1 A BI OVARKER FOR RENAL FUNCTI ON I N PATI ENTS W TH TYPE 2 DI ABETES RELATED
APPLI CATI ON This application clainms the benefit of U S. Provisional
Appl i cat iwo 2bioy/12668/ 322,949, filed on April 12, 2010. Thersobinmoé@achi ngs
of the above application are incorporated by reference. BACKGROUND OF THE

| NVENTI ON The renal glomerulus plays a critical role in the nodul ati on of
10 al bum nuria and renal function. In addition to its role in congenital
nephrotic syndrome of the Finnish typéf t he i mportance of the transnmenbrane
protein nephrin (NPHS1) in nodul ating renal phenotypes is also evidenced in
di abetes. In nodels of experinental diabetes, dysregulation of nephrin gene
expressi on has been associated with al bum nuri aThe dom nant and traditional
15 view of t A RER @hﬂ%ﬁ ' 1§ ThAEt o al bumi nuri a
precedes a 4%%&?@{ i n $2¥§$ﬁgﬁﬁggfon ugnfﬂgggﬂggﬂgggﬁrgﬁbject2to recent
debate (Retnakaran et al. 2006). It has been variously reported that a
decline in r i ( essed as the glonerular filtration rate,

GFR) may belgg?'géﬁqgﬂg%&ﬁﬁqpﬁg absence of al bum nuria (Mclsaac et al
2004) . The i nvol vihieapplic&icdf claifighké benefit 60UIS. Prdviigignal Applicdtiondte.on i s

uncl ear, however, with the literature Iargely enphasi zing the role of this

protein Pn A1322E49r Bled on A dds 2019, (The|eptitedgachings)of the aboVe a. In view
of the inportan ‘ dl j . mai ntai ni ng homeostasis and t he
preval ence gkﬁ‘|§8§%§5§g§§§8%¥gﬁégﬂa?%ﬁ an increased risk 25 of reduced
renal function, such as type 2 diabetes, a need exists for nethods for the
di agnosi s, BACKGRGUNDIOF THERINMBENTIONT educed ki dney function, as well as
kits -for perform ng such nmethods, WD 2011/129768PCT/S&011/000143 2
SUMVARY OF THE | N\Neermabglomeaulusplays a gritigal sele dpthe modudationafa di agnosti ¢ and
pr ognostpc gﬁ%gg . { § : / LR j ect, as
wel | aslgetho S O %@gggﬁﬁgﬁ%hgﬁbfgg?ﬁ§§&Eﬁ@§35%335?%%2?1 né?#gn and kits
for perf or mspgdramy ofthet Fianieh Sipe} the dimporfdnee ofithentanemembrapapadeinat | east in
part, on the sjgnifi t. discovery that fragnents of . the nephrin protein
are detecta ’h(mﬁi@ it HE at‘B&F?’@lEP GWXP%SE % ovidangedites are associ at ed
with reduceqifiRRal 1 MOaLL BPedRAniciR dlabEieR dSRBEIRHM oMPhAh geRE € nephrin
protein fragments are indicative of reduced ' renal function. "10Accordingly,

i n one aspeckpresdien haskean assnciptedwitlealbuminnodThodondmartcandripditemabed r ena

function_in_a mapmal i an _subj ect. .by detecting on r.nmor.e nephrin

degr ada??on Vb%aﬂ_@%%uﬁaliﬂﬁ%‘#m dé%ﬁlﬂﬁ ‘éqﬁ’f%g}yl‘féﬁlq(iﬁ]bé‘&l?“%er e detection of
one Or NDr e pAgRRES I\détafE AtkRhAIFindioRBuE this hdd Heb subljbdl @ Frbit| Rbatadi cat es
reduced renal function in the subject. In particular enbodi ments, the 15

subj ect i s 4Rpmakaran ¢tral SX06). elrbagibesnvagousinteported thet a declimgrin rsal bumi nuri c.

In particul & enbodi nent he, subj.eck..h ar,.. | i risk for

devel opi ng ?k}[bcgloﬁ?ﬁﬁpé%sé?(ggs t}mq.gB)n?e lﬁr ﬁ%)t?agl%%ért?’iéé% a@ag%gﬁﬁﬁgm s, the

subj ect has ke e aBsRAGEsE AbihinkAD(VaclsdR%s al. DOOM)1 Theadivolvémegr t ai n

enbodi nents, the subject exhibits a decline in eG-FR of at least 1.0 20

m / mi n/ 2073 ofpephrin inepntEelfing resghfunstiensis unglear hawsyernwith thedgaialwe degr adat i on
products ha . \Wei.ght. 50 kDa, 60 kDa
or 75 kDa azﬁggx%ﬁggéaggg?%%%F%%qéﬁggglnéﬂ?g?%g%H%%ééﬁéﬁﬁx%nlecular wei ght
of about 25 rkfatedd3altmmsinatia.nor e nephrin degradati on products can be

detected by a 25 variety of neans iﬁé}udi g ELI SA, Western Blotting, HPLC

SPR, SAT, apt amed8 Vieyeef the mapostagge p ﬁnwgns?mnmﬁn@érv%in enbodi nent s,
the nephrin piggbadal hfvnp pRAHIS; 6f Gl lBdialkdl vith AflirdRhidRy and in more
particul ar enbodi nents, the antl%ody I's a nonoclonal antibody. In

parti cuRar efiabicadrensl fuhéteon)syhras typbejdiabietes, emeed exsts for metbodbet ected in a
cell free 3Q fracgtion.of a urine sanple. v n.anot her aspect, the
Cvent i on provRSieeRRN FEEBFS P acH: aftrduce aRB,pEiiesk FONE For

exanpl e, thgskﬁgﬁﬁgﬁﬁgnﬂﬁ_Q@gﬁngmogge invention can WO

2011/ 129768PCT/ SG2011/ 000143 3 ‘i nclude the steps of any of the diagnostic
nmet hods provided by the invention with the further step(s) of adm nistering
a suitable prophylaxis for reduced renal function to the subject. In yet
anot her aspect, the invention provides kits for detecting reduced 5 renal
function in a mammal . The kits include can include any or all of the
conponenps for perform ng any of the nethods provided by the invention. In
sone enbodi nents, the kits include an antibody that binds one or nore
nephrin degradation products. In nore particular enbodi ments, the kit also
i ncludes instructions for use. In sone enbodinents, the kit includes one or
10 nore nephrin degradation products suitable for use as a positive
control. In certain enbodinents, the antibody in the kit is associated with
an i mmunochr omat ogr aphi ¢ device, such as a dip test. The invention

o o o " o L




25Nephrin, the protein product of NPHSl1l, is a nmenber of the imunogl obulin
famly of cell adhesion nolecules that functions in the glonerular

filtrati omoharwizerssi n the ki dney. The gene is primarilypexpcesa@doiusn renal
ti ssues, and the protein is a type-1-2ransnenbrane protein found at the
slit diaphragm of gl onerul ar podocytes. Nephrin genes have been identified
30 in a variety of organi sns, sone of which are sunmarized in Table A,

bel ow. WO SUMMARY CSPTHEISMENTION143 4 Tabl e A Nephrin genes O ganism
Genel D Bos taurus,519706 Canis, lupus famliaris 484571 Dani o rerio 692352
Moo sapi ens. 4868 MR HEQERIRYEIes 2851 b8 Jiagsp s rod PEEOaT RePoiS5 4906 Pan
trogl odyt es fgeRg4linfAddubsd RAAMBATOAS @4aBRBc eNEN 8s htbdSof Béhiihd The gene
identifiers in Tableé A may be used to retrieve, inter alia,

publ i cl y- avaishbibttavignredueadaanatinpction apd &ite far psefqueringany pfdwssour ces such as

5 the NCBlI wehbsit e~ which. o f oun t t fol l.owmn niformresource
ocator TuRPAey o RRdTE afed ARk DAt St iBlind b B e at e v th
t hese i dent ifat agments of tidinkphtieptsnare detstdlciathtifind bfpatieas soci at ed
annotations, are incorporated by reference. For exanple, the gene

i dent i fi er s vatriypr2 diabetes arerassaciatedwith redycedisnaldunglin andithatdhdr i n protein

reference 1 ;| fd uct ur al

domai ns), s E%&%‘gé%@ﬁ%ﬁ%ﬁe@&%h%&%&%eﬂ ﬁl@?@é’g%gggﬁﬁ%gﬁé d\13 062332, 2,
respecti vel yenabfimctibiso, Honol oGene: 20974, which provides nultiple sequence
alignment information, for nephrin protein sequences fro variety of

or gani sh®¥. These@éﬂ‘a@rﬁ&él’(‘ﬁ W%ﬂ?‘%‘éﬁ‘i‘tlﬁ’é%{@’é(gest’?ﬁﬂi‘%gﬁ?i fy regions that
ar e Conservaae@@%ama%&m %ﬁ%}iﬁﬂ’fh £ RhmiRdtad sﬁﬁgétﬁi}ﬂfe?ecgﬁ§ gipsct ed to be

inmportant to t Structure and/or function of phrin proteins. Additional
usef ul t ool sadrenephninegtadagon Podoets oba wiimd sapdelfiomi thesibjéatfwherat i on on a

Kk in t t d incl yde,. f L DAVI D, [ Genel D
donver t or - JHESUAS Sne2E M A AEpHEP B dRAR pBA b e SHPA S 57 ( 2000)
Huang et al indioh @b od Sl REIRUHE 13 3ibck- LOpkE00R) emibdidipisaheal . BC

Bi oi nfformatics 8:9 (2007), Sidorov et al., C Bioinformatics 10: 251
(2009) . 15 Wosgtgedt fis| 2 brre gAY ssarctodiodns the subject isnwpmpalhuminyrigdat i on

product(s)" ;are,.fra nt s _of hoi.n . protein that cor ond to fragnents
et ect abl ¢ PhPEHEVIAT HEomehis R Wit Bay &t Ottt B dney funct o
where the na@&eldgnngig%eadﬁéﬂem (2D UL Bofelpabtibiid efibotihdntsiear ent nol ecul ar
wei ghts of 25, 50, or 75 kDa_on_an SDS-PAGE 5 Western Bl ot under
reduci ng cofehiestdasbeendizgnesesbviids T2B fopdesnthan J vearal lageti@insequence from
anot her or gaph Sk det i ne i R hn the art, such as
sequence al ?@h%@t& Elgghg?gtﬁ%@tsg%gg@?ée@pon |$\fg§rlle\8ﬂlrpn degradati on
pr oduct 26 r omlanindn73m@an ani nmal may exhi bit apparent nol ecul ar wei ghts that
are identical, hi ggfln_?/_si r%l(i;gr (<=10% devi ati on- hi gher ;10or |ower- e.g., 9,
8, 7, 6, 5, 4, 3lngertaimempediments)the opeprmere nephoipdegradationmspguctsy
di ssim | ar o ol : PxD , , 80, 90,
100% or m)?lg %%ﬁﬁﬁ%@ﬁo@glaﬁg@ %géxlt ﬁp%bﬁ.%ggls ﬁrrg?ﬁs, aé%gm’ ﬂpgselél?gdati on

and in more particular embodiments, an apparent molecular weight of about

25 kDa. The one or more nephrin degradation products can be detected by a
25  variety of means including ELISA, Western Blotting, HPLC, SPR, SAT,

aptamers, pepide sequencing, or MS/MS. In certain embodiments, the

nephrin degradation products are detected using an antibody and in more

particular embodiments, the antibody is a monoclonal antibody. In particular

embodiments, the nephrin degradation products are detected in a cell free h
30 fraction of a urine sample. '

In another aspect, the invention provides methods of treating reduced

kidney function. For example, the treatment methods of the invention can



product includes a sequence at |east 60, 65, 70, 75, 80, 85, 90, 95, 96,

97, 98, 99% or nore identical to a fragnent of at least 5, 10, 12, 13, 14,
15, 16, WowbH1897689, 20, 50, 100, 200, 400, 600, 800, ecTAGIGI1GOMU3guUOUS
amno acids of SEQID NO 1, the refeBence human nephrin protein sequence
wi th NCBI accession nunber NP 004637, which is incorporated by reference in
its entirety. For exanple, in particular enbodi nents, a nephrin degradation
product may iricheleuhestaps dingof dri dagnegtiemethotihptovideddly themsenti, 65, 70, 75,

