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(57) ABSTRACT

A method for the detection of an early biomarker for
assessing a change in renal status in a mammalian subject
following a renal event. The method typically includes the
steps of (a) providing a body fluid sample obtained from a
mammalian subject; (b) analyzing the molecular weight of
the proteins in the sample using proteome analysis; and (c)
identifying the presence of a protein in the sample selected
from the group consisting of a 6.4 kDa protein, a 28.5 kDa
protein, a 33 kDa protein, a 44 kDa protein, a 67 kDa
protein, and combinations thereof. The presence of one of
these proteins can serve as an early biomarker for assessing
a change in renal status. The levels of these proteins can be
compared to predetermined levels, and thus provide a deter-
mination of the subject’s renal status. The invention also
includes a method of assessing the administration of apro-
tinin during cardio-pulmonary bypass surgery and provides
for methods where the level of the 6.4 kDa biomarker in the
subject’s urine directs a caregiver’s therapeutic decision
regarding the intra-operative administration of aprotinin.
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METHOD FOR THE EARLY DETECTION OF
RENAL DISEASE USING PROTEOMICS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/673,453, filed on Apr. 21, 2005.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a method
of determining the renal status of a subject, and in particular
to a method of determining early impaired renal status and
nephrotoxicity in a subject.

BACKGROUND OF THE INVENTION

[0003] Early detection of disease states in mammals has
been the focus of much recent research. For disease detec-
tion, the public-health community has historically relied on
laboratory tests that can sometimes take days or even weeks
to return a result. The increased availability of better and
faster diagnostic tests, however, promises the possibility of
more automated and earlier disease detection and subse-
quent intervention. It is believed that introduction of therapy
early in the disease process will reduce the mortality rate
associated with the disease and shorten the time for treat-
ment.

[0004] Acute renal failure (ARF) secondary to renal
injury, including but not limited to ischemic injury and
nephrotoxic injury, remains a common and potentially dev-
astating problem in clinical nephrology. Five percent (5%)
of hospital admissions and 30% of Intensive Care Unit
admissions have acute renal failure, and 2-5% of hospital-
ized patients will develop it. Acute renal dysfunction occurs
in up to 40% of adults following cardiac surgery. Patho-
physiologic mechanisms include diminished renal blood
flow, loss of pulsatile flow, hypothermia, atheroembolism,
and a generalized inflammatory response. ARF requiring
dialysis also complicates up to 10% of cardiac surgeries in
infants and children with congenital heart disease.

[0005] ARF persistently continues to result in a high rate
of mortality despite significant advances in supportive care.
Pioneering studies over several decades have illuminated the
roles of persistent vasoconstriction, tubular obstruction, cel-
lular structural and metabolic alterations, and the inflamma-
tory response in the pathogenesis of ARF. While these
studies have paved the way for successful therapeutic
approaches in animal models, translational research efforts
in humans have vielded disappointing results, for reasons
such as the multifaceted response of the kidney to ischemic
injury and a paucity of early markers for ARF with a
resultant delay in initiating therapy.

[0006] Animal studies have shown that, while ARF due to
ischemia can be prevented and/or treated by several maneu-
vers, treatment for ARF must be instituted very early after
the ischemic insult. A major reason for the inability to
provide preventive and therapeutic measures for ARF in
humans is the lack of early biomarkers for ARF. Thus, the
identification of a reliable, early biomarker for impaired
renal status would be useful to facilitate early therapeutic
intervention, and help guide pharmaceutical development by
providing an early indicator of nephrotoxicity.
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[0007] The traditional laboratory approach for detection of
renal disease involves determining the serum creatinine,
blood urea nitrogen, creatinine clearance, urinary electro-
lytes, microscopic examination of the urine sediment, and
radiological studies. These indicators are not only insensi-
tive and nonspecific, but also do not allow for early detection
of the disease. In current clinical practice, ARF is typically
diagnosed by measuring a rise in serum creatinine over time,
which is an unreliable indicator for measuring acute changes
in kidney function. Indeed, while a rise in serum creatinine
is widely considered as the “gold standard” for the detection
of ARF, it is a late indicator of renal injury since as much as
50% of the kidney function may already be lost by the time
the serum creatinine changes. Currently there are no tools
available for the early diagnosis of impaired renal status.

[0008] The lack of early biomarkers for acute renal injury
thus has severely slowed progress in finding effective thera-
pies within the narrow window of opportunity. The identi-
fication of urinary protein biomarkers suitable for the early
detection and diagnosis of acute renal injury holds great
promise to improve the clinical outcome of patients. It is
especially important for patients presenting with vague or no
symptoms or with acute renal injury following surgery such
as cardio-pulmonary bypass surgery. Despite considerable
effort directed at early detection of ARF, no cost-effective
screening tests have been developed to date.

[0009] Although efforts to evaluate disease processes and
drug effects have traditionally focused on genomics, more
attention has been paid recently to proteomics due to its
offering a more direct, complete and promising understand-
ing of the biological functions of a cell. The term “proteom-
ics” was coined to make an analogy with genomics, and
while it is often viewed as a continuation of genomics,
proteomics is much more complicated than genomics. Most
importantly, whilst the genome is a rather constant entity, the
proteome differs from cell to cell and is constantly changing
through its biochemical interactions with the genome and
the environment. One organism will have radically different
protein expression in different parts of its body, in different
stages of its life cycle and in different environmental con-
ditions.

