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1 Determ nation of Neutrophil GCel atinase-Associ ated
Li pocal in (NGAL) as a Di agnostic Marker for Rena
Disorders 5 This application is a non-provisional of
U S. provisional applications Serial No. 60/637,503,
filed 20 Decenber, 2004, and 60/719,307, filed 21
Sept enber 2005, which are hergby incorporated by
reference in their entirety. 10 Field of the invention

The pr nt_Lnvention.r - :
diagnogége%ﬁanﬁgﬁ§ O?anggﬁﬁﬁﬁﬁg%”%%Qggggégé %%gﬁgl%FEd
neasur efipotal ina (kepi.) yakl &i diadnbsohs Nerkeopfior Renal

gel ati nase-associ ated.lipocalin_(NGAL), the abnormal

15 concentration of which PE5PREFESti ve of a disease

or group of diseases, in this instance disorders of

the kidney resulting in decreased renal function,

i Mtidi sggpl idmsiocalsed byni-prhenstonalupy Udde torovisional

i mpai_r.ed bl ood supply to t idn or _e S 0
n%ﬁﬁ%@%eﬁ?§1% Or ej%zj(',)t<él3§r1‘5}%}?3 ‘a Fﬁ%@pfgaﬁt gjdacember’
kitthney, dke gevhedszof, thkelepr @qerged@ﬂa&méﬂ 0M0@se which are
particularly useful for the early detection of the

r dirtelne gz e gt lenirefiegande ithdhegl frdalr sty -
pat hol ogi ¢ consequences of which are typically acute

renal failure (ARF), acute tubular 25 necrosis (ATN)

OrFiacld eofl Wiha Girivdrewidri tial nephropathy (ATIN), and

can al so be used to nonitor the course of _repa

di sor déF¥ IRFESFR g TR TS ARG TS (e MGreeGs for
MESSUNES: 3 SGRAGKH W R dhendiRYE ik sEN& A6l a1 UF

of renal ischemic injury that may result in ARF, ATN

omesE U dreen thiirhexr e dielperfded b dlumsirc alevgingEiisuch

asgeollein%_ur{aitsae—aansdsgc!iuaittdec{ %.tieprbtcia%r:lfn 2(1\TGAL) , the abnormal
concentration of which is indicative c¢f a disease or
group of diseases, in this instance disorders of the
kidney resulting in decreased renal functlon, including
those caused by ischemic injury {(due to impaired blood
supply to the kidney) or exposure to nephrotoxic agents
or rejecticn of a transplanted kidney. The methods of the
present invention are particulariy useful for the early
detection of the renal response to ischemic iniury, the
clinical or pathologic consequences of which are
typically acute renal failure (ARF), acute tubular
necrosis (ATN) or acute tubulo-interstitial nephropathy
(ATIN), and can also be used to moniter the course of

renal disorders including the response to therapeutic

measures.

Background of the Invention
The detection of renal ischemic injury that may
result in ARF, ATN or ATIN has hitherto depended on

clinical signs, such as oliguria and fluid retention,
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conbined with the results of chem cal tests on bl ood
and urine showing a | ow sodi um excretion, raised and
rising levels of creatinine and urea in the bl ood
and, if neasured, a | ow creatinine clearance. These
signs are 5 indicative of the presence of the
established condition. Varioug urinary markers of
renal tubul ar damage have also been analyzed. O

(:;’L%srgoerrgé aﬁ\gu%)jel a(r:lr %gisgg%%gj&%q{ﬁnd&l\aﬁmt%ﬂ Wldvod ana

acetihe tﬁiw:&glwdmmaﬂﬂme:{dﬂ#kﬁﬁdﬁotmétami rising
10 2000) are el evat.ed |qﬁgases of e aQ%ish dI@;N“qut
mehEv %\fﬁypfapcﬁ%eaartwléﬁe b SF gt i ort

t O Lyt U Tl QReI Al R Bl e . KRy ditdy Yare

mol ecul'ec1 (KIM1) is also elevated in the urine of
pamdamgtwet ot AT duasqrhe tqﬂrd:k@msg’@bhlm condition.

prebebly. early,has, ok 15 been sotall Shed L JWTBRC 1o

eine rlch pr

(%)aﬂw@k@ed n dheneddae stpie T-onuiGdwircouwdfier beta 2-
ischemc injury in experinental animls (Miramatsu et
almicppphoHehel\Randans, and iRp RS Hre 2&14) jand N-

ig%{§%2?2§%sfbfi R%%ﬁ%?%z ;g%%¥gzﬂﬁﬁn9g“%gaﬁ¥¥23% al-

| i@l iaee tejlmawapmﬁstiaglcmmhm d¥ sattdiasedd P@DB) but may

(Tsuchlda et a O e|r seful ess, for th
Y GFRRfFDSIS Bt pﬁ%é%ﬁ' G&kond E‘Aﬂﬁci T 197 toxic
un.ﬁ‘lﬁﬁt AS At asiildntf1 theimpenenaldnesliow dhBol ecule-1

course of appearance of these marker 25 nolecules in
ur {E8ak k ers exdpos Bl it adhdl ki Wireyrttigie josfc etiiemys with

ne;pﬂ\l} ot oxt Ct}’?egecntrﬁc’e éouefwysgavteh&%}h %(enc??%a X en%y’ has not

general™ use agnose edrly or

dirsestlesscaEsidHad g rmmamqmzslerrmﬁ t @iarNeast radphi 12002 .

gel ati nase-associ ated |i ocalln (NGAL). is, ﬁg}also
mt%ﬂsn%em%mﬁqt%rb RN, RS At HdhedEe-norat ©

n? qﬁé{i 2@%1]_@_1 RRGALATY 11'{:"‘&?;3111 rbh%éﬂ—a.%taﬁ%nlmals

n1crog|obulln rel at protein ( he rat)
or Muramatsu et al., 2002). However, levels ln humans are

still unknown. Other markers that have been studied
include clusterin {(Aulitzky et al., 1992) and lipocalin-
type prostaglandin D synthase (L-PGDS} (Tsuchida et al.,

2004); their usefulness for the early diagnosis or

_prediction of ATN is still unclear. As a resuit of the

generally slow time course of appearance of these marker
molecules in urine after exposure of the kidney to
ischemia or nephrotoxic agents, they have not entered
into general use to diagnose early or impending renal
disorders resulting from these insults.

Neutrophil gelatinase-associated lipocalin (NGAL) is
also known as neutrophil lipocalin {NL; HNL in the case
of human neutrophil lipocalin), lipocalin 2 (LCNZ}, 25-
kDa alpha 2-microglobulin-related protein (in the rat) or

24P3 (in the mouse). In the rat, 1t has also been
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24P3 (in the nouse). In the rat, it has also been 3
referred to as neu-related lipocalin (NRL), as its

gene is overexpressed in mammary tunors initiated by
the neu (HER2/c-erbB-2) oncogene (Stoesz and Goul d,
1995). NGAL is a 25-kDa glycoprotein first isolated
fromthe granules 5 of pol ynorphonucl ear | eukocytes
(Triebel et al., 1992; Kjeldsen et al., 1993). It
ContAalns. A t% %%' fnle%e Ahidae 1@1%%%35&{5 (iR, gopgrst 108 Qbne
dirmers and er proportio
assomv&u@&pmddme@Q¢MDmammmmy membrephmhtlaye@.by the neu

coIIa ase o called trix metal.l opr teig % 10 %
e 2, gt aanon s ere e O gy OB noNGAL
CQ@p%?bSQ&I%p%@@%@br@@%xﬁl§urgwb&b%@a%bdﬁ&rom?%@@ g¥aRules

et al., 2001) or as a dinmer, formng a conplex of
amcfawmoml(e%n 1@@1k@|cytezodl‘):1ebl¢ésetc@ﬁplfeié§2

hav.e en ide tifi he urine t|e t
2 ancé§g3 glugp%éaln c rslgPﬂfﬁge Erl%ge
p%ﬁﬁi&k&méﬂaa®®ﬂporth@n©f dndichbeeastl aNehk1Was proportion

initially disclosed as a marker of neutrophil i
a@tﬁ VA6 S -bditng Sr 85684 @ TERt ¥ithe JBIbH n neutrophil

?%@ &%‘q%%ﬁ%%%%%@'S”%ﬁsb”c%%ﬁ%ﬁ@ﬁ%? 1QYQ%%%U§opFote1nase

eria egranu ation o e neutrophi
arfﬁd (@RarcPt) ogirs gefl attilnesgr Rnulee'tp.emt esns. mAsiogech fotrheng a
neasurenent of eleya

S o HPERETE Ifan The. DUDAbE] SFo g 20007 Yan et

I rdi catiod )ofort Be iendiivieauals o rghbetl Bem eaa dF apparent
|nflannat|on especi ally one caused by 25 a bacteri al

i AEC tli2dn (Y‘é’élng?éi a.2-00020@1$ Paeert coBpiZFes28avRCpeen
at 9 9404 [ p ;

O SRR o b odobEehRen sathaitey 8h

ne@h&@ﬁﬁlI&ndNG@hn@Zé@&ﬁewasoﬁdehelbmeetaSeanbaedﬁer

phase protejn of type 1 in the nouse, where expression
Yr&iHt PISEE&ted in the liver during the acute

phase NGAL was initially disclosed as a marker of
neutrophil activation, being released into the blood when
invading microorganismg, in particular pyvogenic bacteria,
cause degranulation of the neutrophils and exocytosis of
the granule proteins. As such, the measuremenit of

elevated levels of NGAL in a plasma or serum sample from

a human 1s belleved to be 1ndlcat1ve of the 1nd1v1dual -

suffering from an inflammation, espec1ally one caused by
a bacterial infection (Venge, 2000; U.S. Patent
6,136,526; PCT application WO95/29404). In thig respect,
but in contradiction to its claimed specific derivation
from neutrophils, NGAL (24P3) was identified as an acute
phase protein of type 1 in the mouse, where expression
was malnly located in the liver during the acute phase
response (Liu and Nilsen-Hamilton, 1995).

