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is different than the control level, the subject is diagnosed as having, or at an increased risk of developing, the kidney disease.
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PEPTIDE BIOMARKERS PREDICTIVE OF RENAL FUNCTION DECLINE
AND KIDNEY DISEASE

5 RELATED APPLICATIONS
The presently disclosed subject matter claims the benefit of U.S.
Provisional Patent Application Serial No. 60/874002 filed September 20, 2007
and U.8. Provisional Patent Application Serial No. 81/050,521, filed May 5,
2008; the disclosures of each of which are incorporated herein by reference in

10  their entirsties.

GOVERNMENT INTEREST

This presently disclosed subject matter was made with U.S. Government
support under Grant Nos. RD1-DK41526 and RO1-DKOG7838-02, both
15 awarded by National institutes of Health . Thus, the U 8. Government has

certain rights in the presently disclosed subject matter,

TECHNICAL FIELD
The presently disclosed subject matter relates to methods for diagnosing
20 a kidney disease in a subject. In particular, the presently disclosed subject
matter relates to methods for diaghosing a kidney disease in a subject by
determining an amount of one or more peptide biomarkers in a biological

samples from the subject.

25 BACKGROUND
Diabetic nephropathy (BN} is a kidney disease that is a severe lale
complication of type 1 digbetes (T10), which frequently requires renal
replacement therapy. The primary diagnostic test to identify patients with T1D
at risk for progressive renal dysfunction leading o DN has been
30 microatbuminuria (MA) (1, 2}, However, the predictive value of MA is now

questioned: First, only a fifth of patients with MA will progress to proteinuria {3);
~%-
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second, a large propordion of patients with MA can revert to normoalbuminuria

(4-8}); and third, many patients at the onset of MA have begun 1o experience

early renal function decline (ERFD) {7, 8). These findings have called into

question the previous paradigm of DN in T1D, in which the finding of MA

5 conveyed a high risk of progressive renal dysfunction and support a new modsl

it which a subset of those with MA develop progressive ERFD. This change in

our understanding of diabetic renal disease also is indicative of our incomplete

understanding of the mechanisms of ERFD, a process that takes place while

measured renal function is still in the normal or even elevated range. These

10 findings emphasize the need for the development of biomarkers {o diagnose
kidney disease such as ERFD in those with MA.

Accordingly, there is an unmet need for new biomarkers and methods of

using same for diagnosing kidney disease.

15 SUMMARY
This Summary lists several embodimenis of the presently disclosed
subject matter, and in many cases lists variations and permutations of these
embodiments. This Summary is mersly exemplary of the numerous and varied
embodiments. Mention of cne or more representative features of a given
20  embodiment is likewise exemplary. Such an embodiment can typically exist
with or without the feature(s) mentioned; likewise, those features can be
apphed to cother embodiments of the presently disclosed subject matter,
whether listed in this Summary or not. To avoid excessive repetition, this
Summary does not list or suggest all possible combinations of such features.
25 In some embodiments of the presently-disclosed subject matter, a
method for diagnosing a Ridney disease, or the risk thereof, in a subject is
provided. In some embodiments, the method comprises delermining an
amount of at least one peptide of Table 1, Table 2, or both in a biclogical
sample fromthe subject. The method then comprises comparing the amount of
30  the at least one peptide in the sample with a control level, wherein if the

2.
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amount determined is different than the control level, the subject is diagnosed
as having, or at an increased risk of developing, the kidney disease.
In other embodimenis of the presently-disclosed subject malter, a
method for determining treatment efficacy and/ar progression of a kidney
5 disease in a subject is provided. In some embodiments, the method comprises
determining an amount of at least one peplide of Tahle 1, Table 2, orbothina
first biological sample collected from the subject at a first time poing
determining an amount of the at least one peptide of Table 1, Table Z, or both
in a second biological sample from the subject at a second time point; and
10 comparing the amounts of the at least one peptide in the first and second
samples, wherein a change in the amounts of the at least one peptide from the
first and second samples is correlated with determining treatment efficacy
and/or progression of the kidney disease in the subject. In some embodiments,
the first time point is prior to initiation of a treatment for the kidney disease and
15 the second fime point is after initiation of the treatment. In other embodiments,
the first time point is prior to onset of the kidney disease and the second time
poirt is after onset of the kidney disease.
In some embodiments of the methods disclosed herein, determining the
amount of the at least one peptide comprises determining the amount of the at
20  least one peplide in the sample using mass spectrometry (MS) analysis,
immunoassay analysis, or both. The MS analysis can comprise in some
embodiments matrix-assisted laser desorptionfionization (MALD) fime-~of-flight
{TOF) MS analysis or slectrospray ionization (ES M3, The MALDI-TOF MS
analysis can be direct-spot MALDI-TOF or liguid chromatography MALDI-TOF
25  mass spectrometry analysis. In some embodiments, the immunoassay analysis
comprises an enzymea-linked immunogorbent assay (ELISAL.
In some smbodiments, the at least one peptide is a plurality of peptides.
Further, in some embodiments, the biclogical sample is a urine sample and
the at least one peptide is at least one peplide selected from Table 1. in other
30 embodiments, the biclogicat sample is a blood sample or a plasma sample and
the at least one peplide is at least one peptide selected from Table 2.
3
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In some ambodiments, the subject is human, In some embodiments, the
subject is a diabetic subject. In some particular embodimeants, the kidney
disease is diabetic nephropathy.

In further embaodiments of the presently-disclosed subject matter, an

5 antibedy or fragment thereof is provided that specifically recognizes a peptide
of Table 1 or Table 2, a peptide associated with a peplide of Table 1 or Table
2. or both. In some embodiments, the antibody is @ monoclonal antibody.

i1 still other embodiments of the presently-disclosed subject matter, a kit
for detecting a kidney disease, or a risk thereof, in a subject is provided. The

10 ki comprises one or more antibodies disclosed herein that specifically
recognizes a peptide of Table 1 ar Table 2, a peptide associated with a peptide
of Table 1 or Table 2, or both. The kit can comprise instructions for using the
kit. in some embodiments, the antibody is bound {o a substrate. In some
embodiments, the kit comprises a plurality of different antibodies.

15 Accordingly, it is an object of the presently disclosed subject matier to
provide peptide biomarkers predictive of kidney disease and methods for using
same. This object is achieved in whole or in part by the presently disclosed
subject matler,

An object of the presently disclosed subject matter having been stated

20  hereinabove, and which is achisved in whole or in part by the presently
disclosed subject matier, other objects and advantages will become evident to
those of ordinary skill in the art after a study of the following description of the

presently disclosed subject matter, figures, and non-limiting examples.

25 BRIEF DESCRIPTION OF THE FIGURES
Figure 1is a graph showing serial estimates of representative examples
of patients with early renal function decline {hatched line) and with stable renal
function {solid line}. The solid line represents the annual linear change in ¢C-
GFR for a representative conirol individual in which the loss of renal function
30 did not exceed the fixed threshold for case definition of ~3.3%/year. The
hatched line represents the annual linear change for a case with early renal

4
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function decline. The mean slope for the control subject was ~1.4%/year while
the mean slope for the case was ~12.0%/year. Beginning with a cC-GFR value
of 152 mifmin, within 10 years this latter individual reached end-stage renal
disease (*). Arrows indicate examinations from which wine samples were used

5 for peptide component analysis. ¢C-GFR, glomerudar filtration rate estimated
by 100/serum cystatin C {in mg/mi).

Figure 2 is a graph showing Immunoblots for IPP2ZK showed increased
urinary expression in cases over contral urine samples. Shown are pooled
data of immunoblois analyzed by densitometry {Cases, n=8, Controis, n=8).

10 Figures 3A-3F are photomicrographs showing IPP2K renal expression is
increased in the urine of microalbuminuric type-diabetics with early progressive
renal function decline and in the renal parenchyma of type-1 diabetics with
minimal nephropathy. Quantitative IPP2K IB analysis demonstraied increased
urinary expression in MA T1D cases over MA T1D controt urine samples {3A).

15 immunohisiochemical focalization of IPPZK in a confrol kidney biopsy
specimen (3B), T1D biopsy specimen (3C) and secondary antibody negative
control {3D) demonstrates increased renal tubular cytoplasmic, nuclear, and
perinuciear IPP2K staining within the diabetic phenotype. Further single
antibody labeling experiments for IPP2K (3E) and TIAR (3F) were conducted in

20 T1D biopsy specimens. Black arrows identify regions of nuclear staining. Grey
arrows identify regions of punctate cytoplasmic staining. Unless otherwise
noted the presented image is at a 40X magnification.

Figures 4A and 4B are pholomicrographs showing cytoplasmic ZQ-3
expression and cell junction staining is increased in renal biopsies of diabetics

25  with minimal nephropathy. Control {(4A) and diabetic {4B) renal biopsy sections
stained for ZO-3 demonsirated enhancsed staining for ZO-3 in the cytoplasm of
diabetic biopsy sections and promineni, dense staining in the apical membrane
of renal proximal tubular cells and in sites cell to cell interaction within renal
tubules and were taken {0 be diagnostic of tubular adherens junclions.

30 Figure 5 is a graph showing analysis of low molecular weight (41kDato
45kDaj fragment expression in the plasma of case and control phenotypic

5



WO 2009/039421 PCT/US2008/077091

extrenmie samples (n=6), Stalistically significant differences at p<0.05 hetween
case and control samples. Insert- representative kininogen IB for case (n=3)

and control (n=3) samples.
Figure 6 is a graph showing analysis of HMWK (58kDa) fragment
5 expression in the plasma of case and control phenotypic extreme samples
{n=6} Significant differences at p<0.05 belween case and conirol samples.

Insert- representative kininogen IB for case {(n=3} and control {(n=3} samples.

DETAILED DESCRIPTION
10 The details of ane or more embodiments of the presently disclosed
subject matter are set forth in the accompanying description below. Other
features, objects, and advantages of the presently disclosed subject matter will
be apparent from the detailed description, Appendix, and claims. All
publications, patent applications, patenis, and other references mentionad
15  hersin are incorporated by reference in their entirety. Some of the
polynucleotide and polypepiide sequences disclosed herein are cross-
referenced to GENBANK® accession numbers. The seguences cross-
referenced in the GENBANK® database are expressly incorporated by
reference as are equivalent and related sequences present in GENBANK® or
20  other public databases. Also expressly incorporated herein by reference are
all annotations present in the GENBANK® database associated with the
sequences disclosed herein, in case of conflict, the present specification,
including definitions, will control.
Unless defined otherwise, all technical and scientific terms used herein
25 have the same meaning as commonly understood to one of ordinary skill in the
art to which the presently disclosed subject matter belongs. Although any
methods, devices, and materials similar or equivalent {o those described herein
can be used in the practice or testing of the presently disclosed subjsct matter,
represeniative methods, devices, and materials are now described.
30 Foliowing long-standing patent law convention, the terms “a”, “an”, and
“‘the” refer 1o “one or more” when used in this application, including the claims.

6-
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Thus, for example, reference 10 "a cell” or “a virug” includes a plurality of such
cells or viruses, respectively, and so forth.
Unless otherwise indicated, all numbers expressing quantities of
ingradients, reaction conditions, and so forth used in the specification and
5 claims are to be understood as being modified in all instances by the term
“‘about’.  Accordingly, unless indicated o the contrary, the numerical
parameters set forth in this specification and attached exemplary claims are
approximations that can vary depending upon the desired properties sought to
be obtained by the presently disclosed subject matter,

10 As used herein, the term "about,” when referring to a value or to an
amount of mass, weight, time, volume, concentration or percentage is meant to
encompass variations of in some embodiments x20%, in some embodiments
+10%, in some embodiments 5%, in some embodiments 1%, in some
ambodiments +0.5%, and in some embodiments £0.1% from the specified

15 amount, as such variations are appropriate to perform the disclosed method.