80, 20 85, 95 , 97,9 9% i denti ¢ e-sequence .of - human
nephrin degwa@ém%&ﬁﬁemfé}%fquﬁam@ms&swtiﬂﬁaw ?1 %’c@&é‘?edv\el ghts of 25,
50, 60, or GE Western Bl ot under redum ng conditions.
These seque%%gg%g&bﬁr{gete ﬁl&ned using routine nethods in the art, such

as, for exanpl e, pygttandikesaspeenthi myenfion prvides kits fu deteetingredueedy. |

foI | ow ng West 25 BI otting,or, t or. hi gher mensi onal . prot ei n
el ect\rMo or B! {;"m L tﬁ%%%c‘é‘ lé‘p%gﬂ}rlé‘ﬁ ulgeﬁmlftaﬁ%gBFsonls i ncl ude
FASTA (Li pne&nﬁ&da &th@&%thohééx%v?ded( ﬁé)nveﬂﬁlorhmnan and

Pear son, PNAS, " 85: 2444 48) ST (MG nnis & Madden, Nucl ei c Acids Res.
32: W20- W25 em@mpb()damengntheﬂ;msmlm@fa@ra@nbedy @eb@ndmnﬂyr moteer alia, 30

MegaBl ast t B |, d bi
e v A SR B (57
Biol.,. 21Hchies hkBultidh8@@dr dser IIﬂk(ﬂﬁé eBbofimeptsPihie kittih€ladgs, onbleed| eman- WO

2011/ 129768PCT/ SG2011/000143 6 - Winsch_ ( Needl eman and V\ﬂnsch J. Mol ec.
Bi 0., 4¥0 (3morenephsizdegradition mepets §u1(a!31n9 ﬁOérl%e asmqsﬂl\m@ﬁﬁo BilBI ., 46:501-14

(1984) and hGC. Bio., 147
195- 197 (19§%g}“{1 ng\éﬁ&ﬁ{ﬁf’sfm&ﬁg}é{? %/ﬁ udi ng ose descrl bed in Gerhard
et al., Genﬁﬁﬁui?@&romat‘égﬁﬁhﬁ@i&)/tc&]s%ﬂ:h ava@ipaest) ), which are incorporated by

reference. In particul ar enpodi nent sequenc s re.conpare BLAST usi ng
defaul t par arreteﬂ?eflﬁﬁnb?fb%@aﬁta&%}sfye%“aggég}ee@f %tb’]a@gg Q“‘l"glyb%‘ddl agnosed,
prognosed, Qgsﬂgl ‘;9 Lbcﬁma witl% ﬁe@&&aﬂﬁﬁ&uw 1ﬂ@1ﬁ(ﬁné)§1ﬁiéhgﬁsdwﬁéfet he
i nvention can be such as a prinaté, a rodent, a canine, a
feline, 1% pdremub;ept exhlhltsmmenalduthmm ﬁmthmracaoﬂdamimemstmg assays, sichnor e
parti cul ar englgdl maln s1 he subject is a primate, e.g., a human. The

a, eYFIS

subj ect may R PEUENENd at any stage of devel opnent, e.g., a
fetus, neonate, infant, child, adolescent, adult, or geriatric. In

parti cul ar ﬁeﬁ}tﬁ ?IT:I jNfd, adol escent, adult, or

geriatric. In’s |ﬁwﬁ§gRg?®%Waﬁgm I ne?tli the subject is an adult or

geriatric. THaijveation provideb kitsreddunethogs fmitlmhediagqosishpro'gmsésqti on can be

defined_by a variet araneters. rtlc ar enbodi nents, the

Subj oot 20y et rggtmelclaaduced kidhey RIcRGR vhidients, B diabelf o T ( T10)

or type 2 (ﬁp}neaﬂ)dghxﬁ,@l%e%sté}ﬂ@fddﬁedﬁﬂé%né’afﬁlb%e?hnﬁ@@ umts the subj ect
or

has or is at Increased risk foor devel opin exanpl e, a subject may
be a border prqdacffitDasampls(ftom éleg’ubjephpmhraé@ lmm@@@elet d dessripéoror | mpai r ed

fasting glycem a. A subj.ect. t as .I2 aired fasting glucose,
i npai red gl GES’?@RI%F@B%]HE’&“B@ eblgvggppggg ‘ggcordi ng to the criteria in

Tabl e B: 25)@9},@”3@ éh proifsts gl ucose is 2 hours after ingestion of 75¢g
oral gl ucose. ndition Test C assifier D abetes Fasting plasma gl ucose

or 2-h Pfasma gl M&’Qh@n dhe protein proguetof Nl b ds @ membepaf thee >7. ormo1/ 1
(126ny/d1) mmunogl%gqpnltlagml(yzo%@ﬁ h8esici molecules that functions in the

glomerular filtration barrier in the kidney. The gene is primarily expressed in

renal tissues, and the protein is a type-1 transmembrane protein found at the
slit diaphragm of glomerular podocytes. Nephrin genes have been identified

30  in a variety of organisms, some of which are summarized in Table A, below.



211. 1nmmo1/1 (200ngy/ d1l) or 26.5% I npaired glucose tol erance 2-h plasma

gl ucose 27.8 and <11.1mvol/1 (140ng/dl and 200ng/dl) Inpaired fasting

gl ucose Raetngi2piedsma gl ucose 6.1 to 6.9mol/ 1 (110ny/ ¢tTisG2d@momyssll ) (VWHO
guideline) or 5.6 to 6.9mvbl/1 (100m$/d1 to 125ngy/ dl) (ADA gui deline)

Di abetic subjects may have had di abetes (T1D or T2D) for any period of
time, such as at least 1, 6, or 12 nonths, or 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 15, 20, 25 years, or nore. In particular enbodinments, the subject has
been di agnos’l‘eableﬂtl\hbphmgermsfor Iess than 1 year, e.g., less than 12, 11,
10, 9, 8, 4—3 apnt hs. The subj ect may be

nor noal bumi rQﬁgaE‘sB} have var?ﬁﬂﬁm ev=| s of albuminuria. A

" nor moal bufiggni, £ Subj ect, [ §{ogbj eFt wi th "nor noal bumi nuria” and the

li ke, exhihits clinically norrral | evel s of al bumin protein in the urine,
consi st ent \Edntrlnpmy&hzilﬁdrttne%ﬁ]mcti pn. Al bum nuria status can be

det er m ned thy—anry—eans—khrown thej art and, in sone 10 enbodi nents, can

be char actetﬁ“fé%lr%ﬂf’ al bumi n é?jéétzl nelratio (ACR). For exanple, in certain
enmbodi ment g ’H‘ﬁ'f oum Nuggge Subj pct has an ACR of |ess than about
30mg/ g, e.d.. an 32.|30. 28. P6, 24, 22, 20, 10, 15, 10, 5 ng/g, or

| ess. Subj edifss mmsgulvave any| 54684l of | ki dney function, which may be neasured
by any neans—such—as—bleoedurea—nitrogen, glomular filtration rate, 15
inulin assctP’%‘Pr"&f F‘fﬂd‘c”é’ds gr f‘%ﬁé filtration rate (eGFR). Kidney function
may be at tp&nt;a vl Wess4y: op, 50, 40, 30, 20, 10% or less, of
normal | evels as’™ne sure by any of these assays. A normal range for eGFR
is 60 to 90 Rartusnivivigiéids N2, | é43dBough| it may exceed 90 m /min/1.73 n2 in

some WO 2041/129768RPCH-SG2P11/ 000143 8 individuals. Accordingly, in sone
enbodi rrentsXe&OMHj’@’é’t may o428t rpduced eGFR of at least 1, 2, 4, 6, 8,
10, 12, 14, 19, : WIS anple in
certain partl cuI ar grét 1(§’|§'1rérttlafn rgmgébsi%é b?résfdgéhaﬁléfe gl;&re% | ess than

65, 64, 63, pﬁthlﬁ-hyalfdble aptabdl mBRRA &Gprot'&ih sedencss frobbsurdes ,su&Das 45, 40,

35, 30 M/ mn/l. 7 ss. T2 cts treate t he net hod provided
by the ifAveld§ NﬁBirét{}EB @ffi‘JF‘?%h? B&}mg f?)llfé‘Y‘?g“BJ& @ﬁbeé@ﬂﬁﬁﬁnt ly treated
by met hods f1 tJr?QR'LZII}tﬁg/AWy urnc'f)?'ﬁf?n fiih: o@o%fe'lﬁﬂnﬂht%n asSbciaddrivigpst rati on of

i nsulin, ormn eas nonsul fonyl urea secretagogues, al pha
gl ucosi dasetheshndmtlﬁcxs, intludmgobiedine séquaness aod thiix asmdmtﬁhtl ons t her eof .
Suitabl e subjects can be at bod ndex kg/ <
(severely uﬁh%?%‘?’ﬁh?rf 1ncfggq§e§b(ae%@p&% tF % 2’% H%pﬂg?r)s 25 30
(overwei ght Jcan BOusd tb eRAER ﬁ&marsﬁro%)e (aﬁ@%t%ebl']ﬂ B%Irote?ﬂ%fé@h@se I11). In

particul ar enbodi nents, the su ject ma have a >25. In certain 15
embodi mdfit s sequescrsjand espaiates dnnplations tsmlsas strycturg) domaing), SWEIRYs of about

0.0, 0.5, "Bt Crp B RY: JiWFosdivke. ol e ety 0%
triglyceridegeb @M‘@'Hoﬁﬁlo@éﬁ&t2(@79,,wli;cl@prohdbs mulflple bequende dligninedt 1.6, 1.7,

1.8, 1.9, 2.0 2.1 (mmol /L) or In triglyceride |levels of about -2, -3,
-4, -5, -6, mfpnnatg)n fopnephyig protein sequences from agyarietyyefiorganisms. Thesej ect s may

have any CO@Q:Q r. ' ed by the
met hods provi eg&lb%ht‘lﬁggs%’%\e/ceaﬁﬁ) ?\c{)ﬁecprrg) la&ﬁ{tf?l%ié%l '@,tﬁﬁg?&ggﬁlr%4 nephrin
degr adat 5 on betwagt o ganishis andwtoﬂdﬁtamfeneﬂm%pw&&m b implojtemttto det er m ned to
have reduced ki dney functi.on gy t he net hods rovi uﬁﬁf‘gy the 25 invention

exhi bi ts at sfrucfuge apd/op fungtigp o ?fé’lﬂﬁ‘rﬂrﬂtetl’ég Hiqng derlsforin a urine
sanpl e. %ﬁ&g&ﬁ%fﬂ&&'&tmﬁﬁg%&ﬂﬁﬁa ?nfo gtﬂﬁptfh§ e8fd kARlEmeed to have

reduced kldney tion by t the I nvention exhibits, in a
uri ne sanpl ert aatl ihchadet foyrezamplet DAVIEpﬁllom/G@@ﬂa@anvmer,mndM with

e e 5 S e D i B g Wik
2011/ 12%’68%%3@%05%73(492@1%@09) l&'h‘bés é’tfw W@B%‘nformancm@ peiolpds provi ded

by the iInvention iInclud fep of detecting nephrin degradatlon
pr oduct s- detSadarpwemg., BMC Bianfornuetiastl kdSdH200P)degr adat i on ‘product s i ndi cat es
reduced renal function in a subject. Nephrin




5 degradation products nmay be detected by any nmeans of protein detection
known in the art, including, for exanple, ELISA Wstern Blotting, R A
(radi oi mwmioQasis@y)s nucl ei c aci d-based or protei n- based papisaner/ob@akhni ques,
HPLC (high precision liquid chromatogriaphy), SPR (surface plasnon
resonance), SAT (suspension array technol ogy-including both i mune- 10
based, aptaner-based, or conbination nethods), direct peptide sequencing

(such as Edman dédiepban degradasignonedust(y)” ace fragments pbraphonprotginthaich as