US patent application 2004/0219603 describes the use

of NGAL as & urinary bicmarker for detecting the early
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response (Liu and Ni|sen-Ham |ton, 1995). US patent
application 2004/0219603 descri bes the use of NGAL as
a urinary biomarker for detecting the early 4 onset

of renal tubular cell injury. However, it is not
descri bed whet her or how renal tubular cell injury can
be discrimnated fromsystem g inflammtion or
bacterial infection as the cause of the el evated NGAL

I evel ur ent.i PR
sur pr?%l%gl y e]yen ou%t Vlt:L I\Jﬁ%nd% evgﬁﬁﬂ gue’ tl'ot riesna]i}Ot
I Nfia oy Bsel ganetiadt yodilgherrdrizn dudweles afel INGALj Uthatcan be

resul t fromlnflammtor% infect] ve or .10 Can%aﬁ?ﬁ =
cOmti $7 PhaRd Moty HIFRG gia

h%ﬁﬂﬁﬁ%ﬂ(g%ﬁﬂémgémﬁﬁmwaﬂﬁﬁgﬁﬁ@&t@%ﬂ

di agnhosi s an monitoring of a renal disorder in a
patlent whi ch di stinguish renal disorders from ot her

orders t |('j}géldoI n@tnaffect t he ki dney. By renal 15
d| BrEr i % it %?/ “9%ration of functi on,

i ncl uding nddrensk raietirad irafid, Wddrastauiel utalt NGAL levels
correlates of that alteration, either of the kidney

o ViFol TR GG R el IO (AT dS LS Of
t
R S R s B R T Wace,
l\lo@am@:lfm& weorekianpbes diats uirh nati sorierts derglludeinction.
ggﬂlg:;jest Itlgﬁg%%fsoc' gtgks%wsk%leznﬁigwl ]‘? Chﬁ Mkt u&s iaor the
t %&éﬁ@rﬁcﬂéﬁlm&?%% e (AHMal alitHED in a

i nclude acute renal failure (ARF) or chronic renal
f emm:r@lt( CRE)clp 5108 & intmie efe rr ageuls el L sger sarfd @hradr e

DS SCRIL S0 M A EHe B2 Bt DPPREPRALI, due

ruction, nep
hy@mcﬁmlmrs m\ﬁ&twomaﬂaatmmtceﬁ firtdtion, including
pre-ecl anpsia or toxem a of pregnancy,
the structural and ultrastructural correlates of that
alteration, either of the kidney as a whole or of one or
more cellular structures of which it is composed, that
goes beyond the regulatory mechanisms which maintain the
normal healthy state. Non-exclusive examples of such
disorders include conditions associated with renal

ischemia such ag acute tubular necrosis (ATN) or acute

_tubulo-interstitial nephropathy (ATIN), and also include

acute renal failure (ARF) or chronic renal failure (CRF)
of whatever cause, acute and chronic glomerulonephritis
of whatever cause, nephropathy due to urinary
obstruction, nephropathy due to hypertension, nephropathy
associated with pre-eclampsia or toxemia of pregnancy,
rejection or recurrent disease of a transplanted kidney,
as well as congenital and neoplastic diseases of the
kidney.

Accordingly, the present invention provides methods

for the diagnosis and/or monitoring of renal injury in
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rejection or recurrent disease of a transplanted

ki dney, 30 as well as congenital and neoplastic

di seases of the kidney. Accordingly, the present

i nvention provides nethods for the diagnosis and/or
monitoring of renal injury in 5 humans, conprising
nmeasuring a | evel of human neugrophi

gel ati nase- associ at ed Iipocalin (NGAL) in a sanple of

badi | ui f ' f
b B B e AN R pcons

r eyl a Sl xiany angs d doitadtesd alrng)dmagher }specisf |S@@h£ﬂ&snf
el.evat.ed

o SOFS ol Sl el Pyt GO BT ene

funetign | sicy s inklammionear 40 aeldivetive of renal
conditions or cancers. Thus, in a first aspect, the

i iventont  ditae e rd grerhddast steddifigsbdiasg elevated
3012 engslr ncgf %G}‘#Je#ginargom 1 fthefrlon{(%ﬂﬂé%o%l%f%r%c?xrse'@{at do

i'h"a wheréi n sai d

dizged inBdales et welied: rm]aalz divsertdemn anticanatsher
condltlon t hat does not affect the kidney, said nethod

orfpl 1 TR The %Jielﬁ’sfetﬁtlf’se .90%%%% qapeers. Thus, in
Cffj‘ﬂ% datd CO:L Fe13A & Pla *%Féjdﬂda of
f|UI uman belng |

rom conparing said
cdnczegnarsamg),n vttt iy edetdertrmeidiiowt dfife vidlked,ilsmid of a
cut of f

Iu ein osen o excl ude | awner
e A ot R WA L S i el
t r@ﬁscﬂ@uﬁh@ia@g @ﬁtv&é’%—ﬁl ke Cma%é.l WigSRider@ and another

concentration above the cutoff value is indicative of

aC@Qﬁ%ﬂl@ﬂ§ﬁﬁﬁéﬁb6RM¥ﬁéﬁﬁﬁﬁ§ttﬁh?;h%ﬁﬂﬁﬁi|ﬁﬂkﬂnm9ﬁh0d
Bl RSP el s L1 i scritnat) o betucen
one errtxo)dldmmnmirmelmemmobc@fcdrfte:aﬁnmmdmmmmrpm@e‘s in a
a further step. o

gample of bodlly fluid from the human being,

ii) comparing said concentration with a
predetermined cutoff wvalue, said cutoff value being
chosen to exclude lower concentrations of NGAL associated
with conditions that do not affect the kidney, wherein a
concentration above the cutoff value is indicative of a
renal disorder.
~ Furthermore, the present lnventlon, ln one N
embodiment, allows the discrimination between dlfferent
degrees of renal disorder. Thus, e.g. in one embodiment,
the method of the invention comprises a further step of
comparing said concentration with a second cutoff value,
sald second cutoff value being chosen to exclude lower
concentrations of NGAL assgociated with a lesser degree of
renal disorders that are unlikely to recuire treatment by
dialysis, wherein a concentration above the cutoff wvalue

ig indicative of a more severe disorder that is likely to

require treatment by dialysis.
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conparing said concentration with a second cutoff

.value, said second cutoff value being chosen to

excl ude |l ower concentrations of NGAL associated with
a | esser degree of 30 renal disorders that are
unlikely to require treatnment by dialysis, wherein a
concentration above the cutoffgsvalue is indicative of
a nore severe disorder that is likely to require

treat meRf, %adﬂﬁ 6 e fnelh Enamry ol by 1N gl MBIken
ena

nol ecules” for Injury that may result 1n ARF, ATN

orinAdY asmnatay erdserlad Iim AR, odIitherc ATHNC dlasuset as

these other markers, appear. in the urine.too late in

| R G LB Ul G P i PGP s Sder fgrers
beydssafwli A nerdd efdiig dde 16deniiel amd eduie develepE/fpnent
of "the disorder or to guide preventive or therapeutic
mess Urhes . rethlls raoidan Has Hsearpeiddl véd appntiadgpiiésent

I nvent. on i ch.use lLysi j yman. :

sar réls&sal}l\éwllcoagjber icfweé} ethl(;%pg{e%?letcEc(D ?I%:é’%;é%\l}rgeol}p%ent of(‘ml(jle
r eiadv o tsiorgl eis . c rARiarRlu it dicessugge Shitsh atr idliesn ites been
the earliest marker of renal insult to appear in the

urSHeTehiDh FhevRISS e G G gatt fSPS2 the gmalysis
h%ﬁ SycHrt e#n tErar rgat'\@éso%tﬁh the Jnsi teo HiRect the
ana L

ysis of urinary in 15 accordance with the

préssezitodmarentd Hrdrtals dffoerders . met hod of detecting

renal injury that.may result in ARFE,. . ATN qr. ATLN,, .
i oar i e, By SRt e T e et
I ai810r IOPFERESI OmPENHS agdgisid tiuf ivig: wWEprQPhiiaie

neasures to reverse the process. 20 Levels of NGAL are
priefealab| o detidrgriHeri sy Wk h i e Femeds Pétifgd . the

AL U, YLD LD S U 208 R AR, <
| rarestarhentwiads ayje pardsedrar dinddro arettfods, odifexrs a
mﬁ%ﬂﬂéﬁ?of detecting renal injury that may result in ARF,
ATN or ATIN, discriminating it from other disorders, and,
if the rate of progression permits, instituting
appropriate measures to reverse the process.
Levels of NGAL are preferably determined by an
immunochemical method. Examples of such methods include,

but are in no way limited to a sandwich ELISA (enzyme-

linked immunosorbent assay),

a lateral flow method, or a

dipstick.

Description of the drawings

Flgure 1

Receiver operating characteristics (ROC) curxve for
maximal urinary NGAL values with regpect to the diagnosis
of renal affection in 60 adult patients admitted to a
hospital intensive care unit. Only patients that could be
classified from other data as having or not having renal

affection were included.
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25 Description of the drawings Figure i Receiver
operating characteristics (ROC) curve for naxinmal
urinary NGAL values with respect to the diagnosis 30
of renal affection in 60 adult patients admtted to a
hospital intensive care unit. Only patients that could
be classified fromother data7as having or not having
renal affection were included. 7 Figure 2 Receiver
operating characteristics (ROC) curve for nmaxinma

pl asma NGAL val ues with respect to the diagnosis 5 of
r efiguad f2ction in the sane patients as in Figure 1.

Figure 3 Receiver, operating characteristics._ (RO
I RBAT G e HOAL S s RV aRhaSE to

t Ney:LinRaNgsi Ssmal G, diahisi Svitefuidseyaitt don che alddnosis
patients admtted to a hospital intensive care unit

artf ctdivi lc at i Sedi aghdsedheas ey o eavasl agf facthigmre .
Figure 4 15 Time course of urinary NGAL and pl asma
creatinine values in an elderly nmale patient operated
aaitrlne for rupture of an abdom nal aortic aneurysm

Figure 5 20 Time course of urinary nd pl as
A e ORISR e R Soeiare Mo UV i

S GRS S 1 o 1Ll ; Adifedd oo TR di i
u?&%géyﬂaé%%igﬁggﬁ?gﬁgsgﬁgﬁ%%5§H%g/nL) fqr fhe _laQHOSlS
dialgnbisilyy sofs resmliedfasdt ilon SBhddile ngdpents mdmigfted to

normal faor plasma creatinine_i.n. wonen.-25 .(Q. .
mﬁjlr}faci_s)p % SHEWA S D6t it ‘ﬁélglc St i %o %ol% %1&3/8 diagnosed
| MM A<Oha renal affection.

Figure 4
Time course of urinary NGAL and plasma creatinine values
in an elderly male patient operated acutely for rupture

of an abdominal aortic aneurysm.

Figure 5

Time course of urinary NGAL and plasma creatinine
values in a female patient who developed sepsis which did
not affect renal function. The urinary NGAL cutoff level
(329 ng/mL) for the diagnosis of renal affection and the

upper limit of normal for plasma creatinine in women

{0.088 mmol/L) are shown.