Earlier identification and treatment of kidney disease can result in
reducing or even preventing kidney disease progression and improving
disease treatment prognosis. Presently, diagnosis of kidney disease usually
occurs after significant damage has already resulted. Higher degrees of

20 previous kidney damage at diagnosis limit the efficacy of kidney function
preservation therapies and result in higher disease progression rates. Thus, a
biomarker of kidney damage that is able o indicate the presence of both early
damage and ideniify patients at an increased risk of progressive disease would
favorably impact kidney disease diagnosis and treatment. Desirably, the

25  biomarker would indicate renal damage prior to the current indicators of kidney
dysfunction, be available non-invasively, and be easily inferpretable.

Current markers of kidney disease and kidney disease progression
include serum creatinine and urinary profein concentration, including
microatbuminuria (MA}. The slope of the decrease in glomerular filtration rate

30 (GFR) has been demonstrated to predict the timing of end-stage rensl disease
(ESRD), and the level of proteinuria has been shown to correlate with kidney

7~
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disease progression rates. These biomarkers of kidney disease provide some
utility, however, their ability to recognize early kidney disease is limited.
Recent studies have demaonstrated that MA does not correlate well with the
development of kidney disease in more than 30% of patients with Type i
5 diabstes (T1DM). Further, studies also demonstrate that 20-30% of patients
with Type 2 diabetes (T2DM) progress to chronic Kidney disease in the
absence of MA. in addition, serum creatinine concentration is recognized as

an unrefiable measure of kKidney function because it is dependent an age,
gender, race, muscle mass, weight, and various medications. Correct
10 interpretation of kidney function based on serum creatinine requires complex

formulas that are not routinely employed by practicing healthcare providers.
Thus, there is presently an unmet need for diagnostic and prognostic

biomarkers of early and/or progressive kidney disease that become “positive”
prior to or at the earliest point that kidney damage begins to occur. This
15 “subclinical” kidney damage recognition would occur prior to or in the absence
of a rise in serum creatining, the development of urinary creatinine, or MA. A
benefit that identification of subclinical kidney damage would confer is the
ability {o initiate early interventions to promote kidney function preservation.
The presently disclosed subject matter is based, in part, on the discovery that

20  protecomic profiling can be used to identify biomarkers in biological samples,
such as for example urine, blood or plasma, that are associsted with
development of kidney disease, in some instances before any chnically
identifiable alteraion in renal funiclion {e.g., glomerular filtration rate), serum

creatinine concentration, or urine albumin excretion {&.g., MA} occurs.

25 In some embodiments of the presently disclosed subject matter, a
method for diagriosing a kidney disease, or the risk for development theresf, in

a subject is provided. In some embodiments, the method comprises oblaining
a biological sample from the subject and determining an amount (including a
qualitative determination of the gresence or absence) of at least one peplide
30  biomarker associated with kidney disease, such as for example one or more
peptides set forth in Table 1 or Table 2 {e.g., SEQ ID NOs: 1-59). The method

8-



WO 2009/039421

PCT/US2008/077091

can further comprise comparing the amount of the at least one peplide in the

sample with a control level. If the amount determined from the sample differs

from {e.q.. is greater than or less than) the control level, the subject can be

diagnosed as having, or being at an increased risk of developing, the kidney

5 disease.
TABLE 1
Urinary Peptide Biomarkers of Kidney Disease
SEQ Ohserved | Urinary Candidate Parent Protein®™* Swiss Prot
i Mass” Abundancs Accession
NO. {miz, z=+1) | Change with No.
progressive RFD
731.286 Decreased
736,238 ncreased | B-call lymphoma 8 protein 00812
1 Peptide F.GNPGNM{oM F
Sequentce
740,273 Decreased
764,288 Increased
766.437 Increased
778.281 Decreased
805,408 Increased | B-cell lymphoma 9 protein 00512
2 Peptide SETPLPPDGY
Sequence
811.388 Increased
8983.534 ncreased | rona occludens 3 Q2VRES
3 Peptide GVSSOMLSLND
Sequence
1036.135 Increased
1067 423 Decreased
1126.515 increased | Ublquilin-2 QOUHDY 2
4 Peptide LGRIGPIGPTGPAAR
Sequence
1185.8258 | Decreased eifdy (eukaryotic transiation Q4637
piliation faclor 4 gamma)
5 Peptide LIADRPGLPGPE M
Seguence
1190.638 increased § FAT tumor suppressor 2 QONYQE
8 Peptide SPEFQOHLYEA
Sequence
1202.535 incressed | alpha-1 (V) collagen PO2462
7 Peptide LPGPKGSPGSVGLE.G
Sequence
12002.553 Decreased alpha-5 (V) collagen P29440)
8 Peptide P.GLPGP{OHPGPMDPIOHIN.L
Sequence
1216571 Decreased
1389.876 Decreasad
1512 875 increased | alpha-1 (1) collagen 02481
g Peptide G.SP{OMHYGSNGAP{OHIGORGER{
Sequence OHGP.Q

9-




WO 2009/039421

PCT/US2008/077091

1650.846 ncreased | Ubiguitin protein ligase URE-B1 QVEGET
10 Peptide TRIKKTPTEAPADCRAL
Sequence
1717.621 ncreased
1819.831 oreased | alpha-1 (1) collagen PO2461
11 Peptide Q.GLPOMGTGGP{OHP{CHIGE
Sequence NGKPGEPGP{ORLK
1838.831 noreased | hositol-1,3,4.5.6- QBHBX2
pentakisphosphate 2-kinase
12 Peptide E WGYHGEGNK(GGIyISLVWVAN
Sequenge AQ
1841846 | Decreasad
2087 888 Dacreased aipha-1 (1) collagen PO2452
13 Peptide N.GAP{OHYGNDGAKGDAGAP{OH
Sequentce JGAP{OHGSQGAR(OHG.L
2186.082 Decreased alpha-1 (V) collagen P2482
14 Peptide S.PGP{OHMWGAP{OHIGLP{OH)G
Seguence ERKGDHGFPGSS.G
2280 788 Decreasad Alpha-1 () collagen P{24561
i85 Paptide G KNGEYGPORYQGPPGPTGRG
Seguence GORIOHGDT.G
2283 1587 Decreasad
2315.085 Decreased alpha-1 (V) collagen P20808
16 Peptide 3 PKGRGGPNGDPGPLGPPOH)
Sequence GEKGK{OHILGV
2338.108 Decreased {T1 heavy chain H4 (114624
17 Paptide LLSDPEQGVEVTGQYERERAGE.
Sequence S
2378 177 Decreased alpha-1 (I} collagen PO2452
18 Peptide P.GKNGDDGEAGKP{OHYGRP(OH
Sequence WIER
GPPOMHIGPQ.G
2413.081 Decreasad Fc alpba receptor isoform e R24071
18 Peptide Q. COAIREAYLTOLMEK(OHIN{OH)
Sequence STY.R
3266.384 | Decreased alpha-1 (115 collagen PO2461
20 Peptide PAGPPGP(OHPQMHGPPGTSG
Sequence HE{OHGSP{OHIGSP{OMHIGYQGR
{OHP{OMHGERPGQAGR.8

*Iass Accuracy +150ppm
First and last amino acids in the presented sequence are separated from the candidate
peptide sequence by pericds. The amino acid sequence contained within these bracketing
aminge acids is the proposed aming acid sequence for the peptide biomarker. () deboles a
5  postranstational modification of the preceding amino acid. {(OH) denntes hydroxylation,
{GlyGly) denotes a glycine-glycing modification to the lysine side chain epsilon amino group.

~10-
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*Kidney disease”, as used herein refers {o an acute or chronic injury to at
least one kidney of a subject, and in particular renal {ubular cell injury. Kidney
injury can be confirmed by any of a number of measurable ¢riteria known in the
art, including but not limited to measurement of the level of MA and renal function
decline {e.g., by measuring glomerular filtration rate (GFR)} in a subject.

As used herein the expression "renal tubular cell injury” refers fo a renal or
kidney failure or dysfunction, either sudden {(acute) or slowly declining over time
{chronic). Kidney disease resulting in renal tubular cell injury can be friggered by
a number of disease or disorder processes, including (but not limited to}: (1) for
acute renal tubular cell injury--ischemic renal injury (IR} including acute ischemic
injury and chronic ischemic injury; acute renal failure; acute nephrofoxic renal
injury (NRH) toxicity including sepsis (infection), shock, trauma, Kidney stones,
kidney infection, drug toxicity, poisons or toxins, or after injection with an iodinated
contrast dye (adverse effect); and (2) for chronic renal tubular cell injury, diabetes
{T1DM or T2DM), chronic infections, chronic inflammation, glomerulonephritides,
vascular diseases, interstitial nephritis, drugs, toxins, trauma, renal stonss, long
standing hypertension, congestive heart failure, nephropathy from sickle cell
anemia and other blood dyscrasias, nephropathy related o hepatitis, HIV,
parvovirus and BK virus, cystic kidney diseases, congenital malformations,
obstruction, malighancy, kidney disease of indeterminate causes, lupus nephritis,
membranous glomerulonephritis, membranoproliferative glomerulonephritis, focal
glomerular sclerosis, minimat change disease, cryoglobulinemia, ANCA-positive
vasculitis, ANCA-negative vasculilis, amyloidosis, muitiple myeloma, light chain
deposition disease, complications of kidney transplant, chronic rejection of a
kidney transplant, chronic allograft nephropathy, and the chronic effects of
immunosuppressive drugs.

Kidney disease is a common problem in many patients suffering from
diabetes. In particular, diabetic nephropathy (DN} is a kidney disease that

develops as a result of diabetes mellitus (DM). DM affects approximately 5% of the
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U.8. population, and Type 2 Diabetes Mellitus {T2DM) is the most common cause
of end stage renal disease (ESRD) in the U.8. Diabetic nephropathy is believed
responsible for at least 25% of all renal dialysis patients. Approximately 25% to
40% of patients with DM ultimately develop DN, which progresses through about
five predictable stages, culminating in end-stage renal disease (ESRD) wherein
renal replacement therapy (e.g., hemodialysis, peritoneal dialysis, or kidney
transpiantation) is required.

Diabetes can often result in DN and is thought to be caused by the
progressive glycosylation of biomarkers, leading to a progressive loss of renal
function. Diabetic nephropathy generally results in a chronic and progressive
degradation of kidney function, to the point where the patient must undergo
dialysis or receive a transplant to survive. Excretion of low, but abhormal, levels
of albumin in the urine Is considered a clinical marker of the incipient phase of
nephropathy. As the glomeruli become increasingly filled with mesangial matrix
products, albuminuria increases and eveniually gross proteinuria appears.
Microalbuminuria (MA) is defined as excretion of 30 to 300 mg of albumin per day,
or an albumin-creatinine ratio between 30 and 300 in a random urine specimen.
Clinical proteinuria is defined as excretion of more than 0.5 g of total biomarker a
day. However, as previously discussed, MA s not a good predictor of ESRD in
subjects with diabetes, because not all people who develop MA develop ESRD,
and not all subjects who develop ESRD also have evidence of MA. As such, in
some smbodiments of the presently disclosed subject matter, the diagnostic
methods disclosed herein can be used to diagnosis a diabetic subject with DN, or
at risk to develop DN, even prior to presentation of clinical symptoms of DN.

The terms “polypeptide”, “protein”, and “peptide”. which are used
inferchangeably herein, refer to a polymer of the 20 protein amino acids, including
madified amino acids (g.g.. phosphorylated, glycated, etc.) and amino acid

analogs, regardiess of its size or function. Although "protein” is often used in
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reference {o relatively large polypeptides, and "peptide” is often used in reference
to small polypeptides, usage of these terms in the art overlaps and varies. The
term “peptide” as used herein refers to peptides, polypeptides, proteins and
fragments of proteins, unless otherwise noted. The terms “protein”, “polypeptide”
and “peptide” are used interchangeably herein when referring to a gene product
and fragments thereof. Thus, exemplary polypeptlides include gene products,
naturally occurring proteins, homalogs, orthologs, paralogs, fragments and other
equivalents, variants, fragments, and analogs of the foregoing.

