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HEPCIDINS AS BIOMARKERS FOR
IMPENDING LUPUS NEPHRITIS FLARE

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application 60/931,053 filed May 21, 2007, the dis-
closure of which is expressly incorporated herein by refer-
ence, in its entirety.

GOVERNMENT SUPPORT

[0002] The invention was made with government support
from the National Institutes of Health research grants NIH-
NIDDK Grant Number DK55546. The government may have
certain rights in the invention.

BACKGROUND

[0003] Systemic lupus erythematosus (SLE) is character-
ized by periods of illness, called flares, and periods of well-
ness, or remission. While the warning signs of a flare in a
patient can include one or more of increased fatigue, pain,
rash, fever, abdominal discomfort, headache and dizziness,
by the time the patient is experiencing these symptoms, there
is already further damage being inflicted on the patient’s
body, and in particular, the kidney.

[0004] Systemic lupus erythematosus tends to be chronic
and relapsing, often with symptom-free periods that can last
for years. Since the course and episodes (i.e., flare-ups) of
acute systemic lupus erythematosus is unpredictable, the
prognosis varies widely. It has been found, however, that if the
initial inflammation is controlled, the long-term prognosis is
good. Therefore, early detection and treatment of kidney
damage caused by systemic lupus erythematosus can reduce
the incidence of severe kidney disease.

[0005] Therefore, there is a need for the early treatment of
flares to help such patients with lupus maintain better health.
[0006] Ifthere is an early detection of a flare, certain thera-
pies, such as, for example, the drug therapy of cyclophospha-
mide combined with prednisone, can be initiated to help delay
or prevent kidney failure, a serious complication of lupus.
[0007] Presently there are no clinically useful biomarkers
that can be readily used to predict an impending flare-up of
such serious lupus kidney disorders is systemic lupus erythe-
matosus.

[0008] The expectation is that the earlier any kidney
involvement is detected and treated, and the faster remission
is induced, the better the prognosis for kidney function. Also,
earlier detection and treatment, before the systemic lupus
erythematosus disease becomes full-blown, is anticipated to
decrease the duration and intensity of any treatment that
would be needed. This would decrease the morbidity and
mortality of the highly toxic immunosuppressive therapies
that are standardly used to treat systemic lupus erythematosus
nephritis

[0009] What are lacking are tools for predicting the likeli-
hood that a particular patient will suffer from a flare-up of
systemic lupus erythematosus nephritis. In particular, there
are no known identifying predictors to determine when a
patient will suffer from such flare-up.

[0010] Also lacking are tools for profiling factors influenc-
ing sensitivity and resistance of patients to systemic lupus
erythematosus therapeutic agents. Such tools would be pre-
dictive of treatment response of a patient to a particular drug,
and would allow for increased predictability regarding
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chemosensitivity or chemoresistance of such patients to
enable the design of optimal treatment regimens for indi-
vidual patients. Such tools would likewise enable the identi-
fication of new drugs.

[0011] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objects
and advantages of the invention may be realized and attained
as particularly pointed out in the appended claims.

SUMMARY

[0012] In one aspect, there is provided herein a system for
predicting an impending flare of lupus kidney disease. The
system includes a non-invasive and easily accessible method
for monitoring kidney activity to forecast a flare-up of sys-
temic lupus erythematosus in a patient suffering from such
disease.

[0013] A method of providing efficacy information for
selected drugs for treatment of a patient comprises:

[0014] (a) comparing a level of hepcidin from a patient
urine with a database including records comprising baseline
levels of hepcidin from the same patient herein; and

[0015] (b) providing a suitable drug when the levels of
hepcidin are different from the baseline levels of hepcidin.
[0016] A machine-readable medium includes program
instructions for performing the following steps:

[0017] (a) comparing a level of hepcidin from a patient
urine with a database including records comprising baseline
levels of hepcidin from the same patient herein; and

[0018] (b) providing a suitable drug when the levels of
hepcidin are different from the baseline levels of hepcidin.

[0019] A method of selecting a therapy for a patient com-
prises:
[0020] (a) providing a subject baseline hepcidin profile of a

sample from the patient;

[0021] (b) providing a plurality of reference profiles, each
associated with a point in time; and

[0022] (c) selecting at least one therapy when a predeter-
mined difference between the baseline hepcidin level and the
heuristic measured levels is at, or within a predetermined
range, to thereby select a therapy for the patient.

[0023] The method can further comprise administering the
therapy selected in step (c) above to the patient. The method
can also include where the most similar reference profile is
selected by weighting a comparison value for each value of
the plurality using a weight value.

[0024] An array comprises a substrate having a plurality of
addresses where each address has disposed thereon a capture
probe that can specifically bind to one or more of the hepcidin
compositions described herein. The capture probe can bind to
one or more of the hepcidin under stringent conditions. Each
hepcidin bound by the capture probe of each address is unique
among the plurality of addresses.

[0025] A computer-readable medium comprises a plurality
of digitally-encoded expression profiles where each profile of
the plurality has a plurality of values, and each value repre-
sents the expression of a different hepcidin as described
herein.
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[0026] A kit for evaluating a drug comprises:

[0027] an array having a substrate including a plurality of
addresses where each address has disposed thereon a capture
probe that can specifically bind at least one hepcidin
described herein;

[0028] a computer-readable medium having a plurality of
digitally-encoded expression profiles where each profile of
the plurality has a plurality of values and each value repre-
sents the expression of at least one hepcidin detected by the
array.

[0029] A method for diagnosing, aiding in diagnosis of
sensitivity or resistance a therapeutic agent for systemic lupus
erythematosus, and for evaluating the efficacy of a therapeu-
tic agent for systemic lupus erythematosus in a subject com-
prises comparing the expression of one or more biomarkers in
a sample from a subject to a predetermined standard for each
the one or more biomarkers; wherein the one or more biom-
arkers are selected from the group including hepcidin-25 and
hepcidin-20; and wherein a significant difference in the
expression of the one or more biomarkers in the sample as
compared to a predetermined standard of each the one or
more biomarkers diagnoses or aids in the diagnosis of a
flare-up of a systemic lupus erythematosus kidney activity
disorder.

[0030] The method can include where the predetermined
standard corresponds to: (a) the expression levels of the biom-
arker in healthy subjects, or (b) the expression levels of the
biomarker in non systemic lupus erythematosus sensitive
samples from different subjects in a same phenotypic group.
[0031] Themethod can comprise comparing the expression
oftwo or more biomarkers, wherein the diagnosis is based on
a score-based classification method. For example, the method
can comprise comparing the expression of different biomar-
kers; wherein each biomarker is assigned a score of 0 or 1,
wherein a biomarker is assigned a score of 0 if the expression
ofthe biomarker is not significantly different from the expres-
sion of the biomarker in a predetermined standard and
wherein a biomarker is assigned a score of 1 if the expression
ofthe biomarker is significantly different from the expression
of the biomarker in a predetermined standard; wherein the
subject is assigned an overall score which corresponds to the
sum of the assigned scores from different markers; and
wherein a given threshold (t) is used to diagnose or aid in the
diagnosis.

[0032] Themethod can comprise comparing the expression
of two or more biomarkers, where the diagnosis is made by
comparing the expression profile of the two or more biomar-
kers to a predetermined standard profile for the biomarkers,
and wherein a difference in the profiles diagnoses or aids in
the diagnosis.

[0033] The predetermined standard profile can be deter-
mined by comparing the expression of the two or more biom-
arkers in subjects to the expression of the two or more biom-
arkers in healthy subjects using a machine learning technique.
[0034] The predetermined standard profile can be deter-
mined by comparing the expression of the two or more biom-
arkers in subjects and in healthy subjects using support vector
machines, K-nearest neighbor classifier, or classification tree
analysis.

[0035] Themethod can comprise comparing the expression
of one or more biomarkers in a sample from a subject to the
expression of the one or more biomarkers in a sample
obtained from the subject at a subsequent point in time;
wherein the one or more biomarkers are selected from the
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group consisting of hepcidin-20 and hepcidin-25, where a
difference in the expression of the one or more biomarker
diagnoses or aids in the diagnosis of the progression of one or
more such diseases in the subject. The method can include
comparing the expression of two or more biomarkers.
[0036] A method to screen for a candidate compound use-
ful to treat a systemic lupus erythematosus implicated disease
comprising: (a) identifying a candidate compound which
regulates the expression of one or more biomarkers that
include hepcidin-20 and hepcidin-25; and (b) determining
whether such candidate compound is effective to treat sys-
temic lupus erythematosus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0038] The invention can be more fully understood from
the following detailed description, the drawings and the
Sequence Descriptions that form a part of this application.
The sequence descriptions and Sequence Listing attached
hereto comply with the rules governing nucleotide and/or
amino acid sequence disclosures in patent applications as set
forth in 37 CFR §§1.821-1.825. The Sequence Descriptions
contain the three letter codes for amino acids as defined in 37
CFR §§1.821-1.825, which are incorporated herein by refer-
ence.

[0039] FIG. 1 depicts an analysis scheme for urine protein
phenotyping of SLE nephritis flare cycle.

[0040] FIGS. 2A and 2B depict urine SELDI spectra of
class IV SLE nephritis flare cycles:

[0041] FIG. 2A—The spectra of a whole flare cycle are
presented between the 2000 and 10 000 Dalton region. The
LMW urine proteome shows an overall increase in peaks
between 2000 and 4000 Dalton as flare approaches, which
then decrease during flare treatment. Peak intensity (relative
protein abundance) is given on the y-axis.

[0042] FIG. 2B—The spectra from 4 months pre-flare and
flare of a Class IV GN patient showing that some protein ions
decrease at the flare.