[0010] The protein map of a biological system, including
a cell, sub-cellular fraction or expression media, can be
referred to as a proteome. Proteomics, or analysis of the
proteome of a biological system, offers a relatively new
approach to protein expression profiling and cellular or
tissue protein identification from samples that are obtained
under various specified conditions. Proteomics has an enor-
mous breadth of application ranging from investigation and
identification of biomarkers, molecules that are indicative of
a particular pathological state, which in turn can be used for
diagnostic purposes and targets for therapeutic intervention.
Proteome analysis allows the investigator to obtain infor-
mation on protein identity, protein-protein interaction, the
level of protein expression and protein expression profiling,
protein trafficking and turnover, protein variants, and protein
post-translational modifications.

[0011] Traditionally, proteomics combines two-dimen-
sional electrophoresis (2-DE), a high-resolution protein
separation technique, with mass spectrometry (MS). Pro-
teomics research is targeted towards characterization of the
proteins encoded by a particular genome and its changes
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under the influence of biological stimulation. Proteomics
also involves the study of non-genome encoded events such
as the post-translation modification of proteins, interactions
between proteins, and the location of proteins within the
cell. The study of gene expression at the protein level is
important because many of the most important cellular
activities are directly regulated by proteins in the cell rather
than by gene activity. Also, the protein content of a cell is
highly relevant to drug discovery and drug development
efforts since most drugs are designed to target proteins.
Therefore, the information gained from proteomics is
expected to greatly boost the number of drug targets.

[0012] Attempts at unraveling the molecular basis of early
renal responses have been facilitated by recent advances in
functional genomics that have yielded new tools for
genome-wide analysis of complex biologic processes. To
date, the most popular method for proteomics investigation
is the use of high-resolution two-dimensional gel electro-
phoresis and sensitive mass spectrophotometry techniques.
Although two-dimensional gel electrophoresis is one of the
most powerful methods in the current study of proteomics,
this method is labor-intensive, time consuming, and limited
in sensitivity. The two-dimensional gel electrophoresis
method also suffers from poor reproducibility. To avoid the
aforementioned disadvantages of two-dimensional gel elec-
trophoresis, microchip-based separation devices (microar-
rays) have been developed for rapid analysis of large num-
bers of samples. Compared to conventional separation
columns or devices, microarrays have higher sample
throughput, reduced sample and reagent consumption, and
reduced chemical waste. Such devices are capable of fast
analyses and provide improved precision and reliability
compared to the conventional analytical instruments. The
¢DNA microarray methodologies provide parallel and quan-
titative expression profiles of thousands of genes, which
when combined with bioinformatics tools, can identify
genes in a biologic pathway, characterize the function of
novel genes, and detect disease subclasses. However, until
now, no early stage molecular markers have been identified
for ARF.

[0013] Mass spectrometry is a technique that measures
m/z (mass-to-charge) intensity pairs of an ionizable sub-
stance. The m/z-intensity pair or pairs of an analyte provides
a signature distinguishing the analyte from other substances
having a different m/z-intensity pair or pairs. The intensity
of an analyte’s m/z-intensity pair changes with the analyte’s
abundance within the response range of the instrument.
Techniques and equipment for generating mass spectrom-
etry data are well known in the art. Examples of ionization
techniques that can be employed include electronspray ion-
ization, matrix-assisted laser  desorption/ionization
(MALDI), surface enhanced laser desorption/ionization
(SELDI), electron impact ionization, chemical ionization,
and photoionization.

[0014] Recently, a chip-based proteomics approach has
been introduced using biomolecular interaction analysis-
mass spectrometry (BIA-MS) in rapidly detecting and char-
acterizing proteins present in complex biological samples at
very low levels. One of the most powerful techniques is
Surface Enhanced Laser Desorption/lonization Time-of-
Flight Mass Spectrometry (SELDI-TOF-MS) technology,
which has been commercially embodied in Ciphergen’s
ProteinChip® Biomarker System. The system uses chemi-
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cally (cationic, anionic, hydrophobic, metal, etc.) or bio-
chemically (antibody, DNA, enzyme, receptor, etc.) treated
surfaces for specific interaction with proteins of interest,
followed by selected washes for SELDI-TOF-MS detection.
Surface-Enhanced TLaser Desorption/Tonization (SELDI)
was invented in the late 1980’s. When coupled to a time-
of-flight mass spectrometer (TOF), SELDI provides a means
to rapidly analyze molecules retained on a chip. The power
of the system incorporates straightforward sample prepara-
tion with on-chip capture (binding) and detection for protein
discovery, protein purification, and protein identification
from small samples, allowing rapid analysis and assay
development on a single platform.

[0015] Several tubular proteins have been measured in the
urine, with conflicting and unsatisfactory results. For
example, one cDNA microarray expression profile identifies
kidney injury molecule-1 (KIM-1), a novel kidney-specific
adhesion molecule involved in renal regeneration which is
upregulated 24-48 hours after initial insult. KIM-1 is a
reliable but somewhat late stage marker of tubular cell
damage, and has been detected in the kidney biopsy and in
the urine of patients with established ischemic acute tubular
necrosis. However, this detection was documented in
patients with established ischemic renal damage, late in the
course of the illness. The utility of urinary KIM-1 measure-
ment for the detection of early ARF or subclinical renal
injury has thus far not been validated. Also, sodium-hydro-
gen exchanger isoform 3 (NHE-3) has been shown in the
urine from subjects with established ARF. The sensitivity
and specificity of these biomarkers for the detection or
prediction of impaired renal status have not been reported.
Of the inflammatory cytokines involved in ARF, elevated
levels of urinary IL-6, TL-8 and IL-18 have been demon-
strated in patients with delayed graft function following
cadaveric kidney transplants. None of these biomarkers have
been examined prospectively for their appearance in the
urine during the evolution of ischemic ARF.