The terms “polypeptide fragment” or “fragment”, when used in reference {o
a polypeptide, refers to a polypeptide in which amino acid residues are absent as
compared to the full-length polypeptide itself, but where the remaining amino acid
sequence is usually identical to the corresponding positions in the reference
polypeptide. Such deletions ¢an occur at the amino-terminus or carboxy-terminug
of the reference polypeptide, or alternatively both. Fragments typically are atleast
5. 6, 8 or 10 amino acids long, al least 14 amino acids long, at least 20, 30, 40 or
50 amino acids long, at feast 75 amino acids long, or atleast 100, 150G, 200, 300,
500 or more amino acids long.

A fragment can retain one or more of the biclogical activities of the
reference polypeptide. in some embodiments, a fragment can comprise a domain
or feature, and optionally additional amino acids on one or both sides of the
domain or feature, which addifional amino acids can number from 5, 10, 15, 20,
30, 40, 50, or up to 100 or more residues. Further, fragments can include a sub-
fragment of a specific region, which sub-fragment retains a function of the region
from which it is derived. When the {erm "peptide” is used herein, it is intended to
include the full-length peptide as weli as fragments of the peptide and measurable
characteristics of the peptide. Thus, an identified fragment of a peplide claimed
{e.g., see Tables 1 and 2 and SEQ ID NOs: 1-59) is intended to encompass the

fragment, including measurable characteristics of the fragment, such as mass
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spectrometry observed mass, as well as the full-length peplide. In some
embodiments, the kidney disease biomarker peptide can be referenced {as in
Tables 1 and 2) only by a measurable characleristic (e.g., MS observed mass);
however, it is intended that the full range of identifying characteristics, including
peptide sequence, are inlended to be encompassed by the presently-disclosed
subject matter. As one example, when reference is made herein to antibodies
specific for the peptides of Tables 1 or 2, it is intended that the antibodies can
have specificity for the peptide fragment disclosed in the {able andfor the full-
length peptide.

The term “biological sampie” as used herein refers {0 any body fluid or
tissue potentially comprising one or more biomarkers associated with a kidney
disease. In some embodiments, for example, the biclogical sample can be a
saliva sample, a blood sample, a serum sample, a plasma sample, a urine sample,
or sub-fractions thereof. In particular embodiments of the presently disclosed
subject matter, the biological sample is a urine sample and the amounts ofthe one
or more biomarkers determined for diagnosing a kidney disease are selected from
Table 1. in other embodiments of the presently disclosed subject matter, the
biological sample is a blood or plasma sample and the amounis of the one or more
biomarkers determined for diagnosing a kidney disease are selected from Table 2.

The terms "diagnosing” and "diagnosis" as used herein refer {o methods by
which the skilled artisan can estimate and even determine whether or not a subject
is suffering from a given disease or condition. The skilled artisan often makes a
diagnosis on the basis of one or more diagnostic indicators, such as forexample a
biomarker, the amount {including presence or absence) of which is indicative of
the presence, severity, or absence of the condition.

Along with diagnosis, clinical disease prognosis is also an area of great
concern and interest. I s important to know the siage and rapidity of

advancement of the kidney disease in order to plan the most effective therapy. If
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a more accurale prognosis can be made, appropriate therapy, and in some
instances less severe therapy for the patient can be chosen. Measurement of
biomarker levels disclosed herein {e.g., Tables 1 and 2) can be useful in order to
categorize subjects according to advancement of kidney disease who will benefit
from particular therapies and differentiate from other subjects where alternative or
additional therapies can be more appropriate.

As such, “making a diagnosis” or “diagnosing”, as used herein, is further
inclusive of determining a prognosis, which can provide for predicting a clinical
outcome (with or without medical treatment), selecting an appropriate {reatment
{or whether treatment would be effective), or monitoring a current treatment and
potentially changing the freatment, based on the measure of diagnostic biomarker
levels disclosed hergin.

The phrase "determining a prognosis” as used herein refers {o methods by
which the skilled artisan can predict the course or cutcome of a condition in a
subject. The term "prognosis” does not refer to the ability to predict the course or
outcome of a condition with 100% accuracy, or even that a given course or
cutcome s predictably more or less likely to occur based on the presence,
absence or levels of test biomarkers. Instead, the skilled artisan will understand
that the term "prognosis” refers o an increased probability that a certain course or
outcome will occur; that is, that a course or outcome is more likely to oceur in a
subject exhibiting a given condition, when compared to those individuals not
exhibiting the condition. For example, in individuals not exhibiting the condition
{e.g., not expressing the biomarker or expressing it at a reduced level), the chance
of a given outcome may be about 3%. In certain embodiments, a proghosis is
about a 5% chance of a given cutcome, about a 7% chance, about a 10% chance,
about a 12% chance, about a 15% chance, about a 20% chance, about 3 25%
chance, about a 30% chance, about 2 40% chance, about a 50% chance, abouta

680% chance, about a 75% chance, about a 90% chance, or about a 85% chance.
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The skilled artisan will undersiand that associating a prognostic indicator
with a predisposition to an adverse oulcome is a siatistical analysis. For example,
a biomarker level (e.g., quantity of expression in a sampie) of greater than a
contro level in some embodiments can signal that a subject is more likely to suffer
from a kidney disease than subjects with a level less than or equal to the control
level, as determined by a level of statistical significance. Additionally, a change in
marker concentration from baseline levels can be reflective of subject prognosis,
and the degree of change in marker level can be related {o the severity of adverse
events. Statistical significance is often determined by comparing two or more
popuiations, and determining a confidence interval and/or a p value. See, e.9..
Dowdy and Wearden, Statistics for Research, John Wiley & Sons, New York,
1883, incorporated herein by reference in its entirely. Preferred confidence
intervals of the present subject matter are 80%, 85%, 97.5%, 88%, 98%, 89.5%,
99.9% and 99.99%, while preferred p values are 0.1, 0.05, 0.025, 0.02, 0.01,
0.005, 0.001, and 0.0001.

in other embodiments, a threshold degree of change in the level of a
prognostic or diagnostic biomarker can be established, and the degree of change
in the level of the indicator in a biological sample can simply be compared to the
threshold degree of change in the level. A preferred threshold change in the leve}
for markers of the presently disclosed subject matter is about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 50%, about 75%, about
100%, and about 150%. In yet other embodiments, a "nomogram" can be
established, by which a level of a prognostic or diagnostic indicator can be directly
related to an associated disposition towards a given outcome. The skilled artisan
is acquainted with the use of such nomograms to relate two npumeric values with
the understanding that the uncertainty in this measurement is the same as the
uncertainty in the marker concentration because individual sample measurements

are referenced, not population averages.
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in some embodiments of the presently disclosed subject matter, muitiple
determination of one or more diagnostic or prognostic peptide biomarkers can be
made, and a temporal change in the biomarker can be used to monifor the
progression of disease and/or efficacy of appropriate therapies directed against
the disease. In such an embodiment for example, one might expect {o see a
decrease or an increase in the biomarker(s) over time during the course of
effective therapy. Thus, the presently disclosed subject matier provides in some
embodiments a method for determining treatment efficacy and/or progression of a
kidney disease in a subject. In some embodiments, the method comprises
determining an amount of at least one peptide biomarker associated with kidney
diseasea, such as for example at least one peptide of Table 1, Table 2, or both, in
hiological sampies collected from the suibject at a plurality of different time points
and comparing the amounts of the at least one peptide in the samples collected at
different time points. For example, a first time point can be selected prior to
initiation of a treatment and a second time point can be selected at some time
after initiation of the treatment. One or more biomarker levels can be measured in
each of the samples taken from different time points and qualitative and/or
guantitative differences noted. A change in the amounts of the biomarker levels
from the first and second samples can be correlated with determining treatment
gfficacy and/or progression of the disease in the subject.

The terms "correlated” and "correlating," as used herein in reference to the
use of diagnostic and prognostic biomarkers, refers to comparing the presence or
guantity of the biomarker in a subject {o ils presence oy gquantily in subjects known
to suffer from, or known to be at risk of, a given condition {e.g., a kidney disease),
or in subjects known 1o be free of a given condition, i.e. "normal individuals". For
example, a biomarker level in a biological sample can be compared to a level
known 1o be associated with a specific type of kidney disease. The sample's

biomarker level is said to have been correlated with a diagnosis; that is, the skilled
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artisan can use the biomarker level to determine whether the subject suffers from
a specific type of kidney disease, and respond accordingly. Alternatively, the
sample's biomarker level can be compared o a control marker level known to be
associated with a good outcome {(e.49., the absence of kidney disease), such as an
average level found in a population of normal subjects.

in certain embodiments, a diagnostic or prognostic biomarker is correlated
to a condition or disease by merely its presence or absence. In other
embodiments, a threshold level of a diagnostic or prognostic biomarker can be
established, and the level of the indicator in a subject sample can simply be
compared {o the threshold level.

As noted, in some embodiments, multiple determination of one or more
diagnostic or prognostic biomarkers can be made, and a temporal change in the
marker can be used to determine a diagnosis or prognosis. For example, a
diagnostic marker can be determined at an inifial time, and again at a second time.
In such embodiments, an increase in the marker from the initial time 1o the second
time can be diagnostic of a particular type of kidney disease, or a given prognosis.

Likewise, a decrgase in the marker from the initial time to the second time can be
indicative of a particular fype of kidney disease, or a given prognosis.
Furthermore, the degree of change of one or more markers can be related to the
severity of kidney disease and potential for future adverse events.

The skilled artisan will understand that, while in certain embodiments
comparative measuremenis can be made of the same diagnostic marker at
mutltiple time points, one can also measure a given marker af one time point, and a
second marker at a second time point, and a comparison of these markers can
provide diagnostic information.

Numerous methods and devices are well known to the skilled artisan for the
detection and analysis of the biomarker peptides of the presently disclosed subject

matter. With regard o polypeptides or proteins in subject test samples, mass
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spectrometry and/or immunoassay devices and methods can be used, although
other methods are well known to those skilled in the art (for example, the
measurement of marker RNA levels). See, e.g., U.B. Pat. Nos. 6,143,576;
6,113,855; 6,019,944, 5,985,579; 5,047,124, 5,038,272, 5,922,615, 5,885,527,
5.851.776; 5,824,799; 5,679,526, 5,525,524; and 5,480,792, each of which is
hereby incorporated by reference in its entirety. These devices and methods can
utilize labeled molecules in various sandwich, competitive, or non-competitive
assay formats, to generate a signal that is related {o the presence or amountof an
analyte of interest. Additionally, certain methods and devices, such as bivsensors
and optical immunoassays, can be employed to determine the presence or amount
of analytes without the need for a labeled molecule, See, e.g., U.S. Pat. Nos.
5,631,171, and 5,955,377, each of which is hereby incorporated by reference in its
entirety.

In certain embodiments of the presently disclosed subject matter, the
biomarker peptides are analyzed using an immunoassay. The presence or
amount of a peptide marker can be determined using antibodies or fragments
thereof specific for each peptide marker and detecting specific binding. For
example, in some embodiments, the antibody specifically binds a peptide of Table
1 or Table 2, which is inclusive of, but not limited {o, antibodies that bind the full-
length peplide as well. iIn some embodiments, the antibody is a monocional
antibody.

Any suitable immunoassay can be utilized, for example, enzyme-linked
immunoassays (ELISA), radioimmunoassays (RIAs), competitive binding assays,
and the like. Specific immunological binding of the antibody to the marker can be
detected directly or indirectly. Direct iabels include fluorescent or luminescent
tags, metals, dyes, radionuchides, and the like, attached to the antibody. Indirect
labels include various enzymes well known in the art, such as alkaline

phosphatase, horseradish peroxidase and the like.
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The use of immobilized antibodies or fragments thereof specific for the
markers is also contemplated by the present subject matter. The antibodies can
be immobilized onto a variety of solid substrates, such as magnetic or
chromatographic matrix particles, the surface of an assay plate {(such as microtiter
wells}, pieces of a solid substrate material {such as plastic, nylon, paper), and the
like. An assay sirip can be prepared by coating the antibody or a plurality of
antibodies in an array on solid support. This strip can then be dipped into the test
biological sample and then processed guickly through washes and detection steps
{o generate a measurable signal, such as for example a colored spot.

in some embodiments, a kit for the analysis of biomarkers is provided that
comprises antibodies having specificity for one or more biomarkers associated
with kidney disease. The antibodies can be bound to a substrate, as disclosed
herein. Such a kit can comprise devices and reagents for the analysis of at least
one test sample. The kit can further comprise instructions for using the kit and
conducting the analysis. Optionally the kits can contain one or more reagents or
devices for converting a marker level to a diagnosis or prognosis of the subject.