M5/ MB). I n particular.embodi nent nephrin _degradati.on prqgducts are

dot ect ed usiergemia & FERHEN: FRES e at Bl O RRRES Mg ii¥egr adat i on
products. | Rediickd kidiey tunealoh inbietedhe REpHRI d¥RRIdStion prodads ildladyarbi nds the 15
sequence pedql_%t epp sgi sekt eag s_eedrvrnei\gke (SEQ I D NO §_2’3 whi ch

cor r esponds eKbibi appasenimelecular weighisiofid5.11 80 0035 kRa@naoSBSRASEf SEQ | D

NO 1. Ig ot ' . -1 hody~ bj » nce conprising an
amino’ actd é@ﬁ%%fﬁﬁ%%@ﬂ%??%@@%ﬁ?b%, t?g.‘e&g%dégys%%g@ﬂ& 96, 97, 98,
99, or 100%ahalegdisceludnce Hofd drotidDorganism as deterpimedibyt suitasleimdahat i s at

| east 10, 12, 2013, 15, 18, 19, 20, 25, or 30 am no acids in ] ength. For
exanpl e, i n XAOVE et syRras sransareralignanents, 'of s ABRIgy 2 BTFRIBORYNG sequence
that is at Ig@% _ 'noBchunsd : : , or 100%

i denti cal tg mnngé%%l ggn§fl;[dgztif§m§9 né%%l I D Nag%ﬁ%l,ﬂlg%? ebllt %ﬁyg{%gr parti cul ar
enbodi nent s mdlémlarweigldsithabameddenticala hightyusmder (0% devadtiohedsghds0, 65, 70,
75, 80, .85, 90, 95, 96, 97, 98, 99 or. 100% j.denti.cal .to am no acids
13:31 oAOSEQ YR 829 B 16y Surt RaciEmSi I b e PR s | ¢ he
met hods ‘and okufsﬁnﬁrae}fﬂ»ﬂﬁ/d dbViatiBiE eigVenbs oo, 95 . 801%600%0,1dpe0d,0r €goi ng
antigens with a Ka of greater than about’ 1.0x106, 5.0x106, 1.0x107,
5.0x107, 1.0d24%gor mos) 1@Buman.Olni@etaivtembagdiments,c nephan degradationt i body, " as
used herein, refers, t.o an ol tJ [ Sl I - bi ndi ng
site regardllpé%@cglfm{"ﬁgs%%%’Pgﬁfeyazge%&@63%%?%dn,§g%§§d€6gwg%ducti on, and
char act er i s99gs or brdlehticalit?d fregiaastiomaniesst 5a00,a2¢ 1 Hady 15,5607,

i mmunogl obul i n or an antigen-bindi ng fragnent thereof. As a WO
2011/ 12@3689&1%@90@@/@@0&&3400,@0, Gt Ar 1906 conHgueus amineacidhef t er m

"anti body" i .hu t : rat, rabbit,
goat , sheep,sﬁyga'gkg%qgfﬁgngg ré%?ni;ﬂe i%e}&%n} énégF%l 8%@6% not limted
t o pol ycl onatcessionaambacNP_00468%,petich isdncqpdrddyirtfetenceimits peci f i c,

humani zed, catnelized, single-chain, chimeric, 5 synthetic, reconbinant,
hybrid, nut SRty Fex capppler wrnagiculariemhodimaents, p ek degradstioBs of t he

present inv i i ine L e nti body
fragnents s?&duggmﬁggnc%%g%wg@a S%@%b?é%éeggﬁg%t\?@wﬁ(’gpégs’rggf erred to as
nanobodR@s) 85290 965 e 97298, 99bcidentical) toethe sequente ofdtuaian epleriant i gen- bi ndi ng
function. Antibqdies also incluyde antigen-bi ndi ng. ool I 0 that are not
based on’ | niGHAGTSB TP Be Ut ApatsaC B asaE BRIt 25 S5.40 Phodi es to
nephrin can78&pmfAean $19S-PREEW &terY Bottuhaél rbi@ee cdhditidndOMRede€Chni ques

(Kohler and M Istein, Nature 256: 495-499 (1975)), reconbi nant DNA net hods
(U. S. Pat entsequences, iayohesdgrmingd ysingroutinspethpds wctheadqussh esifoy ant i body
libraries (Clackson et. al., Natu 52: 624-628 15 991);  Marks et al., J.
VoL B of o F5nEgebepge Seriylnding OE BpctiRnted Semplen e oI BUE VBN G Rct | on

t echni ques, Bi&Eing\of Pk I EherAlithakidml Ffol/eiﬁ/@léu&d)pho?&%. Harlow et al., Cold
Spring Harbor Laboratory, 1988. n sone enbodinents, the term

"ant i body" i ncl udeegrams Hrseqrance pignmenthasideomparipensdaclade BASTAf f ol d ot her
than an i bul,i e 20 exgr : - I |, i ol ds known
n the art {HONGAG SParFORres imLnsohar LAt reary daiehl. o °° g
Pat ent Appl iPaadS 85: A4kl 4)aBLAISTNMcGinhie 3 Mudd&f) Nl 2808RE227958 publ i shed

July 31, 2008 and_Septenber 18, 2008, respectively), tetranectins,
fi bronect i n3doMRPN23 R0§4) (chasptBLAST reference, describirignintexdbiai cat i on

i pocal Phs. (AReBRROAE oo, MU SOE (R gl GO eeaolBBE D § %

t hi or edoxi n theVigresdylatgorittaa inplemented tmiviegaBlak)] Altschaledrfod) dMalr e general |y
produced by in vitro selection of l|ilrarjes by.ph | splay (see, e.g.,
Hoogenboom- BK&tr%é:‘*ﬁ%ﬁ?@i(b?g.O? {ortginal B&‘T"%@B‘@’Z)‘ﬂ‘&ﬁ%ﬁ?@@*‘& spl ay (see,

e.g., Hanes et al., FEBS Lett. 450:105-110 30 (1999) and He and Taussig, J.
| mmunoL Met hods 297:73-82 (2005)), or other techniques known in the art
(see also Binz etal., Nat. Biotech. 23:1257-68 (2005); Rothe etal., FASEB
J. 20:1599-1610 (2006); and U.S. Patent Nos. WO

2011/ 129768PCT/ SG2011/ 000143 - 11 - 7,270,950; 6,518,018; and 6, 281, 344) to
identify high-affinity binding sequences. In particular enbodi nents, the
met hods of the invention include the step of detecting nephrin degradation

. o o o - - o “RZ 2




WO 2011/ 129768PCT/ SG2011/ 000143 - 12 - Exanpl es of RAS pat hway
antagoni sts are known in the art and include inhibitors of various
conponentwoabihersRAS pat hway, including e.g., antibodi esTSG2vAM01ALS,

domi nant negative proteins, aptamers;-%and small nol ecul e antagonists of RAS
pat hway conponents, including conbinations 5 thereof. Conponents of the RAS
pat hway and specific inhibitors are known and include renin inhibitors

(e.qg., alisWunseh(Neest¢rran and Wansrhed aMrlee.dfiy., 48CD: ¢4hdi36t99AYL n- converti ng

enzyme) inhigj.tor e. . a rigle, t NN al. il osi nopri |,

i mdapril, |¥§?f86%?feri’%6¥r%§’o f&l’ﬁkégﬁﬂgp(??@)a%n ra*ﬁl'lﬁw?t , GIznof enopril, as
wel | as casg&hﬁh@ﬁd Wil )i Mlea Blol, 441:0196Pp1 9@ 981 9 Lkeld otlserVal - 10Pro- Pro
or Ile-Pro-Pro), inhibitors of angiotensin Il signaling (e.g., antagonists
of its receplegrithmyGnelpding thospdescnbedinegerbardgivhgearamaiesnci ude azil sart an,
candesartan, t 4, a ] rtan,

telm sar§an,14§l&§9 gglég?fzgﬁ? B’ %ﬁlcﬁoaf‘%a{ngg&t% f%%?b% }egéﬁg%‘%i Iirr%ﬁt s1 - pat hway

i nhi bitors embogintney)seduende tarecongfaredbyaBLAISH eiigsdefauit savametersbodi ment s,
renal 15 fibrosis. can be prevented or aneliorated by additional nethod
known in t hdorreteinsgReiess ant agoni sm of TGF-r3 activity, for exanple, by
smal | nnlecgbﬁ%tsantibodies, or receptor decoys, such as receptor-Fe

f usi ons. -ﬁe kits provided by the invention may include sonme or all of
t he conponent s né&atijedtstto bp diagnosed aprpgudsed e treated byshomethods amd/ent i on. For
20 exanpl e, .i.n certai,n enbodipents,, a kit includes a nephrin antibody that
rec ogningés #&E)H?qvﬂfiegé’ért GEVERTPL SRR AnY mappaly ?‘EC?‘rﬁi)? H"r?gafqﬁc?e further

el ements, susqns dafitke! 4/flineSpdréine UsiSovird) dbevins Wl Albpstimk0 Thkgll s, such as
one or nore nephrin degradation products. In certain enbodinents, the

ant i body i nmdrepidticulasembedinientsethewibjactds 8 pagiaty, ege@® ance, such as a dip
test lateral flow,25 device (e.qg. , an i.munochromat ogr e vice), as
wel | as i munomadnisth eﬁéWP@%Emgﬁd“ﬁ%ﬂ@Fﬁﬁ@ﬁ%¥ﬁgﬁgﬁ g%ﬁ%6§PQ§Uch as
aptamer or sild fefi] foube, Meaethilayidobscentadut] bri gatiatic. dipadicakint s, the
devi ces grovided.in the kits may be one-tine use devices. It _should be
under st 4dd enbpdimants the sybiest is eshildadelescanbadpltergeriatice IBoWhr anet er in
this applicati . 1 tal o l. T Sfhan, " and "nore

than, " the ggggp?ﬁ?@%ﬂﬂgﬁ%%ﬁﬁﬁgeQ§§W$F?‘5%@%%%%?1 §§E%§ range bounded by
the recited val uSabjebsdor the ngthodsposvidediypihe invehtonl eackd gefined bata | east 1,

2, WD 2011/129768PCT/ SG2011/000143 -, 13 - 3,..4, or_ 5 al.so describes, inter
alia, the rAAQeY of chnical parameters. in partioular embodimonts, thesypjectmay beny 4.5 et
cet era. . l .cat i , ] nce cited
herein, sucﬁt%gﬁﬁgﬁfggﬁgagp%ﬁfé@%@ﬁ#§%%h§8§é#ggggggs@ggggggz i nformati on,
it should bdidbeted end tnomdretpgasticuldr enboidimsents) theasubgechbiasrarfivatancreased it s
entirety for, all purposes_ as well as for the propositiagn t is recited.
Where any cb"ﬁ?lf‘i’r V%“QP’L‘@S@’\&%‘?VH‘I’E%@GH@H?W c‘?)‘f?)ﬁ?fgffi’aleﬁ??)r ef erence and
the present sﬁ‘lEjBét! &, .t,hﬁﬁ‘airefdfgl@co@@wlérﬁﬁ’ée'd?rim%ilréd fatiid Abcentia! Al Nformation
associ ated wth reféerence gene sequences disclosed 1n this application,
such as Geneulijsctdhathos 2D wapaied fastibg ghicose ithpalradggludose tadsrangs, e, genoni c

| oci, genom c se nges, functional ann igns, allelic variants, and

ref erence nﬁﬂ}l\g?a%e‘écﬁcﬂ(&dl &&F@e"éﬁwlﬂ%’%ﬂa ies or response el enents) and
pr ot ei nasequenceTabRUS Ryitte ¢ ABEEEIMESte O BbS Sﬁéﬂiﬁ%@ﬁti@ﬁ ofiN§lg 6fal Mt ur e
regions of a preprotein) are hereby incorporated by reference in their
entirety. 1BIWERSVPLI FI CATI ON MATERI ALS AND METHODS Patients and urine

sanpl es This study was conducted on 381 Chinese patients with type 2
di abetes who were recruited as part of the Singapore D abetes Cohort Study
(SDCS) 20 (Unoki et al 2008, Ng et al 2008). M d-stream spot urine sanples
were collected and transported chilled to the | aboratory, centrifuged and
stored at - 80C prior to analysis. A bumnuria was determ ned on the basis
of ACRs (ng/g) using comercially available kits for album n and creatini ne
measur enents (Exocell, Philadel phia, PA). Renal function (expressed as G-R)
25 was estimated using the sinplified Mddification of Diet in Renal D sease
(MDRD) equation where the estimated GFR (eGFR, ml/mn/1.73 nR) = 186.3 X
(plasma creatinine in ng/dl.,)- 1.154 x (age in years)4203 x (0.742 for
wonen) x (1.21 if subject is black) [NKF 2002]. Nephrin analysis and
Western bl otting 30For nephrin analysis, urine sanple volunmes correspondi ng
to a total protein quantity of 30Qug were precipitated with 10% (w/vol)
trichloroacetic acid in PBS on ice for 30 mn. Thereafter the sanples were
centrifuged for 10 WD 2011/129768PCT/ SG2011/000143 - 14 - min at 13000g at
+4C and the precipitate washed in ice-cold acetone. The sanples were then
air-dried and dissolved in Laenmi buffer (62.5 mmo1l/1 Tris-HCL , 10%
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The Student's t-test was used to conpare differences in neans between two
groups of interest. For skewed data, the non-paranetric equi val ent based on
t he W I coxonoriankiesum t est was used instead. The associ atirgeaonebyren t he
25 presence of inununo-reactive nephri/n fragnents in urine sanples were
eval uated using the Pearson's x,2 test. To investigate whether there is any
associ ation between nephrinuria and renal function i

al bum nuric ft at l@oﬂdjﬁgnacc [unt mlgttl pl e|LI i near 19gésE & on anal ysi s was
i npl enent ed. ForH Of
triglycerideg and 30di abete