[0043] FIG. 3 depicts the expression of candidate urine
biomarkers over time. The mean relative intensities of 4 dif-
ferentially expressed protein ions (log-transformed data for
M87) are plotted at several points of the renal flare cycle.
Error bars indicate standard errors (A-D).

[0044] FIGS. 4A-4E depict urine hepcidin expression in
SLE Nephritis:
[0045] FIG.4 A—Typical urine SELDI spectrum in a class

IV LN urine showing three hepcidin isoforms of 20, 22 and 25
at m/z 0f 2197, 2432 and 2798, respectively.

[0046] FIG. 4B—Time course of hepcidin 20 and 25
expression (mean relative intensities) during the SLE nephri-
tis flare cycle. Error bars indicate standard errors.

[0047] FIG. 4C—On-chip CID fragmentation of peak 34,
used to identify the ion as hepcidin 25.

[0048] FIG.4D—MS fragments of trypsin-digested hepci-
din 25 standard.

[0049] FIG.4E—LC/MS/MS detection of the internal pep-
tide of hepcidin 25 (y-ions are labeled) in the urine of an SLE
nephritis patient.
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[0050] FIGS. 5A-5C depict urine expression of A1AT and
an albumin fragment during SLE renal flare:

[0051] FIG.5A—SELDI relative intensity of M17 (A1AT)
and M26 (Albumin) between baseline and flare, and baseline
and 4 month pre-flare.

[0052] FIG. 5B—SELDI spectrum of M17 at flare.

[0053] FIG.5C—SELDI spectrum of M26 pre-flare.
[0054] FIGS. 6A-6D depict intrarenal expression of hepci-
din. Immunohistochemical staining for hepcidin is shown for
renal biopsy material from a normal kidney (FIG.
6A—Cont), and three patients with class IV SLE nephritis
(FIGS. 6B-6D—SLE). The positive cells are infiltrating inter-
stitial leukocytes.

[0055] FIGS. 7A and 7B depict cytokine modulation of
hepcidin expression in PBMC:

[0056] FIG. 7A—Hepcidin mRNA (fold increase) as a
function of INF-alpha dose (ng/ml).

[0057] FIG. 7B—Hepcidin mRNA (fold change) in
response to various inflammatory cytokines.

[0058] FIG. 8 depicts Table 1-—SELDI protein ions show-
ing differential expression between SLE renal flare states.
[0059] FIG. 9—Table 2—Frequency of combined protein
ions in SLE flare states.

DETAILED DESCRIPTION OF THE INVENTION

[0060] The present invention will now be described with
occasional reference to the specific embodiments of the
invention. This invention may, however, be embodied in dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art.

[0061] All publications, patent applications, patents, and
other references mentioned herein are incorporated by refer-
ence in their entirety. The disclosure of all patents, patent
applications (and any patents that issue thereon, as well as any
corresponding published foreign patent applications), Gen-
Bank and other accession numbers and associated data, and
publications mentioned throughout this description are
hereby incorporated by reference herein. It is expressly not
admitted, however, that any of the documents incorporated by
reference herein teach or disclose the present invention.
[0062] The present invention may be understood more
readily by reference to the following detailed description of
the embodiments of the invention and the Examples included
herein. However, before the present methods, compounds and
compositions are disclosed and described, it is to be under-
stood that this invention is not limited to specific methods,
specific cell types, specific host cells or specific conditions,
etc., as such may, of course, vary, and the numerous modifi-
cations and variations therein will be apparent to those skilled
in the art. It is also to be understood that the terminology used
herein is for the purpose of describing specific embodiments
only and is not intended to be limiting.

DEFINITIONS

[0063] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to that this
invention belongs. The terminology used in the description of
the invention herein is for describing particular embodiments
only and is not intended to be limiting of the invention. As
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used in the description of the invention and the appended
claims, the singular forms “a,” “an,” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. All publications, patent applications,
patents, and other references mentioned herein are incorpo-
rated by reference in their entirety.

[0064] Unless otherwise indicated, all numbers expressing
quantities of ingredients, properties such as molecular
weight, reaction conditions, and so forth as used in the speci-
fication and claims are to be understood as being modified in
all instances by the term “about.”” Accordingly, unless other-
wise indicated, the numerical properties set forth in the fol-
lowing specification and claims are approximations that may
vary depending on the desired properties sought to be
obtained in embodiments of the present invention. Notwith-
standing that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the
numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical values, how-
ever, inherently contain certain errors necessarily resulting
from error found in their respective measurements.

[0065] The disclosure of all patents, patent applications
(and any patents that issue thereon, as well as any correspond-
ing published foreign patent applications), GenBank and
other accession numbers and associated data, and publica-
tions mentioned throughout this description are hereby incor-
porated by reference herein. It is expressly not admitted,
however, that any of the documents incorporated by reference
herein teach or disclose the present invention.

[0066] The present invention may be understood more
readily by reference to the following detailed description of
the embodiments of the invention and the Examples included
herein. However, before the present methods, compounds and
compositions are disclosed and described, it is to be under-
stood that this invention is not limited to specific methods,
specific cell types, specific host cells or specific conditions,
etc., as such may, of course, vary, and the numerous modifi-
cations and variations therein will be apparent to those skilled
in the art. It is also to be understood that the terminology used
herein is for the purpose of describing specific embodiments
only and is not intended to be limiting.

[0067] Itisto be noted herein that the specification lists the
accession numbers for the known genes, whereby the full
sequences of the genes may be referenced, and which are
expressly incorporated herein by reference thereto as of the
filing of this application for patent.

[0068] As used herein and in the appended claims, the
singular forms “a,” “and,” and “the” include plural referents
unless the context clearly dictates otherwise.

[0069] Unless otherwise indicated, all numbers expressing
quantities of ingredients, properties such as molecular
weight, reaction conditions, and so forth as used in the speci-
fication and claims are to be understood as being modified in
all instances by the term “about.” Accordingly, unless other-
wise indicated, the numerical properties set forth in the fol-
lowing specification and claims are approximations that may
vary depending on the desired properties sought to be
obtained in embodiments of the present invention. Notwith-
standing that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the
numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical values, how-
ever, inherently contain certain errors necessarily resulting
from error found in their respective measurements.
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[0070] “Nucleic acid,” when used herein, refers to deoxyri-
bonucleotides or ribonucleotides, nucleotides, oligonucle-
otides, polynucleotide polymers and fragments thereof in
either single- or double-stranded form. A nucleic acid may be
of natural or synthetic origin, double-stranded or single-
stranded, and separate from or combined with carbohydrate,
lipids, protein, other nucleic acids, or other materials, and
may perform a particular activity such as transformation or
form a useful composition such as a peptide nucleic acid
(PNA). Unless specifically limited, the term encompasses
nucleic acids containing known analogues of natural nucle-
otides that have similar binding properties as the reference
nucleic acid and may be metabolized in a manner similar to
naturally-occurring nucleotides. Unless otherwise indicated,
a particular nucleic acid sequence also implicitly encom-
passes conservatively modified variants thereof (e.g. degen-
erate codon substitutions) and complementary sequences and
as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generat-
ing sequences in which the third position of one or more
selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Batzer et al. (1991) Nucleic Acid Res.
19: 5081; Ohtsuka et al. (1985) J. Biol. Chem. 260: 2605-
2608; Cassol et al. (1992); Rossolini et al. (1994) Mol. Cell.
Probes 8: 91-98). The term nucleic acid is used interchange-
ably with gene, cDNA, and mRNA encoded by a gene.
[0071] An “Oligonucleotide” or “oligo” is a nucleic acid
and is substantially equivalent to the terms amplimer, primer,
oligomer, element, target, and probe, and may be either
double or single stranded.

[0072] “Plurality” refers to a group of at least two or more
members.
[0073] “Polynucleotide” refers to nucleic acid having a

length from 25 to 3,500 nucleotides.

[0074] “Probe” or “Polynucleotide Probe” refers to a
nucleic acid capable of hybridizing under stringent condi-
tions with a target region of a target sequence to form a
polynucleotide probe/target complex. Probes comprise poly-
nucleotides that are 15 consecutive nucleotides in length.
Probes maybe 15, 16,17, 18 19, 20, 21, 22, 23,24, 25,26, 27,
28,29,30,31,32,33,34,35,36,37,38,39,40,41, 42,43, 44,
45, 46,47, 48, 49, 50, 51, 52, 53, 54, 55, 5, 6, 57, 58, 59, 60,
61,62,63, 64, 65,66,67,68,69,70,71,72,73,74,75,76, 77,
78,79, 80, 81, 82,83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100 polynucleotides in length. In some
embodiments, probes are 70 nucleotides in length. Probes
may be less than 100% complimentary to a target region, and
may comprise sequence alterations in the form of one or more
deletions, insertions, or substitutions, as compared to probes
that are 100% complementary to a target region.

[0075] “Purified,” when used herein in the context of
nucleic acids or proteins, denotes that a nucleic acid or protein
gives rise to essentially one band in an electrophoretic gel.
Particularly, it means that the nucleic acid or protein is at least
50,55, 60, 65,70,75,80,85,90,91, 92, 93,94, 95,96, 97, 98,
99 or 100% pure with respect to the presence of any other
nucleic acid or protein species.