In some embodiments, mass spectrometry (MS) analysis can be used alone
or in combination with other methods {e.g., immunocassays) to determine the
presence and/or quantily of the one or more biomarkers of interest in a biological
sample. In some embodiments, the MS analysis comprises matrix-assisied laser
desorptionfionization (MALDI) time-of-flight (TOF} MS analysis, such as for
example direct-spot MALDI-TOF or liquid chromatography MALDI-TOF mass
spectrometry analysis. In some embodiments, the MS analysis comprises
electrospray ionization (ESI) MS, such as for example liquid chromatography (LG}
ESI-MS. Mass analysis can be accomplished using commercialiy-available
spectrometers, such as for example triple quadrupole mass spectrometers.
Methods for utilizing MS analysis, including MALDI-TOF MS and ESI-MS, to
detect the presence and quantity of biomarker peptides in biological samples are
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known in the art. See for example U.S. Patents 6,925,389; 6,985,100; and
6,890,763 for further guidance, each of which is incorporated by reference herein
in its entirety. In some embodiments, the MS analysis can be utilized to identify
specific polypeplide sequences and comresponding profeins and amounts
compared to controls to diagnose a kidney disease. However, MS analysis can
also be utilized with the methods of the presently-disclosed subject matter to
determine a measurable characteristic of the peplide biomarkers, and in particular
a MS observed mass. As such, "determining an amount” of one or more peptides
of Tables 1 and 2 by MS analysis is inclusive of determining amounts of full-length
polypeptides inferred from peptide fragment analysis by MS, specifically-identified
peptide (e.g., polypeptide sequences set forth in SEQ 1D NQOs: 1-58) fragment
amounts, as well as MS observed mass peak analysis,

The analysis of a plurality of markers can be carried oul separately or
simultanecusly with one test sample. Several markers can he combined into one
test for efficient processing of a multiple of samples. In addition, one skilled in the
art would recognize the value of testing multiple samples (for example, at
successive time points) from the same subject. Such testing of serial samples will
allow the identification of changes in biomarker levels over time. Increases or
decreases in marker levels, as well as the absence of change in marker levels,
can provide useful information about the disease status that includes, but is not
limited to identifying the approximate time from onset of the disease, the presence
and amount of functioning tissue, the approprialeness of drug therapies, the
effectiveness of various therapies, differentiation of the various types and stages
of kidney diseases, identification of the severily of the disease, and identification
of the subject’s outcome {prognosis), including risk of future events.

A panel consisting of biomarkers associated with a kidney disease {(e.g., the
biomarker peplides of Tables 1 andfor 2) can be constructed to provide relevant

information related to the diagnosis or prognosis of the kidney disease and
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management of subjects with the kidney disease. Such a panel can be
constructed, for example, using 1. 2, 3, 4, 5, 6, 7, 8, 9, 10, 15 or 20 individual
biomarkers. The analysis of a single marker or subsets of markers comprising a
targer panel of markers can be carried out by one skilled in the art to optimize
clinical sensitivity or specificity in various clinical settings. These include, but are
not imited to ambulatory, urgent care, critical care, intensive care, monitoring unit,
in-patient, out-patient, physician office, medical clinic, and health screening
settings. Furthermore, one skilled in the art can use a single marker or a subset of
markers comprising a larger panel of markers in combination with an adjustment of
the diagnostic threshold in each of the aforementioned settings to optimize ¢linical
sensitivity and specificity. The clinical sensitivity of an assay is defined as the
percentage of those with the disease that the assay correctly predicts, and the
specificity of an assay is defined as the percentage of those without the disease
that the assay correctly predicts (Tietz Textbook of Clinical Chemistry, 2.sup.nd
gdition, Carl Burlis and Edward Ashwood eds., W.B. Saunders and Company, p.
4396).

The analysis of markers can be carried out in a variety of physical formats
as well. For example, the use of microtiter plates or automation could be used to
facilitate the processing of large numbers of test samples. Alternatively, single
sample formats can be developed to facilitate immediate treatment and diagnosis
in a timely fashion, for example, in ambulatory fransport or emergency room
settings.

Further with respect o the methods of the presently disclosed subject
matter, a preferred subject is a veriebrate subject. A preferred veriebrate is warm-
blooded: a preferred warm-blooded vertebrate is a mammal. A preferred mammal
is most preferably a human. As used herein, the term “subject” includes both
human and animal subjects. Thus, veterinary therapeutic uses are provided in

accordance with the presently disclosed subject matter.
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As such, the presently disclosed subject matter provides for the treatment
and testing of mammals such as humans, as well as those mammals of importance
due to being endangered, such as Siberian tigers; of economic importance, such
as animais raised on farms for consumption by humans; and/or animals of social
importance to humans, such as animals kept as pets or in zoos. Examples of such
animals include but are not limited to: carnivores such as cats and dogs; swine,
including pigs, hogs, and wild boars; ruminants andfor ungulates such as cattle,
oxen, sheep, giraffes, deer, goats, bison, and camels; and horses. Also provided
is the treatment of birds, including the treatment of those kinds of birds that are
endangered andfor kept in zoos, as well as fowl, and more particularly
domesticated fowl, /e, poultry, such as turkeys, chickens, ducks, geese, guinea
fowl, and the like, as they are also of economic importance to humans. Thus, also
provided is the testing and treatment of livestock, including. but not limited to,
domesticated swine, ruminants, ungulates, horses {including race horses), poudtry,
and the like.

in some embodiments, the subject tested is afflicted with or was previously
afflicted with a disease other than kidney disease. in particular, the other disease
can be a disease linked o or predisposing one to kidney disease. Forexample, in
some embodiments, the subject is a diabelic subject, as diabetes can be a risk
factor for developing kidney disease. In some embodiments, the subject is a
diabetic subject suffering from, or at risk of suffering from, diabetic nephropathy.

The practice of the presently disclosed subject matter can employ, unless
otherwise indicated, conventional techniques of cell biology, cell culture,
molecular biology, transgenic biology, microbiology, recombinant DNA, and
immunoiogy, which are within the skill of the art. Such technigues are explained
fully in the fiterature. See e.g., Molecular Cloning A Laboratory Manual (1889},
2nd Ed., ed. by Sambrook, Fritsch and Maniatis, eds., Cold Spring Harbor
Laboratory Press, Chapters 16 and 17; U.S, Pat. No. 4,683,195; DNA Cloning,
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Valumes | and I, Glover, ed., 1985; Oligonucieotide Synthesis, M. J. Gait, ed.,
1984; Nucleic Acid Hybridization, D. Hames & S. J. Higgins, eds., 1984;
Transcription and Transiation, B. B. Hames & 8. J. Higgins, eds., 1984, Culture Of
Animal Cells, R, §. Freshney, Alan R. Liss, Inc., 1987; immobilized Cells And
Enzymes, IRL Press, 1986; Perbal (1884}, A Practical Guide To Molecular
Cloning; See Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer
Vectors For Mammalian Cells, J. H. Miller and M. P. Calos, eds., Cold Spring
Harbor Laboratory, 1887; Methods In Enzymalogy, Vols. 154 and 155 Wu et al,,
eds., Academic Press Inc., NY.; Immunochemical Methods in Ceill And Molecular
Biology (Mayer and Walker, eds., Academic Press, London, 1987, Handbook Of
Experimental immunclogy, Volumes -V, D. M. Weir and C. C. Blackwell, eds.,
19886,

EXAMPLES
The following Examples have been included to illustrate modes of the
presently disclosed subject matter. In light of the present disclosure and the
general level of skill in the arl, those of skill will appreciate that the following
bExamples are intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the scope

of the presently disclosed subject matter.

EXAMPLE 1
We have identified several peptides from a number of unique gene
products (see Table 1) that are present in the urine and are discriminatory
markers of renal function decline {(RFD) in Type 1 diabetes (Tl DM) patients with
microalbuminuria (MA). Three novel approaches were employed to identify the

biomarkers: patient sample selection; peptide extraction; and analysis.
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Sample Selection - The urine samples we studied to identify biomarkers of
diabetic RFD were obtained from T1DM patients. The samples we studied were
collected from a time (n=62) point preceding any loss of GFR. Samples used
were developed from the 1% Joslin Cohort of the NiH funded project titled “Natural
History Study of Microalbuminuria in Type 1 Diabetes (RO1 DK41526). A cohortof
1394 T1DM individuals was followed for >8-10 years. Patient samples used o
generate ouwr preliminary data presented with confirmed MA (albumin excretion
rate (AER) of 30-300 pg/min} during the two years preceding urine collection.
Patients with non-diabetic kidney disease were excluded. The urine samples were
maiched between groups for age (54.5yr + byr), gender and glycemic control (Hb
Alc levels). Case samples {n=19) encompassed individuals with significant early
progressive renal function decline. These individuals experienced an annual loss
of more than 3.4mlL/yr in their estimated glomerular filtration rate (eGFR) as
measured by serum cystatin C. Control samples (n=42) encompassed individuals
with renal function decline that was approximately equal to the loss experienced
as a result of the normat aging process. These individuals experienced an annual
joss of less than 3.4mbfyr in their estimated glomerudar filtration rate (eGFR) as
measured by serum cystatin C. The samples analyzed to generate the presently
disclosed biomarkers were developed from banked patient urine samples
collected before any of the patients experienced RFD. Thus, observed differences
in the urine peptidome can reflect or correlate with the future development of RFD.

Peptide Extraction - The method used fo exiract urine peptides for
biomarker studies is one developed and optimized by cur group over the last three
years. Briefly, peptides were isolated from urine in a two-step process. The urine
peplides were first size selected from the proteins by ulirafifiration thal produced a
low molecular weight peptide panel having a mass less than 10,000 Daltons. We
have determined from several hundred analyses that as little as Tmb urine

provides >500ug urinary peplide {as yBCA peptide assay positive malerial). A
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single capillary HPLC analysis requires 1-5 ug peptide and hence enough peptide
material for the proposed project from a single mb of urine. The peptides were
then concentrated, desalted, and mass guantified.