Detailed Description of the Invention

We have found that concentrations of human
neutrophil gelatinase-associated lipocalin (NGAL) in
samples of human urine are conly influenced moderately by
infective or inflammatory states. However, NGAL levels
are markedly elevated in renal disorders attributed to

ischemic injury and the elevatlon of NGAL ig particularly
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We have found that concentrations of human neutrophi
gel ati nase-associ ated |ipocalin (NGAL) in 30 sanples
of human urine are only influenced noderately by
infective or inflammtory states. However, NGAL | evels
are markedly elevated in renal disorders attributed to
ischemc injury and the el evatdon of NGAL is
particularly 8 high in ATN. Further, we have now

Q?@ﬂﬁﬁr?%k% FrerP! i ke elos; QEuH@A%hﬁQ R@kum or

necessarlly refl'éct i'nfective or inflammatory states,
amd oy Bevedissed e@h dshewott hedsissed LAgUEESPIFAL

IS extremely lo 5 occur, in.leuk
et o e PTG T Sk erd. e BY PR iRRd ven
f dfler? 1H09A o0 Hehatdophiletoseen ithexteraentr diowon af may
NGAL in human serum or plasnma and the concentration

ofOC‘NGB?L i lgukemliive PTs G6t 3 SMNSESUSRC P F L ERF 1Y ne
%'H}{e%g{%om ﬁe%%l qct 64, Fidd caldiygld lcorl‘%l%@tl' %ntb%t@sfe%n

ana theré are very poor correlations of
tlﬁﬁﬁaddmcaniﬂatnbnem&hexynhannémmﬁ@phehumc@mnplamma and

per.i pher al bIood or the _caoncentration_ of C— reactl
prioYeeiGPRCER taAH l@“pl’?£ o8 ARE T S of

a3,18, JERIKRS u‘%fld@fﬂx%w@drma}mﬂhlé%le\@tfe@%trllﬁaldégl%ﬁ 111

bound by a particular theory, it nmay be hypothesized

t et 1 NGAL aire preduwed. byitile Kihgaey srien Vegyp&9se t o
|schen1a .and ot nfluen S ab]. f iyl

r STYATE NEAL Ok FQ?%% 1ev'%%§“ﬁo gﬁﬁjgieﬁ%%seég%iggbhll

I Etrcgﬁltam@y@ie&ﬂpmeztane blrddﬂie,orbuﬂzealcﬁb@damt’c@ratth@rbldfomu
t hus confoundi ng the 20 use of NGAL determnations in

sé‘rﬁﬂﬁfolrvepl%mlévs Ar@Rrere ReSanPrahtaty dRagr 1s commonly
eq%%%{ég% ﬁ&?%: ﬁﬁ%}dﬂ&éﬂbﬂlﬁTﬂdgs w%%ﬁﬁﬁt being

ccor e present I nvention rel ates
tmoum?aém mmatrtofcxﬂmL tilrecrysanyil eaof b@o@aylgptfhamd:,ed that
¢ eflesr ?:grl ucerg3l byu rtlh%e kfl @y\/\shll%h r%% on %l'alat rtoOD scsnemia
and other influences capable of stimulating renal NGAL
expression, and is not only released in large amounts in
the urine, but also into the blood, thus confounding the
use of NGAL determinations in serum or plasma as a marker
of inflammation or bacterial infection as set forth in
U.S. Patent 6,136,526.

Accordlngly, the present 1nventlon relates to
measurement of NGAL in a sample of bodlly fluld ”
preferably human urine from which any neutrophils have
been removed, as a diagnostic marker of renal disoxrders,
especially those due to renal igchemia or nephrotoxic
agehts. In the present invention, for the concentration
of NGAL to be specifically indicative of renal disorder,
it must exceed a cutoff value set to exclude those lower
concentrations of NGAL that may result from infective or

inflammatory states or carcinomas that do not give rise

to renal injury.
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been renoved, as a diagnostic marker of rena

di sorders, .especially those due to renal ischem.a or
nephrotoxi c agents. In the present invention, for the
concentration of NGAL to be specifically indicative
of renal disorder, 30 it nust exceed a cutoff val ue
set to exclude those |ower concentrations of NGAL
that may result frominfective or inflamatory states

or car ko at, d@.not. Qi ri Qhenal ohlj ury.
o The TR BB E Do EroBaR T vant Tar e e
e rdrddichiern tc amppirdesst kesbéppsob fnpassnirayot hbe

concentratign _of _human in_a_sanple of .urine
PSP R DI BJEE: SCPbaT02any TRAG PEPRETES f r om
5 ke dgiy durl: rigubedicagresede and eenpabbhglihe from
measured concentration with a selected cutoff value
déther minddy itdhedx coedrer HeseTgREfar PReoREERBIE AR RS

fou i h . ha 0.r |, ~di.s0r b y
R Ry MR o F R e ra oo R
i edusdinigh sk donfdvarsesEt ety seondiitibens cobaeheraalons found
infections or carcinomas. If the asur%%ﬁNGAL .
igayse&ﬁher be

dihadx EedEs N FE GGt GEF OEERE!

cadtc

| ndi catd t Rvdas ey tered deenak nicniudhiy
an%gﬂp%éngg\}}e:?%lgr%%hgﬂeyel oped ARN. ATN or ATIN. 1
The fdutrafeft dmav elondeltawnshi Eacties iadi fadpdtévss of

NGAL cannot be di_agnosti c of I injury with _a

NS BT Stoghed T TRRSAT P POy i SPRGS R E e O Pavaess
Cathe kerdeaund dvrihealdiy iisndinviididdles talort kBSE the human
suffering from inflanmatory, infective _or cancerous

cdvdi ts resl 2BnglefiariaBly a8 apal dsvels® Ryl BESor

chy avAl 250 ng/ mL and 525 ng/ i,
gg%ﬁ“%zﬂﬁg% ngfngsm%gﬁigggﬂkg/nt, or 325 ng/nmL, or 350

ng/ m., Tre I aff/ Mevedr ba4d@®r ndgfinh, thre 425naghinlleverl of

4?\1%Ar}_.g/crgﬁnoq:r b4é7%ig /n%%’ti%r of renal injury with an
acceptable degree of specificity because such a level can
be found in healthy individuals or thoge suffering from
inflammatory, infective or cancerous conditions is
preferably a level of 250 ng/mL or more, such a vaiue
between 250 ng/ml and 525 ng/mL, such as 275 ng/mL, oOr
300 ng/mL, or 325 ng/mL, or 350 ng/mL, or 375 ng/mL, or
400 ng/mL, or 425 ng/nl, or 450 ng/mL, oxr 475 ng/mL, or
500 ng/mL. In another embodiment, the cutoff value used
is a value of 1 ug/mL or a higher value. Preferably, the
pogitive predictive value for the urinary cutoff value is
80% or more, such as 85% or more, e.g. 20% or more.
Alternatively, or in addition, the negative predictive
value for the urinary cutoff is preferably 80% or more,
such as 85% or more, e.g. 90% or more.

In ancother embodiment, the present invention

comprises the steps of measuring the concentration of

human NGAL in a sample of plasma or serum from the
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500 ng/mL. In another enbodi nent, the cutoff val ue
used 25 is a value of 1 g/nL or a higher val ue.
Preferably, the positive predictive value for the
urinary cutoff value is 80%or nore, such as 85% or
nore, e.g. 90%or nore. Alternatively, or in
addition, the negative predictlitvve value for the
urinary cutoff is preferably 80% or nore, 30 such as

8500 IBEEL €0 o IQVASKIBE €, aidd AnRldelnendin®Murea

the present invention ~conprises the steps of )
meesueemyr a hiecw ontent 2 at¢bectodd anbmit NGAlLe et eamgled to

of pl as or serumfromthe 10 individual :

i Eresta Mt bR (7 Tre el A el R e
W hilingn S et iegt eeheat0d fraed Leidedelar nashit anaexsegter be
those plasma or serum concentrations, found in hunmans

t hep3ERRt Ho Remathdi @orkrre MeTel WIS peisluding
ap fmm}%g'oé%%@?{i&@gfe SAdeL AP or Rl S 1O ush ng

i nf'Tanmmat or n I ons, bacteria ections or
caceircommsas | f I heharvasasede NGALAIC crperdn tatd oipre xoaseksd o

the cutoff |, this, is, an indication that the h
oS TR Eh TEi | FhUy ST A BD i e g
deyed oped: ARN, AdNLOri AN, e sl ddvdeyelod afad he

NGAL concentration in plasma or serumis simlar to
t hdevébered i AN andTlF soxr piefer ably a | evel of 250 ng/nL

or nor e.g.. 3 n [ hi J
betmeeﬁrg%dgﬁﬁ7%€ é%égtfggiggﬁaﬁﬁggg§%%%%§gu%g%§ﬁ%?ﬁ€?
Orp BNl e®lin 325 iphidar ofo 300 nfprlyriie 3 is

ng/m, or 400 ng/nL, or 425 ng/n, or 450 ng/nl, or
ATBEREFFADL Bra %v%g/%aw STBTHIE TP pog t 3P ng/mL

Predi gt v,y '—\s@mgr dhe, plasie watpfdr Vi 416, d For, 809 525
or nore, such as 85%or nore, e.g. 90% or nore. 20
Alnermiat | etly, aor27h wadnki om 1He medelti v ptaditainle, or

Valuig [9Fmt NP AR, ST o val e SDAREN 48 MISTRIARLY or
450 ng/mL, or 475 ng/mL, or 500 ng/mL. Preferably, the
positive predictive value for the plasma cutoff value is
80% or more, such as 85% or more, e.g. 20% or more.
Alternatively, or in addition, the negative predictive
value for the plasma cutoff value chosen 1s preferably
80% or more, such as 85% or more, e.g. 90% or more.

A further aspect of the present invention is that
the method can be used to distinguish severe renal
insults that are likely to reguire some form of dialysis,
which typically give rise to very high urinary levels of
NGAL, from less severe renal insults that may only
occasionally require dialysgis, which typically give rise
to lower elevations of urinary NGAL.