[0076] ““Test sample” refers to a sample of bodily fluid
obtained for the purpose of diagnosis, prognosis, or evalua-
tion of a subject of interest, such as a patient. In certain
embodiments, such a sample may be obtained for the purpose
of determining the outcome of an ongoing condition or the
effect of a treatment regimen on a condition. A sample may
comprise a bodily fluid; a cell; an extract from a cell, chro-
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mosome, organelle, or membrane isolated from a cell;
genomic DNA, RNA, or ¢cDNA in solution or bound to a
substrate; or a biological tissue or biopsy thereof. A sample
may be obtained from any bodily fluid (blood, serum, plasma,
urine, cerebrospinal fluid saliva, phlegm, gastric juices, spu-
tum, pleural effusions, etc.), cultured cells, biopsies, or other
tissue preparations. In addition, one of skill in the art would
realize that some test samples would be more readily ana-
lyzed following a fractionation or purification procedure, for
example, separation of whole blood into serum or plasma
components.

[0077] <“Plurality” refers to at least two. In certain embodi-
ments, a plurality refers to at least 3, more preferably at least
5, even more preferably at least 10, even more preferably at
least 15, and most preferably at least 20. In particularly pre-
ferred embodiments, a plurality is a large number, i.e., at least
100.

[0078] <“Subject” refers to a human or non-human organ-
ism. Thus, the methods and compositions described herein
are applicable to both human and veterinary disease. Further,
while a subject is preferably a living organism, the invention
described herein may be used in post-mortem analysis as
well. Preferred subjects are “patients,” i.e., living humans that
are receiving medical care. This includes persons with no
defined illness who are being investigated for signs of pathol-
ogy.

[0079] <“Diagnosis” refers to methods by which the skilled
artisan can estimate and/or determine whether or not a patient
is suffering from a given disease or condition. The skilled
artisan often makes a diagnosis on the basis of one or more
diagnostic indicators, i.e., a marker, the presence, absence, or
amount of which is indicative of the presence, severity, or
absence of the condition. Also, a prognosis is often deter-
mined by examining one or more “prognostic indicators.”
These are markers, the presence or amount of which in a
patient (or a sample obtained from the patient) signal a prob-
ability that a given course or outcome will occur. For
example, when one or more prognostic indicators reach a
sufficiently high level in samples obtained from such patients,
the level may signal that the patient is at an increased prob-
ability for experiencing a future flare-up of systemic lupus
erythematosus in comparison to a similar patient exhibiting a
lower marker level. A level or a change in level of a prognostic
indicator, which in turn is associated with an increased prob-
ability of morbidity or death, is referred to as being “associ-
ated with an increased predisposition to an adverse outcome”
in a patient. Preferred prognostic markers can predict the
onset of a flare-up in a patient, or the chance of future flare-up.
[0080] “Correlating,” is used in reference to the use of
diagnostic and markers, refers to comparing the presence or
amount of the marker(s) in a patient to its presence or amount
in persons known to suffer from, or known to be at risk of, a
given condition; or in persons known to be free of a given
condition. A marker level in a patient sample can be compared
to a level known to be associated with a specific diagnosis.
The sample’s marker level is said to have been correlated with
adiagnosis; that is, the skilled artisan can use the marker level
to determine whether the patient suffers from a specific type
diagnosis, and respond accordingly. Alternatively, the sam-
ple’s marker level can be compared to a marker level known
to be associated with a good outcome (e.g., the absence of
disease, etc.). In certain embodiments, a profile of marker
levels are correlated to a global probability or a particular
outcome using ROC curves.
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[0081] “Determining the diagnosis” refers to methods by
which the skilled artisan can determine the presence or
absence of a particular disease in a patient. The term “diag-
nosis” does not refer to the ability to determine the presence
or absence of a particular disease with 100% accuracy, or
even that a given course or outcome is more likely to occur
than not. Instead, the skilled artisan will understand that the
term “diagnosis” refers to an increased probability that a
certain disease is present in the subject. In certain embodi-
ments, a diagnosis indicates about a 5% increased chance that
a disease is present, about a 10% chance, abouta 15% chance,
about a 20% chance, about a 25% chance, about a 30%
chance, about a 40% chance, about a 50% chance, about a
60% chance, about a 75% chance, about a 90% chance, and
abouta 95% chance. The term “about” in this context refers to
+/=2%.

[0082] <Stringent hybridization conditions” and “stringent
hybridization wash conditions” in the context of nucleic acid
hybridization experiments such as Southern and Northern
hybridizations are sequence dependent, and are different
under different environmental parameters.

[0083] Nucleic acids having longer sequences hybridize
specifically at higher temperatures. An extensive guide to the
hybridization of nucleic acids is found in Tijssen (1993)
Laboratory Techniques in Biochemistry and Molecular Biol-
ogy—Hybridization with Nucleic Acid Probes part I chapter
2 “Overview of principles of hybridization and the strategy of
nucleic acid probe assays,” Elsevier, N.Y. Generally, highly
stringent hybridization and wash conditions are selected to be
5° C. lower than the thermal melting point (T,,) for the spe-
cific sequence at a defined ionic strength and pH. Typically,
under “stringent conditions” a probe will hybridize to its
target subsequence, but to no other sequences. The T,, is the
temperature (under defined ionic strength and pH) at which
50% of the target sequence hybridizes to a perfectly matched
probe. Very stringent conditions are selected to be equal to the
T, for a particular probe. An example of stringent hybridiza-
tion conditions for hybridization of complementary nucleic
acids that have more than 100 complementary residues on a
filter in a Southern or northern blot is 50% formamide with 1
mg of heparin at 42° C., with the hybridization being carried
out overnight. An example of highly stringent wash condi-
tions is 0.15 M NaCl at 72° C. for 15 minutes. An example of
stringent wash conditions is a 0.2xSSC wash at 65° C. for 15
minutes (see, Sambrook, infra, for a description of SSC
buffer). Often, a high stringency wash is preceded by a low
stringency wash to remove background probe signal. An
example medium stringency wash for a duplex of; e.g., more
than 100 nucleotides, is 1xSSC at 45° C. for 15 minutes. An
example low stringency wash for a duplex of, e.g., more than
100 nucleotides, is 4-6xSSC at 40° C. for 15 minutes. For
short probes (e.g., 10 to 50 nucleotides), stringent conditions
typically involve salt concentrations of less than 1.0 M Na
ion, typically 0.01 to 1.0 M Na ion concentration (or other
salts) at pH 7.0 to 8.3, and the temperature is typically at least
30° C. Stringent conditions can also be achieved with the
addition of destabilizing agents such as formamide. In gen-
eral, a signal to noise ratio of 2.times. (or higher) than that
observed for an unrelated probe in the particular hybridiza-
tion assay indicates detection of a specific hybridization.
Nucleic acids that do not hybridize to each other under strin-
gent conditions are still substantially similar if the polypep-
tides that they encode are substantially similar. This occurs,
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e.g., when a copy of a nucleic acid is created using the maxi-
mum codon degeneracy permitted by the genetic code.

[0084] “Substrate” refers to a support, such as a rigid or
semi-rigid support, to which nucleic acid molecules or pro-
teins are applied or bound, and includes membranes, filters,
chips, slides, wafers, fibers, magnetic or nonmagnetic beads,
gels, capillaries or other tubing, plates, polymers, and micro-
particles, and other types of supports, which may have a
variety of surface forms including wells, trenches, pins, chan-
nels and pores.

[0085] Array Construction

[0086] The nucleic acid sequences can be used in the con-
struction of arrays, for example, microarrays. Methods for
construction of microarrays, and the use of such microarrays,
are known in the art, examples of which can be found in U.S.
Pat. Nos. 5,445,934, 5,744,305, 5,700,637, and 5,945,334,
the entire disclosure of each of which is hereby incorporated
by reference. Microarrays can be arrays of nucleic acid
probes, arrays of peptide or oligopeptide probes, or arrays of
chimeric probes—peptide nucleic acid (PNA) probes. Those
of skill in the art will recognize the uses of the collected
information.

[0087] One particular example, the in situ synthesized oli-
gonucleotide Affymetrix GeneChip system, is widely used in
many research applications with rigorous quality control
standards. (Rouse R. and Hardiman G., “Microarray technol-
ogy—an intellectual property retrospective,” Pharmacoge-
nomics 5:623-632 (2003).). Currently the Affymetrix Gene-
Chip uses eleven 25-oligomer probe pair sets containing both
a perfect match and a single nucleotide mismatch for each
gene sequence to be identified on the array. Using a light-
directed chemical synthesis process (photolithography tech-
nology), highly dense glass oligo probe array sets (>1,000,
000 25-oligomer probes) can be constructed in a about 3x3-
cm plastic cartridge that serves as the hybridization chamber.
The ribonucleic acid to be hybridized is isolated, amplified,
fragmented, labeled with a fluorescent reporter group, and
stained with fluorescent dye after incubation. Light is emitted
from the fluorescent reporter group only when it is bound to
the probe. The intensity of the light emitted from the perfect
match oligoprobe, as compared to the single base pair mis-
matched oligoprobe, is detected in a scanner, which in turn is
analyzed by bioinformatics software (http://www.affymetrix.
com-). The GeneChip system provides a standard platform
for array fabrication and data analysis, which permits data
comparisons among different experiments and laboratories.

[0088] Microarrays according to the invention can be used
for a variety of purposes, as further described herein, includ-
ing but not limited to, screening for the resistance or suscep-
tibility of a patient to a drug based on the genetic expression
profile of the patient.

[0089] Also,itisto be understood that methods using West-
ern blot and/or RT-PCR are especially useful and are also
known in the art.

[0090] From the discussion and the Examples herein, one
skilled in the art can ascertain the essential characteristics of
this invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the
invention to adapt it to various usages and conditions. Thus,
various modifications of the invention in addition to those
shown and described herein, will be apparent to those skilled
in the art from the foregoing description. Such modifications
are also intended to fall within the scope of the appended
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claims. All publications, including patents and non-patent
literature, referred to in this specification are expressly incor-
porated by reference herein.