[0016] There is currently a lack of a reliable biomarker for
the early determination of renal injury and disease caused by
ischemia and/or nephrotoxicity. Therefore, it would be
advantageous to provide testing of a subject’s urine, blood
serum, or other body fluid samples for early biomarkers of
acute renal injury within minutes of a suspected injury, since
early biomarkers for acute renal failure may begin to appear
at low levels and continue to rise thereafter. It would
likewise be advantageous if early biomarkers for acute renal
injury could be detected in bodily fluid samples such as
blood serum and urine shortly after the onset of a renal event
that could lead to renal tubular cell injury. It would also be
advantageous to use the ability of the SELDI-TOF-MS
technology to rapidly identify protein biomarkers in a
method of rapid identification of early biomarkers of various
diseases, including ischemic and nephrotoxic renal injuries.
There is also a need to provide a reliable and accurate
method of early determination of the existence of acute renal
injury in patients, the results of which can then be used to
manage the treatment of affected patients.

SUMMARY OF THE INVENTION

[0017] The invention provides methods for the early
detection of a change in renal status using proteomics. The
invention typically uses SELDI-TOF-MS technology to
rapidly identify early protein biomarkers of acute renal

injury.
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[0018] A first aspect of the invention provides a method
for the detection of an early biomarker for assessing a
change in renal status in a mammalian subject following a
renal event, the method comprising the steps of (a) providing
a body fluid sample obtained from a mammalian subject
following a renal event; (b) analyzing the molecular weight
of the proteins in the sample using proteome analysis; and
(c) identifying the presence of a protein in the sample
selected from the group consisting of a 6.4 kDa protein, a
28.5 kDa protein, a 33 kDa protein, a 44 kDa protein, a 67
kDa protein and combinations thereof, the presence of the
protein serving as an early biomarker for assessing a change
in renal status.

[0019] A second aspect of the invention provides a method
for determining the renal status of a mammalian subject
within 48 hours following a renal event, the method com-
prising the steps of (a) providing a body fluid sample
obtained from a mammalian subject at a time within 48
hours following a renal event; (b) separating the proteins in
the body fluid sample by molecular weight using proteome
analysis; (c) identifying a separated protein based on the
molecular weight of the separated protein, the separated
protein being selected from the group consisting of a 6.4
kDa protein, a 28.5 kDa protein, a 33 kDa protein, a 44 kDa
protein, a 67 kDa protein, and combinations thereof; and (d)
comparing the level of each identified protein to a prede-
termined level thereof, the comparison providing a determi-
nation of the subject’s renal status.

[0020] A third aspect of the invention provides a method
for assessing the administration of aprotinin during cardio-
pulmonary bypass surgery, the method comprising (a) pro-
viding a urine sample obtained from a subject receiving
cardio-pulmonary bypass surgery; (b) separating the pro-
teins in the sample by molecular weight using proteome
analysis; (c) identifying the presence of a 6.4 kDa protein;
and (d) comparing the level of the 6.4 kDa protein to a
predetermined level thereof, wherein the comparison directs
a caregiver’s therapeutic decision regarding the intra-opera-
tive administration of aprotinin during cardio-pulmonary
bypass surgery.

[0021] With the methods of the present invention, the
body fluid sample is typically urine, blood, serum, plasma,
saliva, lymph, cerebrospinal fluid, cystic fluid, ascites, stool,
bile, and any isolatable body fluid, the renal event is tvpi-
cally diminished blood supply to the kidneys, sepsis, shock,
trauma, kidney stones, kidney infection, impaired heart
function, surgical procedures including cardio-pulmonary
bypass surgery, admission of the subject into an intensive
care unit, and the administration of medicament substances
to the subject. The medicament substances can be pharma-
ceuticals, poisons or toxins, or iodinated contrast dyes.

[0022] The nature and advantages of the present invention
will be more fully appreciated from the following drawings
and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings illustrate embodi-
ments of the invention and, together with a general descrip-
tion of the invention given above, and the detailed descrip-
tion given below, serve to explain the principles of the
invention.
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[0024] FIG. 1A is a graph showing representative SELDI-
TOF-MS spectra of urine proteins in the 2,000-10,000 kDa
range obtained from patients in the ARF group at baseline
(top panel) and at 2 hours post-CPB (bottom panel).

[0025] FIG. 1B is a graph showing representative SELDI-
TOF-MS spectra of urine proteins in the 10,000-100,000
kDa range obtained from patients in the ARF group at
baseline (top panel) and at 2 hours post-CPB (bottom panel).

[0026] FIG. 2A is a graph showing representative SELDI-
TOF-MS spectra of urine proteins in the 2,000-15,000 kDa
range obtained from control patients at baseline (top panels)
and 2 hours post CPB (second panels), and from patients in
the ARF group at baseline (third panels) and 2 hours post
CPB (bottom panels).

[0027] FIG. 2B is a graph showing representative SELDI-
TOF-MS spectra of urine proteins in the 20,000-75,000 kDa
range obtained from control patients at baseline (top panels)
and 2 hours post CPB (second panels), and from patients in
the ARF group at baseline (third panels) and 2 hours post
CPB (bottom panels).

[0028] FIG. 3 is a graph showing scatter plots of peak
intensities for each of the biomarkers measured at 2 hours
post CPB in the control and ARFgroups.

[0029] FIG. 4 is a representative gel of urine samples
obtained from control and ARF patients at baseline (t=0) and
2 hours post CPB (t=2).

[0030] FIG. 5 is a graph showing urine alpha-I microglo-
bulin levels in ARF patients versus non-ARF patients at
various times after cardio-pulmonary bypass, determined by
quantitative nephelometry.