O_F

I I'TIEU U
F&Ft‘é\‘tglﬁ}ﬁs”b"rl e
regression afal ysis. The redress8¥f0S8nal ylses were adPlsted for pptential
confounders uch as | og tridlyceri®es, walst 2Hilgmmell{280me/dhe,
appropriate. [All statisticall| \iohadasmal29y68PCT/ SG2091/ 000143 - |5 -
eval uati ons fere %)e?sed based glucaset wo-|si dexd 1tlesnoldt(200meg/dbnvefnt i onal 5%
| evel using PTATA (1 ¥%Si on ). RB®ULTS The main cliorcal characferistics
of the 381 patients are presentfdalgsiasmast|fatified by gpgnder (Table 1).

Mal es have | arger WHR ( P<0.QQ01), llugg\_.,%r | gel s of both LDL (P =0.(02) and
HDL chol estefol (P <0.001) to females. Western blot anafysis of

t he urine'sanIes u3|ng a body agalnst hunan neph in

reveal ed t he|-presenece } Appr oxi mat e
mol ecul ar we| ghmgaiged QBCOS§O Da. Z@Wﬂds&mlp@]ék/al efit fragnent
was that with a ntileendear wej ghtgkuf:o®0 kDa whi4dmgidlamd 288migfdlN 55| of 381

sanples (40.[9% . This was 14T heftrag i Da (1IB0/381,
34.1%, 25 kl[pa (88/381, 23. 1/@@%%@?%%%“ y lzﬁl}ng%qé(fa%fglm o . The
S ghly caof F ig ot he as seen

presence of fhese fragnments

in cross-tabfil dnipafied (d3ting. ﬂ 1 for all coppari son§l Suppl eneptary Tabl e
1). I n m.l|tlg1@¢‘ds@.te anjal yses, the pIr esenc% of 85¢ch t he flour
fragments wag associated witlh a decline ijp eGER ~val uell= 0.003)
(Table 2). Lpgarithmc formfof ACR (I n AQR) cﬁlg(’lﬁ&tdl Yg/dd a ,|gn|f|cant
i ndependent Er edictor of eGHR (Mbdel 1 in TabI eSADA guidalmeli t h t fle 20

del i berate retenblmtletsutjectmywwﬁtd Zabdles|@ADPor2) 2D) oLy gerRACe Of ei ther

the 25, 50 and 60 kDa fragnents renai ned significantly associated with a
| oss of eGFRf fimie] suehwas htiesst &, 6, @R mqmbs,exd;e%t&, 8r5.0ad; 8.9 19515 Da fr agnment

Statisti cal 201 e Bhmere Taght et ohpafilerl cEbee b BB 10T e ove the

overal | fit dfgnésedlad@iabedk o 3¢s8 thaiticRar,idp. Pescthan 120 18 G5R, Bazas] on R2
val ues (Tabl e 2 The association of a |lower eGFR with nephr| nuri a

t her ef or & wls4rb2, @mhmmhaea'hbyuwé mgytheRomgeplbuBHIieOr howsvarpiag| n
triglyeride el S0 Sinfl ) pvas expectedly
associ at ed \}é’vt%Ks 0@@% & n(\?vas L%dngﬂgrltc tsﬁéfer%gt)%dﬁdg?‘?on for the
conputing thn@xnbatﬂlmbhma(’%@blme e, eﬁlﬁlﬁimcigntdn@ rfopmal, levéle oR&buabin f r agnent
was the stron est redi ctor of eGFR espe y. after justnent for In ACR
(Tables 2). Eseé’mf'@ esmsistent With Agra%k &&yfa%%& a"ﬁg WA a loss in
eGFR of 6.5 / [ Bk ﬁ{é‘|3 0.07 to
13.03). Strgﬁl[qS |n(§ég1 %ﬁgggéggﬁ%gﬁp%?se%mgg{(}%rﬂ@%%% t he presence of the 25
kDa fr agﬁrentenﬂbbdtmnnts cavixadhasavyerizied by hlbnanit catafifieratn (ACR)nFot i ni cal

characteristics except for e R\/\/mchvva consi st ith t I tivariate
anal ysi s. DIeAHBPISsINFEHAN;EFHO WQ‘\?EP% PRI Sl%?i ﬁ% gﬁce of the

25 kDa fr agn&ethatt%otmwf B8 thaP52, @@r Q@rzl@ ng, zszl 901 0, ¢8N%e 5
(Suppl enentary Table : W& next sought to charact efi ze fhe potenti al
associ ation mg/g,rwﬂmm Sulmleets wmiayhas&aRy b;nrdrtg” kBil@ypfmtqtlentwhmhmy €

nor noal bum nuri a defined as,ha mul.tivariate
anal yses, n&#iPY" ﬁ%ﬁy AR ﬁléCheaQ&Oﬁ%i B TgR OgF™ tggoénn‘gglgﬁlﬂg{}?lt %ent was

si gni fi gant liMyRS38F, af &finkkddglomns filtaltiod G (EGPR). Kidhey Rauctibgul arly, the
presence of the 25 kDa fragnent was associated with a loss in eGFR of 17.29

(95%CI : 6. 5@1@@%10@)9%99;&5;18@, 703605 0a 10,630, 3@} \0SppsdhessifmopmalaCR (P =
0.002) (Table t f t
i ndep)em(zle(rjllt lﬁlfg)aalsé’?%?%rreggyé‘éeég%‘?’seb?%ngys\/\?%@?%ﬁ?ﬁ'%y hdéﬁ ggtl ent

sanpl es accQU@INgin/ 073 he, MheagNit enaylexcbe Sﬁﬁnkﬁﬁm/ﬂﬂagﬂzantsoﬂlﬁong t he
nor noal bum nuric patients did not reveal any significant differences in

clinical characteristics except for eGFR. ACR was slightly higher in the
presence of the 25 kDa fragnent but this did not reach formal statistical
significance (P = 0.077) (Supplenentary Table 3). 20 DI SCUSSI ON I n our
current study, 5.3% of nornoal bum nuric patients with type 2 diabetes
showed evi dence of nephrinuria as based on the presence of the 25 kDa
fragnent. Qur study has al so provided clinical |nf or ITB.tI on that supports
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2011/ 129768P
Type 2 di ab&°¢ éfp%;@ﬁ%n?gp%%sccl) -cl)-ﬁ)tg)(lljd%f 1% gﬁ {iljﬁﬁ&’ggi) 9]Ic\/lalcgl ?ﬁsg

183) Fenal enfznormé&S)Foﬁcﬂzﬂhple 1Ag:el:ta1wpaftlcﬁﬁr 3mbSd13ienﬁ;5a3u &:t&ih)y 66.1 (9.35)
0. 445 Di abetes_durati on, 5@) é‘d I-’tgs 0.947 BM,
kg/ m2 25. 64e§mb3@ye@§Rﬂf1€S§@m652é4 02, }500598é§ %1 0559§4( ,07) 0. 95

(9,09 05 9053 10,805 St 1 02, 00130 S Ml 1,00,
Di astolic" BH;ethmlhlg‘owded by the invention may be concurrently, previously, or
subsequently treated by methods .for regulating T2D, such as, modified diet, or
administration of insulin, metformin, sulfonylureas, nonsulfonyhirea
secretagogues, alpha glucosidase inhibitors, thiazolidinédiones, or
10  combinations thereof.
Suitable subjects can be at any body mass index (kg/m?), e.g., < 16
(sevefely underweight), 16-18.5 (underweight), 18.5-25 (normal), 25-30
(overweight), 30-35 (obese I), 35-40 (obese II) or >40 (obese III). In
particular embodiments, the subject may have a BMI of >25. In certain
15 embodiments, a subject may exhibit a waist to hip ratio (WHR) of about 0.30,
0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, or
1.00. In some embodiments, a subject may exhibit triglyceride levels of about
0.9,1.0,1.1,1.2,1.3,1.4,1.5,1.6,1.7, 1.8, 1.9, 2.0, or 2.1 (mmol/L) or In
triglyceride levels of about -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12, -13, or -
20 14.

Subjects may have any combination of the above vparameters. A
subject tested by the rhethods provided by the invention may exhibit 0, 1, 2, 3
or 4 nephrin degradation products. In particular embodiments, a subject
| determined to have reduced kidney function by the methods provided by the
25  invention exhibits at least 1, 2, 3 or 4 nephrin degradation products in a urine
sample. In more particular embodiments, a human subject determined to have
reduced kidney function by the methods of the invention exhibits,vin a urine
sample, at least one of the nephrin degradation pfoducts with apparent
molecular weights of 25 kDa, 50 kDa, 60 kDa or 75, kDa on an SDS-PAGE

30 = Western Blot under reducing conditions.



78.4 (6.70) 78.8 (6.85) 78.0 (6.54) 0.287 Triglycerides, mmol/L 1.3 (1.0 -
1.9) 1.3 (0.9 - 1.8) 1.4 (1.0 - 2) 0.272 LDL cholesterol, mml/L 3.05
(0.88) 2.wd200/20)s83. 20 (0.85) 0.002 HDL chol esterol, nmrolr/sic2d11280148€. 35)
1.10 (0.31) 1.36 (0.35) <0.001 ACR, n9-g 22 (8.9 - 61.2) 19.4 (8.2 -58.1)
23.6 (10.1 -64.4) 0.281 eGFR, mM/mn/1.73 n2 81.9 (25.2) 79.7 (23.88) 84.3
(26.4) 0.083 HData are presented as nean (SD) or nedian (interquartile
range). \WOKZR bhd w23 PCT/ SG2011/ 000143 - 19 - Table 2: Association of

eGFR with the presence o |nd|v du | muno- react f t

%81 ((j:hi nese di ab«ﬁ‘ ethads gread ‘Nb@@lm‘fn I0R {96 Eﬁ’?“‘%stﬁg:%) “;%!%“tr‘]‘n“ﬁ;? gm(egsﬁk) ICIn)
t andar di ze -8.84
s s Q% R fiabiod gidggctsggiek&mnag @ P&enéof riefrih M agment

degradation products indicates reduced renal function in a subject. Nephrin
5  degradation products may be detected by any means of protein detection
~ known in the art, including, for example, ELISA, Western Blotting, RIA
(radioimmunoassay), nucleic acid-based or protein-based aptamer techniques,
HPLC (high precision liquid chromatography), SPR (surface plasmon |
resonance), SAT (suspension array technology—including both immune-

10 based, aptamer-based, or combination methods), direct peptide sequencing
(such as Edman degradation sequencing), or mass spectrometry (such as
MS/MS). In particular embodiments, nephrin degradation products are
detected using an antibody that binds one or more nephrin degradation
products. In still more particular embodiments, the antibody binds the

15  sequence pedqlptepp sgisekteag seedrvrney e (SEQ ID NO: 2), which
corresponds to a fusion of amino acids 1045-1056 and 1097-1115 of SEQ ID
NO: 1. In other embodiments, the antibody binds to a sequence comprising an

~ amino acid.sequence at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99>, or
100% identical to SEQ ID NO: 2 or a fragment thereof that is at least 10, 12,

20 13,15, 18, 19,20, 25, or 30 amino acids in lengfh. For example, in more
particular embodiments, the antibody binds to a sequence that is at least 60,
65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical to amino acids 1 to
12 of SEQ ID NO: 2, while in other partiéular embodiments, the antibody
binds to a sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, '97., 98, 99,

25  or 100% identical to amino acids 13-31 of SEQ ID NO: 2. In certain
embodiments, antibodies for use in the methods and kits provided by the
invention bind any of the foregoing antigens with a Ka of greater than about
1.0x10%, 5.0x10%, 1.0x107, 5.0x107, 1.0x10%, 5.0x10%, 1.0x10° M"', or more.