Examples

[0091] Accordingly, the disclosure provides methods of
identifying flare-up episode of kidney nephritis in a patient
suffering from Systemic Lupus Erythematosus (SLE).
[0092] Methods for identifying a flare-up of systemic lupus
erythematosus kidney activity in a patient are described
herein. In a particular aspect, the method includes identifying
heuristic changes in a hepatic peptide hormone, hepcidin
which is a key regulator of iron metabolism. Hepcidin is a
peptide that is made primarily in the liver, distributed in
plasma and excreted in urine. Hepcidin may also be detected
in ascites fluid and cyst fluid, tissues and organs such as liver,
and in specific cells, such as macrophages. It may also be
made in the kidney.

[0093] Hepcidin is the homeostatic regulator of intestinal
iron absorption, iron recycling by macrophages, and iron
mobilization from hepatic stores. Hepcidin acts by inhibiting
the efflux of iron through ferroportin, the iron exporter of
enterocytes, macrophages and hepatocytes. As an iron-regu-
latory hormone, the synthesis of hepcidin is increased by iron
loading and decreased by anemia and hypoxia.

[0094] Hepcidin was identified as a 25 amino acid peptide
(hepcidin-25) in human plasma and urine, exhibiting antimi-
crobial activity. The full-length hepcidin precursor is an 84
amino acid protein (SwissProt Accession No. P§81172) com-
prising a signal sequence and a pro-region (see Kulaksiz, H. et
al. (2004) Gut 53:735-743). The hepcidin-25 and hepcidin-20
markers are derived from the C-terminus of the full-length
hepcidin protein. Hepcidin is recognized by antibodies avail-
able from, e.g., U.S. Biological (catalog H2008-51) (www.
usbio.net, Swampscott, Mass.). In one aspect, two variants of
hepcidin are especially useful as biomarkers, hepcidin-25 and
hepcidin-20.

[0095] The amino acid sequences of hepcidin-25 and hep-
cidin-20 are:

[SEQ ID NO: 1]
Hepcidin-25 - DTHFPICIFCCGCCHRSKCGMCCKT,
and

[SEQ ID NO: 2]
Hepcidin-20 - ICIFCCGCCHRSKCGMCCKT.

[0096] The hepcidin markers are further characterized by
their binding properties on chromatographic surfaces. Hep-
cidin binds to cation exchange adsorbents (e.g., the Cipher-
gen® CM10 ProteinChip® array).

[0097] Inanother aspect, there is provided a method which
comprises collecting a plurality of samples from a subject
over time, and thereafter determining any change in levels of
expression of one or more of hepcidin-20 and hepcidin-25,
which are markers for systemic lupus erythematosus kidney
activity.

[0098] The method further comprises comparing the hep-
cidin expression profiles of a baseline level with one or more
subsequent levels to determine whether there is an altered
expression of any of the hepcidin levels.

[0099] Inone aspect, there is provided a method of analyz-
ing a subject sample for one or more subject-derived markers
selected to identify at least a beginning of a kidney flare
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episode in a patient suffering from systemic lupus erythema-
tosus, comprising: assaying the sample for the presence or
amount of one or more subject-derived markers related to a
kidney flare episode, and characterizing the subject’s risk of
having or the kidney flare episode disorders based upon the
presence or amount of the marker, wherein the amount of at
least one of the one or more subject-derived markers is not
compared to a predetermined threshold amount. The charac-
terization step can be performed without comparing the
amount of any of the marker(s) related to inflammation to a
predetermined threshold amount.

[0100] Ina particular aspect, the subject-derived marker(s)
are selected from the group consisting of hepcidin-25 and
hepcidin-20. The subject sample can be selected from the
group consisting of a blood sample, a serum sample, a plasma
sample, and a urine sample.

[0101] Tt is understood that proteins frequently exist in a
sample in a plurality of different forms. When detecting or
measuring a protein in a sample, the ability to differentiate
between different forms of a protein depends upon the nature
of the difference and the detection method that is used. In
particular, a sandwich immunoassay, having two antibodies
directed against different epitopes on a protein, is useful to
detect all forms of the protein that contain both epitopes and
will not detect those forms that contain only one of the
epitopes. As disclosed herein, one or more forms of the hep-
cidin protein are better marker than certain other forms. In a
particular embodiment, it is useful to employ an assay method
that distinguishes between forms of a protein and that spe-
cifically detects and measures a desired form or forms of the
protein.

[0102] Mass spectrometry is an especially useful method to
distinguish between different forms of the hepcidin protein
since the different forms typically have different masses that
can be resolved by mass spectrometry. It has been discovered
that one or more forms of the hepcidin protein are especially
good markers for detecting an impending kidney nephritis
flare-up episode in systemic lupus erythematosus and that
mass spectrometry is able to specifically detect and measure
the useful forms. Various forms of mass spectrometry are
useful for detecting the protein forms, including laser desorp-
tion approaches, such as SELDI.

[0103] Thus, in certain embodiments, when reference is
made herein to detecting a particular protein or to measuring
the amount of a particular protein, it means detecting and
measuring the protein and resolving various forms of protein.
The measuring of hepcidin-25 and hepcidin-20 is the mea-
suring and differentiating between various forms of the hep-
cidin protein. In particular, when it is desired to measure a
particular form or forms of a protein, e.g., a particular form of
hepcidin, the particular form (or forms) is specified. For
example, “measuring hepcidin-25” means measuring hepci-
din-25 in a way that distinguishes it from other forms of
hepcidin, e.g., hepcidin-20.

[0104] In one embodiment, a sample is analyzed by means
of a biochip. A biochip generally comprises a solid substrate
having a substantially planar surface, to which a capture
reagent (also called an adsorbent or affinity reagent) is
attached. Frequently, the surface of a biochip comprises a
plurality of addressable locations, each of which has the
capture reagent bound there. Protein biochips are biochips
adapted for the capture of polypeptides. Many protein bio-
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chips are described in the art. These include, for example,
protein biochips produced by Ciphergen Biosystems, Inc.
(Fremont, Calif.), and others.

[0105] One useful mass spectrometric technique for use in
the invention is “Surface Enhanced Laser Desorption and
Ionization” or “SELDI,” as described, for example, in U.S.
Pat. No. 5,719,060 and No. 6,225,047, both to Hutchens and
Yip, which describes a method of desorption/ionization gas
phase ion spectrometry (e.g., mass spectrometry) in which an
analyte (here, one or more of the biomarkers) is captured on
the surface of a SELDI mass spectrometry probe.

[0106] While the individual hepcidin-25 and hepcidin-20
markers are useful diagnostic biomarkers, it has been found
that a combination of these two biomarkers can provide
greater predictive value of a particular status than single
biomarkers alone. Specifically, the detection of both markers
in a sample can increase the sensitivity and/or specificity of
the test. A combination of at least two markers is sometimes
referred to as a “biomarker profile” or “biomarker fingerprint.
” Accordingly, hepcidin-25 and hepcidin-20 can be combined
with other markers for improve the sensitivity and/or speci-
ficity of the diagnostic test.

[0107] In another aspect, there is provided herein methods
for determining the impending remission of systemic lupus
erythematosus and/or an impending kidney nephritis flare-up
episode in a subject. Disease course refers to changes in
disease status over time, including disease progression (wors-
ening) and disease regression (improvement). Over time, the
amounts or relative amounts (e.g., the pattern) of the biom-
arkers changes. Therefore, the trend of these markers, either
increased or decreased over time toward diseased or non-
diseased indicates the course of the disease. The method
includes the measurement of one or more hepcidin markers in
asubject for at least two different time points, e.g., a first time
and a second time, and comparing the change in amounts, if
any. The course of disease is determined based on these
comparisons.

[0108] In another aspect, there is provided a method of
analyzing a subject sample for one or more subject-derived
markers selected to identify subjects suffering from a kidney
nephritis flare-up episode, comprising: assaying the sample
for the presence or amount of one or more subject-derived
marker(s) related to systemic lupus erythematosus selected
from the group consisting of hepcidin-25, hepcidin-22 and
hepcidin-20, and characterizing the subject’s risk of suffering
a kidney nephritis flare episode based upon the presence or
amount of the markers, wherein the amount of each of the
markers is not compared to a predetermined threshold
amount.

[0109] In a particular aspect, the method for assigning a
therapy regimen and/or assigning a prognosis to a subject
diagnosed with or suspected of suffering from systemic lupus
erythematosus, comprising: performing an assay method on a
sample obtained from the subject, wherein the assay method
provides one or more detectable signals related to the pres-
ence or amount of one or more subject-derived markers inde-
pendently selected from the group consisting of markers
related to kidney flare episodes, or markers related to the
subject-derived markers; and correlating the signal(s)
obtained from the assay method to ruling in or out a therapy
regimen for the subject and/or assigning a prognosis to the
subject.

Jun. 17, 2010

[0110] In another particular aspect, there is provided a
method which can be useful as a tool to rule in or out an
assignment of the subject to an early goal-directed therapy.
[0111] In one particular method, the one or more subject-
derived markers comprise at least one marker selected from
the group consisting of hepcidin-25, hepcidin-22 and hepci-
din-20, or one or more markers related to the subject-derived
markers.

[0112] In another particular aspect, there is provided a
method where the plurality of markers comprises at least one
marker related to inflammation, and at least one marker
related to nephritis or one or more markers related thereto.
[0113] In certain embodiments, the sample is from a
human. Also, in certain embodiments, the sample is selected
from the group consisting of blood, serum, urine, cerebrospi-
nal fluid, and plasma.