[0031] FIG. 6 is a graph showing urine alpha-1 acid
glycoprotein levels in ARF patients versus non-ARF
patients at various times after cardio-pulmonary bypass,
determined by quantitative nephelometry.

[0032] FIG. 7 is a graph showing urine microalbumin
levels in ARF patients versus non-ARF patients at various
times after cardio-pulmonary bypass, determined by quan-
titative nephelometry.

[0033] FIG. 8 is a graph showing urine aprotinin levels in
ARF patients versus non-ARF patients at baseline and 2
hours after cardio-pulmonary bypass, determined by
SELDI-TOF.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] The practice of the present invention will employ,
unless otherwise indicated, conventional methods of neph-
rology, molecular biology and other laboratory techniques
within the skill of the art.

Definitions

[0035] In describing the invention, and as used in this
specification and the appended claims, the following terms
and phrases will be employed, and are intended to be defined
as indicated below.

[0036] The singular forms “a,™‘an” and “the” include
plural references unless the content clearly dictates other-
wise.
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[0037] The term “biomarker” or “biomarkers” means a
molecule or protein that is indicative of a particular patho-
logical state.

[0038] The term “CPB” means cardio-pulmonary bypass
surgery.
[0039] The phrase “change in renal status” means a varia-

tion or difference in an individual’s renal status at one point
in time as compared to another point in time.

[0040] The term “early” or “early on-set” in relation to a
biomarker is a biomarker protein that can appear in the blood
serum or urine within the first 24 hours, more typically
within the first 4-6 hours, of the onset of injury.

[0041] The term “immediate” in relation to a renal tubular
cell biomarker is a biomarker protein that can appear in the
blood serum within 2 hours of the onset of renal tubular cell
injury.

[0042] The phrase “impaired renal status” means a decline
in renal function. For example, in an individual who previ-
ously had normal kidney function but has suffered renal
injury, current renal status can be classified as normal,
slightly impaired, moderately impaired, and severely
impaired. Impaired renal status can be either sudden (acute)
or slowly developing over time (chronic), and can be trig-
gered by a number of disease or disorder processes. For
acutely impaired renal status, triggers include (but are not
limited to) cardiac surgery, other surgeries, kidney trans-
plantation, shock, sepsis, trauma, stroke, kidney infection,
and administration of nephrotoxins (such as radio-contrast
agents, non-steroidal anti-inflammatory drugs (NSAIDs),
antibiotics, and chemotherapeutic agents). For chronically
impaired renal status, triggers include (but are not limited to)
hypertension, diabetes, heart failure, lupus, sickle cell dis-
ease, and other inherited or acquired diseases of the kidney
glomerulus or tubules. Both forms of impaired renal status
can result in a life-threatening metabolic derangement.

[0043] The term “high amount” means an amount that is
significantly higher as compared to a predetermined level.

[0044] The phrase “improved renal status” means an
improvement in renal function. For example, in an indi-
vidual who has received treatment for previously impaired
renal status, current renal status can be classified as slightly
improved, moderately improved, and greatly improved.

[0045] The term “increased amount” means an amount
that is more as compared to a predetermined level.

[0046] “Managing subject treatment” refers to the behav-
ior of the clinician or physician subsequent to the determi-
nation of the subject’s renal status. As a non-limiting
example, if the result of the methods of the present invention
is inconclusive or there is reason that confirmation of status
is necessary, the physician may order more tests. Alterna-
tively, if the status indicates that treating for acute renal
injury is appropriate, the physician may schedule the patient
for the appropriate treatment. Likewise, if the status is
negative (e.g., there is no indication of impaired renal
status), no further action may be warranted. Furthermore, if
the results show that treatment has been successful, no
further management may be necessary.

[0047] The term “molecular weight” means the average
molecular weight of a particular protein or biomarker that is
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measured, within a margin of error consistent with the
measuring system being used. Experimental error and devia-
tion should be allowed for. Unless indicated otherwise,
molecular weight is molecular weight in kilodaltons (kDa).

[0048] The phrase “predetermined level” means (1) a
known standard level as it pertains to levels found in
samples from similar mammalian subjects; or (2) a level
previously measured in a similar sample(s) from a particular
mammalian subject.

[0049] The term “proteome” means the protein comple-
ment of the genome, or the protein map of a biological
system.

[0050] The term “proteome analysis” means in general the
analysis of the proteome of a biological system, typically
from samples that are obtained under various specified
conditions, and specifically relates to techniques known in
the art for obtaining information about a biological sample
including protein identity, protein-protein interaction, the
level of protein expression and protein expression profiling,
protein trafficking and turnover, protein variants, and protein
post-translational modifications.

[0051] The term “renal event” means an incident with a
high likelihood of affecting a mammalian subject’s renal
function and leading to a change in renal status. As a
non-limiting example, renal events can include cardio-pul-
monary bypass (CPB), renal hypoperfusion, hypovolemia,
hemorrhage, systemic vasodilation, low cardiac output,
hyperviscosity syndrome, renovascular obstruction, infec-
tion, and allergic reactions.

[0052] The term “renal status” means the condition or
state of an individual’s renal function. Generally the renal
status is determined to be normal, impaired or improved, as
compared to predetermined levels.

[0053] The term “sample” means a body fluid sample
obtained from a mammalian subject, and can be urine,
blood, serum, plasma, saliva, lymph, cerebrospinal fluid,
cystic fluid, ascites, stool, bile, and any other isolatable body
fluid.