The term “antibody,” as used herein, refers to any polypeptide |

30 comprising an antigen-bindihg site regardless of the source, species of origin,

| method of production, ahd characteristics. In particular embodiments, an

antibody is an immunoglobulin or an antigen-binding fragment thereof. Asa



In triglycerides -8.33 (-12.52 to -4.14) -0.175 <0.001 VHR -59.80 (-93.33

to -26.27)

-0. 158 <0. 001 Age -1.28 (-1.53 to -1.04) -0.458 <0.001 Model

2 (iwol2edimngrekn ACR) 25 I cDa fragnent -6.55 (»t3/56301t1®00133 07)
-0.110 0.047 31.42 In ACR-0.96 (-2-80-to 0.67) -0.065 0.245 In
triglycerides -8.06 (-12.27 to -3.85) -0.169 <0.001 VHR

10

15

20

25

30

non-limiting example, the term “antibody” includes human, orangutan,
macaque, camel, mousé, rat, rabbit, goat; sheep; and chicken antibodies. The
term includes but is not limited to polyclonal, monoclonal, monospecific,
polyspecific, non-speciﬁc,'humanized, camelized, single-chain, chimeric,
synthetic, recombinant, hybrid, mutated, and CDR-grafted antibodies. For the
purposes of the present invention, it also includes, unless otherwise stated,
antibody fragments such as Fab, F(ab')2, Fv, scFv, Fd, dAb, VHH (also |
referred to as nanobodies), and other antibody fragments that retain the
antigen-binding function. Antibodies also include antigen-binding molecules
that are not based on immunoglobulins, as further described below.
~ Antibodies to nephrin can be made, for example, via traditional

hybridoma techniques (Kohler and Milstein, Nature 256: 4_95-499 (1975)),
recombinant DNA methods (U.S. Patent No. 4,816,567), or phage display
techniques using antibody libraries (Clackson et al., Nature 352: 624-628
(1991); Marks et al., J. Mol. Biol. 222: 581-597 (1991)). For various other
antibody production techniques, see Antibodies: A Laboratory Manual, eds.
Harlow et al., Cold Spring Harbor Laboratory, 1988.

~ In some embodiments, the term “antibody” includes an antigen- |
binding molecule based on a scaffold other than an immunoglobulin. For
example, non-immunoglobulin scaffolds known in the art include small
modular immunopharmaceuticals (see, e.g., U.S. Patent Application
Publication Nos. 2008/0181892 and 2008/0227958 published July 31, 2008
and September 18, 2008, respectively), tétranectins, fibronectin domains (e.g.,
AdNectins, see U.S. Patent Application Publication No. 2007/00823 65,
published April 12, 2007), protein A, lipocalins (see, e.g., U.S. Patent No.
7,118,915), ankyrin repeats, and thioredoxin. Molécules based on non-
immunoglobulin scaffolds are genérally produced by in vitro selection of
libraries by phage display (see, e.g., Hoogenboom, Method Mol. Biol. 178:1-
37 (2002)), ribosome display (see, e.g., Hanes et al., FEBS Lett. 450:105-1 iO
(1999) and He and Taussig, J. Immunol. Methods 297:73-82 (2005)), or other
techniques known in the art (see also Binz et al., Nat. Biotech. 23:1257-68
(2005); Rothe et al;, FASEB J. 20:1599-1610 (2006); and U.S. Patent Nos.



-59.18 (-92.71 to -25.66) -0.156 0.001 Age -1.27 (-1.52 to -1.03) -0.455
<0. 001 Model 1 Estinmate (95% Cl) Standardi zed P-value R2 (without in
ACR) estwomba/129%8 | cDa fragnent 50 IcDa fragnent -7.63ctst620@0061a3 - 3. 03)
-0.144 0.001 32.03 In triglycerides-1B:26 (-12.46 to -4.07) -0.173 <0.001
WHR -63.37 (-96.79 to -29.96) -0.167 <0.001 Age -1.31 (-1.55 to -1.06)
-0. 466 <0.001 Model 2 . '

7,270,950; 6,518,018; and 6,281,344) to identify high-affinity binding -

sequences.
In particular embodiments, the methods of the invention include the
step of detecting nephrin dégradation products in a sample from a subject by
5  Western Blot using a nephrin antibody that recognizes nephrin degradation
| products. The sample from the subject may be, for example, a blood or urine
sample, and in particular embodiments is a urine sample. The sample may be
prepared by any means suitable for the particular detection method emponed.
For example, in particular embodiments, a urine sample may be precipitated,
10  for example, with trichloroacetic acid, centrifuged, optionally washed, and
then resuspended in a suitable volume of buffer, such as Laemmli, before
analysis. Pre-analysis may also include heating, for example, at about 60, 70,
80, 90, or 95°C for a sufficient period of time, e.g., about 1, 2, 3, 4, 5, 10, 15,
or more minutes. In particular embodiments, a urine sample to be analyzed by
15  the methods provided by the invention is provided in a volume sufficient to
contain at least 10, 15, 20, 25, 30, 35 pug, or more, of protein. In particular
embodiments, the urine sample provides approximately 30 pg of protein. In
certain particular embodiment, a urine sample may be processed before
precipitation, e.g., the sample is briefly centrifuged to produce a substantially
20  cell-free sample for analysis. The sample may be frozen for later analysis or
processed immediately.
| Treatment methods provided by the invention may include the steps of
any of the diagnostic methods described in the application and further include
the step of providing a suitable prophylaxis to a subject found to have reduced
25  kidney function. Suitable prophylaxis for reduced kidney function are known
in the art and include, modified diet, modified activity schedule, modified
fluid intake, modified osmolyte (e.. g., salt) intake (e.g., a reduction of 5, 10,
15, 20, 30, 40, 50, 60, 70, 80, 90, 95% or more of the USRDA of salt intake),
administering antagonists o‘f the renin-angiotensin system (RAS) /renin- |
30 angiotensin-aldosterone system (RAAS) pathway, dialysis, kidney transplant,

or any combination of the foregoing.



(i ncluding In ACR 50 I cDa fragnent -5.67 (-10.87 to -0.48) -0.107
0.032 32.50 In ACR -1.19 (-2.67 to 0.30) -0.080 0.116 in triglycerides
-7.94 (- BROoLb11t9768. 74) -0.167 <0.001  VHR -61. 36 (-94pr80/SGaor1d60192)
-0.162 <0.001 Age -1.29 (-1.53 to -12904) -0.459 <0.001 WD 2011/129768 -
20 - PCT/S&011/000143 Mbdel 1 (without in ACR) Estimate (95% Cl)
St andar di zed estimate

Examples of RAS pathway antagonists are known in the art and

include inhibitors of various components of the RAS pathway, including e.g., |
antibodies or vaccines, dominant negative proteins, aptamers, and small
molecule antagonists of RAS pathWay components, including combinations
5  thereof. Components of the RAS pathway and specific inhibitors are known
~ and include renin inhibitors (e. g., aliskiren, remikiren, and enalkiren), ACE
(angiotensin-converting enzyme) inhibitors (e.g., benazepril, captopril,
enalapril, fosinopril, imidapril, lisinopril, perindopril, quinapril ahd ramipril,
zofenopril, as well as casokinins, lactokinins and lactopeptides, such as Val-
10  Pro-Pro or Ile-Pro-Pro), inhibitors of angiotensin II signaling (e.g., antagonists
of its receptors; particular AnglI receptor antagonists include azilsartan,
candesartan, eprosartan, exp 3174, irbesartan, losartan, olm_esarté.n,
telmisartan, and valsartan). In more particular embodiments RAS-pathway
inhibitors can prevent formation of renal fibrosis. In some embodiments, renal
15  fibrosis can be prevented or ameliorated by additional method known in the
art, such as antagonism of TGF-p activity, for example, by small molecules,
antibodies, or receptor decoys, such as receptor-Fc fusions.
The kits provided by the invention may include some or all of the
components needed to perform. any of the methods of the invention. For
20  example, in certain embodiments, a kit includes a nephrin antibody that
recognizes nephrin degradation products. The kit may include further
elements, such as instructions for use, and/or suitable controls, such as one or
more nephrin degradation products. In cértain embodiments, the antibody in
the kit is associated with a specialized device, such as a dip test lateral flow
25  device (e.g., an immunochromatographic device), as well as immunomagnetic
devices and non-immune-based devices, such as apfamer or small-molecule
based devices. In particular embodiments, the devices provided in the kits
may be one-time use devices.
It should be understood that for all numerical bounds describing sorﬁe
30  parameter in this application, such as “about,” "at least," "less than," and
* "more than," the description also necessarily encompasses any range bounded

by the recited values. Accordingly; for example, the description at least 1, 2,



P-value R2 60 kDa fragnent 60 kDa fragnment -7.53 (-12.03 to -3.03) -0.148
0.001 32.06 In triglycerides -7.59 (-11.81 to -3.37) -0.159 <0.001 VHR
-63. 58 (-W6.208/12976830. 17) -0.167 <0.001  Age -1.27 (-1pbi/scaoribo®@d} -0.452
<0. 001 Model 2 (including In AR 60 kDa fragnent -5.54 (-10.86
to -0.21) -0.109 0.042 32.42 In ACR-1.08 (-2.63 to 0.47) -0.072 0.172

3, 4, or 5 also describes, inter alia, the ranges 1-2, 1-3, 1-4, 1-5, 2-3, 2-4, 2-5,
3-4, 3-5, and 4-5, et cetera. .- |
For all patents, applications, or other reference cited herein, such as
non-patent literature and réference- sequence information, it should be
5  understood that it is incorporated by reference in its entirety for all purposes as
well as for fhe proposition that is recited. Where any conflict exits between a
document incorporated by reference and the present application, this
application will control. All information associated with reference gené
sequences disclosed in this application, such as GenelDs or accession
10  numbers, including, for example, genomic loci, genomic sequences, functional
annotations, allelic variants, and reference mRNA (includihg, e.g., exon
boundaries or response elements) and protein sequences (such as conserved
domain sfructures and/or mature regions of a preprotein) are hereby

incorporated by reference in their entirety.

15 EXEMPLIFICATION
MATERIALS AND METHODS
Patients and urine samples ,

This study was conducted on 381 Chinese patients with type 2 diabetes
who were recruited as part of the Singapore Diabetes Cohort Study (SDCS)

20  (Unoki et al 2008, Ng et al 2008). Mid-stream spot urine samples were
collected and transported chilled to the laboratory, centrifuged and stored at -
80 °C prior to analysis. Albuminuria was determined on the basis of ACRs
(mg/g) using commercially available kits fof albumin and creatiniﬁe
measurements (Exocell, Philadelphia, PA). Renal function (expressed as GFR)

25 was estimated using the simplified Modification of Diet in Renal Disease
(MDRD) equation where the estimated GFR (eGFR, ml/min/1.73 m?) = 186.3

1.154

x (plasma creatinine in mg/dL)
x (1.21 if subject is black) [NKF 2002].