Data Acguisition and Analysis - Equivalent masses of peplides were
separated by 1D-RP-capillary HPLC and analyzed using high-sensitivity, high-
throughput MALDETOF MS. A challenge in using MS analysis of clinical samples
is the remarkable dimensionality of the spectra data sets. Ouwr data analysis
approach is to apply both supervised and unsupervised informatic methods. in
our approach, statistical analysis of urinary peptide profiles using LC-MALDI psak
lists began with unsupervised sorting of the MS data using Principle Components
Analysis {PCA) or Hierarchical Clustering (HC) followed by group annotation. This
approach is more robust and has ess infrinsic bias. In some cases, supervised
sorting of the sample MS data was required. In those cases the investigator
assigned the MS spectral data into groups. Principle data sets were developed
from MALDI-TOF spectral files. Here, the data were extracted from MALDLTOF
spectral files {(t2d files) using instrument manufacturer software (PEAK
EXPLORER} and these peak lists were imported into analytical/statistical software
for analysis. One software package (MARKERVIEW ™} imports the peak list data
as .ixt files. Peak list data contains information for peptide retention time, m/z, and
signal response. These data were then imported with use of filters to remove
masses associated with internal standards and matrix contaminants, adjustment of
retention times and for mass accuracy. In either case of group membership
assigned by unsupervised or supervised methods, MS spectral data were
compared by univariate (student’s t-test or Mann-Whithey t-test constrained by
false discovery rate analysis, FDR) or multivariate methods (PCA; RandomForest,
RE. or receiver operator characteristic (ROC) curves). With these approaches we
were able to simultansously analyze thousands of features. To carrect for

simultaneous multiple hypothesis testing we estimated the g-value for every
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feature in order to estimate the FDR. We assumaed a false discavery rate of 0.10
was acceptable and hence any feature with a g-value less than 0.10 was
considered significant. Peptide masses having sufficient specificity to sort MALDI-
TOF MS spectra into groups were tabulated and selected for MALDI-TOF M&/MS
analysis

Prior to PCA analysis by MARKERVIEW™ data were imported,
preprocessed using logarithmic data weighting and automatic data scaling filters.
Patient urinary peptide samples were assigned o Groups and the
imported/preprocessed data compared by two univatiate statistical methods
{unpaired, two-tailed students {-test and Mann-Whitney test) to discern peptides
that were presented at levels significantly different between Groups. Only patient
samples representing the extremes of eventual RFD or stability were initially
selected for analysis (n=15). Unsupervised PCA demonstrates that dominate
differences in the patients urinary peptide profiles sort the samples into two clear
groups.

in addition to PCA analysis, an expanded sample set {(n=49) of individuals
with low to moderate RFD (£-3.5mlL/yr} and moderate to high RFD (2 -3.5mLiyr}
were used for unsupervised sorting analysis. Here the LC-MALD! TOF MS peak
fist data were classified with their urinary polypeptide profiles using HC
classification algorithms with subsequent selection of classifying peptides by RF
and ROC analyses. We calculated the most important features determined by the
RF algorithm in terms of Gini index and mean square error. In order to minimize
the effect of stochastic nature of the RF procedure we ran the algorithm a large
number of times (>100) and determined the most important common features
amongst all the runs. RF was utilized for selection of variables with fwo measures
of variable importance utilized: 1) average decrease in classification accuracy and
2) Gini importance {(average decrease of Gint index). RF parameters were

estimated by minimizing generalization error estimate and maximizing stability of
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vatiable ranking, computed as the cardinality of intersection of the 20 top ranked
features over 100 RF runs. After each run variables with corresponding
importance measures smaler or equal {o O were discarded. Following supervised
and unsupervised comparison, we have identified upwards of 40 peptides that
were associated with RFD in diabetics.

Additional Data Acquisition and Analysis:

Analysis of MALDI-TOF MS Data Sets - The statistical analysis of the data
was broken down into three types of analysis: class discovery, class prediction,
and class differentiation methods. With all methods the MS data sets were
developed using aligned LC-MALDI-TOF MS peptide peak lists with the peptide
data arrayed as mass (m/z; +1) and retention time pairs. Peptide abundance was
assigned based on the peptide MALDI-TOF MS ion cluster area.

Class discovery methods- The class discovery methods used primarily

involved several types of cluster analysis. initially Principal Components Analysis
{PCA) and hierarchical cluster analysis using a variety of weight {(correlation,
Euclidian) and link functions {(average, single, complete} was conducted. In
addition the non-hierarchical cluster K-means clusters was used on the data. We
used s/n 3 and s/n 10 data, with and without natural log. PCA is a graphical
method to illustrate similarities of different samples within groups based on sample
characteristics such as peptide abundance in the present study. A PCA plot
Hlustrates the relationship of sample or sample data based on the two dominate
sefs of sample variance. Therefore a PCA plot is a qualitative teol to define
sample groups in an unbiased fashion. Classical parametric and non-parametric
tests can then be used to identify the specific differences between the groups.

Class differentiation methods- To determine differences in peak intensity

between the cases and controls we used a {-{est and adjusted the p-values using
a Benjamini and Hochberg False Discover Rate procedure. We addressed the

problem by holding RFD as a “continuum” of pathophysiclogy and analyzed the
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aentire MS data set. The slope of the decline in renal function and well as
covariate data was regressed on the peak intensities (8/n3, s/n 10, with and without
natural og scaling) and significance was assessed using simple linear regression
and correlations with Pearson’s correlation. This has the effect of assigning no
specific rate of RFD to distinguish decliners from non-decliners. The data were
then analyzed for correlation of peptide abundance with RFD {slope gim) using
Spearman correlations calculations for the intensity of peptide mass-retention time
pairs and slope gim. Peplide mass-it pairs with Spearman correlation values »0.3
and <-0.3 then filtered by parametric {tests. The Spearman correlation
coefficients values were filtered using minimum correlation cutoff values of less
than or equal to -0.3 or greater than or equal to +0.3 and then by a second t-test
filter. All peptides having a minimum Spearman correlation coefficient value and
parametnric t-tests with a p-value less than 0.01 were considered as significant.
The FDR that was returned for these computations ranged from 0.35 ta 0.89.
Peptides having parametric t-ltests p<0.01 were accepted as sighificant {Table 1),
The MALDI-TOF MS spectra for these masses were then visually reviewed for
further MS/MS analyses. In separate analyses, we computed the fractional
peptide-presencefabsence to remove the guantification error resulling from
variability in observed MALDITOF MS signal intensity. The data were analyzed
by a clinical definition of RFD and by designation of phenotypic extremes (tertile
extremes). First, the samples were designated as RFD (+) and RFD {-) based on
the rate of RFD in a normal population {-3.3 siope gim). Observed peptide
masses were assigned an intensity of “1” and unobserved masses assigned an
intensity of "0", The fractional presence of each peptide was computed for case
{decliner) and control (non-decliner) samples. The fractional abundance (f) of
each case and conirol peplide was used o compute a fractional abundance ratio
{foase/ o). Fractional abundance ratio’s greater than 2 or less than 0.5 in the

tertile population were considered significantly differentially expressed within the
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RFD populations. Next the ratio of fractional presentation of case
{decliner)/control {non-decliner) was compuled to delermine the relative
expressional abundance of a peptide within the sample population.

Class prediction {discriminate) analysis~ Using the unselected s/n 3 and s/n

10 data separately, we conduclted discriminate analysis using a grid of
significance levels (0.01, 0.05, 0.2) on the decliner verses non-decliner patients.
We evaluated a number of multivariate classification methods, including the
Compound Covariate Predictor, Diagonal Linear Discriminant Analysis, Nearest
Neighbor Predictor, Nearest Centroid Predictor, and Support Veclor Machine
Predictor. We used leave-one-out cross validation to generate the final models as
well as to determine the accuracy of the models. Sensitivity, specificity, Positive
and Negative predictive values for each of the models was obfained.

EXAMPLES 2-9

We hypothesized that qualifative differences in urine proteins might provide
insight into the etiology of progressive ERFD and serve as putative biomarkers of
risk of progressive ERFD. To address this hypothesis, in these examples we have
performed proteomic and peptidomic analyses of urine samples obtained during
the Joslin Study of the Natural History of Microatbuminuria in Type 1 Diabetes. In
the prasent examples, the low molecular weight protein (<10 kDa), or peptidomic,
fraction in urine was analyzed. We compared urine peptide expression in patients
with MA who refained stable renal function to those with MA and EFRD. Our data
demonstrate that the urinary expression of several protein fragments differs
significantly between microalbuminuric diabetic palients who develop ERFD
compared to microalbuminuric diabetic patients who do not develop ERFD. Two
such peptides, fragments of inositol pentakisphosphate 2-kinase (IPP2K) and
zana occludens-3 {(Z0-3) were further studied in human renal biopsies to

determine if urine peptide fragments correlate with renal protein expression. In
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biopsies from T1D patients with early signs of diabetic nephropathy, Z20-3
expression in renal ubular epithelial cells was increased compared to controls
and Z0-3 translocated to the cytoplasm. IPP2K expression was increased and co-
focalized in renal tubules with granule-ike cytoplasmic structures. T-cell
intracellular antigen-1 related protein {(TIAR), a protein associated with stress
granules, was also increased in diabetic kidney biopsies. These resulls confirm
that urine peptide analysis can define pathogenic mechanisms of kidney disease
including diabetic nephropathy and that the urine peptidome contains biomarkers

that correlate with the future development of diabetic renal disease.

METHODS FOR EXAMPLE 2-9

Patient Selection and Case Definition for Early Renal Function Decling
(ERFD). The protocol and consent procedures were approved by the Commitiee
on Human Studies of the Joslin Diabetes Center and the University of Louisville.
Among the 943 patients with normoaibuminuria enrolled in the 1% Joslin Study of
the Natural History of Microalbuminuria in Type 1 Diabetes, MA developed in 108
during the first four years of follow-up®, it is this cohort of 109 patients with a
documented onset of MA that is the population potentially eligible for this study.

Diagnoses of normoatbuminuria and microalbumuria were based on
multiple measurements of the albumin excretion rate (in micrograms per minute),
which was estimated from the albumin-to-creatinine ratio in random urine samples
as previously described. {1, 2) Eighty six patients were followed until 2007, and 61
met the following additional criteria for inclusion in the analysis: 1) follow-up
examinations spanning at least 8 years after the onset of MA for the estimation of
the slope of GFR over time; 2) at least one 6 mi aliquot of stored urine from an
examination within five years of the onset of MA for analysis of peptide
components. Among available urine samples, the sarliest after MA onset was

selected.
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The 61 patients were divided into cases of ERFD and controls according to
the regression slope fitted {o their follow-up estimates of GFR based on serum
cystatin C (cC-GFR). The protocol used for assessment of early progressive renal
function decline has been described in detail previously (8, 17) in brief, glomerular
filtration rate in mi/min was approximated numerically by the reciprocal of cystatin
C (in mg/L) multiplied by 100. A regression slope filted to serial measurements of
cC-GFR over eight years accurately tracks the trend in renal function over that
time. Patients had, on average, 4.8 ¢cC-GFR estimates. As previously published,
we used the longitudinal data available from the Baltimore Aging Study as the
reference distribution for evaluating whether a negative slope or trend in renal
function quatified as an abnormal rate of decline (designated ‘early renal funclion
decting or ‘ERFD'}.{7)

Sample Handling and Peptide Isolation. The order of case or control
sample handling during peptide isolation was randomized to minimize technical or
methodological bias during data collection. Urinary peplides were isolated from
the urine less than 10kDa uitrafiltrate by solid phase extraction {SPE} methods,
filtered through regenerated cellulose syringe filter (0.2 um National Scientific
Co.}, and transferred to autosampler vials in a final concentration of 0. tug/ut.

Peptides {5ug) were separated using a reversed-phase capillary scale
column (Dionex 75 um {.D. Nano Series Column, C18 PepMap 100, 3 ym, 100 A}
with 45 min Solvent A (0.05% trifluoroacetic acid (TFA) o Solvent B (BO%
acetonitrile (ACN) / 0.05% TFA) gradient and 45 1-min fractions were collected
with a robotic fraction collector (Accuspot, Shimadzu Corp., Kyoto, Japan). MALDI
matrix (5 mg/mL ¢-CN {g-Cyano-4-hydroxycinnamic acid} and a 5.33 fmol/iul.
angiotensin | (AT 1) standard dissolved in 50% ACN /0.1% TFA) was overlaid onfo
dried LC fractions collected on archivable MALDI sample plates (ABl Opti-TOF
plates) post run using the Accuspot to include an internal mass calibration

standard at 4 fmol AT-1 per spot.
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Positive ion MALDI -TOF mass spectra were acquired using an Applied
Biosystems (Foster City, CA) AB4700 Proteomics Analyzer operating in reflectron
mode and with ion source pressure ~0.5 yTorr. After a 400ns time-delayed ion
extraction period, the ions were accelerated to 20kV for TOF mass spectrometric
analysis. A total of 1000 laser shots (355nm Nd:YAG solid state laser operating at
200Hz) were acquired and signal averaged. MALDI-TOF specira were exported as
12d files as well as peak list filas for chromatographic data alignment and for
analysis by MarkerView (MDS Sciex).