[0054] The present invention provides a method for the
early determination of a subject’s renal status following a
renal event or disease caused by ischemia and nephrotox-
icity. The method utilizes proteome analysis techniques,
such as urinary proteomics, including the SELDI-TOF-MS
technique or similar proteome analysis technique for obtain-
ing information on protein identity, protein-protein interac-
tion, the level of protein expression, or protein expression
profiling. SELDI-TOF-MS provides a means to rapidly
analyze molecules retained on a chip. The power of the
system incorporates straightforward sample preparation
with on-chip capture (binding) and detection for protein
discovery, protein purification, and protein identification
from small samples, allowing rapid analysis and assay
development on a single platform. Of the various methods
available in clinical proteomics, the ProteinChip® Biomar-
ker System (SELDI-TOF-MS PBS-Ilc) technology from
Ciphergen has emerged as the preferred platform for protein
profiling. Ciphergen’s ProteinChip® system employs an
analog-to-digital converter (ADC) to accomplish this. The
ADC integrates detector output at regularly spaced time
intervals into time-dependent bins. The time intervals typi-
cally are one to four nanoseconds long. Furthermore, the
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time-of-flight spectrum ultimately analyzed typically does
not represent the signal from a single pulse of ionizing
energy against a sample, but rather the sum of signals from
a number of pulses. This reduces noise and increases
dynamic range. This time-of-flight data is then subject to
data processing. In Ciphergen’s ProteinChip® software,
data processing typically includes TOF-to-M/Z transforma-
tion, baseline subtraction, high frequency noise filtering.

[0055] TOF-to-M/Z transformation involves the applica-
tion of an algorithm that transforms times-of-flight into
mass-to-charge ratio (m/z). In this step, the signals are
converted from the time domain to the mass domain. That is,
each time-of-flight is converted into mass-to-charge ratio, or
m/z. Calibration can be done internally or externally. In
internal calibration, the sample analyzed contains one or
more analytes of known m/z. Signal peaks at times-of-flight
representing these massed analytes are assigned the known
m/z. Based on these assigned m/z ratios, parameters are
calculated for a mathematical function that converts times-
of-flight to m/z. In external calibration, a function that
converts times-of-flight to m/z, such as one created by prior
internal calibration, is applied to a time-of-flight spectrum
without the use of internal calibrants.

[0056] Baseline subtraction improves data quantification
by eliminating artificial, reproducible instrument offsets that
perturb the spectrum. It involves calculating a spectrum
baseline using an algorithm that incorporates parameters
such as peak width, and then subtracting the baseline from
the mass spectrum.

[0057] This approach allows for rapid high throughput
profiling of multiple samples, detects low molecular weight
biomarkers that are typically missed by other platforms, and
even uncovers proteins bound to albumin. The quest for
easily measured and reliable biomarkers is an area of intense
contemporary research. However, regarding ischemic renal
injury, the studies reported thus far have been retrospective
and have examined biomarkers in the late, established phase
of acute renal failure.

[0058] The method of the present invention identifies
biomarkers for acute renal injury that are present in mam-
malian subjects soon after renal injury. The biomarkers are
identified by distinguishing the protein profile in subjects
experiencing impaired renal status or disease. Proteins in
body fluid samples are defined by their mass-to-charge ratio
(m/z), according to the assay used, typically a proteome
analysis technique such as the SELDI-TOF-MS technique.
Five early biomarkers for assessing a change in renal status
are disclosed in accordance with the methods described
herein. They are: (1) a 6.4 kDa protein, (2) a 28.5 kDa
protein, (3) a 33 kDa protein, (4) a 44 kDa protein, and (5)
a 67 kDa protein.

[0059] The methods of the present invention identify a
plurality of proteins which are early biomarkers for assess-
ing a change in renal status. The plurality of proteins
comprises a 28.5 kDa protein, a 33 kDa protein, a 44 kDa
protein, and a 67 kDa protein. In addition, when associated
with the intra-operative administration of aprotinin during
cardio-pulmonary surgery, a 6.4 kDa is also an early biom-
arker. In one embodiment of the invention, the method
identifies the presence of a 6.4 kDa protein. In another
embodiment, the method identifies the presence of a 28.5
kDa protein. In another embodiment, the method identifies
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the presence of a 44 kDa protein. In yet another embodiment
of the invention, the method identifies the presence of a 33
kDa and a 67 kDa protein. These early biomarkers for
assessing a change in renal status, which also are biomarkers
of impaired renal status, are typically detected in a subject
following a “renal event,” and their detection is typically
based upon mass and charge using the SELDI-TOF-MS
technique or similar proteome analysis technique known in
the art for protein expression profiling. As noted above, the
6.4 kDa protein, while an early biomarker for impaired or
changing renal status, is detected only in conjunction with
the intra-operative administration of aprotinin during cardio-
pulmonary bypass surgery.

[0060] Tt is noted here that, due to the specific measuring
technique used, the molecular weight in kilodaltons for each
of the early biomarkers listed above could be reported in
integers other than those specifically claimed herein, yet still
be interpreted to be these proteins. As a non-limiting
example, the 6.4 kDa protein may be reported within a range
of 6.2 kDa to 6.6 kDa, such that, as used herein, the phrase
“the 6.4 kDa protein” means a protein having a molecular
weigh of about 6.4 kDa. Similarly, the 28.5 kDa protein is
a protein having a molecular weight of about 28.5 kDa, the
33 kDa protein is a protein having a molecular weight of
about 33 kDa, the 44 kDa protein is a protein having a
molecular weight of about 44 kDa, and the 67 kDa protein
is a protein having a molecular weight of about 67 kDa. As
another example, in FIGS. 1A, 1B, 2A and 2B the measure-
ments of the 67 kDa protein fall within a range of between
about 65 to about 67 kilodaltons. Similarly, the measure-
ments of the 44 kDa protein fall within a range of between
about 43 to about 45 kilodaltons. Thus, while stated to be the
44 kDa protein, this protein could be reported by others to
be of a molecular weight close to, but not exactly, 44 kDa.