[0114] Inoneembodiment, the methodis useful to rulein or
out one or more treatments for inclusion in a therapy regimen
comprising administration of immunosuppressive therapy. In
particular, a diagnostic method, comprising determining a
concentration of hepcidin in a bodily fluid sample from a
subject suffering from systemic lupus erythematosus, where
an increase in hepcidin concentration in the bodily fluid
sample relative to a threshold hepcidin concentration indi-
cates a kidney flare episode in the subject, and where lack of
an increase in hepcidin concentration in the bodily fluid
sample relative to a threshold hepcidin concentration indi-
cates a kidney flare episode is not present in the subject.
[0115] In a particular embodiment, the method further
comprises determining a concentration of hepcidin-20 in a
bodily fluid sample from the subject. An increase in hepcidin-
20 concentration in the bodily fluid sample relative to a
threshold hepcidin-20 concentration indicates a kidney flare
episode in the subject, and a lack of an increase in hepcidin-20
concentration in the bodily fluid sample relative to a threshold
hepcidin-20 concentration indicates a kidney flare episode is
not present in the subject. In certain embodiments, the
increase in hepcidin-20 is present at about four months prior
to the presentation of symptoms of the kidney flare episode.
[0116] Also, in a particular embodiment, the method fur-
ther comprises determining a concentration of hepcidin-25 in
abodily fluid sample from the subject. A decrease in hepcidn-
25 concentration in the bodily fluid sample relative to a
threshold hepcidin-25 concentration indicates a kidney flare
episode in the subject, and a lack of an increase in hepcidin-25
concentration in the bodily fluid sample relative to a threshold
hepcidin-25 concentration indicates a kidney flare episode is
not present in the subject. In certain embodiments, the
decrease in hepcidin-25 is present at about two months prior
to the presentation of symptoms of the kidney flare episode.
[0117] In another aspect, there is provided a method for
diagnosing a kidney flare-up disease condition characterized
by non-physiological levels of hepcidin. The method includes
obtaining a tissue or fluid sample from a subject; contacting
the sample with an antibody or fragment thereof that specifi-
cally binds to one or more mid-portion or carboxy terminal
epitopes of hepcidin, and quantifying hepcidin level in the
sample; where the non-physiological level of hepcidin is
indicative of the disease condition. In a particular aspect, the
antibody specifically binds a mid-portion epitope contained
within at least amino acids 20 to 25 of hepcidin.

[0118] Inanother aspect, thereis provided a test device that
includes a test surface comprising a plurality of discrete
addressable locations corresponding to the hepcidin subject-
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derived markers, where each the location comprising an anti-
body immobilized at the location selected to bind for detec-
tion one of the subject-derived markers.
[0119] In another aspect, there is provided a kit for quali-
fying impending flare-ups of systemic lupus erythematosus
status. The kits are useful to detect the hepcidin-25 and/or
hepcidin-20 markers. The kit can include a solid support, such
as a chip, a microtiter plate or a bead or resin having a capture
reagent attached thereon, where the capture reagent binds the
hepcidin-25 or hepcidin-20 marker. The kit can comprise
mass spectrometry probes for SELDI, such as ProteinChip®
arrays. The kit can also include a solid support with a reactive
surface, and a container comprising the biospecific capture
reagent. The kit can also include a washing solution or
instructions for making a washing solution, such that the
combination of the capture reagent and the washing solution
allows capture of the biomarker or biomarkers on the solid
support for subsequent detection by, e.g., mass spectrometry.
Thekit may include more than type of adsorbent, each present
on a different solid support. The kit can also include instruc-
tions that may inform a consumer about how to collect the
sample, how to wash the probe or the particular markers to be
detected. In yet another embodiment, the kit can include one
or more containers with the marker samples, to be used as
standard(s) for calibration.
[0120] Thus, in a particular embodiment, the kit is espe-
cially useful for detecting an impending kidney nephritis
flare-up episode characterized by non-physiological levels of
hepcidin-25 and/or hepcidin-20. The kit includes anti-hepci-
din-25 and/or anti-hepcidin-20 antibodies or fragments
thereof that specifically bind to one or more mid-portion or
carboxy terminal epitopes ofhepcidin-25 and/or hepcidin-20,
and a reagent that binds directly or indirectly to the antibody
or fragment thereof.
[0121] One particular method for qualifying an impending
kidney nephritis flare-up episode in a subject comprising:
[0122] (a) measuring one or more biomarkers in a bio-
logical sample from the subject, wherein at least one
biomarker is hepcidin; and
[0123] (b) correlating the measurement or measure-
ments with an impending kidney nephritis flare-up epi-
sode. In certain embodiments, the flare-up episode indi-
cates class III or IV systemic lupus erythematosus
nephritis.
[0124] The method can include measuring a plurality of
biomarkers in the biological sample, where the plurality of
biomarkers comprises hepcidin-20 and hepcidin-25.
[0125] Incertain embodiments, the one or more biomarkers
can be measured by mass spectrometry, such as SELDI-TOF.
Also, the correlating can be performed by executing a soft-
ware classification algorithni.
[0126] In another particular aspect, there is provided a
method for reporting the status to the subject, and/or record-
ing the status on a tangible medium.
[0127] In another particular aspect, there is provided a
method for managing subject treatment based on such clas-
sification. Also, the method can further comprise measuring
the at least one biomarker after subject management and
correlating the measurement with systemic lupus erythema-
tosus disease progression.
[0128] Ina particular embodiment, the method includes (a)
measuring, at a first time, one or more biomarkers in a bio-
logical sample from the subject, where at least one biomarker
is hepcidin; (b) measuring, at a second time, at least one
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biomarker in a biological sample from the subject; and (c)
comparing the first measurement and the second measure-
ment; wherein the comparative measurements determine the
course of the systemic lupus erythematosus.

[0129] Also provided herein is a kit for testing for systemic
lupus erythematosus flare-up episodes that includes: (a) a
solid support comprising at least one capture reagent attached
thereto, wherein the capture reagent binds hepcidin; and (b)
instructions for using the solid support to detect hepcidin. The
solid support can comprise a capture reagent that is a SELDI
probe and can also include a standard reference of hepcidin.
[0130] Inanother aspect, a software product can comprise a
code that accesses data attributed to a sample, the data com-
prising measurement of at least one biomarker in the sample,
wherein at least one biomarker is hepcidin; and code that
executes a classification algorithm that classifies the systemic
lupus erythematosus status of the sample as a function of the
measurement. A method can include communicating to a
subject a diagnosis relating to systemic lupus erythematosus
status determined from the correlation of at least one biom-
arker in a sample from the subject, wherein at least one
biomarker is hepcidin.

[0131] Methods of Predicting Response to Therapeutic
Agents
[0132] Inanother aspect, there is provided herein a method

of predicting the response of a patient suffering from systemic
lupus erythematosus to treatment with a therapeutic agent.
The method comprises contacting a sample obtained from the
patient to measure the levels of expression of one or more of
hepcidin-20 and hepcidin-25. The expression levels are then
used to provide an expression profile for the patient that is
then compared to the drug-gene correlations, wherein a posi-
tive correlation between a drug and expressed levels of hep-
cidin-20 and/or hepcidin-25 in the patient indicates that the
patient would be sensitive to the drug, and wherein a negative
correlation between a drug and the expressed levels of hep-
cidin-20 and/or hepcidin-25 in the patient indicates that the
patient would not be responsive to the drug.

[0133] In some embodiments, the effectiveness of the
agent’s ability to alter chemosensitivity can be tested using
standard assays. The agent is tested by conducting assays in
that sample are co treated with the newly identified agent
along with a previously known therapeutic agent. The choice
of previously known therapeutic agent is determined based
upon the gene-drug correlation between the gene or genes
whose expression is affected by the new agent.

Examples

[0134] The invention may be better understood by refer-
ence to the following examples, which serve to illustrate but
not to limit the present invention.

[0135] Results:

[0136] The LMW urine proteome from 25 moderate-severe
SLE nephritis flare cycles in 19 patients was studied. These
patients were all female, 53% were Caucasian, 42% African
American, and 5% Asian. The patients’ initial kidney biopsies
showed class III (n=5), class IV (n=11), and class V (n=3)
nephritis, and 27% of the flares were adjudicated as severe,
while 73% were considered moderate.

[0137] SELDI-TOF-MS identified 176 protein peaks (m/z
protein ions) between 2000 and 20 000 m/z, using a weak
cation exchanger protein chip. Ninety-six protein ions were
present in over 30% of the flare cycles, and 43 peaks were
present in over 60% of the flare cycles. A typical SELDI-
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TOF-MS spectrum from a whole flare cycle is shown in FIG.
2A, illustrating how SELDI-TOF-MS spectra can capture
dynamic changes in urine protein expression during the evo-
lution of a lupus nephritis flare.

[0138] As illustrated, more protein ions progressively
appear between 2000 and 4000 m/z as the flare develops, from
an average of 18 peaks at baseline to 23 peaks at flare (p<O0.
0001). These proteins peaks disappear when the flare is effec-
tively treated and renal SLE activity returns to baseline.
Importantly, changes in the urine proteome can occur in either
direction during the evolution of a flare, as shown by the
decrease in some protein ions between pre-flare and flare
(FIG. 2B).

[0139] Differentially Expressed Protein lons

[0140] Twenty-seven protein ions showed significant dif-
ferential expression between specific flare intervals, as shown
in FIG. 8—Table 1.

[0141] To minimize false-positive results, candidate biom-
arkers were arbitrarily chosen from those protein ions that
showed a change in expression of >1.5-fold. Of the 27 differ-
entially-expressed protein ions, 25 met this criterion, were
present in 32-92% of the flares, and were between 2000 and
10 000 m/z (FIG. 8—Table 1). Of the 27 protein ions in FIG.
8—Table 1, 16 fell between the baseline and pre-flare phases,
5 peaks between the pre-flare and flare phases, 7 peaks
between the flare and post-flare phases, and 6 peaks were
differentially-expressed over multiple intervals. Although no
single peak appears in all of the SLE renal flares, several
combinations of two peaks were observed in 100% of the flare
cycles between remission and pre-flare, and between flare and
post-flare (FIG. 9—Table 2).