Thus, a second, higher cutoff level, below which the
urinary level of NGAL is not predictive of dialysis
requirement but is diagnostic of a lesser degree of renal

indury, is preferably a level between 1000 ng/mlL and 3000
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80% or nore, such as 85%or nore, e.g. 90%or nore. A
further aspect. of the present invention is that the
nmet hod can be used to distinguish severe renal 25
insults that are likely to require sonme form of
dialysis, which typically give rise to very high
urinary levels of NGAL, fromilless severe rena
insults that may only occasionally require dialysis,

Ty . t [ f
urlﬁgﬁy EtgflE%%g%¥ﬁ%Ik%&%%cgﬁngﬁﬁbﬁgﬁﬁgﬂtg??:Ezgﬁﬂng/mL
bedovi 0] oty Adie  air iAPhly ricewdl, ofr RGAO ing/mdt, or 2750

redj ctive di ulrenent i.s_di_agnhost
ofnge/“F Tes etre%éfgartgléxoftﬁ}ee lqweuﬂye%ié:tﬁ i eragﬁ%/ 86t che
| eyse hé@&%ﬁﬁﬂﬁﬂqgﬁﬂ%ﬂﬂﬂ-&W@cﬁ@@%r&k dﬁﬂﬂﬂws$ﬁﬁho%5more,
1250 ng/nL, or 1500 ng/nL, or 1750 ng/m, or 2000

ng-:r‘m_ EOE %@q@ rrLAl‘qﬂr@%Ofaigv mor gm 270 tiggy mithe

hi Ql%gta}gll 5’52 e |sa§d%?gjér:rggrh\ée? h\é?g% s&%téﬁe value is

aFes £ e et I %H@@dﬂzmmﬁf Al ternatively, or in

addition, the negative p qggtlve val ye for the
i gher UESTEal R i di oo R SRR A that

k%@%etﬁftﬁ?@arpfbé NEs R 6SEHedMENH ORIt et rlérbﬂ

od can be used to detect the onset of rena
afatmmamn nra qoatatewﬂnwmélq gmnﬂe&emmﬂmatdmmwéb/ror

S Fard O P S e S o Jlo sesens

f e ok d owals- f wﬂ@ﬁmanEHMEvdtﬂMﬂ(ﬂhlbﬂﬂﬂlyﬁﬁkuﬂd(méﬁéﬂs of
a possible conplication. In this situation the urinary
oNGRlas mndbrin M e diRtion Gdta i Bhs ol NORSHhat are

it | ated Vesr} h g qlpsatgleeua& dard ¥ing,£ondit ';gl%dgma or

e oni tor'e shorter intervals,
t heemnseiomferrtefmilmfe‘ ech INGRL WHd & Perd ra;hsc:a:tzead:d@ wa.th the

' :cgiié@rjntg\t;s:ru%{iggr R df qﬁ ntgi\}:g'}r Scasnte rlp%mxfo%qcteonrt erc% tci{a 1nly or
at shorter intervals, and the onset of renal affection
will be indicated by a rise in the urinary or plasma or
gerum concentration of NGAL over the preceding levels. In
thegse circumstances, the magnitude of the rige in NGAL
concentrations indicative of the onset of renal affection

is preferably'SO ng/mL or a more, such as 100 ng/ml or

more, e.g. 150 ng/mL or more, such as 200 ng/mL or more,

e.g. 300 ng/mL or more, such as 400 ng/mi or more, e.g.
500 ng/mL or more,.

A further aspect of the present invention is that
the method can be used to monitor the course of remal
affections giving rise to raised NGAL levels, both in
thelr natural evolution and in response to therapeutic
measures. In these circumgstances, the change in NGAL
levels will reflect the status of renal injury or
regeneration, provided that any concurrent inflammatory,

infectious or cancerous condition remains relatively
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20 these circunstances, the magnitude of the rise in
NGAL concentrations indicative of the onset of rena
affection is preferably 50 ng/nL or a nore, such as
100 ng/nL or nore, e.g. 150 ng/nL or nore, such as
200 ng/mL or nore, e.g. 300 ng/nL or nore, such as
400 ng/nmL or nore, e.g. 25 50Q ng/nL or nore. A
further aspect of the present invention is that the

nethad Lanhe Hsed HRAAYH I e teeunse ohel ¢Rglkrvals at

affections giving rise to raised NGAL |evels, both in
t hddircm ateucllesevd] Iidan varfd viislsr @gpoigketio tPRePapaFOrdng

30 _neasures. .In these cir. t es, .t h '

NG eI i 1T PO TRY CET SETOr P enal AR ey

ori ndiegenenatd o merpriovirged it hald ahycCcoreuritedhg the early
inflammat ory, infectious or cancerous_condition

r 1P TS IO el SPEFRP St @SFRULSG t METgERIG %Pt NCAL
AN NG AR @ g hiceh sl as rabchedi ik

fl'uids are tba en~for nonitoring can be short, thus
prona e hheczearilddestupedsiibitervieddi catti donglerr &han 24

e e pe e sl S onl <.
badidgedddt detiddeiesiod aralgef freshl anH,s orplketer adlorter

carried out at intervals not |onger than 24 hours,
arftbmoirs tereferidblan d#mssHor tier kinerer V&l fageweccyrged, e.g.
suggest ed per.iod of not | er than 3 h, or even

sh((g)“(rrjiilenrg o Sf%orrg%lcr‘?éjt fr%oéjei an insult is known to have
occur r athaLiramerturd huanssungizgalirprocedywle of bodily
Measurement of human NGAL in _a sanpl z} of b%d'

il
f 1 s R T U@ S AR, ¢ &7 & P ST AR PYa Y
ey &?@h@@dﬂ%é@ﬁﬁ@ﬁ&%@%ﬂy&@m specificity,
specificity, 15 sensitivity and precision. Preferred
meteedlist darieybiardl g ecssays Wisfpoms gietinds Finedingding
%Js&qecuﬁlsgilqsiﬁﬁ :Pguleec @tﬁ(jtmogrlr'leg%rn%&%% m%lice%u@e%d's%%ci fic to
human NGAL. Such binding moleculesg include, but are not
limited to, polyclonal or monoclonal antibodies against
NGAL or specific NGAL binding molecules generated by
other means.

in a preferred method, monoclonal antibodies raised

against recombinant human NGAL are used. One antibody is

linked to a solid support to capture NGAL from a sampile,

guch as a urine sample, While ﬁhe dﬁhér.is.iiﬁked.ﬁbla”
label such as a dye complex, or biotin or enzyme that can
be detected by any of many methods known to those skilled
in the art. The solid support may €.¢g. be a polystyvrene
or polyvinyl chloride surface for enzyme-linked
immunosorbent assay (FLISA), or latex (polystyrene)
particles, or a filter frit composed of compressed
polyethylene particles, or a porous nitrocellulose
matrix, or indeed any suitable support used in

immuncochemical analyses.
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limted to, polyclonal or nonoclonal antibodies

agai nst NGAL or specific NGAL bi ndi ng nol ecul es
generated by 20-other nmeans. in a preferred method,
nonocl onal anti bodi es rai sed against reconbi nant

human NGAL are used. One antibody is linked to a

solid support to capture NGAL ifsrom a sanple, such as

a urine sanple while the other is linked to a 25

|abel WYL OGP B eI RITEY B dfiance
can et ect any of many nethods known to those
sh-iulﬂlfecthe ot dpserar tlnvﬁmzjsm iich wm@nmlmmf éugarberdne

poI l{ﬁeei]ﬁ?e%oé% Eol yVi nyI Ch'agg';fgf}mflé[rf %&%Jc%ﬁ% fest,
(%JYC%’I Hiensls 3 Partd Qa%ﬁd Omed fiddralenfd idh00mMasE a

of conpressed polyethyl ene partlcles or a porous
nlsamm%ﬂitﬂﬁxwalknhﬁ|uadQﬂSﬁQQﬂx§Yzﬁ%P%ﬁMQQﬂﬂhiﬁiuﬂﬁnﬁhe

che cal al-ys 1
oS T TR N b vy W (gt means
preseited Sneittd mnAm cassaphes«f. human urine
conprises a dipstic lateral flow_or mnicolum test,

whi ch ain cﬁ@%ﬁe#w QR LT - A1S @REReRhIasi %t a
S SAMLE oS ﬁcﬁg&!}ﬁﬁ' %dé?ﬁgtlme the%@ﬂe!ut'ﬂ: or

tHe  art upon rea i scl'osure, however, other
WEMﬁgndgﬂlanﬁtnp|p@ﬁd«ynaian1hﬁmuiadﬁﬂlmnaqnm%%kﬁﬂdhf
enbodlggpt the nmet hod of. the, invention does

conpri KRR ey R grean e&ggcﬁo%ﬁomded to
Stﬁ&ﬁ[@ﬁtlpﬁ%%a@&ﬂwmﬁn@mmnmﬁy The

following non-limting exanples are provided to
further illustrate the present invention. EXAMPLES 15

E@ﬂ%ﬁﬁigg NGAL Di pstick Test The analytical area of a
di'pstick conprised of a
Example 1: NGAL Dipstick Test
The analytical area of a dipstick comprised of a
polystyrene surface is coated with a capture antibody
against human NGAL. An aliquot of the centrifuged,
diluted sample is added to a sclution of enzyme-labeled
detection antibody against NGAL in the first tube, into
which the dipstick is immersed. Complexes of enzyme-

lapeled detection antibody with NGAL are bound to the

dipstick, which is then washed with tap water and placed

in a chromogenic substrate solution in a second tube. The
color developed in the substrate solution within a given
time is read either by eyve and compared with a chart of
color intensities which indicates the concentration of
NGAL in the urine sample, or in a simple colorimeter that
can, for example, be programmed to indicate the NGAL

concentration directly.

Example 2: NGAL Lateral Flow Device
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pol ystyrene surface is coated with a capture anti body
agai nst human NGAL. An aliquot of the centrifuged,
diluted sanple is added to a solution of
enzyme- | abel ed 20 detection anti body agai nst NGAL in
the first tube, into which the dipstick is imersed.
Conpl exes of enzyme- | abel ed datection antibody with
NGAL are bound to the dipstick, which is then washed

wi th tapuaterqand pf ac8d cd %o%g%ﬁ%%@p%%nECs%ﬂgilE&t%orous
solution in a second tube. The 25 col or devel oped in
t el tsalostlrlatiessolig icoebeid masra igisv €l s teilmenids widdd a

either by eye.a compared w.th_a chart _of al_or
PBRGE STRRON i eate e “BBTdER AR Pot 6T TRERS
| hakee W iMe 1320 | t&ar@fvdl A bRndP b ealabiomst efgatimatc

can, for exanple, be programmed to indicate the NGAL
3@ndemestitesatforhdl E@adips Brafpraizh RBSL datacdiam
FI_ow .Dev 1 ral_-fl [ ri.sed
ST de P e ey PN et (Pt
disstaibcend bairich amd captuese aanta body: radaiofists tNGAL function.

applied as a_transvers band. A further _transverse

DA ST AREIoMadeh e & il BSHES 6 o SRS Hen
frQmwhi ATO a A Rody S nfted ed lisbeled
pﬁggggﬁgggngﬁggﬁé%fﬁe caé?ﬁie antibgay band ang ©

s groles tasreec @atrtdlclafs sty ingpdfudndeisowt dviee gempdiaral When

end of, .t he strip.contains the detecti ti.ho .