[0061] In addition to the proteins identified by molecular
weight, by standard proteomic profiling at 2 hours post-
CPB, four novel urinary biomarkers for the early prediction
of ARF have been identified: aprotinin, alpha-1-microglo-
bulin (A1M), alpha-1-acid-glycoprotein (A1AG), and
microalbumin. Like the 6.4 kDa protein, urinary aprotinin,
while an early biomarker for impaired renal status, is
detected only in conjunction with the intra-operative admin-
istration of aprotinin during cardio-pulmonary bypass sur-
gery. Standard downstream assays (ELISA or nephelometry)
are available for each of these proteins, and each one is a
robust biomarker.

[0062] The invention first utilized a genome-wide inter-
rogation strategy to identify kidney genes that are induced
very early after ischemia in animal models, whose protein
products might serve as novel biomarkers for the initiation
phase of ARF. The 28.5 kDa protein biomarker detected by
the preferred assay technique of this invention, i.e. proteom-
ics, 1s the lipocalin alpha-1-microglobulin (A1M). Previ-
ously this 28.5 kDa biomarker, which was detected using
SELDI-TOF-MS technology, was believed to be neutrophil
gelatinase-associated lipocalin (NGAL), but conventional
laboratory methods have confirmed that the biomarker is
A1M. This was surprising, since NGAL has previously been
identified as one of the most dramatically up-regulated genes
and proteins in the kidney after ischemia. Nevertheless, the
28.5 kDa protein, now confirmed to be AIM, was easily
detected in the urine early shortly after a renal event, i.e.
ischemic renal injury undergoing cardiac surgery. The
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invention thus provides an improved method of detecting
early biomarkers of impaired renal status in humans.

[0063] An effective renal tubular cell injury biomarker,
also known as a biomarker of impaired renal status, is
typically a secreted protein, whereby it can be excreted by
the kidney into the urine or transported within the blood
serum. An effective biomarker of impaired renal status is
also typically a protease-resistant protein, such as NGAL,
however a biomarker of impaired renal status can also be a
protease-sensitive protein, such as A1M, so long as stable
fragments of the protein can be detected in the urine or in the
blood serum. Identification of AIM by proteomics requires
digestion with proteolysis and identification of peptide frag-
ments. AIM is the 28.5 kDa biomarker, and an important
immediate biomarker for renal tubular cell injury (which
will also be referred to as biomarker of impaired renal
status). A1M can appear in the urine within 2 hours of the
onset of renal tubular cell injury. An immediate biomarker of
impaired renal status can, as in the case of A1M, be present
in the urine of a subject almost immediately after the onset
of renal tubular cell injury. The biomarker of impaired renal
status can also be an early-onset biomarker of impaired renal
status that can appear within the first 24 hours, more
typically within the first 6 hours, of the onset of renal tubular
cell injury. As such, the 28.5 kDa protein A1M is also an
example of an early-onset biomarker of impaired renal
status.

[0064] The biomarker of impaired renal status can be an
ischemic renal injury biomarker (IRI biomarker), a nephro-
toxic renal injury biomarker (NRI biomarker), or a mixture
thereof The method of the invention can be used to detect the
onset of renal tubular cell injury, and to monitor the treat-
ment thereof, for a wide variety of events that can include all
varieties of diminished blood supply to the kidneys,
impaired heart function, surgical procedures, patients in
intensive care units, and the administration of pharmaceu-
ticals, radio contrast dyes, or other medicament substances
to a subject. The renal tubular cell injury causing impaired
renal status can be an ischemic renal injury, a nephrotoxic
renal injury, or other injury that affects the tubular cells of
the kidney. The event can include administration or inges-
tion of a large and wide variety of nephrotoxins, including,
but not limited to cancer chemotherapy (cisplatin, cyclo-
phosphamide, isosfamide, methotrexate), antibiotics (gen-
tamicin, vancomycin, tobramycin), antifungal agents
(amphotericin), anti-inflammatory agents (NSAIDs), immu-
nosuppressants (cyclosporine, tacrolimus), and radio con-
trast agents. The method can be used to evaluate the neph-
rotoxicity of both newly-developed and well-known
compounds.

[0065] The invention also provides a method for assessing
the extent of impaired renal status based on a proportional
relationship between the extent of injury, which can range
from the very early onset of renal tubular cell injury to
clinical ARF, with the quantity of early biomarker proteins
present in the urine, blood serum, or other isolatable body
fluid of the subject. The invention provides a means for a
clinician to estimate the degree of impaired renal status at an
initial assessment, and to monitor the change in status of the
injury (worsening, improving, or remaining the same) based
on the detected level of biomarkers of impaired renal status
in the urine, blood serum, or other isolatable body fluid using
the SELDI-TOF-MS technique or a similar proteomics
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technique for obtaining information on protein identity,
protein-protein interaction, the level of protein expression,
or protein expression profiling.

[0066] Typically, the clinician would establish a protocol
of collecting and analyzing a quantity of fresh blood and/or
urine samples from the patient at selected intervals. Typi-
cally the sample is obtained intermittently during a pre-
scribed period. The period of time between intermittent
sampling may be dictated by the condition of the subject,
and can range from a sample each 24 hours to a sample taken
continuously, more typically from each 4 hours to each 30
minutes. If the sample taken is a blood sample, then a serum
sample is then typically isolated from the blood sample by
well known means.