X (age in years) *2* x (0.742 for women)

Nephrin analysis and Western blotting
30 For nephrin analysis, urine sample volumes corresponding to a total
protein quantity of 30ug were precipitated with 10% (wt/vol) trichloroacetic

acid in PBS on ice for 30 min. Thereafter the samples were centrifugéd for 10



In triglycerides -7.48 (-11.69 to -3.26) -0.157 0.001 VHR -61.75 (-95.21
to -28.28) -0.163 <0.001 Age -1.26 (-1.50 to -1.01) -0.449 <0.001 Model
1 (withouwoi11AGR)6sESti mate (95% Cl) St andardi sed esti mere/se2valou@4iR2 75
kDa fragment 75 IcDa fragment -9.11 {145.18 to -3.04) -0.132 0.003 31.66
In triglycerides -7.76 (-11.99 to -3.54) -0.163 <0.001 VWHR -63.21 (-96.72
to -29.70) -0.166 <0.001 Age -1.29 (-1.54 to -1.05) -0.461 <0.001

min at 13000g at +4°C and the precipitate washed in ice-cold acetone. The

sambles were then air-dried and dissolved in Laemmli buffer (62.5 mmol/l
Tris-HCl , 10% glycerol, 2% SDS, 5% 2-mercaptoethanol and 0.05% _
bromophenol blue) and heéted at 95°C for 5 min. The samples were analyzed
5  in 10% polyacrylamide gels with the Protean Mini-gel electrophoresis system
| using ready gels (Biorad Laboratories, Hercules, CA ). A nephrinuric urine
sample from a patient with type I diabetes was used as positive control in
every gel. After electrophoresis, the proteins were transferred onto
nitrocellulose filters (Amersham Biosciences, Buckinhamshire, UK) and
10  blocked for 2 hours at room temperature with 3% non-fat dried milk (Valio,
Helsinki, Finland) in PBS. Thereafter the filters were soaked in primary anti-
nephrin antibody in PBS containing 1% milk as above and 0.02% sodium
azide at room tempertaure, followed by thorough washes in PBS containing
0.2% Tween 20. The filters were then incubated with horseradish peroxidase-
15 labeled second antibodies for one hour at room temperature and washed as
above. The bound antibody was detected with Super Signal ECL substrate
(Pierce, Rogkford, IL). The presence of protein bands with the antibody
~ staining was regarded as positive for nephrinuria. The typical prominent bands
were detected at 25, 50, 60 and 75kDa areas with variable intensities and
20  individual expression patterns as compared with the standards ladder.
Statistical analysis
The Student’s #-test was used to compare differences in means between
two groups of interest. For skewed data, the non-parametric equivalent based
on the Wilcoxon rank sum test was used instead. The associations between the
25  presence of immuno-reactive nephrin fragments in urine samples were
evaluated using the Pearson’s ¥ test. To investigate whether there is any
association between nephrinuria and renal function, while taking albuminuric
status into account, multiple linear regression analysis was implemented. Log
transformation was carried out on skewed data such ACR, triglycerides and
30 diabetes duration prior to the multiple linear regression analysis. The
regression analyses were adjusted for potential confounders such as log

triglycerides, waist hip ratio and age, where appropriate. All statistical



Model 2 (i ncluding in ACR 75 kDa fragnent -5.74 (-13.47 to 1.99)
-0.083 0.145 32.03 In ACR-1.18 (-2.85 to 0.50) -0.079 0.168 in
triglycerwdesiidofié (-11.87 to -3.42) -0.160 <0.001 WHBTASGR0UM(1495. 05 to
-27.93) -0.162 <0.001 Age -1.28 (-41%2 to -1.04) -0.457 <0.001 WO

2011/ 129768PCT/ SG2011/ 000143 - 21 - Table 3. Association of eGFR with the
presence of individual imuno-reactive nephrin fragments anmong 228 patlents
Wi t h nor noalebaluativas iverd AR ssd Bisettph@)two- didlndlethst.‘at the conventional 5%

level using STATA (VCI‘SlQH 10).
RESULTS
The main clinical éharacteristics of the 381 patients are presented as
5  stratified by gender (Table 1). Males have larger WHR (P<0.001), lower levels
~ ofboth LDL (P =0.002) and HDL cholesterol (P < 0.001) compared to
females. Western blot analysis of the urine samples using a monoclonal
antibody against human nephrin revealed the presence of up to four distinct
protein bands with approximate molecular weights of 25, 50, 60, and 75 kDa.
10  The most prevalent fragment was that with a molecular weight of 60 kDa
which occurred in 155 of 381 samples (40.7%). This was followed by the
fragments at 50 kDa (130/381, 34.1%), 25 kDa (88/381, 23_.1%); and lastly, 75
kDa (59/381, 15.4%). The presence of these fragments was highly correlated
with each other as seen in cross-tabulations (P < 0.001 for all comparisons)
15  (Supplementary Table 1).
In multivariate analyses, the presence of each of the four fragments
was associated with a decline in eGFR (largest P-value = 0.003) (Table 2).
: LogarithmiC form of ACR (In ACR) did not emerge as a significant
independent predictor of eGFR (Model 1 in Tables 2). Even with the
20  deliberate retention of In ACR (Model 2 in Table 2), the presence of either the
25, 50 and 60 kDa fragments remained significantly associated with a loss of
¢GFR (all P values < 0.05). The exception was the 75 kDa fragment which
while showing a trend towards a loss of eGFR, did not reach statistical
significance (Table 2). Inclusion of In ACR did not improve the overall fit of
25  the regression model in predicting eGFR based on R2 values (Table 2). The
association of a lower eGFR with nephrinuria therefore was not confounded
by the albuminuric status. WHR and In triglyeride levels emerged as
significant covariates. Age was expectedly associated with eGFR since it was
used in the MDRD equation for the computing this variable (Table 2).
30 Among the four, the 25 kDa fragment was the strongest predictor of
eGFR especially after adjustment for In ACR (Tables 2). The presence of this
fragment was associated with a loss in eGFR of 6.55 ml/min/1.73 m? (95%



(without In ACR) Estimate (95% Cl) Standardi zed estimate p-value R2 25 | dDa
fragment 25 | cDa fragnent -16.58 (-27.31 to -5.86) -0.164 0.003 41.65 In

triglycerwdesiyidgo®® (-12.63 to -2.98) -0.172 0.002 VHRCTAG208/0001311. 97 to
-39.59) -0.221 <0.001 Age -1.32 (-1168 to -1.06) -0.532 <0.001 Model 2

(including In ACR) 25 | cDa fragment -17.29 (-28.01 to -6.56) -
0.002 42.31 In ACR d ( .56) -0.171

confidence interval: 0.07 to 13.03). Stratifying the patient samples according
to the presence of the 25 kDa fragment did not reveal any significant o
differences in clinical characteristics except for eGFR which was consistent
with the multivariate analysis. Diabetes duration and WHR were greater in the
5  presence of the 25 kDa fragment but these were only of borderline
| significance (Supplementary Table 2). ,

We next sought to characterize the potential association of nephrinuria
with eGFR among 228 patients with normoalbuminuria as defined as héving
an ACR <= 30 mg/g. In multivariate analyses, nephrinuria with the exception

10  of the 75 kDa fragment was significantly associated with a loss of eGFR
~ (Table 3). Particularly, the presence of the 25 kDa fragment was associated
with a loss in eGFR of 17.29 (95%CI: 6.56 to 28.01) mi/min/1.73 m? after
adjustment for In ACR (P = 0.002) (Table 3). In triglycerides and WHR
emerged as significant independent predictors of eGFR (Tables 3). Stratifying
15  the patient samples according to the presence of the 25 kDa fragment among
the normoalbuminuric patients did not reveal any significant differences in
clinical characteristics except for eGFR. ACR was slightly higher in the
‘ preéence of the 25 kDa fragment but this did not reach formal statistical rv
significance (P = 0.077) (Supplementary Table 3).
20 DISCUSSION '

In our current study, 5.3% of normoalbuminuric patients with type 2
diabetes showed evidence of nephrinuria as based on the presence of the 25
kDa fragment. Our study has also provided clinical information that supports
this novel role of nephrin in modulating renal function. This positive ﬁnding

25  was not only independent of albuminuria, but notably, it gained further
statisticai strength when the study was confined to normoalbuminuric diabetic
patients.

Our finding has raised an intriguing biological question as to whether
there is already early damage to the SD even in these normoalbuminuric

30  patients. Our results clearly show that a subset of these patients present with
both nephrin fragments and albumin early on during their disease cbufse as

measurable in the urine. For However, subsequent uptake of albumin at the



2.62 (-0.74 to 5.97) 0.082 0.126 In triglycerides -7.67 (-12.49 to -2.86)

-0.169 0.002 WHR -75.59 (-111.66 to -39.52) -0.221 <0.001 Age -1.34

(-1.60 t ovoRoDBR97®. 540 <0. 001  Mbddel 1 (without |n ACRrTESRITALE4§95% Cl)

St andardi zed estinmate p-value R2 50 IrpDa fragnent 50 IcDa fragnent -5.72

(-11.75 to -0.32) -0.100 0.064 40.04 1In triglycerides -7.14 (-12.00 to

-2.28) -0.157 0.004 WHR -79.58 (-116.27 to -42.89) -0.232 <0.001 Age
proximal tubules by the specific endocytotic mechanism employing the-

megalin-cubulin protein complex could have delayed the clinical appearance

of microalbuminuria. Consistent with this notion, a recent proteomic study

reported that enhanced excfetion of megalin and cubulin in the urine (possibly
5 reflecting damage to the proximal tubular uptake mechanism) was associated

~ with the appearance of microalbuminuria in type 1 diabetic patients (Thrailkill

2009); In contrast to albumin reabsorption, it is much less clear whether

nephrin fragments that have been shed into the urinary space early on could be

.actively taken up at the proximal tubules.

10 It would seem plausible that early damage to the podocytes, as
indicated by nephrinuria, could potentially impact glomerular filtration. In
conclusion, nephrinuria may provide new clinical insights into renal biology in
diabetes even in normoalbuminuric patients who have traditionally been
perceived as having a low risk of chronic kidney disease.
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-1.36 (-1.62 to -1.09) -0.547 <0.001 Model 2 (including In ACR
50 IcDa fragnent -6.22 (-12.28 to -0.16) -0.109 0.044 40.67 |In ACR 2.55
(-0.86 towb.201)12076880 0. 142 In triglycerides -7.00 (-ptT86201/0001414)
-0. 154 0. 005 VWHR -79.63 (-116.22 to1g43.04) -0.232 <0.001 Age -1.38
(-1.64 to -1.11) -0.555 <0.001 WO 2011/ 129768 - 22 -

Table 1. Characteristics of Chinese Type 2 diabetic patients according to gender

Total Male ’ Female p-value

(n=1381) (n=183) ’ (n=198)
Age, year o 65.7 (9.3) 65.3 (9.30) 66.1 (9.35) 0.445
Diabetes duration, yr 6(2-15) 6(2-15) 5.53-15) ©0.947
BMI, kg/m’ 25.64 (4.36) 25.70 (4.40) 25.59 (4.34) - 0.801
WHR 0.91 (0.07) 0.95 (0.06) 0.88 (0.05) ©<0.001
HbAlc, % : 7.19 (0.99) 7.28 (0.99) 7.11 (1.00) 0.107
Systolic BP, mmHg 132.6 (12.15) 132.0 (12.58) 133.2(11.67) 0.334
Diastolic BP, mmHg 78.4 (6.70) 78.8 (6.85) 78.0 (6.54) 0.287
Triglycerides; mmol/L 1.3(1.0-19) 13(09-18)  14(1.0-2) 0.272
LDL cholesterol, mmol/L 3.05(0.88) 2.91(0.90) 3.20 (0.85) 0.002
HDL cholesterol, mmol/L 1.23 (0.35) 1.10 (0.31) 1.36 (0.35) <0.001
ACR, mg/g 22(8.9-61.2) 19.4(82-58.1) 23.6(10.1-644)  0.281
eGFR, ml/min/1.73 m’ 81.9 (25.2) 79.7 (23.88) 84.3 (26.4) 0.083

5 Data are presented as mean (SD) or median (interquartile range).



PCT/ SG2011/ 000143 Model 1 (without In ACR) Estimate (95% Cl) Standardi zed
estimate p-value R2 60 | cDa fragnent 60 |cDa fragnent -7.50 (-13.30 to
-1.69) -0VO3V11012068 40.88 In triglycerides -6.38 (-11. PE2T{S62011/08¢043 - 0. 141
0.010 WHR -79.13 (-115.54 to -42.72)9-0.231 <0.001 Age -1.31 (-1.58 to
-1.05) -0.530 <0.001 Model 2 (including In ACR 60 | cDa
fragment -8.49 (-14.37 to -2.61) -0.156 0.005