2 PO Rk B3R Rt et S e e S g ¥ Whwiea co
Palres A PardiT S e pASiG| eheofll ahee scompl@tcles

Wien an aliquot of the centrifuged urine sanple is |
apdlticsdad ta KeiRadidmiareidsly thevalr pgonchdNarded by
p el tt@%&ﬁﬁ ti ' r 9

t ﬁcgatﬁsjtclrl%yb%g capli %r?'y%g%%ggﬁ%g%&%g%yﬁgﬁﬁgg% he £e
band: idfodaptarle Fheest igeodyicles whilvbs dayar fhcgirgs NGAL will

%%%%%EF%%%L r\gglr% itabgsrdeettaeic%%%legib\gn . rEiaSJ’:q:icles

reaching the control band of antibody against the
detection antibody will produce a detectable band whether
or not any NGAL has been bound. The intensity of the
iabeled bands can be read by eve in the case of colored
particles or by means of the appropriate detection device
for the label used. A positive result is indicated by
color development or the accumulation of label in both
bands, while a negative result is indicated by color
development or other label only in the control band.
Failure of color development or other label in the
control band indicates inadequate strip functiom. The
sensitivity of the test can be regulated by the dilution
of the sample applied, which is adjusted so that only
NGAL concentrations above the determined cutoff values
give rise to a positive result. The sensitivity of the
test can also be adijusted by linking the detection

antibody to a mixture of labeled and unlabelled
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reaching the control band of antibody agai nst the
detection anti body will produce a detectabl e band
whet her or not any NGAL has been bound. The intensity
of the 20 | abel ed bands can be read by eye in the case -
of colored particles or by neans of the appropriate
detection device for the | abgk used. A positive
result is indicated by col or devel opnent or the
G ALon g, %%gebf'%teege changds, prl a1 ,0898H Yga
Sult 5 5i'n |ca colo evel opnent or ot her
Izﬁqﬁlpm@dywumhtheceﬂﬁbmatlbandodeFahaureanfbeot@ad by the
devel opnent or ,ot her in the ﬁ%g trol

i MRTESTEET AEYeGGat 8Ost %@ﬁ PufEFPS hEe §5n§FPFV|ty

o%waﬁﬁak%%ﬁv%a@egﬁlﬁe%ﬁbﬁ?@ﬂr@ﬁdtEQOQ'khb'@%v1@% t Beny
sanpl e applied, which is adjusted so that only 30 NGAL

CORCB RTINSO NE &b@venﬁheld@ﬁérﬂﬁ@e@teupéfﬁhvél&e§eral flow

gi,ve to_a paositi. res The .sengi, IVI £t R

P R B gt PR By IR GO, Rache, ifiged 18 che
a@&wpody to a mxture of Iabeled and unl abel | ed 15
particles. Batches of strips can be pre-calibrated and
equipped with a calibration code that can be read by

t K& arflle Gl %ﬁe}@l‘}ﬁccﬁQ,Mqtes% quantitative or senmi-

quantitative resu can be read fromthe device. Mny
5 vari at mdms cofl uirine domdiairgu gl facsiﬁ:ea@ﬁﬁobft Fiozipirasecal
ro e}H~oIo Qne pos nown to tho

L e e R R RSy fdyid and

1Q.eA 18 NingQl liffithfét @d%ﬁ:e%i friidh rRgevet eompiesyedgainst
pol yet hyl ene particles allow ng the passage of fluid

afoimeageNGRAL . THE S pinijcolowm 6 WIRreapetre antichédylevice,
%?1Q§} h%%%%&i%?_ Qﬂ?ﬁd@é&‘%ﬂdﬂ?& E%ndﬂﬁgbpgﬁﬁhﬁ% the
in V|ce, &h nmeans of automated’liquid

hatidhitig aldmpie tdee HkD ﬁjgizlﬂeebl asanplfdded Hé capplited satd

a fixed flow.rate and
volume, followed by detection antibody complexed with
dye. After the passage of wash solution, the color
intensity of the frit is read by light diffusion
photometry. The batches of frits are pre-calibrated and
the minicolumns equipped with a calibration code that can
be read by the device, so that a guantitative result can
be displayed by the instrument without the need for prior

~calibration with standards.

Example 4: NGAL Sandwich ELISA

Purified recombinant human NGAL for use as a
ctandard and asg calibrator material was prepared as
described by Kjeldsen et al. (1996). Antibodies agailnst
NGAL were those described by Kjeldsen et al. (1i993;
1996). Polystyrene ELISA plates were coated overnight at
48C with antibody 211-1 at a concentration of 2 ug/mL in
0.05 M sodium carbonate buffer, pH 9.4, applied at 100

nL/well. The wells were emptied, washed 3 times with wash
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vol une, followed by detection antibody conplexed wth
dye. After the passage of wash solution, the color
intensity of the frit is read by light diffusion
photonetry. The batches of frits are pre-calibrated
and 20 the m ni colums equi pped with a calibration
code that can be read by the device, so that a
quantitative result can be displayed by the

S e e O e

Pud i #% % drweso il nantd Roinmin: MNGALD flort uses asf acalsittaredard and

and as_calj brator materi wa repar as escr. be .
e R R el G LT Gt e e R R it o Y bovine
vel eothosesdescr iReduhy Kiel dgan edg alo drk99%1130 in 100-pL
1996). Pol ystyrene ELI SA pl ates were coated overni ght

atvo @y atd amduorlye 1flcn athaun gicamamattisgpasfature on a

pg/ in 0. M_sodi u rbonat.e buff :
ag%ﬁ%gﬁq%tt%' p@%\ewf%ifﬁh%e{/\%lq%%enmeermgtelﬁ%_’li gﬁcﬁl’shed and
washeg: S3 tadrese td), st 61 dd emtafbody 211-2 at 0.25
phosphat e-buffered saline, pH 7.4, containing 0.05%
TVRSAMR0LN el Wi R EI3T aoddnd A igch sreldnt 100

S i g 1.ut f ( 1
L3001y 40 0 5 (1 Sl e on o
weshak iy 1001 Srive | weiEss anekd nddratesdb tfigd 1 weslredatand

rqom t enper at,ure on shakj ng tahle. The wells were

{ HRTC Gt | B0, DRt AricPit o ol B Sfafgan Deroidase

Bi 9 d nyi 2@k 1 Dot ddd - Zoat L& 25 augitiod il IO in
buffer was added to each well at 100 uL/well and

i riéidoateen flort Sethows addabdmia eRssy atdirle an 1P oL/ well and

S ' I Th I t gqg;' , had .a
blh%}tféf%%%%bé rorle%%@%:o&?rtp}%g(&%f reer é‘idrl%gr?n\égd?om ngg'gg
angblisl ¢ epriay ik f Zysvesdl, t13A) eiptal ol | widdredfarld 200 ted as
in dilution huffer was added to each well at 100

uL?PHEPTE anftl ST @ o° 90 LOTh SR @ 08 tenper at ur e
ONn: & SRk P benzidine and peroxide (TMB-ONE, Kem-En-Tech,

Denmark) was then applied to each well at 100 uL/well and
incubated at room temperature in the dark for exactly 8
minutes, after which the color reaction was stopped by
adding 50 pL of 1 M sulfuric acid to each well. The light

absorbances of the wells at a wavelength of 450 nm were

then read in an ELISA plate reader, subtracting the light

absorbances at 650 nm. The concentrations of NGAL in the
samples were then calculated from the standard curve
generated from the light absorbance readings of the
calibrators of known concentration.

The assay had a range of 0.02 ng/mlL to 1 ng/mL, with
a detection limit (95% confidence limit of difference
from zero) of 2.4 pg/mL, and ghowed parallelism between
dilutions of purified calibrator and samples. The

concentration of NGAL was 90 ng/mL in a pcol of normal
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15 table. The wells were then enptied, washed and
blotted as before. A substrate sol ution containing

t et ramet hyl benzi di ne and peroxi de ( TMB- ONE
Kem En- Tech, Denmark) was then applied to each well

at 100 pL/well and incubated at roomtenperature in
the dark for exactly 8 20 m nuytes, after which the

col or reaction was stopped by adding 50 pL of 1 M

S | C .0 .t C o Lj ght n f
¢ R [0 B L it i B e o SRR IR
anuHEASA pl ate reader, subtracting the |ight
absorbances at 650 nm The concentrations of NGAL in
the 25 sanples were then calculated fromthe standard
Curve haensraadd romd he ildighh absorhancs rgadiings of
the <calibrators of known concentration. The assay had
a eanyelafian0? gyathdn Wi tig/arl eamitie tea afettdst idmgnostic

[im.t (95%.confidence |imt .of..difference rom
S At HRHCE it "I e S8 Sif Bistiieon
didatd aitisnafi purid | edgaldDratinaanrghds dmhasne fom
concentration of NGAL was 90 ng/nL in a pool of nornal

1 g asb g dn P E 1eHE AN eddal cofasarimal
hu ns%@%agé" &, Qmhes %ﬁ%ﬂfﬂ@q’;% %n%andwiech

paraclini cal correlations, together wt an esti mat

Of EIl 1 dijagiiest iic: aldl wesomrith alesiracti tso treendlat described
di sorders,_ of L determnation in serumor plasm

and® iTaE IR % V&mnsel ected adult patients admitted

to a hospital intensive care unit. NGAL was

determ ned by a sandwi ch 10 ELISA simlar in all )
eshEmle Tetlaiits glo alimiqids @ndhagracl il ey relations
ahove, | e 5: | tial, clj.ni cal and paraclinical .
TV BT T Rl 15he DI TNGAE in R o ine

Saf eserafm Wrigke 115 wandkiserasn fadmndl baviseltectethiaidd to a

patients admtted to a . )
hospital intensive care unit are shown in Tabhle 1, where

they are compared with clinical and paraclinical data.
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hospital intensive care unit are shown in Table 1,
where they are conpared with clinical and
paraclinical data. 18 Table 1. NGAL concentrations in
urine and serumfrom 11 patients: correlations with
clinical and paraclinical data Pt. D agnoses u-NGAL
S-NGAL p- Neutroph. s-CRP no.pgrank rank creatinine
rank rank order order rank order order order ng/nL