Analysis of MALDI-TOF MS Data Sets Aligned MS data sels were
constructed (peptide mass (m/z; +1) and retention time pairs) with peptide
abundance based on the MS jon cluster area. The prevalence of peptide
abundance was determined. Cases of early renal function decline were defined
by loss in GFR that excesded -3.3%/yr, a threshold that corresponds o the 2.5th
percentile of the distribution of GFR slopes in an independent non-diabstic
normotensive population, QObserved peptide masses were assigned an intensity of
“17 and uncobserved masses assigned an intensity of “0". The fractional
abundance () of each case and control peptide was used to compute a fractional
abundance ratio (/T Fractional abundance ratio’s greater than 1.5 or less
than 0.5 in case-{o-control ratios were considered significantly differentially
gxpressed within the two populations. The fractional abundance ratios for these
peptides were reconsidered using only the patient samples found in the first and
third teriile. Peptides having a ratio that became more extreme {greater than 1.5
or less than 0.5) were tabulated for further MS/MS analyses. To determine the
correlation of peptide expression with ERFD, the slope of the decline in renal
function {(slope gim) was regressed on the s/n 3 peak intensities with natural log
scaling and significance was assessed using simple linear regression and
correlations with Spearman rank order correlation analysis for the tertile exiremes.

The Spearman correlation coefficients values were filtered using minimum
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carrelation cutoff values of less than or equal to -0.4 or greater than or equal to
+(.4. The goodness of the correlation fit was determined by a t-{est filler. All
peptides having a minimum Spearman correlation coefficient value and parametric
t-tests with a p-value less than 0.01 were considered as significant. Peplides
having parametric t-tests p<0.01 were accepted as significant {Table 1) were
tabulated for further MS/MS analyses.

Peptide Sequence Tagging of Selected Peptide lons using MALDI-
TOF/TOF MS. Fragmentation datfa, post-source-decay (PSD) and collision-
induced-dissociation {CID) dafa, were collected for each tabulated peptide using
the AB4700 MALDI TOF/TOF using 1KeV collision energy, atmospheric gases
{medium pressure) and collection averaged data from 1500 laser shots.

Concatenated lists of averaged fragmentation spectra (PSD and CID) were
submitted for computer assisted data analysis. Analyses were conducted in an
iterative fashion with the concatenated lists starting with search parameters of a
mass accuracy of 0.15Da for peptides and 0.3Da for fragment masses. Sequence
tagging analyses of MALDI TOF/TOF spectra were achieved using a combination
of Global Protein Server (GPS) software (Applied Biosystems, Foster City, CA}
and Matrix Science Mascot version 2.1 with manual review of all returned
analyses. Peptlide fragmentation peak lists were searched against the
unconstrained (non enzyme) NCBinr 20060712 database (3783042 sequences,
1304471720 residues) with Hormo sapiens taxonomy (111934 sequences) initially
with no PTM's and proceeding sequentially with addition of possible PTM's
sodiation and hydroxylation. Mascot search of the MALDI TOF-TOF data
proceeded with assuming possible hydroxylation of lysine (K), asparagine {N),
proline (P), and possible sodiation of aspartic acid (D) or glutamic acid (E) side
chains or carboxy termini. Returned Mascot probabilistic scores for peptides of
=87 indicate identity or extensive homology {p<0.05). As Mascot scoring is biased

against single peptide identification, manual review of refurned MASCOT
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fragmentation data analyses was conducted and used to make sequence tagging
assignments. Data were then re-searched using a NCBInr Homo sapiens decoy
database constructed using the online tool from Matrix Science MASCOT for
randomization of database protein sequences. The top peplide assignments by
the Homo sapiens and the Homo sapiens -decoy databases were rank ordered
and masses having a higher Homo sapiens -decoy rank order were discarded and
not used for further analyses. Fragmentation spectra assigned a MASCOT scores
of 220 for nv/z <3,000 and of 210 for m/z >3,000 were manually reviewed using
acceptance criterion including y-, b-, a-, ya- and yb- ion coverage, percentage of
fragmentation spectra assigned, root mean sguare (rms) mass accuracy errors for
precursor (rms<80ppm) and precursor fragmentation products (rms<300ppm).
Immunochistochemistry (IHC). A modified version of a previously described
IHC protocol was used. Formalin fixed, paraffin embedded kidney sections from
human biopsy specimens were obtained and seclions were dewaxed, treated with
antigen unmasking solution (H-3300 from Vector Laboratories Inc, Burlingame
CA}, and endogenous peroxidase aclivity was blocked. Kidney sections were
selected from three different normal, disease control and disease biopsy
specimens. Kidney sections were blocked, probed with primary antibody (1:1,000
dilution mouse polyclonal antibody to IPP2K; cat. no. HO0064768-A01, Novus
Biologicals Ing, Littleton, CO), probed with secondary antibody and freated with
ABC reagent. For negative controls, serial sections were stained as before with
the exception of no primary antibody. Processed sections were scored by three
blinded individuals using a scoring rubric for staining to nuclei, cytoplasm,
basement membrane, and interstitum. Negatlive control and delelion control
experiments were conducted to optimize for antibody combination, antibody

concentration, incubation times, and order of antibody visualization.
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EXAMPLE 2
CHARACTERISTICS OF THE STUDRY POPULATION

The study population was comprised of the patients whose onset of
microalbuminuria (MA) was documented in the 1st Joslin Study of the Natural
History of Microalbuminuria in Type 1 Diabeles. Additional eligibility criteria
included follow-up examinations spanning at least 8 years after MA onset for
estimating the rate of GFR decline and availahility of a 6 ml aliquot of stored urine
for peptide analysis. The 61 patients who met all eligibility criteria were subdivided
into 19 cases with early renal funclion decline, defined as a decline of 3.3% or
more per year {range: 3.3 {0 ~16.1% per year), and 42 conirols with lesser rates
of renal function decline {range: +1.8 to -3.2% per year). For #llustration,
contrasting examples of longitudinal changes in renal function are shown in Figure
1. Both patients had T1D and MA. The control patient experienced age-
appropriate renal function decline (approximately 1% per year), while the case
patient with ERFD progressed to end-stage renal disease.

Characteristics of the case and control groups are summarized in Table 3
at the onset of MA (Section A) and at the examination {approximately 3 years
fater) that provided the urine sample for peplide analysis (Section B}, All patients
were Caucasian and the groups had similar distributions of sex and duration of
diabetes at the onset of MA. ERFD cases were older and had higher average
glycated hemoglobin Ate than controls, but had the same estimated GFR (cC-
GFR) (Table 3, section A). Af the time of wine sampling for peptide analysis
{Table 3, Section B} the groups had similar MA duration, blood pressure, urinary
albumin excretion and medications. Glycated hemoglobin continued {o be higher
in cases than controls. The ¢C-GFR had declined slightly in both cases and
controls from the time of MA onset, but still remained in the normal range. The ¢C-
GFR was not below 80 mifmin in any patient during these baseline intervals. Atthe

end of follow-up (Table 3, Section C), the mean duration of follow-up from the
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onset of MA for both cases and controls was approximately 12 years {about 10
years after the time when urine samples were obtained for this study). By design,
the rate of renal function loss (¢C-GFR slope) was much greater in cases of ERFD
{-B.5 % per year mean change) than in controls {(-1.4% per year mean change). As
5  aresult of this disparity in renal funclion deterioration, advanced chronic kidney

disease or end-stage renal disease developed in half of the cases.
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TABLE 3

PCT/US2008/077091

Characteristics of Palients at Thrae Points in Time (Dnset Microatbuminuria, Collection of
Urine Sample, and End of Follow-up) According (o Whether Early Renal Function Deacline

{(ERFD) Developed During Follow-up

Characteristics: ERFD - Yes ERFO - No
Cases Controis
n=18 =42
A. Onset of microalbuminuria
Puration of DM {y) 20 85 18482
0.23
Age {y) Bx77 31275
0.02
HbATC (%) g5+14 87113
0.03
¢C-GFR mifmin 148 + 25 146 + 24 189
B. Collection of urine sample for peplide analysis
Duration of microalbuminuria {y) 27+15 32+15
022
HbA1Te (%) 87415 B4+15
Q.004
Systolic blood pressure 147 21 121+ 14
0.20
Urinary athumin excretion (ug/min 32.8 {14.5, 53.1) 254 (10.2, 380y
0.33
Use of ACE inhibitors (%) 74 51
.10
cC-GFR milfmin 128 £ 27 138 £ 25 014
C. End of follow-up
Duration of follow-up (y¥* 11613 120121
0.37
cG-GFR slope (%/y) ~8.5 3.5 -~1.4 1.2
<0.001
Urinary atbumin excretion (pugfmin} 1200 {300, 3000) 75 {5, 750
Chronic Kidney Dissase Stage =3 (%) 58+ g

Data are mean + SD except for urinary albumin excretion which is median (25", 78"

percentile} and categorical variables which are percents.

* Time interval between the onset of microalbuminuria and the last determination of co-GFR.
1 During follow-up, Stage 3 chronic kidney dissase developed in 11 cases and end-stage

renal disease developed in 3 of the 11,

O, diabetes mellitus; HbA1e, hemoglobin Atc; ACE, angiotensin converling enzyme
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EXAMPLE 3
URINE PEPTIDE ANALYSIS

Statistical analysis of the LC-MALDI-TOF MS data sets presented several
challenges. First, only a few individual peptides were cbserved in every sample.
For example, while 5,287 different peptlides were cbserved, only 1,208 peptides
were present in 50% of samples. The large numbers of undetected peptides
introduced an equivalently large number of null values into the data sets; thus
discouraging the application of classical t-lest methods to select for differentially
expressed peplides.

in order to focus effort on the most promising peptides, we imposed three
stringent criteria for selecting peplides for further analysis, First, we eliminated the
3,364 peptides that were detected in less than 25% of the samples. Second, we
required that there be a 50% difference in the detectlion frequency of a peplide
between cases and controls. This reduced the number of peptides to 12. Third, we
added a quantitative requirement to the evidence for association. Peptide guantity
was calculated from its peak characteristics using integrated signal intensity. We
then calculated the Spearman correlation coefficient between the peptide
abundance and the rate of renal function loss, and selected four peptides with
strong correlation (Table 4) for further analysis in these examples. All four had
coefficients less than -0.40 and a p-value less than 0.01

TABLE 4

Urinary Peptides Determined To Be Differentially Present Between Case And
Control Samples

Proportion (%) of Urine

Proportion (%) of Urine Samples Samples with Detsctable
with Detectable Peptide Peptide
Peptide All Correlation 5 Super
Mass  (ases Controls Retio  withGFR o Cases Controls hatio
(M/2)  N=1g  N=42 Slope N=19  N=20
842 347 79 43 1.8 £.405 0.001 79 40 1.8
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983.535 42 18 22 0437 0.008 42 5 8.4

1180.633 42 17 25 0.418 0.001 42 10 4.2

1838.851 G63 33 1.8 0,424 0.008 &3 20 32
EXAMPLE 4

DETERMINATION IF URINE PEPTIDES THAT IDENTIFY PATIENTS WITH
RENAL FUNCTION DECLINE WERE PRESENT IN CONTEMPORANEQUS
PLASMA SAMPLES

The discriminating peptides present in urine had a molecular weight (m/z)
ranging approximately from 842 to 1838 Da and therefore might be present in the
urineg after being freely filtered from the plasma by the glomerulus. To investigate
the source of the selected peptides, we conducted additional LC-MALDI-TOF MS
experiments of plasma samples obtained with the urine samples we had analyzed.
We performed LC-MALDI TOF MS analysis of plasma peptides isolated from
samples collected from the same individuals supplying the urine samples used in
this study. The samples were available from 18 case and 18 control patients. The
isolated serum peptides were analyzed using identical LC-MALDlI TOF MS
methods employing chromatography refention time internal standards and on-
plate per spot internal mass calibration standards.