[0142] The qualitative expression pattern of each candidate
biomarker was examined throughout the flare cycle. Nineteen
protein ions varied in parallel with the cycle, increasing or
decreasing inintensity as flare approached, and then returning
to baseline expression. Protein ions that fluctuated randomly
over the flare cycle were not considered further as candidate
biomarkers. The time-dependent expression of 4 representa-
tive candidate proteins is shown in FIG. 3.

[0143] Protein ions M1, M11 and M17 increased over the
flare cycle while M87 decreased.

[0144] Effect of Inmunosuppressive Medications

[0145] To determine if immunosuppressive medications
affected urine SELDI-TOF-MS profiles, the correlations of
prednisone, mycophenolate mofetil, and azathioprine dose to
protein peak intensity 2 months pre-flare, at flare, and 2
months post-flare were calculated for 6 high frequency pro-
tein peaks (M8, M16, M17, M26, M28, M70).

[0146] Ofthe 54 possible linear regressions for this data set,
50 showed no significant correlation between medication
dose and urine peptide level. Minor correlations between
peak M16 at flare (r*=0.24, p=0.034) and post-flare (r*=0.28,
p=0.025), and peak M70 post-flare (r*=0.24, p=0.022) were
observed with prednisone dose. Peak M26 displayed a strong
positive correlation with prednisone dose at flare (r*=0.54,
p=0.0004), suggesting its urinary expression may have been
enhanced by corticosteroids.

[0147] Peptide Identification

[0148] To demonstrate that candidate LMW urine biomar-
kers found by SELDI-TOF-MS screening can be positively
identified, direct on-chip peptide sequencing was done for
selected protein ions with a m/z less than 5000, that were
expressed at high frequency, changed equal to or more than
1.5 fold between at least two phases of the flare cycle, and
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varied in parallel with the flare cycle. Using this technique,
protein ions M8, M34, M17 and M26 were positively identi-
fied.

[0149] M8 and M34 correspond to the 20 and 25 amino acid
(aa) isoforms of hepcidin (FIG. 4A). A 22 aahepcidin isoform
was also found in the urine of SLE patients (FIG. 4A), but was
not differently expressed between any 2 phases of the flare
cycle, and thus not considered a candidate biomarker. The
time course of hepcidin expression is shown in FIG. 4B.
[0150] Hepcidin 20 (m/z 2198) increased 4 months pre-
flare and then slowly returned to baseline by 4 months post-
flare. Hepcidin 25 (m/z 2432) decreased at flare and returned
to baseline by 4 months post-flare. There was no correlation
between the 20 and 25 aa isoforms. There was no correlation
between hepcidin 20 or 25 and eGFR (r*=0.18, p=0.08; r*=0.
07, p=0.35, respectively).

[0151] The presence of hepcidin in urine was further con-
firmed by LC/MS/MS from patients in whom hepcidin was
identified by on-chip sequencing. FIG. 4C shows the on-chip
CID fragmentation of urine hepcidin 25. FIG. 4D and FIG. 4E
demonstrate LC/MS/MS detection of an internal peptide of
hepcidin 25 (y-ions labeled) in the urine of an SLE patient.
[0152] M17 (m/z2395) and M26 (m/z 2648) correspond to
a fragment of the 46 kDa precursor of al -antitrypsin (A1AT),
and a fragment of the N-terminal region of albumin, respec-
tively. Both are abundant serum proteins. The A1AT fragment
increased at flare, while the albumin fragment increased 4
month pre-flare compared to baseline (FIG. 5A). Correspond-
ing SELDI spectra for A1AT and albumin are shown in FIG.
5B and FIG. 5C.

[0153] Renal Expression of Hepcidin

[0154] Biopsies from patients with SLE nephritis were
stained for hepcidin, and infiltrating interstitial leukocytes
were shown to express hepcidin (FIG. 6).

[0155] There was virtually no staining of renal parenchy-
mal cells. Similarly, in a normal kidney the only cell stained
was an interstitial cell, likely a resident macrophage. Hepci-
din expression was minimal in the control kidney compared
to SLE nephritis.

[0156]

[0157] This example demonstrates the usefulness of
SELDI-TOF-MS as a screening technique to examine serial
changes in the urine proteome of SLE patients during lupus
nephritis flares. By understanding how specific urine proteins
change as a renal flare develops, becomes clinically apparent,
and is treated and resolves, it is believed by the inventors
herein that clinically relevant biomarkers identified herein
provide diagnostic, pathogenic, and therapeutic information
on each phase of the flare cycle. Although SELDI-TOF-MS
has been used to examine the urine proteome in a variety of
conditions, including lupus nephritis, peptide expression pat-
terns have mainly been described that differentiate between
static disease states (23-25). Until now, few studies have used
a longitudinal proteomic approach to identify specific pro-
teins that can be verified and then validated in an independent
sample set.

[0158] As described herein, the inventors examined the
dynamic changes in the urine proteome over the SLE renal
flare cycle and showed that hepcidin, A1AT, and an albumin
fragment are differentially expressed during different phases
of a nephritis flare. Interestingly, immunosuppressive medi-
cations had little effect on the expression of urine peptides
detected by SELDI.

Discussion
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[0159] Hepcidin as Biomarker

[0160] Hepcidinis alow molecular weight (LMW) peptide
hormone that has antimicrobial activity, regulates iron
homeostasis, and has been implicated in the pathogenesis of
the anemia of chronic inflammation, including that of chronic
kidney disease (28-32). Hepcidin is mainly produced in the
liver as pro-hepcidin, and undergoes N-terminal modification
to yield the active C-terminal peptides of 20-25 aa, however
other investigators have also found hepcidin in urine, and
hepcidin 20 and 25 were dominant (28). Hepcidin may be
made by renal tubular cells (33). Interestingly, the inventors
herein did demonstrate intrarenal expression of hepcidin by
infiltrating leukocytes in patients with SLE nephritis, raising
the possibility that during renal flare hepcidin is produced
within the kidney, rather than simply being filtered.

[0161] Urine hepcidin has been shown to increase during
inflammation, and decline as inflammation resolved (34-36).
Hepcidin expression is induced by interleukin-6 (IL-6) and is
suppressed by TNF-a (31, 37), cytokines that are implicated
in the pathogenesis of SLE (38-40). Therefore, the inventors
herein determined that measurement of urine hepcidin iso-
forms during lupus flare may reflect the complex balance and
changing expression of proinflammatory cytokines in lupus
kidneys. Also, because expression of hepcidin 20 is altered
pre-flare, is now believed by the inventors herein to be useful
as a biomarker of impending renal flare.

[0162] In addition, the inventors herein now believe that
that hepcidin 20 and 25 are regulated independently; that is,
hepcidin 25 decreases at flare and increases during treatment.
As such, the inventors herein now believe that hepcidin 25 is
useful as a marker for following response to therapy. In this
regard, urine hepcidin is now believed by the inventors herein
to be useful as a lupus nephritis biomarker, and can be shown
to be a better indicator of SLE activity than urine cytokines
such as IL.-6 or TNF-a (41, 42).

[0163] A1AT and albumin fragments were also found to be
differentially expressed in the urine during SLE renal flare.
Although the parent proteins are not from the LMW pro-
teome, these findings still may be important in SLE nephritis.
For example, A1AT is made in the kidney, and can be induced
by cytokines such as IL-6 (43, 44). Thus, A 1 AT can serve as
a marker of proinflammatory cytokine production. Further-
more, specific albumin and A1AT fragments have been found
in the serum and urine of patients with glomerulonephritis
(45). It is now believed that the fragmentation pattern of these
proteins reflects pathogenic proteolytic activity during kid-
ney disease, and the appearance of specific fragments in the
urine can thus serve as a biomarker of this process. Con-
versely, charge variants of A1AT and albumin were found to
be part of a group of urine proteins that could be used to
distinguish between SLE and other proteinuric glomerular
diseases (46). Characterization of the fragments of A1AT and
albumin present throughout the SLE renal flare cycle can be
performed to confirm whether fragments or charge variants of
intact proteins, provide the most diagnostic information in
SLE nephritis.

[0164] Despite the large number of protein peaks detected
in raw urine, only 19 differentially expressed protein ions
survived our moderately stringent criteria arbitrarily estab-
lished for biomarker relevance to lupus nephritis. Further-
more, certain combinations of two candidate protein ions
were found in all flare cycles, suggesting that validated biom-
arkers will be useful in most lupus patients, and that 2 or more
biomarkers may be necessary to fully characterize phases of
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the flare cycle. These findings are consistent with other
SELDI studies that showed only a few protein ions (3-13)
were needed to separate disease from control groups, or pre-
dictkidney injury with high sensitivity and specificity (15, 16,
22,23, 25). When SELDI-TOF-MS was used to distinguish
between active and inactive SLE nephritis, it was reported
that of 32 protein ions which varied significantly between
active and quiescent SLE, a combination of two protein ions
provided the most power for diagnosing active nephritis (24).
Most of these studies used only one or two types of protein
chips. While interrogating the entire proteome may require
using a wide variety of protein chip binding surfaces, this
technique is now believed to be capable of delivering a man-
ageable number of candidate protein peaks. This can be if
importance, considering the need to identify and validate
each potential biomarker.