Badr it Godiope oo drmanond £ e Upl fehul from 11
am&&:‘eanﬂsenmﬁm&gﬂsat&drt&gﬁvw A5 %A Bhd palacdinical

A%&l 9 8 2 2 10 pneunonia 3800 330 63 2.0 97 4 Feca
t29 9 peritonitis 2700 273 108 16 87 5 S.

ayTeEs . [ThildndsR § wSHEE S, s AGML TP, 70P- 9227 Rk0EE8n I s-Crp
81 #.AML, septic € 5z8nxl 4 shaeck Q301,46 | 164amD. 1| rank
56 7 HRS 3 3 3 5 1 drdekaecakés: bpoheremiea 90:d82 82 ordex

6.7 19 |8 Hematoma,| 5nAm8 6 3a/mMROS ~— wM % 10%/mL Rg/mh

1 MT, oliguria 10 10 10 11 2

8640 435 366 15.6 31

2 Rupt. aortic 7 9 11 7 6
an., anuria,

hemodialysis 1490 342 605 9.6 71

3 B~cell ALL, 9 a 2 2 10
pheumonia

3800 330 63 2.0 97

4 Fecal 8 7 7 9 g
peritonitis

2700 273 108 146 87

5 5. aureus. 11 11 6 8 8
gepsis, ATN

15,700 922 103 13.9 81

6 AML, septic & 5 9 1 4

shock

1030 146 164 <0.1 56

7 HRS 3 3 3 5 1
E. faecalis

hacteremia 900 92 82 6.7 18

8 Hematoma, 5 4 8 ) 3

ARDS

1000 114 i54 9.5 37

9 MT 1 1 4 4 11

110 66 91 5.7 103

10 M 4 6 5 3 7

850 147 98 5.0 81

A3 isSplenectomy, | 2 | 2 |1 10 5

perforated

diaphragm 130 79 30 19 62

Normal values: s-NGAL 90 ng/mL, u-NGAL 5.4 ng/mL

ALL: acute lymphatic leukemia; AML: acute myeloid leukemia; ARDS:
adult respiratory distress syndrome; ATN: acute tubular necrosis;
CRP: C-reactive protein; HRS: hepato-~renal syndrome; MT': multiple
trauma; p: plasma; 8: serum; U: urine

Spearman's coefficients of rank coryxelation (xr)
u-NGAL/s-NGAL: r 0.945 P <<0.001
U-NGAL/p-creatinine: r 0.418 P 0.1
s-NGAL/neutrophil counk: r 0.273, not significant
s-NGAL/s~-CRP: r 0.064, not significant
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1000 114 154 9.5 37 9 Mr 11 4 4 11 110 66 91 5.7
103 10 Mr 4 6 5 3 7 950 147 98 5.0 81 11 .

Spl enectony, 2 2 1 10 5 perforated di aphragm 130 79
30 19 62 Normal values: s-NGAL 90 ng/nL, u-NGAL 5.4
ng/mL 5 ALL: acute lynphatic |eukem a; AM.: acute
nyel oi d | eukem a; ARDS: adul tjorespiratory distress
syndrone; ATN. acute tubular necrosis; CRP:

C-reactjve t@{eo%)gaﬂen'ﬁs hal?ieg_'aatlge%?%%llniw %%en ations

mﬂtlple trau serun U
SpeanT: s meefd veient sfeoj‘y rc&rdea:molmi@atajtdnn( tb)etween serum
u- NGAL/ s- NGAL: r 0.945 P <<0.001 p-creatinine:

r U FFIPaTY N%l\li\ué@f/%t H%J&mqnléfo@nfﬂo Tty $OrkGation

S'Mv\féeﬁ?@rlr% éﬁ' 1 @264 AU S @i f’I‘l’féa@asjeg that

the patients had rai sed urinary concentrations of
hﬂMﬂs Clhigrieaidy aivempsddoses @ﬁﬁ@eﬁ%ﬁ|dm@r@eﬂumumxe§bﬁmnnan
NGAL | evel s

22%%{ 3‘{]? éyhjﬁé} WA ﬁ\% m)deglgﬁ!a there had been

chfatd ke i cEie Gase tikatplssvas @aarmma&ﬂey dirrgReeed
as ATN was characterized by an extrenely hi gh urinary

NGAE Bl o T sHiEen: Feralh AP eemd fESsNGHItKCRAL count
M SRl n@lﬁwfﬁgﬁg ; & nHie P fle%%%%' g on

bet ween seru e neutrop count shows
tinﬂuunﬂphmﬂwam_ﬂn;paﬁtﬁmukﬁde&tﬁ@nt@@ I@ine and serum
neutrophllla articular, both_the, u

i ne and se
NRTBRS  Fod P b A G0 -3 3 o o GG R T
C%@HﬂtOfOPrHrM.}; 0 x xlqu%Lb%@@ldﬁgeOBfa&éﬁ@el YR abtec

| eukemi a, and in patient no. 6, with an uncountably

|(ﬁ@ukem1a, and in patient no. 6, with an uncountably low
number of neutrophils because cof acute myeloid leukemia.
Furthermore, the lack of correlation with CRP shows that
s-NGAIL is not just an acute phase protein. Repeated
analyses of stored samples showed that NGAL may have
limited stability in urine samples, while being more
stable in serum samples. The results suggest that NGAL 1s
produced in organ damage, particularly, but not only, by
the kidneys. It spills over inte the blood and is
excrated in the urine, However, renal NGAL in ATN also
passes directly into the urine to produce a very high
urinary concentration of NGAL.

Patient nos. 3 and 4, who at the time of gampling

had no c¢linical diagnosis of renal disorder and whose p-
creatinine was at that time within the normal range, had
levels of urinary NGAL that were higher than that of
patient no. 2, who was receiving hemodialysis for anuria
after rupture of an aortlc aneurysm. The two patients
(nos. 3 and 4) may have developed renal ischemic injury
because of their severe infectiong, the rise in urinary

NGAL preceding any rise in p-creatinine, as was also
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nunber of neutrophils because of acute nyel oid

| eukem a. 15 Furthernore, the |ack of correlation with
CRP shows that s-NGAL is not just an acute phase
protein. Repeated analyses of stored sanples showed

that NGAL may have Ilimted stability in urine

sanples, while being nore stable in serum sanples.

The results suggest that NGAL is 20 produced in organ

d r.ticularly, _hut zno n L i
I?ﬂgﬁﬁ??%ﬁé&e%%q%%a%ﬁ%'bPéo hgng%ﬁsgzéygggﬁggd?%%t SSEd
urisnéavhemewan;. renal NGAL in ATN al so passes

directly into the urine to produce a very high

urinary concentration of NGAL. 25 Patient nos. 3 and
4z 1 NS ibigiR 26 S PN Gri thadelP et RiCHenal

di agnosi s of renal disorder and whose p- creatinine

wel st deiraoft pdng Bimdh oilisengo NERl: Aefgemimadiongy drs

of _uri-nar, L .that [ ap .t f . patient
e T Sl e R e ol R eciini e
afdeRir, Fipl Wee cOinigkdaakt e iarewnyismlathe teerfals etidected
(nos. 3 and 4) may have devel oped renal, ischenic

| gty noFEdags Erem (RS cosisEsE vier BELieRSS eREifbtes to a
[ nafy . RLE y S@1l-NR~Cle :
R O T i
clsumirealileg dingg e d esad. tsavifngoAThneEcdwpide tésts, it was

Di agnastic power w.th respect to,renal 5 disord fo .
uﬁo%é ﬁloa\gﬁﬁ‘slﬁéé& o‘Z‘l‘LeLf‘]ﬁlﬁﬁfaf“ﬁlgr‘f‘s P s & {G@g data)
agdyl to PR HaAdited @ ithoarskMencang WieNouwas renal
determined in urine and plasma sanpl es collected each

mafrfiasy fono Muro g dirsdau tBidid sgarinens cadwileted degegmade 1t
h i tal. . intensi r it. : [ fs ;

dﬁs Qﬁ%i?lfb%ghﬁ%§$¥ggﬁh#%“%ﬁgggéég saéfifg&ﬁ%%§ with
blsadd itdsing, ddrsdntypossidlttcse chadernfy (llrendy-luded

with respect to NGAL dat.a 60 of these patients .into,
t AESE \iif%eh 28%d YiRiltho diasg n&EAL concentratlions 1n urine

and plasma from the 60 clinically classifiable patients

are given in Table 2. The diagnostic power with resgpect

to renal affection of the maximal concentration of NGAL

reached in urine and plasma from each classified patient
was then determined by plotting recelver operating

characteristic (ROC) curves for the urine and plasma

values. The time courses of the daily urine and plasma

NGAL values were also plotted for each patient and
compared with paraclinical data such as the plasma

creatinine values.



affection during their adm ssion. Inconplete data nmade

it inpossible to classify the remaining 49 patients

with 15 sufficient certainty, and these patients were

excluded fromthe analysis. Maxi mal NGAL

concentrations in urine and plasma fromthe 60

clinically classifiable patie are given in Table

2. The diagnostic power with respect to rena

affection of the maximal concentration of NGAL 20
alqi:ﬁlde 'f lﬂ ?na&in &La%é;e{) %q%tﬁlsc' Eﬁsiall s‘?r% and urine
at’ien ermne ottlng réecel ver

operﬁtbmgGOChatﬁeﬁeslaﬁmttﬁéﬂ[ﬁocnnwensivm theeuthae were

and pla qa, val.ues.. The [1.i courses. of the
e EOCAY TREAHARS i SR 6 PO TGRY gEnal

each patient and 25 conparggf@bgboﬂaracl|n|cal dat a
such as the plasnma creatinine values. 21 Table 2.
Maxi mal NGAL concentrations in plasnma and urine from