One plasma peptide was detected in a majority of plasma samples at the
correct chromatographic retention time and with the correct mass (1190.638 miz ¢
150ppm mass accuracy) to be assigned o one of the four urinary peptides which
carrelating with ERFD and which were further analyzed in the present examples.
However there was no difference in this peptide’s plasma abundance betwesen
Case and Conirol patients.
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EXAMPLE &
IDENTIFICATION OF RFD DISCRIMINATING URINE PEPTIDE AMING ACID
SEQUENCE BY MASS SPECTROMETRY
5 To better understand ERFD mechanisms we sought to identify the protein
source for the discriminating urinary peplides selected for further analysis in these
examples. We performed tandem mass spectrometry analysis to identify the
amino acid sequence of the discriminating urine peptides.
As seen in Table 5, a total of three peptide sequence identifications were
10 made including fragments of the cadherin-like protein FAT tumor suppressor 2,
Z0O-3 and a fragment of IPP2K. Further MG analysis demonstrated that the
1838.782 miz ion had a peptide sequence having a missed trypsin cleavage site
due fo the presence of a glycyl-glyeyl post-translational modification presumed
resulting from ubiquitination of the parent protein IPP2K.
15
TABLE 5
Assignment Of Peptide Sequence To Differentially Expressed Urinary Peptides

Abundance
Mass Change In
{m/z) Parent Protein Cases Peptide
Inoskol-1,34.56- EWGYHGEGNKSLVWAHAQ +
1838.851 pentakisphosphate 2-kinase § GlyGly (K)
1190833  FAT tumor suppressor 2 H S PEFQAQHLYE A
983,535 Zona oocludens 3 § GVSSONLSLMD

I = increased in RFD
Peptide sequence tags assignments for masses determined to be significant using
20  presence-absence analyses or Spearman correlation analyses.
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EXAMPLE 6
CHANGES IN URINE EXPRESSION OF INTACT {PP2K

We examined if intact IPP2K was present and alsg differentially expressed
in case and control uring protein samples. In preparing samples for peptidomic
analysis, we had isolated a fraction containing proteins with molecular size >
10,000 Da. These samples were then resolved by 10% SDS-PAGE and IPP2K
was identified by immunoblot.

As show in Figure 2, IPP2K was detectable in urine and was approximately
2.6 times greater in patients with ERFD who subsequently developed advanced

chroni¢ kidney disease.

EXAMPLE 7
CHANGES IN {PP2K EXPRESSION IN THE INTACT KIDNEY

We examined whether urinary peptide levels might provide insight into
disease-induced changes in renal protein expression. We first analyzed IPP2K
axprassion in kidneys from normal and diabetic patients by immunochistochernisity.
In keeping with our focus on ERFD for these examples, we analyzed biopsies from
diabetic patients with minimal altbuminuria and serum creatinine levels of 1.2t0 1.9
mg/dl.

Shown in Figure 3 are representative images from six pairs of experiments
that examined {PP2K expression in kidneys from normal patients {(Figure 3A}, a
patient with early DN (Figure 3B) and negative control for non-specific binding
{Figure 3D}, Patients with DN had increased IPP2K expression in renal tubules
and glomeruli. While the majority of increased staining was observed in the

cytoplasm, infense areas of staining were noted in nuclei or perinuclear areas.
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EXAMPLE 8
IPP2K IS PRESENT IN CYTOPLASMIC GRANULES IN DIABETIC
NEPHROPATHY

IPPZK has been shown recently 1o be a constituent of mRNA-containing
granules responsible for protein translation arrest in stressed cells (8). These
cytoplasmic inclusions, referred to as stress granules, are observed in cells
subjected to environmental stress including heat, irradiation, oxidative conditions
and hyperosmolarity (10). Based on our findings of increased renal and urinary
IPP2K in ERFD, we examined if DN was associated with the formation of stress
granules.

Shown in Figure 3D is a 100x magnification image of DN kidney stained for
IPP2K. Increased IPP2K staining is seen throughout and is strongly localized in
cytoplasmic granules. IPP2K was strongly expressed in nuclei or peri-nuclear
areas. We also used immunohistochemistyy to determine expression of another
protein marker of stress granules, T-cell intracellular antigen-1 related protein
{TIAR}. Shown in Figure 3 are sections stained for TIAR from normal kidney (3E)
or early diabetic nephropathy (3F}), We observed increased TIAR staining in
diabetic nephropathy. TIAR was primarily localized to the cytoplasm and in a

granular pattern indicative of stress granules.

EXAMPLE 9
CHANGES IN Z0O-3 EXPRESSION IN THE INTACT KIDNEY
To further examine if urine peptide changes may reflect alterations in infact
Kidney proteins, we analyzed Z0-3 expression in kidneys from normal and diabetic
patients by immuno-histochemistry. We used the same biopsies, studied above,
from diabetic patients with minimal albuminuria and serum creatinine levels of 1.2
{0 1.9 mg/di. As shown in Figure 4, Z0-3 expression was increased in biopsies

from patients with DN (4B) when compared to controls (4A}). We also observed
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that Z0-3 staining was less linear, not confined {o the cell periphery and increased

in the cytoplasm when compared to normails.

DISCUSSION OF EXAMPLES 2-8

Our goal in these examples was {o identify urinary peplides that are
associated specifically with the risk of kidney diseases including ERFD, an early
phenotype that indicates the initiation of renal function loss while GFR is still in the
normal range and while MA is present. Urine samples available in this study were
unique: They were taken from subjects early after the development of MA, and
could be classified into cases and controls according to their future changes in
renal function. As such, the samples could be used to measure peptides that may
discriminate those that retain stable renal function from those with ERFD. We
reasoned if such discriminating peptides could be identified that they would be
specific for ERFD and might provide new insights into the pathophysiology the
initiation of renal function loss ~ as opposed {0 the onset of MA - and could serve
as candidate biomarkers in future studies. We focused on 4 identified peptides for
these examples. Each was more abundant in the urine of cases as compared to
the urine of well-matched controls. MS sequence tag analysis identified individual
peptide fragments of derived from the tight junction protein-3/ Z0-3, FAT-2 and
IPP2K. The novel findings in these examples include that changes in renal protein
expression in diabetes are reflected in the urinary peptidome and occur very early
in DN. Sescondly, based on the wine peptlidomic analysis, we were able to
determine that intact IPP2K protein is increased in diabetic kidney and is present
in stress granules not observed in normal Kidney.

Based on the differential expression of an IPP2K urinary fragment in case
and control samples, we examined whether this protein was differentially regulated
in normal kidneys and those from patients with T1D. Woe observed increased

expression of IPP2ZK in renal tubules of patients with T1D compared to normal
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kidney. Increased IPP2K expression was observed both in nuclei and in the
cytoplasm. This finding suggests a hitherto unrecognized role for IPP2K in the
damaged kidney or in Kidneys responding to stress. IPP2K may have several
possible roles in DN. Higher inositol phosphate production proceeds through the
action of a IP5/6-kinase {o produce Ins(1,34,6)P4 whichintumis actedon by a
IP5-kinase to produce Ins(1,3,4,5,6)P5, that is then modified by IPP2K {o produce
InsP8 (11, 12). The role in renal cell function of IPP2K is incompletely understood
and the actions of insP8, the primary product of IPP2K activity, are a focus of
considerable interest. One major role for IPP2K has been in the regulation of
mature messenger RNA nuclear export and mRNA translation arrest during
cellular stress (13). Most recently, cytoplasmic IPP2K has been associated with
stress granule formation, Stress granules are phase-dense cytoplasmic particles
that appear in eukaryotic cells exposed to environmental stress {(e.g. oxidative
conditions, hyperosmolarity, nutrient depravation and UV irradiation}. Stress
granule assembly is a consequence of abortive transiational initiation. if the
stress is relieved, the stress granules disassemble, and translation resumes. The
persistence of stress granules is considered a reflection of ongoing insults that, if
feft unchecked, may lead to apoptotic cell death. We observed evidence of stress
granules in kidneys with early diabelic nephropathy, as well as in other renal
diseases, suggesting that stress-induced changes in translation had occurred.
We also observed that increased amounts of urine peptides derived from
the Z0O-3 protein reflected changes in the diabetic kidney. Diabstic kidneys had
increased tubule cell ZO-3 expression and apparent translocation of the prolein
from the cell membrane to cyloplasm. Z0-3 is a member of the zona occludens
protein family found in epithelial cell apical junclion complexes (i14). Zona
occludens proteins play an important role in maintaining barrier integrity formed by
epithelial cells and Joss of ZO-3 in particular results in increased permeabitity of

cell layers (15). Recently, Sharma ef a/ have shown glucose causes translocation
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of ZO-1 from the cell membrane {0 the cytoplasm in cultured podocytes (16).
Similarly, we observed increased cytoplasmic and decreased membrane Z0-3
staining in renal tubules in human diabetic kidneys. These data indicate that
increased Z0-3 fragmenis in the urine may be a result of the diabetes-induced
change in Z0-3 cellular distribution.

in summary, we have identified peptides in the low molecular fraction of
urine that correlate with early renal function decline in Type-1 diabetes mellitus.
These peptides reflect changes in both tubular and glomerular protein expression
that are associated with the formation of stress granules and may define a new
cellular mechanism by which diabstic nephropathy is initiated or progresses. Thus,
urine peplide expression can provide insight into renal pathophysiologic
mechanisms,

EXAMPLE 10

This Example provides comparison of peplide profiles of plasma samples
collected from type-1 diabetic individuals prior to the onset of significant renal
function decline. It was determined that discernable changes in the plasma
peptidome accompany early progressive renal function decline in type-1 diabetics
with microalbuminuria.

Longitudinal patient study allowed for stratification of patient renal function
into two groups: significant renal function decline {case) and age-equivalent renal
function decline (control). Peptlide profiles generated using hiquid chromatography
{LC), robotic fraction collection, and matrix assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF MS) were compared using class
discovery and class differentiation methods.

A total of 213 peptide masses out of >9,000 peplide masses were identified
as being differentially present {o some degree between case and control groups.

Manual review of the data allowed for rank ordering of peptide importance based
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on apparent abundance within samples. Peptides having significant abundance
{e.g. a sighal to noise (s/n) ratio > 50) were selected for further studies dedicated
to wdentifying the peptide’s amino acid sequence.

Initial analysis provided sixty-three (63) peptides were significant by
univariate t-test analysis at the p<0.01 significance level. Thirty-two {32) peptides
classified patient group samples with case sensitivity (C.5), specificity {0.882) and
positive (0.8) and negative (0.652) predictive values. Forty-one {41) peptide
sequence lags involving twenty two (22) proteins were identified. A complete
listing of plasma peplide biomarkers associated with kidney disease is provided in
Table 2. In conclusion, the plasma peptidome significantly differs between T10
with MA that do and do not succumb to ERFD. {n addition, the difference between
the plasma peptidome’s of T1D with MA with ERFD and T1D with MA but without
ERFD is exhibited months to years in advance of any significant renal function

decline.

EXAMPLE 11

Summary: The experiments noted in Example 10 identified eight peptide
sequences as derived from the biologically important peptide bradykinin including
one apparently previously-unknown variant of bradykinin. Bradykinin, a proteclytic
fragment of the protein kininogen, and differential expression of bradykinin
receptors (B1KR and B2KR} are of known significant importance to renal function
{Tan et al., (2007) Am J Physicl Renal Physiol, 293(4):F1026-35.).

Differential plasma expression of the bradykinin parent protein, kKininogen,
has been established in the data of the present example using immunoblot
analysis of early progressive renal function decline phenotypic extremes.

A guestion addressed by the present example was “are the urinary peptides
identified as differentially abundant in case versus control patients actually filtered

from the plasma through the glomerulus into the urine”. We were able to
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demonstrate that none of the significant urinary peptides originated from the
plasma. The analysis of LC-MS data from these 33 plasma samples (n=16 case;
n=17 control) identified 63 peptides o be significantly difference between case
and control groups by {-test (p<0.05), eight of these peptides were fragments of
high molecular weight kininogen. From these observations we developed the
following hypothesis: The presence of increased amounts of specific peptide
fragments of high molecular weigh kininogen (HK) in the case patient plasma as
compared the control patient plasma would reflect changes in the amount of the
corresponding intact protein in the plasma.