[0067] Using the methods and techniques described
herein, both a qualitative level of the biomarker of impaired
renal status present in the urine and/or serum can be ana-
lyzed and estimated, and a quantitative level of biomarker of
impaired renal status present can be analyzed and measured.
The clinician would select the qualitative method, the quan-
titative method, or both, depending upon the status of the
patient. For blood samples, the quantity of blood serum to be
collected is typically less than 1 milliliter (ml), and more
typically less than 10 microliters (ul). A typical sample can
range from about 1 pl to about 1 ml. Typically the larger
quantities of a blood serum sample (about 1 ml) are used for
quantitative assays. Typically, these small levels of serum
are easily and readily available from clinical subjects who
are either prone to developing ARF, or have developed ARF.

[0068] Once an indication of impaired renal status, includ-
ing renal tubular cell injury or acute renal failure, has been
detected and intervention and treatment of the disease or
condition has commenced, the clinician can employ the
method of the invention to monitor the progress of the
treatment or intervention. If a treatment or surgery that
might cause renal tubular cell injury is planned, the clinician
can obtain a pretreatment sample of urine, blood serum, or
other isolatable body fluid from the subject to determine a
baseline biomarker value for that individual. Typically, one
or more subsequent post-treatment samples will be taken
and analyzed for the presence of the biomarker of impaired
renal status as the treatment of the renal injury commerces
and continues. If a baseline value was obtained, these
post-treatment values can be compared to the baseline value
to determine the relative condition of the patient. The
treatment can be continued until the presence of the biom-
arker of impaired renal status in subsequent post-treatment
samples either returns to baseline value or is no longer
detected. As the treatment and intervention ameliorate the
condition, the expression of biomarker of impaired renal
status and its presence in the subject samples will be
correspondingly reduced. The degree of amelioration will be
expressed by a correspondingly reduced level of biomarker
of impaired renal status, such as the 28.5 kDa protein
(AIM), detected in a sample. As the renal injury nears
complete healing, the method can be used to detect the
return to baseline levels or the complete absence of the
biomarker of impaired renal status, signaling the completion
of the course of treatment.

[0069] Since biomarkers of impaired renal status can be
easily detected within 2 hours of the renal injury or neph-
rotoxic treatment, the present invention using SELDI-TOF-
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MS, or an equivalent assay for rapidly detecting and char-
acterizing proteins present at very low levels in a body fluid
sample, is suitable for use as an early-onset diagnostic.
Biomarker testing of urine, serum or other body fluid
samples from a subject can begin within 30 minutes of a
suspected injury, since biomarkers of impaired renal status
begin to appear at low levels and continues to rise thereafter.
Therefore, it is also of great value to initiate testing for
biomarkers at any time within 2 hours of a suspected injury.
Furthermore, it is of value to test at any other time during the
first 24 hours following a suspected injury, since Biomarkers
of impaired renal status can be highly reliable and easily
measured markers of injury that appear in the urine and
serum before changes in other parameters, such as creati-
nine, can be detected. The most highly preferred course of
biomarker testing is to collect samples at intervals through-
out the course of treatment to monitor real time changes in
renal health status.

[0070] In one embodiment of the present invention, Sur-
face-Enhanced Laser Desorption/Ionization Time-of-Flight
Mass Spectrometry (SELDI-TOF-MS) technology was used
to identify biomarker patterns that predict impaired renal
status and disease in patients undergoing open heart surgery.
In particular, this technology was used with infants and
children with congenital heart disease who were undergoing
cardiac surgery. This population may be especially vulner-
able to developing ARF since many children require mul-
tiple surgeries for step-wise repair of complex congenital
anomalies. However, these children are also unique, since
confounding co-morbid conditions such as advanced age,
atherosclerotic vascular disease and diabetes are usually
absent, rendering them an ideal patient group for examina-
tion of biomarkers as predictors of early ischemic renal
injury and/or impaired renal status.

[0071] Therefore, a homogeneous population of patients
with no confounding variables was studied, in whom the
only conceivable renal insult would be the result of
ischemia-reperfusion injury following cardio-pulmonary
bypass (CPB). None of the patients studied encountered
intra-operative hypotension or significant peri-operative car-
diac events. To minimize intra- and post-operative volume
depletion, all patients received 80-100% of their mainte-
nance fluid requirements during and after surgery, and their
hematocrits were maintained at approximately 35%.

[0072] Acute renal injury has typically been defined as a
sudden decrease in renal function resulting in an inability to
maintain fluid and electrolyte balance and to excrete nitrog-
enous wastes. Serum creatinine is a conventional biomarker.
In the absence of functioning kidneys, serum creatinine
concentration will increase daily by as much as 1-1.5 mg/dL.
Spot urine samples were collected at baseline and at two and
six hours following CPB. When the CPB time exceeded 2
hours, the first post-operative urine sample was obtained at
the end of CPB, and this sample was considered as the
2-hour collection. Samples were centrifuged at 2,000g for 5
minutes, and the supernatants stored in aliquots at -80°
Celsius. Serum creatinine was measured at baseline, and
routinely monitored in these critically ill children at least
twice a day in the immediate post-operative period, and then
at least daily beyond post-operative day three. The primary
outcome variable was the development of acute renal injury,
defined as a 50% or greater increase in serum creatinine
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from baseline. Other variables obtained included age, gen-
der, race, bypass time, urine output, urinalysis, and urine
creatinine.

[0073] The measurement of urinary biomarkers in patient
samples provides information that diagnosticians can corre-
late with a probable diagnosis of acute renal injury or a
negative diagnosis (e.g., normal or injury-free). The biom-
arkers are characterized by molecular weight and/or charge.
The biomarkers were resolved from other proteins in a
sample by using an assay for rapidly detecting and charac-
terizing proteins present at very low levels in a body fluid
sample, typically the SELDI-TOF-MS technology (i.e. the
ProteinChip® Biomarker System), in which the surface of
the mass spectrometry probe comprises adsorbents that bind
the biomarkers.