60-—patt-ght-S—adiii-t-0 8 -t-gei-R-eREH-v- i tHhat—pere

cI T Sal |PY8) 88| Y0l e hew-thor WLROWL FeRaL- S

ot P8 dr-PE L ent—pE dEra ?ﬁ‘lﬂ?_a‘:'f??t?‘f)cn Tk"ﬁ?'fﬂlﬁ Hpeafor | Benoaialysis

etassi-Heati-opAurber—agl-mk - ngl-r—Repal—ateetion -

Sep%is danees Fe.udgﬂ.ys 5—41+-92—56 — 2—1665 -

L4200 1 1 n 11 n 1 £~ 41.2.9. [l aVaV¥al 1 M -

JJ.QL%»U L T13EU) L1OL 5J080) = L Tk O 152 UU+UU T =_ T [

TTT 3229+ 7+ B Thdy 20p + + F = 929415000+ = |+

10309215000+ == 3¢ 1165 13~ T2 27T 5000 F T

FgF IS T 5AR 3TP8 Hed T - . - - N
10 3092 5000 + - - +
11 65 13 - - - -
12 2117 5000 + + - +
15 545 3128 + + -
17 110 10 + - - -
18 135 68 - - - -
19 191 2672 + + + +
20 336 304 - - + -
21 1434 5000 + + -
24 307 1042 + - -
29 71 50 - - - -
30 320 874 - - - -
39 1416 1073 + + - -
41 181 42 - - - -
432 115 29 - - - -
43 436 176 + - - -
44 446 680 + - - -
45 270 37 - - - -
46 1962 3222 + + + +
47 222 89 - + - -
e e e T —
45 228 48 - - -
5L 256 519 + - + +
52 294 685 + + + -
53 586 1337 + * + -
54 1376 2815 + - +
55 1276 5000 + + +
57 180 24 - - - -
58 716 3431 + - - +
59 108 S - + - -
60 1219 2713 + + + +
65 460 1705 - - + -
67 1470 5000 + - - +
69 318 68 - + - -
13 175 17 - - - -
75 545 3360 + - + +
8¢ 323 328 - + + -
82 216 3¢ - + - -




17 110 10 + - - - 18 135 68 - - - - 19 191 2672 + + +
+ 20 336 304 - - + 21 1434 5000 + + - + 24 307 1042
4+ - -+ 297130- - - - 30320 874 - - - - 39 1416

1073 + + - - 41 181 42 - - - - 42 115 29 - - 43 436

176 + - - - 44 446 680 + - - - 45 270 37 - - 46 1962

3222 + + + + 47 222 89 - + - 22 48 1040 3974... + +

49 228 48 - - - 51 256 519 + - + + 52 294 685 T + +

5326586 1|@5aems NoAL Jurins@pal 376 2015 + Climicsh clbfsifigqteon5000

+ momder4 | 5Pg/48(0) P4 ne/mh - | RenBRafFe@i@BAR] Sepsis .| {Can®@ 1 @Grodialysis

O - 8% - |- 6091210 2pE3 + + + + 65 460 1705 - - —+ - |67 -

147825000 +5 - k69 31B 68 -~ + - -1 72175 U7 -~ - -| - -

75 625 336049% - 4 +370 * * - *
B& 64 21 - - - -
a7 276 779 + = - -
B8 3n2 i024 - + - -
91 236 17 - - - -
93 1585 5000 4 + - 4
97 3491 108 + + + +
99 820 401 + + - +
100 354 85 - - + -
101 1144 5000 + + + +
104 1844 2748 + + - +
105 488 44773 + - - +
108 111 46 - + - -
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80 322 328 - + - 82 216 30 - + - 22 Patient Plasmm
NGAL urine NGAL dinical classification nunber ng/nL

~ng/ mL Renal affection Sepsis Cancer Henodialysis 83

250 34 - + - - 84 25 20 - - - - 85 1067 370 + + - +

86 64 21 - - - - 87 276 779 -.- - 88 302 1024 - + - -

91 236 17 - - - - 93 1595 5000°+ + - + 97 3491 708 +

+ 4+ + 99 820 401 + + - + 100 354 85 - - + - 101 1144

5000 +Figure 11@h0ws4nh@7a@C+curve+foqo@aa3@ah4veimary

éﬁ;@% %gl&éé 46 resHS RéﬁEH tﬁtgf RXGa1

maxi mal uri respect to
théfébagnn3|$hefateaahndaffEhé|onrvéhﬁaar9a9ﬂﬁdendthhe
curve was 0.930 the _cutoff val ue bel ow ich.the

n
cEHERAEr E1 B BP?BW|Wﬁ??hstﬂﬁwﬁopgeﬂBFaBFaﬁn t FEBFEY

r RBAY, QgSﬂagealégaoge&erarnﬁgnazOdbgoﬁaé%BQQSSaQtagmmhed
and 329 ng/ a cutoff in this range the

dmagheshecwsensaﬂDvngym&asn©63@@@ngh@L divaghost fgtoff in

SBECLLSHLY 15 50,300 0e BaskiLvs, preghetbicocyalie
9aia%h05tgur@pacﬁm@w@tyh@ascgacm%yeth@rpaEXtﬂaé prasfative
NSQ%ue was 91.2% and the negative predictive value was
96.2%.

Figure 2 shows the ROC curve for maximal plasma NGAL
values with respect to the diagnosis of renal affection.
The area under the curve was 0.914 and the cutoff wvalue
below which the concentration of plasma NGAL is not
diagnostic of renal digorder was determined to be between
436 ng/mL and 355 ng/mL. With a cutoff in this range the
diagnostic sensitivity was 84.8%, the diagnostic
specificity was 96.3%, the positive predictive value was

93.1% and the negative predictive value was 83.5%.

Diagnosis of dialysis reguirement
Patients with renal affection fell into two groups

with respect to the maximal urinary NGAL values observed.
" The first group (11 patients) was characterized by
urinary NGAL values of 1337 ng/mL or less, and contained
patients with lesser degrees of renal affection as judged
by other clinical and ?araclinical data. In this group 3
patients received some form of hemodialysis. The second
group (21 patients) was characterized by urinary NGAL
values of 2672 ng/mL or more and contained 17 patients
clinically diagnosed as having ATN or ATIN. In this group
20 patients required some form of hemodialysis. The

cutoff value below which the urinary NGAL concentration
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values with respect to the diagnosis of renal
affection. The area under the curve was 0.914 and the
cutof f value bel ow which the concentration of plasna

NGAL is not 15 diagnostic of renal disorder was

determ ned to be between 436@%9/% and 355 ng/niL.

Wth a cutoff in. this range e diagnostic

sensitivity was 84.8% the diagnostic specificity was |
96.:8%o 1t ergstisittiivee qfr ebiadiiSie walase ks 183 PRyhrgnostic

t egative predictive v e JaS, % | 2QNIQS|
o?ﬁ%%h%ﬁﬁ%?ﬁé%ﬁﬁﬁﬁﬁﬁfI&ﬁ%%nts\gg%?éghg%%gfectig%tween
feldzd ndrod tagy grreyps.. Wi th respect to the naxi nal
urinary NGAL val ues observed. The fjrst g_r.oug 11

pat i entBS)TWES TR &S 6P Dy B UriTary RV
Ofchd3 % NALL leH 68 ANd €CoONtal Rt griRAtiseris M

| esser degrees of renal affection as judged by other
cld figati andgariadnionidial l i, The @vies giolgy 3he curve

patients cei SO farmof h di.al ysi s. e
séEthgiﬁioéﬁ“¥§%“bégﬁéﬁﬁif”%é§*c%gfggﬂéﬁféé&Igi
urddiadah dNeAL a30 omluesofy 262, gl Hotordimyresanic: of
contained 17 patients clinically diagnosed as havin

ATN kv ™ N eqUH nefen tg i S0 a9 e it Bee A& o’ 8
f f ' ' T . '
T AR R B B B o SO U PR e e
ofdiiaal kst isc needs datitviney wies diadriosttile dfegmdsgsiger

degree of renal disorder is therefore bet n_ 133
AP ST LT G 3 WD e KOS A G o vatue was

megd Bl A NalY nRyNAle i i fd vasReGlad 074 hes.
di agnosis of renal” affection requiring dialysis. The

area under the curve was 0.807 and the cutoff val ue
b%ow which the c%f@é on of urinary NGAL is not

Mime course of . . . .
di‘agnostic o diral’ysi s requi renent was confirned to

be bet wges 1338 time course of daily urinary and plasma
NGAL values was plotted and compared with the clinical
and paraclinical data in individual classified patients,
it was observed that rises of 86 ng/mL, 125 ng/mL and 200
ng/mlL in urine NGAL over the preceding level were
assoclated with a deterioration of renal function as
recorded in the discharge summary or shown by a rising
plasma creatinine level. Rises in urinary NGAL of more
than 200 ng/mL above the preceding level were aiso
asgociated with decline in renal function when these
rises brought the urinary NGAL level above the cutoff
level of 329 ng/mL. The number of patients clearly
showing this type of intercurrent rise in urinary NGAL
wag not large enough to permit a meaningful analysis of
the diagnostic value with respect to acute renal fallure
in relation to the magnitude of the rise.

In some cases there was a parallelism between the

rise in urinary NGAL and the rise in plasma creatinine
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10 ng/nL and 2672 ng/nL. Wth a cutoff in this range
the diagnostic sensitivity was 87.0% the diagnostic
specificity was 88.9% the positive predictive val ue
was 95.2% and the negative predictive val ue was .
72.7% 15 Tinme course of NGAL, val ues Wen the tine
course of daily urinary and p? sma  NGAL val ues was
plotted and conpared with the clinical and
patachbnmedltdaﬁacﬂmﬁundlvedaélfuhatspﬁleBlEHrEeﬁtéhOWS

S obser d.that ri.ses of 86 and
68 B enpre e Pohe kR o0ar Y, NEADT andlpiaoh ey
“@E@at@%éﬁ@'@heanblﬂe@19€haﬂéobath@ﬂtobpéeaabd acutely
function as recorded in the discharge sunmary

or
sﬁQWan@térﬂl§ﬁnQn pbé@ﬁ&néﬂeaprﬁﬁﬁeapsvgwstl§@§@|ﬁhe
g% s NGAL oF \mpre %hﬂggégg ngﬁthabﬁéﬁogggage and
prece In

g [revel “were a ssocliated wt ecline
Iao&emalcﬂum@&ngntwbknpﬂheseonrthesdbyopghneﬁhag the first
urinary NGAL | evel above the cu Loff of 3%9 1 £
ngﬁﬁﬁmaTﬁl@dn%@@ 6FB4EFenfe EPEhr H}e §ﬂ&6’mlﬁ‘é fV§Ls ©

t y.peQf- ﬁbﬁicHhﬁ?ﬁﬁa%h%eck@a%EhBQEYWHQALbOWﬂS1ﬁ@&cat1ve
| arge enough to permt a neani ngful analysis of 30 the

diodigrosieige eealode réieh fasé@@ﬁ to acute renal failure

inrelation to the.na i
chses tnetgends ATEREN WS, B 0B Ru7fy bR BETE over the
Ubk-Baiy i NGAaa g, tb@trk&ealﬂa&hésﬁha@reémamhﬂebéﬁow the

attributed to decllnlng renal, functi_on. % yre 4 shows
sgefod fpdeaeilertr Psé Pﬁ/@ﬁunéﬁyﬂﬂéAéléﬁﬁoﬁlé§nﬁf acute

I L t t
TGP A G a b doR Nal “aar 1 € ARSOryS Hora the

SSM&bheMI@ep@aaltwhachhdobsdneysn&aessarhéwnaﬁﬁagé ahe

APLLLS,SL SN 0ok oG, o8 Le ey Bt e50L08 K i

| exel §sQfcidkictary tNGALcagdvRl aphener 8@t bnise@swer ehat did

b%22|;y¥;§?|£gial function, as supported by the fact that
the plasma creatinine level remained well within the
normal range throughout the clinical course in the

intensive care unit.
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adri amyci n-i nduced nephropathy of mce. Nephron
Physiol 15 96:42-51. Yan L, - regaard N, Kjeldsen L,
Moses MA (2001) The high nol €cul ar wei ght urinary
matri x netalloproteinase (L P) activity is a conpl ex
of gel ati nase B/ MWP-9 and 20 neut r ophi

gel at.i nase~as iated lipocalin (NGAL). Modul ation of
I\/%b-aé: a{'csti%\:/lﬁ%tlyg/%éygﬁGAL. J Biol Chem 276:37258-372665.