[0165] The examples herein show the usefulness of using
SELDI-TOF-MS to screen for differential protein expression
during the evolution of SLE renal flares. The method
described herein yields a testable number of biomarker can-
didates that can then be specifically identified. The method
described herein also eliminates the need for protein patterns
as biomarkers, and allows validation and testing of candidate
proteins in independent patient cohorts. Of three potential
biomarkers identified herein, hepcidin is now believed to have
a significant relationship to proinflammatory cytokines
thought to mediate lupus nephritis.

[0166] Methods
[0167] Urine Samples
[0168] A total of 145 urine samples were obtained from the

Ohio SLE Study (OSS) specimen bank. The OSS is a pro-
spective, longitudinal study of patients with 4 or more Ameri-
can College of Rheumatology criteria for SLE, and has been
described previously (47). The OSS was approved by the
local IRB, and all patients gave informed consent to partici-
pate. Urine samples were from 19 patients with SLE nephritis
who experienced 25 moderate to severe renal flares. The
criteria used to adjudicate and classify the severity of renal
flares in the OSS have been published (47). Urine was col-
lected prospectively at 2 month intervals over several years
from the OSS cohort. Fresh urine from each patient visit was
centrifuged to remove cellular debris and rapidly frozen at
-80° C. in small aliquots until use. Urine creatinine and
protein concentrations were measured using the Roche Crea-
tinine Reagent (Roche Diagnostic Corporation, Indianapolis,
Ind.) and the Bio-Rad RC-DC Protein Assay (BioRad Labo-
ratories, Hercules, Calif.), respectively.

[0169] Urine proteomes were examined from 4 phases of
the SLE renal flare cycle: pre-flare, flare, treatment, and base-
line. Pre-flare specimens were from 4 and 2 months before
flare diagnosis, flare specimens were obtained at flare diag-
nosis, and treatment specimens were from 2 and 4 months
after flare diagnosis. Baseline urines were chosen from speci-
mens obtained more than 6 months away from any renal flare,
and when patients had a stable serum creatinine and no pro-
teinuria, or proteinuria values that had returned to pre-flare
levels. Baseline samples could have preceded or followed the
flare cycle under investigation, and in cases where both were
available their data were combined to give a composite base-
line.

[0170] To isolate the LMW urine proteome, urine protein
size fractionation was done using VIVASPIN 500 spin col-
umns (Vivascience, Carlsbad Calif.) having a molecular
weight cut off of 30,000 Da to remove abundant, high-mo-
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lecular weight proteins such as albumin. To avoid loss of
LMW proteins bound to albumin, the urine was first dena-
tured by adding 200 pl of urine to 300 pl of denaturing buffer
(OM urea/2% CHAPS) for 30 min at 4° C. The denatured
urine was then added to the spin columns and the flow-
through was used for SELDI-TOF-MS analyses.

[0171] SELDI-TOF-MS Screening of the LMW Urine Pro-
teome
[0172] Pilot experiments included protein chip selection

and optimization of protein chip binding conditions. Among
all the protein chips tested the best spectral data were obtained
using a weak cation exchanger (CM10 chip, Ciphergen, Fre-
mont, Calif.), which was subsequently used for this proof-of-
concept study. All of the CM10 chips used in this example
were from the same lot, samples were placed on the chips in
random order, and as much as possible samples from the same
patient were placed on a single chip. All data were acquired
within 3 days, except for 2 chips that were read within 2
weeks. Fifty pl of urine sample mix (5 pl fractionated, dena-
tured urine and 45 pl of 40 mM ammonium acetate pH 4.0,
0.1% Triton-X 100 buffer containing 10 fmol bovine insulin
(Sigma, St. Louis, Mo.)) was added to each spot. The bovine
insulin served as an internal standard for protein mass accu-
racy and was used to control for intra- and inter-chip variance
of peak intensity. The linear binding range for insulin on
CM10 ProteinChipis 1-50 fmol, and correlated to peak height
with an r? 0f0.99 at pH 4.0, a pH well below the insulin pI of
5.65 (data not shown). Using endogenous urine protein ions
normalized to bovine insulin, the intra-chip coefficient of
variation (CV) for peak height was 11% and inter-chip CV
was 19.7%, values compatible to or better than those previ-
ously reported (18, 24). After binding, chips were washed,
dried and 1.0 pl of an energy absorbing molecule (30%
CHCA in 50% Acetonitrile (ACN) and 0.5% Trifluoroacetic
Acid (TFA)), was added.

[0173] Urine protein spectra were acquired with a Protein
Chip PBS II Reader (Ciphergen) set to an optimum mass
range of 500-20 000 Da, a laser intensity of 195 with 2
warming shots (not collected), a sensitivity of 9, and collec-
tion of 50 transient shots across the spot surface. To minimize
the protein chip spot variance, each urine sample was done on
duplicate spots. External calibration of the Protein Chip
Reader was performed using the Ciphergen Biosystem All-
in-1 peptide standard C100-0005, and the calibration equa-
tion was applied to each spectrum before analysis to ensure
the peak accuracy.

[0174] Data Analysis

[0175] Protein peaks were detected by second-pass peak
selection and restricted to a signal-to-noise ratio of >2, mini-
mum valley depth of 2 and sensitivity of 100%. The mass
range from 2000-20 000 Da was selected for analysis since
this range contained the majority of the resolved. protein/
peptides. The detected peaks from different patients were
aligned manually according to the peak accuracy variance,
which was less than 0.5% for the internal insulin calibration
standard (data not shown). Only peaks present in more than
30% of the flares were analyzed further, in an effort to screen
for biomarkers of general applicability to SLE nephritis. The
spectra were normalized to the total ion current within dupli-
cates to minimize the protein chip spot variance. The intensity
of each peak in the spectra was then further normalized to the
internal insulin control, and urine creatinine concentration to
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account for urine dilution. Protein peaks were compared step-
wise between 2 phases of the renal flare cycle, as illustrated in
FIG. 1.

[0176] Data were analyzed by the paired t-test or the Wil-
coxon matched pairs test, based on whether they were or were
not normally distributed. These statistical tests rather than
repeated measures ANOVA were used because the standard
deviation of the data was not stable over time. A two-tailed
alpha level of <0.05 was considered significant.

[0177] Peptide Identification

[0178] For direct on-chip peptide sequencing and identifi-
cation (48) the CM10 chip was reduced by with DTT and
selected, differentially-expressed peptide ions less than 5000
Da were sequenced. Sequence data were obtained using a
Protein Chip Tandem MS Interface with a front-end SELDI
ion source for the Applied Biosystem/MDS Sciex QStar
Hybrid LC/MS/MS System (Ciphergen, Fremont, Calif.).
The protein chip interface used a 337 nm nitrogen laser with
a lensed fiber optic, delivering 150 mJ of energy per pulse at
30 pulses/second. Peptides underwent collision-induced dis-
sociation (CID) by applied collision energy of 50 eV/kDa.
Sample spot scanning was controlled via Protein Chip Inter-
face Control Software (Bio-Rad Laboratories), while data
analysis and acquisition were carried out using the QStar
System’s Analyst software (Applied Biosystems, Inc. Foster
City, Calif.). This system is capable of high amole-low fimole
MS and MS/MS sensitivity. The sequences resulting from
spectral data were submitted to the database mining tool
Mascot (49) for identification.

[0179] Results of on-chip identification were further con-
firmed using Nano-LC/MS/MS at the Ohio State Mass Spec-
trometry and Proteomics Facility. Briefly, urine samples and
human hepcidin 20 and 25 peptide standards (Alpha Diag-
nostics International Inc, San Antonio, Tex.) were digested in
trypsin and Nano-LC/MS/MS was performed on a Thermo
Finnigan LTQ mass spectrometer (Waltham, Mass.) equipped
with a nanospray source operated in positive ion mode. The
LCsystem was an UltiMate™ Plus system from LC-Packings
A Dionex Co (Sunnyvale, Calif.) with a Famos autosampler
and Switchos column switcher. The scan sequence of the
mass spectrometer was based on the TopTen™ method.
Analysis was programmed for a full scan recorded between
350-2000 Da, and a MS/MS scan to generate product ion
spectra to determine amino acid sequence in consecutive
instrument scans of the ten most abundant peaks in the spec-
trum. Sequence information from the MS/MS data was con-
verted to a merged file and then was searched using Mascot
Daemon version 2.2.1 by Matrix Science (Boston, Mass.) and
the database searched against the full SwissProt database
version 54.1 (283454 sequences; 104030551 residues). Pro-
tein identifications were checked manually and proteins with
a Mascot score of 50 or higher with a minimum of two unique
peptides from one protein having a —b or —y ion sequence tag
of five residues or better were accepted.

[0180] Immunohistochemistry

[0181] Renal biopsy material from 3 cases of class IV lupus
nephritis, and one normal transplant donor kidney were
stained with a rabbit anti-hepcidin polyclonal antibody (AB-
CAM), and visualized with DAB. Paraffin embedded tissue
was used, endogenous peroxidase was quenched with hydro-
gen peroxide, and antigen retrieval was done with citric acid
(pH 6.1) for 25 minutes at 94° C. before incubation with the
primary antibody (1:500) overnight at 4° C. No staining was
observed with a non-immune control antibody.
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[0182] Peripheral Blood Mononuclear Cell (PBMC)
[0183] FIG. 7A demonstrates in two different human
Peripheral Blood Mononuclear Cell (PBMC) samples that
interferon-alpha increase hepcidin mRNA expression in a
dose-dependent fashion. This is important because inter-
feron-alpha is believed to be a key cytokine whose activation
is relevant to human SLE nephritis.

