenconductedtodeterminewhetherincrea-
seinurinaryvaninisdetectedbeforetheelevationsofserumcreat
inine,urinaryNAG,Kim-1,andNGALinanimalmodelsinduced-
nephrotoxicitybycisplatinandgentamicin.Urinaryvanin-1was-
detectedearlierthananyotherbiomarkersaftertheadministra-
tionofhigherdosesofbothdrugs.Thisresultsuggestedthat,co
mparedwithurinaryKim-1andNGAL,urinaryvanin-1isanearli-
erandequallysensitivebiomarkerfordruginducedAKI(KeikoHo
sohataetal.,2012).UrinaryVanin-1wasincreasedinpatientswith
diabeticnephropathy(Fugmannetal.,2011)andproteinlevelso-
frenalvanin-1wasincreasedinratswithstreptozotocin-induced-
diabeticnephropathy.Therefore,itisanticipatedthaturinaryvan
in-1isapotentialbiomarkerofearlydetectionofAKI.

6. Treffoilfactor3(TFF3)
Treffoilfactorsaremultifunctionalpeptides,mainlyexpressedi
nalimentarycanalandprotectitfromthedegradativeeffectofH
Cl,bystimulatinggobletcellstosynthesizemucin.Downregula-
tionoftrefoilfactor3maycontributetoincreasedagerelatedtis-
suedamagetothekidney.TFF3mayplaykeyrolesinregeneratio-
nandinongoingrepairofkidneydamage(Astoretal.,2011).

UrinaryTFF3andalbuminenabledmoresensitivemarkersfordi-
agnosisofacuterenaltubularinjurythantraditionalmarkers(Yu
etal.,2010).Acasecontrolstudythatwasperformedover8.6ye
arsfoundthathigherurinaryTFF3wereassociatedwithCKD,m
aybeausefulmarkerinfuturestudies(Astoretal.,2011).Expres-
sionofTFF3invivoiscorrelatedwithinflammationofgastrointes-
tinaltract,andavarietyofsolidcancers(Khouryetal.,2005).The-
sestudyreportsindicatethatitmaynotbeaspecificindicatorfora-
cutekidneytoxicity.

7. Insulinlikegrowthfactorbindingprotein-7(IGFBP7)
IGFBP7involvedinG1cellcyclearrestduringearlyphaseofcellin
juryandmaypreventthecelldivisionwithdamagedDNA,untilD
NAdamageisrepaired(Rodieretal.,2007;Boonstraetal.,2004).

PreviousstudyinvestigatedtheconcentrationofurinaryIGFB-
P7andTimp-1in50patientsundergoingcardiacsurgeryan-
dresultsindicatedthatbothservedassensitiveandspecific-
biomarkertopredictAKIearly,aftercardiacsurgeryandtop
redictrenalrecovery.AUClevelwassignificantlyhigherfo-
rIGFBP7andTimp-1,i.e.,superiortootherbiomarkerslikeKim-
1,NGAL,cystatinC,IL-18topredictAKI(Mishraetal.,2003;Koyn
eretal.,2008;Hanetal.,2002).

8. TissueInhibitorofmetalloproteinase-1(Timp-1).
Timp-1isanendogenous,specificinhibitorofmatrixmetallopro
teinases(MMPs)byforminghighaffinitycomplexesandthereby-
blockingbindingofMMPstothesubstrate.MMPs,belongedtoa
familyofproteolyticenzymesthatdegradevarioustypesofextra-
cellularmatrixcomponents(ECM).Timp-1promotesrenalfibro-
sisthroughinhibitionofmatrixmetalloproteinaseandaccumula-
tionofcollagen.DownregulationofMMPsandupregulationofT-
IMPsleadtoaccumulationofECMproteinsandprogressionofC
RF,whicharecharacterizedbytubulointerstitialfibrosisandglom
erulosclerosis(Lenzetal.,2000).ItalsoinvolvedinG1cellcyclear-
rest.PreviousstudiesreportedincreasedurinaryexcretionofT-
imp-1inpatientswithrenaldisease.

PreviousstudydemonstratedthattheprotectiveroleofMMP-
9inCRFwasbydegradingECMorthroughthesuppressionofT-
imp-1andtheproinflammatoryresponse(Leiwangetal.,2013).
EnhancedurinaryexcretionofTimp-1wasseeninhighdoseani
mals(Hoffsmanetal.,2010)buttheoverallperformanceofTimp-
1asanearlyindicatorofproximaltubularinjurywaspoor,compare
dtoKim-1andclusterin.ElevatedlevelsofTimp-1havebeenobservedinmodelsofkid-
neyinjuryandinurineofpatientswithrenaldiseasesascompared-
tohealthycontrols(WasilewsaandZoch-Zwierz,2008).Recente-
videncesuggeststhatTimp-1increasesgranulocyteduringinfla
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mmation(Chormeketal.,2004).Timp-1andclusterinwerefound-
tobelesssensitivethankim-1andlipocalin(Maxetal.,2009).