Table 2: Association of eGFR with the presence of individual immuno-reactive nephrin

fragments in 381 Chihese diabetic patients

Model 1 Estimate (95% CI) Standardized  P-value R’
(without In ACR) - ' estimate o

25 kDa fragment 25 kDa fragment -8.84 (-14.05 to -3.63) -0.148 0.001 32.12
In triglycerides -8.33 (-12.52 to -4.14) 0.175 <0.001 '
WHR -59.80 (-93.33t0-26.27)  -0.158 <0.001
Age -1.28 (-1.53 to -1.04) -0.458 . <0.001
Model 2
(including In ACR)
25 kDa fragment -6.55 (-13.03 t0 -0.07) -0.110 0.047 31.42
In ACR ' -0.96 (-2.60 to 0.67) -0.065 0.245
In triglycerides -8.06 (-12.27 to -3.85) -0.169 <0.001
WHR -59.18 (-92.71 t0 -25.66)  -0.156 0.001
Age -1.27 (-1.52 to -1.03) -0.455 <0.001
Model 1 Estimate (95% CI) Standardized  P-value R’
(without In ACR) estimate

50 kDa fragment 50 kDa fragment -7.63 (-12.22 to0 -3.03) -0.144 0.001 32.03
In triglycerides -8.26 (-12.46 to -4.07) -0.173 <0.001
WHR -63.37 (-96.79 t0 -29.96)  -0.167 <0.001
Age -1.31 (-1.55 to -1.06) -0.466 <0.001
Model 2
(including In ACR)
50 kDa fragment -5.67 (-10.87 to -0.48) -0.107 0.032 32.50
lnACR -1.19 (-2.67 to 0.30) -0.080 0.116
In triglycerides 794 (-12.15t0-3.74) ~  -0.167 <0.001
WHR -61.36 (-94.80 t0 -27.92)  -0.162 <0.001

Age -1.29 (-1.53 t0 -1.04) -0.459 <0.001




41.77 1In ACR 3.09 (-0.33 to 6.51) 0.097 0.076 In triglycerides -6.12
(-10.94 to -1.29) -0.135 0.013 WHR -79.17 (-115.38 to -42.95) -0.231
<0.001 woeotil28ds(-1.59 to -1.07) -0.537 <0.001 Modekrhkchvsiobous in
ACR) Estimate (95% Cl) Standardi zed egyimate p-value R2 75 IcDa fragnment 75
|cDa fragnment 3.54 (-14.28 to 21.37) 0.021 0.696 39.08 1In triglycerides
-6.93 (-11.82 to -2.03) -0.153 0.006 WHR -78.71 (-115.81 to -41.61)

-0. 230 <0.001

Model 1 Estimate (95% CI) Standardized  P-value R?

(without In ACR) estimate
60 kDa fragment 60 kDa fragment - -7.53 (-12.03 to -3.03) -0.148 0.001 32.06
In triglycerides -7.59 (-11.81t0-3.37) . -0.159 <0.001
“WHR -63.58 (-96.98 t0 -30.17)  -0.167 <0.001
Age -1.27 (-1.51 t0 -1.02) -0.452 <0.001
Model 2
(including In ACR)
60 kDa fragment -5.54 (-10.86 to -0.21) -0.109 0.042 3242
In ACR -1.08 (-2.63 to 0.47) -0.072 0.172
In triglycerides -7.48 (-11.69 to -3.26) -0.157 0.001
WHR -61.75 (-95.21 t0 -28.28)  -0.163 <0.001
Age -1.26 (-1.50 to -1.01) -0.449 <0.001
Model 1 _ Estimate (95% CI) Standardised  P-value R’
(without In ACR) estimate
75 kDa fragment 75 kDa fragment -9.11 (-15.18 to -3.04) -0.132 0.003. 31.66
o In triglycerides -7.76 (-11.99 to -3.54) -0.163 <0.001
WHR ' -63.21 (-96.7210-29.70)  -0.166 <0.001
Age -1.29 (-1.54 to -1.05) -0.461 <0.001
Model 2
(including In ACR)
75 kDa fragment -5.74 (-13.47 to 1.99) -0.083 0.145 32.03
In ACR -1.18 (-2.85 t0 0.50) -0.079 0.168
In triglycerides -7.64 (-11.87 to -3.42) -0.160 <0.001
WHR -61.49 (-95.05t0-27.93)  -0.162 <0.001

Age -1.28 (-1.52 t0 -1.04) -0.457 <0.001




Age -1.36 (-

0. 227

(-115.49 to -41.36)

<0. 001

1.63 to -1.10)

in urine sanples o

_ -0.551 <0.001
Estimate (95% Cl) Standardi zed estimate p-value R2 75 IcDa fragnment
(-15.50 tw020113@¥7680. 015 0. 792 39.51

-0.229 <0.001
WO 2011/ 129768PCT/ SG2011/000143 -

di abetic
fragments among)éQS patients with normoalbuminuria

Mbdel

23 -

2 (including in ACR

-2.40

1 _ In ACR -2.12 (-1. ?8TISG261160143 0. 066
In triglycerides -6.79 (-11.68to0 -1.89) -0.149 0.007

Age -1.38 (-1.65 to -1.11)

VHR -78. 42

-0.557

Suppl enentary Table 1.

Associ at i onhgt Weﬁilo&d”ﬁ@n Bf 66B0GAn @fe frbienck HIHIR iduf AifkruiEref @ fidphrinl T agment s
atlenEACR(<IJO P <0 0001) 25 kDa - - -

f ragnment
Model 1 Estimate (95% CI) Standardized  p-value R?
(without In ACR) estimate
25 kDa fragment 25 kDa fragment -16.58 (-27.31 to -5.86) -0.164 0.003 41.65

In triglycerides -7.80 (-12.63 to -2.98) -0.172 0.002

WHR 27578 (-111.97 10 -39.59)  -0.221 <0.001

Age -1.32 (-1.58 to -1.06) -0.532. <0.001

Model 2

(including In ACR)

25 kDa fragment -17.29 (-28.01 to -6.56) -0.171 0.002 4231
In ACR 2.62 (-0.74 t0 5.97) 0.082 0.126

In triglycerides -7.67 (-12.49 to -2.86) -0.169 0.002

WHR -75.59 (-111.66 t0 -39.52)  -0.221 <0.001

Age -1.34 (-1.60 to -1.08) -0.540 <0.001

Model 1 Estimate (95% CI) Standardized  p-value R?
(without In ACR) estimate '

50 kDa fragment 50 kDa fragment -5.72 (-11.75 t0 -0.32) -0.100 0.064 40.04

In triglycerides -7.14 (-12.00 to -2.28) -0.157 0.004

WHR -79.58 (-116.27 to -42.89)  -0.232 <0.001

Age -1.36 (-1.62 to -1.09) -0.547 <0.001

Model 2

(including In ACR)

50 kDa fragment -6.22 (-12.28 to -0.16) -0.109 0.044 40.67
In ACR 2.55 (-0.86 to 5.97) 0.080 0.142

In triglycerides -7.00 (-11.85 to -2.14) -0.154 0.005

WHR -79.63 (-116.22 to -43.04) -0.232 <0.001

Age -1.38 (-1.64 to -1.11) -0.555 <0.001




Tot al

YTot al
YTot al
YTot al
YTot al
YTot al

50 kDa fragment N24011251 5377130 Tot al 29388381 25 | cDa fragnent

60 | cDa fragnment N2206226 Y7382155 Tot al 29388381 25 kDa fragnent
75wkDba1 finemeent N28537322 Y85159 Tot al 29388381 50 pkDachoragoens

60 kDa fragment N20719226 Y44114155 Total 251130381 50 kDa fragment
75 kDa fragnment N25072322 Y15859 Tot al 251130381 60 kDa fragnent
75 I cba fragnent N22696322 Y05959 Tot al 226155381 WO

2011/ 129768PCT/ SG011/ 000143 -24 7 Suppl ementary Table 2. Characteristics

of Ch

the 25 kDa i nmunkodeERCt i Ve neplHstimaté (955G TBNt

ToSahdafdived 38iyaliées (RI = 88)

No (n = 293) p-velitiet loavaer, n (% estimate
60 kDa fragment 60 kDa fragment -7.50 (-13.30 to -1.69) -0.137 0.012 40.88
In triglycerides -6.38 (-11.22 to -1.54) -0.141 0.010
WHR -79.13 (-115.54 t0 -42.72)  -0.231 <0.001
Age -1.31'(-1.58 to -1.05) -0.530 <0.001
Model 2
(including In ACR)
60 kDa fragment -8.49 (-14.37 to -2.61) -0.156 0.005 41.77
In ACR 3.09 (-0.33 to 6.51) 0.097 0.076
In triglycerides -6.12 (-10.94 to -1.29) -0.135 0.013
WHR -79.17 (-115.38 to -42.95) -0.231 <0.001
Age -1.33 (-1.59 to -1.07) -0.537 <0.001
Model 1 v Estimate (95% CI) Standardized p-value R?
(without In ACR) estimate
75 kDa fragment 75 kDa fragment 3754 (-14.28 t0 21.37) 0.021 0.696 39.08
‘ In triglycerides -6.93 (-11.82 t0 -2.03) -0.153 0.006
WHR -78.71 (-115.81 to -41.61) -0.230 <0.001
Age -1.36 (-1.63 to -1.10) -0.551 <0.001-
Model 2 Estimate (95% CI) Standardized p-value R?
(including In ACR) estimate
75 kDa fragment -2.40 (-15.50 to 20.30) -0.015 0.792 39.51 .
In ACR -2.12 (-1.33 to 5.56) -0.066 0.227
In triglycerides -6.79 (-11.68 to -1.89) -0.149 0.007
WHR -78.42 (-115.49 to -41.36) -0.229 <0.001
Age -1.38 (-1.65 to -1.11) 0.557 <0.001




Mal e 198 (52.0) 52 (59.1) 146 (49.8) 0.127 Fenale 183 (48.0) 36 (40.9) 147
(50.2) Age, year 65.7 (9.3) 67.0 (10.3) 65.3 (8.99) 0.122 D abetes

dur at i on,wWQeari/1267682- 15) 9 (2.5-18) 6 (2-13) 0.048 BM, PK§/S6R011280183 (4. 36)
25.45 (4.60) 25.70 (4.30) 0.640 WHR-2ZB91 (0.07) 0.93 (0.07) 0.91 (0.07)
0.066 HObA' 1 ¢, % 7.19 (0.99) 7.32 (1.15) 7.16 (0.94) 0.181 Systolic BP,
mg 132.6 (12 15) 133.0 (13.24) 132.4 (11.83) 0.723 Diastolic BP, mTHg

Supplementary Table 1. Association between the presence of the immuno-reactive’ nephrin

fragments in urine samples of type 2 diabetic patients (all P <0.0001)

25 kDa fragment
N Y Total
50 kDa fragment N 240 o 251
Y 53 77 130
Total . 293 . 88 381
25 kDa fragment
N Y Total
60 kDa fragment N 220 6 226
Y 73 82 155
Total 293 88 381
25 kDa fragment
N Y Total
75 kDa fragment N 285 37 322
Y 8 51 59
Total 293 88 381
50 kDa fragment
N Y Total
60 kDa fragment N 207 - 19 226
Y 44 111 155
Total 251 130 381
50 kDa fragment
N Y Total
75 kDa fragment N 250 72 322
Y 1 58 59
Total 251 130 381
60 kDa fragment
N Y Total
75 kDa fragment N 226 96 322
. Y 0 - 59 59

Total 226 155 - 381




78.4 (6.70) 78.1 (7.13) 78.5 (6.58) 0.556 Triglycerides, mvol/L 1.3 (1.0 -
1.9) 1.4 (1.0 - 2.0) 1.3 (1.0 - 1.9) 0.492 Cholesterol, nmol/L 5.04 (0.90)
4.97 (0. 999 2811089768. 90) 0.468 LDL chol esterol, nunol/L P8TG&2010/088H3 2. 92
(0.94) 3.09 (0.87) 0.129 HDL chol estezl, mmol/L 1.23 (0.35) 1.20 (0. 34)
1.24 (0.35) 0.391 ACR, ng/g 22 (8.9 - 61.2) 179.9(47.1- 14.5 (7.2 -31.5)
0. 249 763.9) eGFR, m/mn/1.73 n2 81.9 (25.2) 71.4 (27.8) 80.0