[0184] FIG. 7B demonstrates in two different human
PBMC samples the effects of a variety of other cytokines on
hepcidin mRNA expression. As can be seen, MCP-1 a mono-
cyte chemokine induces expression of hepcidin, and TNF-
alpha suppresses expression. This is important because
MCP-1 is a biomarker of active SLE nephritis and is greatly
increased in the kidney and urine during SLE kidney flare.
Also, TNF-alpha has been postulated to have arole in SLE as
well.

[0185] Longitudinal profiling of the hepcidin isoforms
revealed that hepcidin-20 increases as early as four (4)
months before a flare episode and hepcidin-25 decreases as
early as two (2) months before the flare episode.

[0186] While the invention has been described with refer-
ence to various and preferred embodiments, it should be
understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements
thereof without departing from the essential scope of the
invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the
invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed herein contemplated for
carrying out this invention, but that the invention will include
all embodiments falling within the scope of the claims.
[0187] The citation of any reference herein is not an admis-
sion that such reference is available as prior art to the instant
invention. Any publications mentioned in this specification
are herein incorporated by reference. Any discussion of docu-
ments, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the
purpose of providing a context for the present invention. It is
not to be taken as an admission that any or all of these matters
form part of the prior art base or were common general
knowledge in the field relevant to the present invention as it
existed before the priority date of each claim of this applica-
tion.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Asp Thr His Phe Pro Ile Cys Ile Phe Cys Cys Gly Cys Cys His Arg

1 5 10

15
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-continued

Ser Lys Cys Gly Met Cys Cys Lys Thr
20 25

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Ile Cys Ile Phe Cys Cys Gly Cys Cys His Arg Ser Lys Cys Gly Met

1 5 10

Cys Cys Lys Thr
20

15

1. A method for predicting a subject’s risk for a kidney flare
episode, the method comprising detecting the status of one or
more subject-derived hepcidin-20 and hepcidin-25 biomark-
ers in a sample taken from the subject.

2. A method of analyzing a subject sample for one or more
subject-derived markers selected to identify at least a begin-
ning of a kidney flare episode in a patient suffering from
systemic lupus erythematosus (SLE), comprising:

assaying the sample for the presence or amount of one or

more subject-derived hepcidin-20 and hepcidin-25
markers related to a kidney flare episode, and
characterizing the subject’s risk of having or the kidney
flare episode disorders based upon the presence or
amount of the hepcidin-20 and hepcidin-25 marker.

3. A method according to claim 2, wherein the method
further comprises assaying the sample for the presence or
amount of one or more subject-derived markers related to
inflammation.

4. (canceled)

5. (canceled)

6. (canceled)

7. A method according to claim 2, wherein the character-
ization step is performed without comparing the amount of
any of the hepcidin markers to a predetermined threshold
amount, as determined for that subject.

8. A method according to claim 2, wherein the character-
ization step is performed without comparing the amount of
any of the marker(s) related to inflammation to a predeter-
mined threshold amount.

9. A method according to claim 2, wherein the subject
sample is one or more of: a urine sample, a serum sample, a
plasma sample, and a blood sample.

10. A method according to claim 2, wherein the correlating
step comprises comparing at least one hepcidin marker
amount to a predetermined threshold level.

11. A test device for performing the method of claim 2,
comprising: a test surface comprising a plurality of discrete
addressable locations corresponding to the subject-derived
hepcidin markers, each the location comprising an antibody
immobilized at the location selected to bind for detection one
of the subject-derived hepcidin markers.

12. A method for assigning a therapy regimen and/or
assigning a prognosis to a subject diagnosed with or sus-
pected of suffering from systemic lupus erythematosus, com-
prising:

performing an assay method on a sample obtained from the
subject, wherein the assay method provides one or more
detectable signals related to the presence or amount of
one or more subject-derived hepcidin-20 and hepcidin-
25 markers; and

correlating the signal(s) obtained from the assay method to
ruling in or out a therapy regimen for the subject and/or
assigning a prognosis to the subject.
13. A method according to claim 12, wherein the method
rules in or out an assignment of the subject to early goal-
directed therapy.
14. A method according to claim 12, wherein the correlat-
ing step comprises comparing one or more subject-derived
marker concentrations to a predetermined threshold level for
a particular marker of interest.
15. A method according to claim 12, wherein the correlat-
ing step comprises:
determining the concentration of one or more subject-de-
rived hepcidin-20 and hepcidin-25 markers,

calculating a single panel response value based on the
concentration of the subject-derived hepcidin-20 and/or
hepcidin-25 markers, and

comparing the panel response value to one or more prede-

termined threshold levels for the panel response value.

16. A method according to claim 12, wherein the correlat-
ing step comprises:

comparing one or more subject-derived hepcidin-20 and

hepcidin-25 marker concentrations to a predetermined
threshold level for a particular marker of interest and
determining the concentration of the subject-derived
hepcidin-20 and/or hepcidin-25 markers,

calculating a single panel response value based on the

concentration of each of the subject-derived hepcidin-20
and/or hepcidin-25 markers, and

comparing the panel response value to a predetermined

threshold level for the panel response value.

17. A method according to claim 12, wherein the markers
comprise at least one marker related to inflammation, and at
least one marker related to nephritis or one or more markers
related thereto.

18. (canceled)

19. A method according to claim 12, wherein the sample is
from a human.

20. A method according to claim 12, wherein the sample is
selected from the group consisting of blood, serum, urine,
cerebrospinal fluid, and plasma.



US 2010/0151487 Al

21. A method according to claim 12, wherein the assay
method comprises an immunoassay.
22. A method according to claim 12, wherein the assay
method comprises mass spectrometry.
23. A method according to claim 12, wherein the method
rules in or out one or more treatments for inclusion in a
therapy regimen comprising administration of immunosup-
pressive therapy.
24. A diagnostic method, comprising:
determining a concentration of at least one of a hepcidin-20
or hepcidin-25 marker in a bodily fluid sample from a
subject suffering from systemic lupus erythematosus,
wherein an increase in hepcidin-20 or hepcidin-25 concen-
tration in the bodily fluid sample relative to a threshold
hepcidin-20 or hepcidin-25 concentration indicates a
kidney flare episode is likely to occur in the subject, and

wherein lack of an increase in hepcidin-20 or hepcidin-25
concentration in the bodily fluid sample relative to a
threshold hepcidin-20 or hepcidin-25 concentration
indicates a kidney flare episode is not likely to occur in
the subject.

25. The method of claim 24, further comprising:

determining a concentration of hepcidin-20 in a bodily

fluid sample from the subject,

wherein an increase in hepcidn-20 concentration in the

bodily fluid sample relative to a threshold hepcidin-20
concentration indicates a kidney flare episode in the
subject is likely to occur within about four months, and
wherein lack of an increase in hepcidin-20 concentration in
the bodily fluid sample relative to a threshold hepcidin-
20 concentration indicates a kidney flare episode is not
likely to occur within about four months in the subject.

26. The method of claim 25, wherein the increase in hep-
cidin-20 is present at about four months prior to the presen-
tation of symptoms of the kidney flare episode.

27. The method of claim 24, further comprising:

determining a concentration of hepcidin-25 in a bodily

fluid sample from the subject,

wherein a decrease in hepcidn-25 concentration in the

bodily fluid sample relative to a threshold hepcidin-25
concentration indicates a kidney flare episode in the
subject, and

wherein lack of an decrease in hepcidin-25 concentration

in the bodily fluid sample relative to a threshold hepci-
din-25 concentration indicates a kidney flare episode is
not present in the subject.

28. The method of claim 27, wherein the decrease in hep-
cidin-25 is present at about two months prior to the presen-
tation of symptoms of the kidney flare episode.
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29. A method for diagnosing a disease condition charac-
terized by non-physiological levels of at least one of hepci-
din-20 or hepcidin-25, comprising:

obtaining a tissue or fluid sample from a subject;

contacting the sample with an antibody or fragment thereof

that specifically binds to one or more binding sites on
hepcidin-20 and/or hepcidin-25, and

quantifying hepcidin-20 and/or hepcidin-25 level in the

sample; wherein the non-physiological level of hepci-
din-20 and/or hepcidin-25 is indicative of the disease
condition.

30. The method of claim 29, wherein the antibody specifi-
cally binds an epitope contained within amino acids 20 to 25
of hepcidin.

31. The method of claim 29, wherein the quantifying com-
prises conducting a SELDI-TOF-MS assay

32. A kit for detecting a disease condition characterized by
non-physiological levels of one or more subject-derived hep-
cidin-20 and hepcidin-25 markers, comprising, an anti-hep-
cidin antibody or fragment thereof that specifically binds to
one or more mid-portion or carboxy terminal epitopes of
hepcidin, and a reagent that binds directly or indirectly to the
antibody or fragment thereof.

33. The kit of claim 32, wherein the anti-hepcidin antibody
or fragment thereof is immobilized on a support.

34. The kit of claim 32, wherein the reagent comprises
hepcidin complexed with a first binding molecule.

35. A method of analyzing a subject sample for one or more
subject-derived hepcidin-20 and hepcidin-25 markers
selected to identify at least a beginning of a kidney flare
episode in a patient suffering from systemic lupus erythema-
tosus, comprising:

assaying the sample for the presence or amount of one or

more subject-derived hepcidin-20 and hepcidin-25
markers related to a kidney flare-up episode,

wherein the markers comprise the up-regulation of hepci-

din-20 at least as early as four months prior to onset of
symptomatic indications of a kidney nephritis flare-up
episode, and
wherein the down regulation of hepcidin-25 at least as
early as two months prior to onset of symptomatic indi-
cations of a kidney nephritis flare-up episode, and

characterizing the subject’s risk of having or the kidney
flare episode disorders based upon the presence or
amount of the marker,

wherein the amount of at least one of the one or more

subject-derived markers is not compared to a predeter-
mined threshold amount.
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