9. Liver-typeFattyacidBindingProtein(L-FABP)
L-FABPsaresmallcytoplasmaticproteinsabundantlyexpressed-
mainlyinproximaltubuleofkidneyandalsointissueswithactive-
fattyacidmetabolism.Primaryfunctionofthisproteinisthefacili-
tationoflongchainfattyacidtransport.

Increasedurinaryexpressionshavebeendescribedinani-
malmodelsofAKI(Noirietal.,2009;Yamamotoetal.,2007;Ne
gishietal.,2009).InhospitalizedpatientswithestablishedAKI,
theAUCofurinaryL-FABPforpredictionofAKIwas0.97,whichi
shigherinpatientswithpooroutcome(Fergusonetal.,2010).In
patientswithsepticshockandAKI,urinaryL-FABPlevelswere-
significantlyhigher(DoiKetal.,2010)andalsoincreasedinCK
D(Kamijoetal.,2006).UrinaryL-typefattyacidbindingprotein-
wasshowntoincreasewithin2hofcisplatinadministrationand-
correlatedwithhistologicalinjuryscorethanBUN(Negishieta-
l.,2009),indicatingL-FABPasapromisingandsensitivebiomark-
erthanKim.

10. Osteopontin(OPN)
Osteopontin,abonephosphoprotein,isamultifunctionalprote
insecretedbyvarietyofcelltypesandisinvolvedindiversebiolo
gicprocessesincludinginflammation,leukocyterecruitment,w
oundhealing,and cellsurvivalandalsoinbiologiccalcification.
ItisalsoknownassialoproteinI,secretedphosphoproteinI,uropo
ntinandearlyT-lymphocyteactivation-1(Eta-1)(Oldbergetal.,1
986;Nomuraetal.,1988;Patarcaetal.,1989;Shiragaetal.,1992).
OPNissynthesizedwithinkidneyandispresentinhumanurine-
atlevelsthatcaneffectivelyinhibitCaOxcrystallization(Minetal.,
1998;Asplinetal.,1998).

Itisexpressedmosthighlyinepithelialtissueandbone,an-
dcanbedetectedatahighlevelinhumanurinewhenthekidn
eyissignificantlydamagedbygentamicin,cisplatin,cyclos
porin,sevoflurane,angiotensionII-inducedtubulointersti-
tialnephritis,andpuromycin-inducedglomerulonephritis(Alch
ietal.,2005).Studiesdemonstratedthatincreasedurinarylevel-
sofOPN,inchildrenwithsteroid-resistantnephroticsyndromeas-
wellasinmicesufferingfromfocalsegmentalglomerulosclerosis,
indicatedasapromisingkidneymarker(Lorenzenetal.,2008;Shu
ietal.,2007).

11. Renalpapillaryantigen(RPA-1)
RPA-1isacollectingduct-specificproteinofhighmolecu-
larweightglycoprotein,andtheactualepitoperecognize
dbytheRPA-1antibodyislikelytobecarbohydrateinnatur-
e,formingpartofanN-linkedglycoprotein.

Gentamicinandchromiumtreatedratsexhibitedincreased-
immunoreactivityofRPA-1,RPA-2,Kim-1largelyintheS1/
S2segmentsandtoalesserextentintheS3segmentsoftheproxi-
maltubuleofkidney,whereasmercury(Hg)treatedratsshowed-
increasedimmunoreactivityofKim-1,RPA-1,RPA-2intheS3seg-
ments.Theseproteinsweremoreabundantininjured,necrotic,a
ndapoptoticcellsofS1/S2andS3segmentsthaninthenormalhe
althyrats(JunZhangetal.,2008).

12. Hepatocytegrowthfactor(HGF)
Hepatocytegrowthfactor,isapleiotrophicfactororiginallyisolat
edasapotentmitogenforhepatocytesandplaysanimportantrol
eintissuerepairandregenerationafterinjury.Expressionofboth-
HGFanditsc-metreceptorgenesisrapidlyupregulatedafterAKI.

AdministrationofexogenousHGFnotonlypromotesrenaltubu-
larrepairafterinjurybutalsofunctions ascytoprotectiveagent-
byprotectingtubularepithelialcellsagainstbothapoptoticand-
necroticdeath(ChunsunDetal.,2001).Vishaletal.,2008evaluat-
edthediagnosticperformanceof9urinaryproteinbiomarkersof
AKIincludingKIM-1,IL-18,HGF,CystatinC,NGAL,NAG,VEGF,c
hemokineinterferon-inducibleprotein(IP-10)andtotalproteini-
nacrosssectionalcomparisonof204patientsandconfirmedthat-
KIM-1,NGAL,HGFandtotalproteinwerethefourbestperformer

sindividuallyandincombinations.

13. Cystatin-C
Cystatin-Cisanon-glycosylatedextracellularcysteineprotease
inhibitorandapotentinhibitoroflysosomalproteinases,andmai
nlyusedasbiomarkerofkidneyfunction.Cystatin-CisfoundinCS-
Fandurineofpatientswithrenalfailure.IfkidneyfunctionandGF
Rdeclines,thebloodlevelofCystatin-Crises.Cystatin-Cislessde
pendentonage,sex,raceandmusclemasscomparedtocreatini
ne.