Background: Two splice variants of kininogen occur with the larger variant
referred to as high molecular weight kininogen (MK} and the smaller variant
referred to low molecular weight kininogen (LK), HK contains six protein domains
including protease inhibitor domains, a cytokeratin binding domain, a gC1gR
binding domain, a prekallikrein/Factor X1 binding domain, and a domain containing
the peptide hormone bradykinin (BK). BK is released from HK primarily by the
proteclytic activity of plasma kallikrein. BK binds {o the constitutively expressed
bradykinin-1 receptor (B1R}, a G-protein coupled receptor. BK can be degraded
by a number of metalloproteinases including the protease, Kininase il also known
as angiotensin (AT} converting enzyme (ACE). Interestingly ACE has a higher
affinity for BK than for AT. ACE inhibitors are used {o treat hyperiension in
hypertensive diabetics and have a beneficial side effect of reducing proteinuria.
Some people ascribe the beneficial effects of ACE inhibitors to the resulting
increase in BK half-life and resuiting increase in effective tissue BK concentration.
The proteolysis of LK by tissue kallikrein releases decapeplide known as kalladin
and corresponds to BK plus an additional N-terminal lysine (also known as Lys-
bradykinin}. BK and kalladin are both proteoclytically degraded by enzymes in the
kidney and yield the hepta-, hexa-, and penta-polypeptides which were ohserved

in the low molecular proteomic studies conducted in owr preliminary studies. The
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release of BK from HK yields a heavy chain having a molecular weight range of
approximately 68,000 {o 65,000 Daltons and a light chain having a molecular
weight of approximately 58,000 Daltons; subsequently the light chain is further
degraded to fragments with a mass range of 48,000 to 42,000 Dallons. The two
chains are held together by a single disulfide bond. The heavy chain contains
multiple N-linked glycan structures and the light chain contains multiple O-linked
glycan structures. Therefore, the differential abundance of BK peplides and BK
degradation products should be reflected by the differential abundance of
kininogen heavy chain and light chain proteins in the plasma of case versus
control patients.

Methods: in order o examing if the increased plasma abundance of
kininogen fragments was the result of increased kininogen protein expression,
immunoblotting experiments using reduced and denatured plasma protein
samples were conducted. The plasma samples were enriched for low abundant
proteins including kininogen by depleting albumin using albumin-specific antibody
methods (VivaScience, Sartorius, Germany). Samples were prepared using 10ug
of depleted plasma proteins dissclved in Laemmib buffer, separated using 10%
NUPAGE gels at 200V constant and electroblotted onto 0.45um nitroceliulose.
The blocked membrane was immunoblotted using rabbit anti-high molecutlar
weight kininogen polyclonal antibodies in Odyssey infrared imaging blocking
buffer {Licor, Lincoln, NE) supplemented with 0.1% Tween 20. Proteins were
visualized by incubation of membranes with fluorescent-tagged anti- rabbit
antibodies {Molecular Probes, Carlsbad, CA) and scanning on an Odyssey
infrared imager {Licor),

Results: Immuncblot experiments were conducted using polycional
antibodies {o high molecular weight kininogen. The samples selected for these
experiments were composed of the phenotypic extremes (the patients who through

12-20 years longitudinal follow-up demonstrated the most (case) and ieast
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{cantrol) severe loss of renal function). These immunobilot experiments identified
multiple immunopositive bands migrating at molecular weight ranges between
approximately 56,000 and 38,000 Daltons. Data are presented for the analysis of
case (n=3) and control (n=3) samples for the bands migrating between 48,000 and
38,000 Daltons (Figure 5) and a single band migrating between 65000 and
49,000 Daltons (Figure 6). From these data and an additional three samples a
Pearson analysis for the correlation of band intensities with the estimated rates of
renal function decline computed a correlation coefficient of 0.8. The strength of
this correlation coefficient suggesis that kininogen metabolism is dysreguiated
between T1D MA individuals with and without sarly progressive renal function

decline.
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not for the purpose of limitation.
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CLAIMS
What is claimed is:

1. A method for diagnosing a kidney disease, or the risk therest, in a subject,
COmprising:

(a) determining an amount of at least one peptide of Table 1, Table 2, or
both in a biological sample from the subject; and

(b}  comparing the amount of the at least one peptide in the sample witha
control level, wherein if the amount determined in (a) is different than
the control level, the subject is diagnosed as having, or at an
increased risk of developing, the kidney dissase.

2. The method of claim 1, wherein determining the amount of the at least one
peptide comprises determining the amount of the at least one peptide in the
sample using mass spectrometry (MS) analysis, immunoassay analysis, or
both.

3. The method of claim 2, wherein the M3 analysis comprises matrix-assisted
laser desorptionfionization (MALD!) time-of-flight (TOF) MS analysis or
electrospray ionization (ESI} M8,

4. The method of claim 3, wherein the MALDI-TOF MS analysis is direct-spot
MALDLTOF or liquid chromatography MALDETOF mass spectrometry
analysis.

5. The method of claim 2, wherein the Immunoassay analysis comprises an

enzyme-linked immunosorbent assay (ELIGA).

6. The method of claim 1, wheremn the at least one peptide is a plurality of
peptides.
7. The method of claim 1, wherein the biological sample is a urine sample and

the at least one peplide is at least one peplide selected from Table 1.

8. The method of claim 1, wherein the biological sample is a blood sample ora
plasma sample and the at least one peptlide is al least one peptide selected
from Table 2.
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10.
11
12,

13.

14,

18,

16.

17.

The method of ¢laim 1, wherein the subject is human.

The method of claim 1, wherein the subject is a diabetic subject.

The method of claim 10, wherein the kidney disease is diabsetic nephropathy.

A method for determining treatment efficacy and/or progression of a kidney

disease in a subject, comprising:

(a) determining an amount of at least one peptide of Table 1, Table 2, or
both in a first biological sample collected from the subject at a first
time point;

(b}  determining an amount of the atleast one peptide of Table 1, Table 2,
or both in a second biological sample from the subject at a second
time point; and

(c) comparing the amounts of the at least one peptide in the first and
second samples, wherein a change in the amounts of the atleast one
peptide from the first and second samples is correlated with
determining treatment efficacy and/or progression of the kidney
disease in the subject.

The method of claim 12, wherein determining the amount of the atleast one

peplide in the first and second biclogical samples comprises guaniiating the

amount of the at least one peplide in the samples using mass spectrometry

(MS) analysis, immunoassay analysis, or both.

The method of claim 13, wherein the MS analysis comprises matrix-assisted

taser desorptionfionization (MALDL time-of-flight (TOF) MS analysis or

electrospray ionization (ESH MS.

The method of claim 14, wherein the MALDI-TOF MS analysis is direct-spot

MALDI-TOF or hquid chromatography MALDETOF mass spectromelry

analysis.

The method of claim 13, wherein the immunoassay analysis comprises an

enzyme-linked immunosorbent assay (ELISA).

The method of claim 12, wherein the ai least one peptlide is a plurality of

peptides.
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18.  The method of claim 12, wherein the first and second biclogical samples are
urine samples and the at least one peptides are at least one peptides
selected from Table 1.

189. The method of claim 12, wherein the first and second biclogical samples are
uring samples and the at least one peplides are at least one peplides
selected from Table 2.

20.  The method of claim 12, wherein the subject is human.

21.  The method of claim 12, wherein the subject is a diabetic subject.

22.  The method of claim 21, wherein the Kidney disease is diabetic nephropathy.

23. The method of claim 12, wherein the first time point is prior to initiation of a
freatment for the kidney disease and the second time point is after initiation
of the treatment.

24, The method of claim 12, wherein the first time point is prior o onset of the
kidney disease and the second time point is after onsel of the kidnhey
disease.

25. An antibody or fragment thereof that specifically recognizes a peplide of
Table 1 or Table 2, a peptide associated with a peptide of Table 1 or Table
2, or both,

26.  The antibody of claim 25, wherein said antibody is a2 monoglonal antibody.

27. A Kit for detecting a Kidney disease, or a risk thereof, in a subject, the Kit
comprising one or more antibodies of claim 25.

28.  The kit of claim 27, wherein the antibody is bound {o a substrate.

29, The kit of claim 27, comprising instructions for using the kit.

30.  The kit of claim 27, wherein the subject is human,

31, The kit of claim 27, wherein the subject is a diabetic subject.

32. The kit of claim 27, wherein the kidney disease is diabetic nephropathy.

33.  The kit of claim 27, wherein the one or more antibodies is a plurality of

different antibodies.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to from a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-7, 9-18, and 20-24, directed to a method for diagnosing a kidney disease or a method for determining treatment
efficacy and/or progression of a kidney disease, limited to a peptide biomarker of Table 1 (plasma markers of kidney disease), where the
first biomarker listed in Table 1 will be searched without an additional search fee. Applicant may have additional biomarker(s) searched
for additional search fee(s).

Group II: Claims 1-6, 8-10, 11-17, and 19-24, directed to a method for diagnosing a kidney disease or a method for determining
treatment efficacy and/or progression of a kidney disease, limited to a peptide biomarker of Table 2 (plasma markers of kidney disease),
where the first biomarker listed in Table 2 will be searched. Applicant may have additional biomarker(s) searched for additional search
fee(s) .

Continued in extra sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional feés, this Authority did not invite payment of
additional fees. '

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }v{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to th;oigvemion first mentioned in the claims; it is covered by claims Nos.:
1-7, 9-18, and 20-24

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompa}lied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D ‘No protest accompanied the payment of additional search fees.
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Continuation of:
Box No [I1 {unity of invention is lacking)

Group Ili: Claims 25-33, directed to an antibody or a kit for detecting kidney disease, limited to a biomarker peptide of Table 1 (urinary
markers of kidney disease), where the first biomarker listed in Table 1 will be searched. Applicant may have additional biomarker(s)
searched for additional search fee(s).

Group IV: Claims 25-33, directed to an antibody or a kit for detecting kidney diseass, limited to a peptide biomarker of Table 2 (plasma
markers of kidney disease), where the first biomarker listed in Table 2 will be searched. Applicant may have additional biomarker(s)
searched for additional search fee(s).

The inventions the listed groups do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features that link Groups -1V are a method for diagnosing kidney disease comprising detecting a peptide
biomarker of kidney disease, and an antibody that specifically recognizes a peptide biomarker of kidney disease. However, this is not
an improvement over the prior art US 20060240437 A1 (Krolewski et al.) teaches diagnosing kidney disease by measuring a peptide
biomarker (fibrinogen; para [0006]) and teaches an antibody that specifically recognizes the peptide biomarker (para [0017]).

Accordingly, unity of invention is lacking under PCT Rule 13.2 because the groups do not share a same or corresponding special
technical feature providing a contribution over the prior art. .

Form PCT/ISA/210 (extra sheet) (April 2007)



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH 3=
CPCH¥ESH
RIEHE(F)

L5

L M2 FF S0k
S\EReERR

BEG®)

patsnap
BRAEIFREH TN 'S Th BE T B2 RN 5 B AR
EP2203743A1 NIF(AEH)A 2010-07-07
EP2008832096 RiEH 2008-09-19
BB HERAEMRESLNE
BEHERAREES | Inc.HKE.
BEMERARESLS | Inc.HIKRE.

KLEIN JON
MERCHANT MICHAEL L
BORATYN GRZEGORZ

KLEIN, JON
MERCHANT, MICHAEL L.
BORATYN, GRZEGORZ

GO1N33/53 GO1N24/00
GO1N33/6893 GO1N2800/042 GO1N2800/347 GO1N2800/50 GO1N2800/52 GO1N2800/56
JONES , ANDREW NICHOLAS

60/974002 2007-09-20 US
61/050521 2008-05-05 US

EP2203743A4

Espacenet

REANTFHEBRETATUOHZREFNERIEXRN G E. &
FEOEHERAZRENENERPAXATHED —MIRENIRE
MNE  FFERPED —MRNESHRAKFRTLR , HPmRN

EHERETXRKFE,

R

 BRAERSM N BEERIEREMNE


https://share-analytics.zhihuiya.com/view/1744bfe4-b0c0-4f57-957f-f6f6f9fca800
https://worldwide.espacenet.com/patent/search/family/040468396/publication/EP2203743A1?q=EP2203743A1