(23.51) <0.001 5- Data are presented as nmean (SD) or nedian (interquartile
range). " Supplementary Table 2. Characteristics of Chinese Type 2 diabetic patients according to the '

urinary presence of the 25 kDa immuno-reactive nephrin fragment

Total Yes No p-value
(n=381) (n=88) (n=293)
Gender, n (%) |
Male 198 (52.0) 52 (59.1) 146 (49.8) 0.127
Female 183 (48.0) 36 (40.9) 147 (50.2)
© Age, year 65.7 (9.3) 67.0(10.3) ~  653(899) 0.122
Diabetes duration, year 6 (2-15) 9 (2.5-18) 6 (2-13) 0.048
BMI, kg/m® . 25.64 (4.36) 25.45 (4.60) 25.70 (4.30) 0.640
WHR 0.91(0.07) 0.93 (0.07) 0.91 (0.07) 0.066 V
HbAlc, % | ' 7.19 (0.99) 7.32 (1.15) 7.16 (0.94) 0.181
Systolic BP, mmHg 132.6 (12.15) 133.0 (13.24) 132.4 (11.83) 0.723
Diastolic BP, mmHg 78.4 (6.70) 78.1(7.13) 78.5 (6.58) 0.556
Triglycerides, mmol/L 1.3(1.0-19) 14(1.0-2.0) 1.3(1.0-1.9) 0.492
Cholesterol, mmol/L 5.04 (0.90) 4.97 (0.90) 5.06 (0.90) 0.468
LDL cholesterol, mmol/L 3.05 (0.88) 2.92 (0.94) 3.09 (0.87) 0.129
HDL cholesterol, mmol/L. 1.23 (0.35) 1.20 (0.34) 1.24 (0.35) 0.391
ACR, mg/g. ' | 22 (89-61.2) 179.9 47.1 - 145(7.2-315) 0.249
o 763.9) |
eGFR, mI/min/1.73 m® 81.9 (25.2) 71.4(27.8) 80.0 (23.51) <0.001

5

Data are presented as mean (SD) or median (interquartile range).



WO 2011/ 129768PCT/ SG2011/ 000143 - 25 - Supplenentary Table 3.
Characteristics of nonnoal bum nuric Chinese Type 2 diabetic patients
accor di ngwbaotineesi nary presence of the 25 |cDa i mmunopceaciM@ona@phrin

f ragnent Total (n = 228) Yes (n =_3282) Nop-value (n =216) Gender (%

Mal e 114 (50.0) 7 (58.3) 107 (49.5)0.553 Fenale 114 (40.0) 5 (41.7) 109
(50.5) Age, year 64.9 (9.2) 67.1 (10.5) 64.8 (9.2)0.403 D abetes duration,
yr 5 (2 - XSdppledemarf 2able 31 QhardetehisticSof norindd1bundmizic Bithese e DMiabetib patibnt( 3. 97)
2429 (4. 70) Ziuf byl Fdh2 oV 6Eos s el e 288) O 91

Total Yes No p-value
(n=228)  (@=12) (n=216)
Gender (%) '
| Male 114 (50.0) 7(58.3) 107 (49.5) 0.553
Female 114 (40.0) 5(41.7) 109 (50.5)
Age, year 64.9 (9.2) 67.1(105)  64.8(92) 0.403
Diabetes duration, yr 52-12) 35 (2 _ 10) 5.5(3-13) 0.432
BMI, kg/m’ , 25.26 (3.97) 24.29 (4.75)  2532(392)  0.385
WHR 0.91 (0.07) 0.91 (0.06) 0.91(0.07)  0.827
HbAlc, % ‘ 7.14 (0.94) 707(1.35)  7.14(091)  0.792
Systolic BP, mmHg 131.7 (11.07) 131.7(12.29)  131.7(11.0)  0.984
Diastolic BP, mmHg . 78.4 (6.55) 76.83(7.92)  78.47(648)  0.403
Triglycerides, mmol/L 1.2(0.9-1.7) 1.0 (06-1.5) 12(0.9-17) 0.146
Cholesterol, mmol/L 5.02 (0.86) 4.62 (0.61) 5.05(0.87)  0.108
LDL cholesterol, mmol/L 3.09 (0.86) 2.84 (0.55) 3.10(0.87) 0312
HDL cholesterol, mmol/L - 1.25 (0.35) 1.27 (0.22) 1.25(0.36)  0.839
ACR, mg/g _ 105(6.0-169) 158 (112 - 103 (59 - 0.077
_ ' o 19.5) 169)
¢GFR, mI/min/1.73 m? 85.5 (22.5) 65.6 (25.9) 86.6(21.9)  0.003

5 Data are presented as mean (SD) or median (interquartile range).



7.14 (0.94) 7.07 (1.35) 7.14 (0.91)0.792 Systolic BP, mrHg 131.7 (11.07)
131.7 (12.29) 131.7 (11.0)0.984 Diastolic BP, rmHg 78.4 (6.55) 76.83
(7.92) 788&Bo(16129830. 403 Triglycerides, mmol/L 1.2 (0. 2ca/st201/0801@3 (0. 6 -
1.5) 1.2 (0.9 - 1.7)0.146 Chol esterolggomml /L 5.02 (0.86) 4.62 (0.61) 5.05
(0.87)0.108 LDL chol esterol, mvol/L 3.09 (0.86) 2.84 (0.55) 3.10
(0.87)0.312 HDL cholesterol, mmol /L 1.25 (0.35) 1.27 (0.22) 1.25
(0.36)0.839 ACR ny/g 10.5 (6.0 - dpafsl5. 8(11.2- 10.3(5.9-0. 077 19. 5)
16.9) eGFR, m/nin/1.73 n2 85.5 (22.5) 65.6 (25.9) 86.6 (21.9)0.003 :

What is claimed is:

1. A method of detecting reduced renal function in a mammalian subject
comprising detecting one or more nephrin degradation products in a
5 urine sample from the subject, which indicates reduced renal function

in the subject.
2. The method of Claim 1, wherein the mammal is a human.
3. The method of Claim 1, wherein the mammal is normoalbuminuric.

4. The method of Claim 1, wherein the one or more nephrin degradation
10 products has an apparent molecular weight of about 25 kDa, 50 kDa,
60 kDa or 75 kDa.

5. The method of Claim 4, wherein the one or more nephrin degradation

products has an apparent molecular weight of about 25 kDa.

~ 6. The method of Claim 1, wherein the one or more nephrin degradation

15 products are detected using an antibody. -
7. The method of Claim 6, wherein the antibody is a monoclonal ahtibody.

8. The method of Claim 1, wherein the mammal exhibits a decline in eGFR of
at least 1.0 ml/min/1.73 m?.

9. The method of Claim 1, wherein the mammal has or is at increased risk of
20 developing type 2 diabetes, wherein, optionally, a subject with type 2

diabetes has been diagnosed as diabetic for a year or less.

10. The method of any one of Claims 1, wherein the one or more nephrin
degradation products are detected by ELISA, Western Blotting, RIA,
HPLC, SPR, nucleic acid or protein aptamers, SAT, peptide
25 sequencing; or MS/MS.



5Data are presented as nean (SD) or nedian (interquartile range). WO
2011/ 129768PCT/ SG2011/ 000143 - 26 - CLAIMS What is clainmed is: 1. A nethod
of det ectwogoreduwed renal function in a mamal i an subj ect/scamlobeisng A
detecting one or nore nephrin degradajjon products in a urine sanple from
t he subject, which indicates reduced renal function in the subject. 2. The
nmethod of Claim1l, wherein the mammal is a human. 3. The rrethod of daiml,
wherei n t he | iRAHBncvAWCIRA BUPAUL Y nébhrif Mg bBAudd dbm 1. wherein
the one or nore nephrin degradation product s”has an apparent nol ecul ar
wei ght of about @&tettedin a b€ll krBafra@idnkifdhouriktsakipde. 5. The net hod of Claim
4, wherein the one or nore nephrin degradation products has an apparent

nmol ecul ar Lg of .aho 25 Ly 6.. The nethad of .Claim 1, wherein
the one or ror @’ﬁ&}?ﬂ}ﬁ?%@@‘%ﬁﬁ%ﬂ Cf%}i’%ﬁ‘&@ﬁg“?}?@“ﬂ%f‘é‘&‘%’g" usi ng an
antibody. 7. The prgphhRdisabr fedaédd renal ARt Whét€indhé pRPHYIakis igod@onocl onal
antibody. 8. The neéthod of Claim1, wherein the mammal exhibits a decline
in eGFR ®f at | easmote antagoniatywfithy gengip-angotemsio systeAdRAS). O ai m 1, wherein
the manmal has or is at increased risk of 20devel oping type 2 diabetes,
wher ei n, optikonal J.ect Yol ) di agnosed as
di abetic forlBag?gggr{m%r%fﬁé{g‘g&%ﬁ&#ﬁé&%%%ig%?p@ﬁéﬁoneﬁgm%lrbai me 1, wherein
the one or nore dipbies opgsiag détectingy wiublé sephiia digiadati@dpiogudtl | SA, West ern
Blotting, RIA, HPLC, SPR, nucleic acid or_protein aptaners AT, peptide
25sequenci ng, or WY apRppangps moleeplepyeighbeimy @2&@?6&9@%5@5%’1. The

met hod of O aim Rink REmBRAYh gieadakd JolrE tal o} e detected in
a cell free frac??é(#ag{l%tuﬁlg u%n‘ne sanp ee. 'EeZ. The net ogbpor%c@vcai m 1,
further1@onpri si figr meghiimivgherein dgteaticnof aiiwl or npore pephraxdegrddation educed r enal

function, wherein the prqphylaxis js _one 5or, nore agoni.st.s of the

reni n- angi ot ensi AT Eséﬂf%.salﬁi.e lﬁ\g‘ﬁﬁtﬁ]’ﬁfé}u%’fd rﬁ%%%’f‘%ﬁ@ R &uced renal
function in a hu e th type 2 diabetes conprising detecting a soluble
nephrin degradation product with an apparent nol ecul ar wei ght of about 25
| cDa, 50 IcDa, 60 lIcDa or 75 IcDa in a urine sanple fromthe subject using
an anti body 14pd&b¢ fiethodiaf Glaim hbpyherein theHmmednris sermeealbusningtic.one or nore
nephrin degradation products in the urine sanple indicates reduced renal

function in;th i .14 . I , L.t he human is
nor noal bum I’IIEI‘ ?‘leiygdé_%gf&c%}qre g%%ﬁ%??%ﬁfé%&%%ﬁr gﬁﬁ@ﬁ%ﬁhc ion in a
manmmal  ¢oNpri si ngntiiodyShdttbikdsdye oh atordnephsinalegradatisropredustpimd n degr adat i on
products and instructions for use. 16. The kit of Caim 15, wherein the kit
further conpri sedsHyHetiNs fAHYss- nephrin degradati on products suitable for use
as a positive control. 17. The kit of C aim 15, wherein the antibody that
bi nds one Orlé.mgkﬁ%?@ééiﬂx 2 dagrad Aol uRhO N aiRistSoRt rdrat ed with an

i mmunochr omat ographi ¢ devicé. 18. An anti body that binds one or nore

nephri n degr adat mephrjr deguatation proddets sgitabhegyfor askiasoripositivgl cohtrolct i on in a
manmal with type 2 diabetes by urinalysis. 25 19. The anti body of C aim 18,

\rlrma(ranr’rg: ni Lhﬁ émkﬁﬁ%&%r&hm&g themﬁbc?cﬂ;[ tillgfqt)qxdsogne%lrzririlo% %gphnvr\{ner ein the

20 degradation products is associated with an immunochromatographic

device.

18. An antibody that binds one or more nephrin degradation products for
detecting reduced renal function in a mammal with type 2 diabetes by

urinalysis.
25 19. The antibody of Claim 18, wherein the mammal is a human.

20. The antibody of Claim 18, wherein the mammal is normoalbuminuric.