Kim-1,Cystatin-C,TIMP-1,andosteopontinmayserveaspromis-
ingnoninvasiveurinarybiomarkersforearlierdetectionandmon-
itoringofrenalinjurycomparedtootherbiomarkerslikebeta-
2-microglobulin,α-GST,VEGF,calbindin,clusterin,NGAL,OP
N,BUNandSCrinkidneytoxicityinducedratmodels(Mihyeet
al.,2012).Cystatinlevelshavebeenreportedtobealteredinpa-
tientswithcancer(Kosetal.,1998),thyroiddysfunction(FrickerM
etal.,2003),HIVinfection(Oddenetal.,2007),cardiovasculardis
eases,andbraindisorderslikeAlzheimer’sdisease.

14.TypeIVcollagen
TypeIVcollagen,amaincomponentofthebasementmem
brane,increasesintheurinefollowingdamageoftheglome
rulus.Becauseitistoolargetopassthroughtheoutermem-
braneoftheglomerulus,itsconcentrationintheurineisasen
sitiveindicatorforglomerularchangesinthestructureofthe-
extracellularmatrixandthusanimportantbiomarkerofne-
phrotoxicity(Donovanetal.,1994)

Inadditiontotheaforementionedurinaryproteinbiomarkers,v
ariouscytokineslikeinterferon,tumournecrosisfactor,colonyst
imulatingfactorandseveralgrowthfactorsactasmediatorsofin-
flammationandimmuneresponsesandasbiomarkerofnephroto
xicity,becausetheyareinvolvedintubulardamageandrepair.

FutureProspects
Futurestudiesarerequired

i). Tovalidatethesensitivityandspecificityofthesemarkersin-
clinicalsamplesfromlargecohortsandinmultipleclinicalsit-
uations,

ii). Tounderstandtheperformanceofthesebiomarkersi-
nothertypesofrenalinjury,

iii). Toelucidatewhycertainnephronsegmentsareaffected-
bycertaintoxicantsandnotbyothersandthismayhelptoi-
dentifymechanismoftoxicactionandaidthesearchforsi-
tespecificbiomarkers.

iv). Todateonlylimiteddataareavailableregardinggenderdif-
ferenceindruginducedrenalinjury.

 
ResearchstudiesfocusingonlyonKim-1,wouldbewrongasitin
dicatestherenaldamageonlyonS3segments(RosenandHay-
men,2003).Recentreportsalsoindicatethatotherbiomarkers-
likeIL-18,IGFBPandVaninaremoresensitivethanKim-1.

Conclusion
Nearlyfor100yearsandstillserumcreatinineisusedasamajorde-
terminantofkidneyfunction.RIFLEscheme(risk,injury,failure,los
sandendstagerenaldiseases)andAKINscheme(acutekidneyin
jurynetwork)areoptionsusedfortheclassificationofrenalinjury.
Thesemethodsarebasedonthespecificcutoffvaluesofserum-
creatinine,GFRorurinaryoutput.DifferentdefinitionsofAKIinth-
epublishedliteraturesrelyonchangesinSCr.Kidneydisease:im
provingglobaloutcome(KDIGO)clinicalpracticeguidelinefo-
rAKIrecommendsriskassessmentforallcriticallyillpatients,ack
nowledgingthatriskassessmentisdifficult.Sothereisanurgent-
needforastandarddefinitionwhichisnotbasedonserumCrcon-
centration.Markersofdamagearebetterthanfunctionalmark-
ers.

DifficultyinearlyoraccuratedetectionofAKIleadstosig-
nificantproblemsinpatientcareanddrugdevelopment.
Thedatageneratedduringpreclinicaltoxicitytestinghasto-
beasdetailedandinformativeaspossibleasithasbeenob-
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servedthattheincidenceofpatientsinintensivecareunitsdevel-
opingAKIisabout30-50%,butonly7%ofnewdrugcandidatesfai
linthepreclinicaltrialsbecauseoftoxicity(Devarajan,2005).This-
discrepancymaybeduetotheunderestimationofnephrotoxici-
tyinpreclinicaltrials.

Functionalgenomicsandproteomicstoolshaveprovidedvari-
ouspromisingnovelbiomarkerswhichwillbeusefulforearlyde-
tectionofdurationandseverityofkidneydiseases.Butnoneare-
currentlyestablishedenoughtoreplacecreatinineasamarkerof-
renalfunction.

Betterbiomarkerswillhelpdrugdeveloperstotakedecisionsab-
outwhichproductstomoveforwardintesting,dosesatwhichthey
shouldbeusedanddesigningclinicaltrialsthatwillprovideclear-
informationaboutproductbenefitandsafety.Italsopreventsen-
tryofnephrotoxicdrugsintothemarketandfacilitatesearlyman-
agementofpatientswhosufferfromkidneyinjury.

Therefore,thesepromisingexperimentalbiomarkersofkidneyd
amagerequirefurtherconfirmationofitsuseinroutineclinicaluse.
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