28 VWhat is Cained is: 1. A nethod of diagnosing,
nonitoring or determning the |likelihood of a renal , .

di sordér fnT§thefaR el AGROEIMAer BPAL saf t ot hofFtermining

di $ iﬂﬁ@@%&ﬁ%ogekwe%nr@né§nahsgkéggd§ﬁ 2 @@ being,
condition that is not affecting the kidney, said

mettizock icompiLlids imeg hvhe ddsepsmofat $sdeceratni Agreiel discorder

concentration.of h n.neutrophi.l : :

GG b agdOr af8q Froboal PACEREAT TA® 2 kdhpYe 3710

16 hodid vobdowiid ifomnthethyraprbei ng, ii) conparing

said concentration with a predetermned _cutoff val ue,

sai d cutofEteamiaipsi h§e250 AgRREabICa Af gheran vaggerophil
S al n - 25_ng/

T a0 s Leancant fat | oAL” oF A L P Le of
assoegilat d ulb Wirbh cardhtinansbehat, are not affecting

the kidney, wherein a concentration above the cuéo{f ned
val ue is/i RAFBAPE SF14 CPEAEMTGPsoPel th. @ Thesde termine
et hogof;,ghal mk: (whereir? theusanBhegi 858 ndfPmurbhea higher
sanple. 3. The nethod of claim11, wherein the sanple

i e uepl @SR o SevanisabplEcer5220 THéMhedhododP a@yl,

of .t he precedi cl ai ns, wherei . tQ r diti]
\ | NERNOALLLOD; st aqg
PR PR RS ! Bl MHRLELD, 08, 8 BPInEaNtalLiare
chasen demdexabuwde thewer reoneentratconsgothe kidney, wherein
a concentration above the cutoff wvalue is indicative of a

renal disorder.

2. The method of claim 1, wherein the sample is a

urine sample.

3. The methed of claim 1, wherein the sample is a

plasma or serum sample.

the other conditiocon is an inflammatory disorder and the
cutoff value is chosen to exclude lower concentrations of

NGAL assoclated with inflammatory discrders.

5. The method of any of the preceding claims, wherein
the method further discriminates between a renal disorder

and an infective disorder and the cutoff value is chosen to

4. The method of any of the preceding claims, wherein
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NGAL associated with inflammtory disorders. 30 5. The

nmet hod of any. of the precedingﬁflains, wherein the -
nmet hod further discrimnates b&tween a renal disorder

and an infective disorder and the cutoff value is

chosen to 29 exclude | ower concentrations of NGAL
associated with infect] i.sqr-d h f
i

f uird hert idisseriigimates between a renal disorder and a
cancerous disorder and the cutoff value is chosen to

excl ude | ower concentrations of NGAL associated with
cancer oyis disordersy 0 4y EQetﬂ@nbE@EbﬁgngeEmgﬁmgf wherein
any of the preceding clains, conprising the further

stepe ofetrepedtimdgest epsdriniandes beonecor anbeeati fegorder

8. The nonitorin thod of any.of the_preceding_1

cl%ﬂékf Qﬁﬂﬁﬁ%%ﬂ%ﬂ %ﬁ%&dﬁ&r€ﬁ§r¥§Fe6UBPfEeB%§PFngss?88§en o
I ex@ntid iowMd Ridh 24 theuri$nse of. NokthkBsd2iheddsyith

such as wthin 6 hours, e.g. within 3 hours. 9. The

MOTAR AT INF MEtfod st -any of the preceding 20 cl ai ns,
conprising the further step of repeating steps i) and

ii) after a treatnment of the renal disorder has been

i nitiated ore canpltetrady @.:Bhie ofethed odf tarypofceheng
precedi ng cl ai ns,, wher ei nal_ di sor '

25 th .
POStAFETh G Tl itrﬁeunrfy.rt%f.f FhECnBEnoaPer gﬁg' §ices 1)

t he.preceding &l aldm, wherein the renal disorder is a
di sorder that may cause acute renal failure, acute

tubul ar necrosis or acute tubule 30 interstitial

nephropat hy. 12. .The .nmet hod.of y the. pre L.ng

clains??mﬂ%y%f?gn% e T gﬁ%§9§o% eF%&é cauggd%ggcg e

nephi otoXicomagenting®he further step of repeating steps i)
and ii) within 24 hours, e.g. within 12 hours, such as

within 6 hours, e.g. within 3 hours.

9. The monitoring method of any of the preceding
claims, comprising the further step of repeating steps 1)
and ii) after a treatment of the renal discrder has been

initiated or completed.

10. The method of any of the preceding claims, wherein

the renal disorder is a posf~iééheﬁié”réﬁalniﬁjuryf”

11. The method of any of the preceding claims, wherein
the renal disorder is a disorder that may cause acute renal
failure, acute tubular necrosis or acute tubulo-

interstitial nephropathy.

12. The method of any of the preceding claims, wherein

the renal disorder is caused by a nephrotoxic agent.
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13. The nethod of any of the precedi ng cl ains,

conprising the further step of_,conparing said -

concentration wth a second cﬂfoff val ue, said second
cutoff value being 5 chosen to exclude | ower

concentrations of NGAL not associated wth a degree of

renal disorder that requires treatnent of the patient

by dialysis, wherein a concentration above the cutoff

val ue s3] ndicatdtterdfofa arnenal tdiesprdeedt equictbngs,
treatment by dialysis. 10 14. The nethod of claim 13,
M@I@?W%%?% i I [ORTo ot ey AIfuE TP B e PieéA - fogprcehtration

sSuGh, .as 0 5
n37£%§ ]ééﬁ$:¥#ﬂgff o 20005%3% se@%ﬁﬁégg@&f%ggglue being

orcﬁﬁﬁﬁhruﬂrﬂxckm$22ﬁﬂmngknmceﬁ5rhﬁ;oﬁheOﬁENﬁéd obtany

of the prec claj ns measur e

A or ol B A b SN do G PO Ty 1 NREH L es
20 16: + e net hote Qicatﬁ;%tofbyt he aprecedi Rgegkainns,

wherein the bodily fluid is urine. 17. The nethod of

ar@ormemtr}@fplr@c@hmge clted meLtafievailne the thedCEy HWEUPd 2
d £
s Db Rt L T e R o L

belng, sald nmet hod conprising the steps of i)
determ ning the concentration of human neutrqphi

gel at i nebe- a¥s G EtWH 95 FocT i 3¢ NEREF S A gaggnﬁegogé cutoff
bo@éi&’efiy'ﬁeﬁﬁéﬁﬂ tlhﬁ)d‘mm%'n@gso%b rlgi/ 1l eRedk @Q 1250

step 1) on a further sanple of bodily fluid fromthe
s ane/ thiuerr: b (Hy rteaksn aft 6r7 58 @@V@ﬁutpﬁe20ﬁ@rm@dmLan@r 2250

ng/mL, or 2500 ng/mL, or 2750 ng/mL.

15. The method of any of the preceding claims, wherein
NGAL is measured by means of a molecule that binds

specifically to NGAL.

16. The method of any of the preceding claims, wherein

the bodily fluid is urine.

17. The method of any of the preceding claims, wherein

the bodily fluid is blood or plasma or serumnm.

18. A method of monitoring the onset ©f a renal
disorder in a human being, said method comprising the steps
of

i) determining the concentration of human neutrophil
gelatinase-associated lipocalin (NGAL) in a sample of

bodily fluid from the human being,
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1i1) assessing whether or not the human being has 5
devel oped a renal disorder, or1is about to devel op a
renal disorder, by conparisoﬁsof t he concentrations
obtained in step i) and ii), wherein a significantly
hi gher concentration of NGAL of 50 ng/nL or nore in

th d lLe is_indicati f_the h ' -
havi ng davEFLREs’ SIL0°PEnal O sordeF e o BRTRG abodt° LY

t ¢ 1develepra thenakndi Bafdarbeid§. tdhen netbod ofgrlah Mmine
18, wherein the significantly higher concentration is
an€rsedn aNEAL concentration of 100 ng/mL or nore,

such aii]ﬁoggg/ce%‘a}ﬁé NBEEncSUGh AS: 200 Nhilly 1o By has

nore, ée.g. or nore, s as 400 ng/niL or
moresre L opegh a50@nag/ nisordrol ecr20s Theunethodeodlep ai penal
18, conprising the further ep of repeating steps.

5 G | Yo HEPE PEMBS C30°31 T TheCRBt Rod bred 17
anyQf 6l aliE 118§t QniPeiwher 6k Ansai dan gl yen; hae

peridd is 24 hours or less, e.g. 18 hours or |ess,
suchcas k2 tHour 9ToNGRéssf 80gnaémhodr smere| egsthgygpcond
a%ﬁ%p QLS %%dg%%%ivésof the human being having develcped a

renal disorder, or being about to develop a renal disorder.

19. The method of claim 18, wherein the significantly
higher concentration is a rise in NGAL concentration of 100
ng/ml or more, such as 150 ng/mlL or more, such as 200 ng/mL
or more, e.g. 300 ng/mL or more, such as 400 ng/mL or more,

e.g. 500 ng/mL or more.

20. The method of c¢laim 18, comprising the further

step of repeating steps ii) and iii) one or more times.

21. The method of any of claims 18 to 19, wherein said
given time period is 24 hours or less, e.g. 18 hours or
less, such as 12 hours or less, e.g. 6 hours or less, such

as 3 hours or less.