EXPERIMENTAL

[0074] Below are examples of specific embodiments for
carrying out the present invention. The examples are offered
for illustrative purposes only, and are not intended to limit
the scope of the present invention in any way. Efforts have
been made to ensure accuracy with respect to numbers used
(e.g., amounts, temperatures, etc.), but some experimental
error and deviation should, of course, be allowed for.

Example 1

[0075] Equal volumes (1ul) of urine were diluted 1:5 with
sodium phosphate (pH 6) buffer, and 5 pl was spotted onto
an NP20 protein array chip. Each spot was washed with
distilled water, and a saturated sinapinic acid solution was
used as matrix. The low intensity spectra were obtained with
the laser set at an intensity of 145 and the high intensity
spectra with the laser set at 195. The resulting spectra were
calibrated using All-in-1 peptide/protein standards.

Example 2

[0076] To confirm the changes in urinary proteins
observed by SELDI-TOF-MS, equal levels of samples were
subjected to SDS-PAGE. Briefly, 25 ul urine samples were
dissolved in an equal volume of 2X SDS-PAGE loading
buffer, boiled for 10 minutes, loaded on a 10-20% Tris-
Tricine gel, subjected to electrophoresis, and stained with
Coomassie Blue. All values are mean +SE. SAS version 8.2
was used for statistical analysis of patient characteristics and
clinical outcomes. The Mann-Whitney rank sum test was
used to compare continuous variables, and Fisher’s exact
test was used to compare categorical variables.

[0077] Employed Method: The Biomarker Wizard
(Ciphergen) was employed for initial clustering and descrip-
tive statistics. Ciphergen Express software was used for
hierarchical clustering and to generate Receiver Operating
Characteristic (ROC) curves. The area under the curve was
calculated to provide a measure of robustness for each
biomarker. An area under the curve of 0.5 is considered no
better than expected by chance, whereas a value of 1.0
signifies a perfect biomarker. Biomarker Pattern Software,
an implementation of the Classification and Regression Tree
algorithm, was utilized to generate predictive models for
ARF based on multiple biomarkers. A ‘p” value of <0.05 was
considered significant.

Example 3

[0078] The primary outcome of acute renal injury, defined
as a 50% or greater increase in serum creatinine from
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baseline, occurred in 15 of 60 consecutive patients, yielding
an incidence rate of 25%. Out of these, 5 patients displayed
an increase in serum creatinine in the 24-48 hours after CPB,
but in the other 10 patients the increase was further delayed
to the 48-72 hour period after CPB. Thus, the diagnosis of
acute renal injury using currently accepted clinical practices
could be made only days after the inciting event. Based on
the primary outcome, patients were classified into “control”
and acute renal injury or “ARF” groups.

[0079]
(n=15) and age- and gender-matched controls (n=15). There

Comparisons were made between the ARF group

were no significant differences between the two groups in
ethnic origin, hourly urine output, urine creatinine, or urine
specific gravity measurements at baseline. Patients in the
ARF group encountered longer cardiopulmonary bypass
times compared with those who did not develop ARF
(160x15 versus 749 min, p<0.05). Cardiac surgery did not
result in a significant difference in urine creatinine, urine
specific gravity, or hematuria in either the control or the ARF

group.

[0080] Equal volumes of urine from control and ARF
groups were analyzed by SELDI-TOF-MS,; since urine crea-
tinine and specific gravity did not change significantly in the
pre- versus post-operative samples, precluding the need to
normalize measurements for urine concentrations. Repre-
sentative samples of spectra obtained are shown in FIGS.
1A, 1B, 2A and 2B. FIG. 1A shows proteins in the 2,000-
10,000 kDa range, and FIG. 1B shows proteins in the
10,000-100,000 kDa range, obtained at baseline (top panel)
and 2 hours post CPB (bottom panel).

[0081] SELDI-TOF-MS analysis of the ARF group at
baseline (t=0) versus at 2 hours post-CPB (t=2h) and at 6
hours post CPB (not shown) consistently showed a marked
and statistically significant enhancement of protein biomar-
kers with a mass-to-charge ratio (m/z) of 6.4, 28.5, 44 and
67 kDa. The sensitivity and specificity of the 28.5, 44 and 67
kDa biomarkers for the early prediction/determination of
ARF at 2 hours following CPB was 100%. The receiver
operating characteristic curves revealed an area under the
curve of 0.98. Several additional protein species (for
example, m/z of 7.3 and 8.9 in FIG.1A and 12.8 in FIG. 1B)
were also enhanced in the ARF group at 2 hours post CPB,
but these changes did not achieve statistical significance.
The same biomarkers with m/z of 6.4, 28.5, 44 and 67 kDa
were also significantly enhanced when comparing control
versus ARF groups at 2 hours post-CPB (FIGS. 2A and 2B).

[0082] The scatter plots of peak intensities for each of
statistically significant biomarkers (m/z of 6.4, 28.5, 44 and
67 kDa) is illustrated in FIG. 3. Biomarkers were measured
at 2 hours after CPB in the control (circles, n=15) and ARF
(squares, n=15) groups. The horizontal line represents the
mathematical mean intensity value. A=6.4 kDa, B=28.5
kDa, C=44 kDa, and D=67 kDa. The biostatistical analyses
of the results are shown in Tables 1-4.
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TABLE 1

ARF (t = 0) versus ARF (t = 2 hours)
Table 1. Biostatistical analysis of increases in peak biomarker
intensities in the ARF group at baseline (t = 0) versus 2
hours post CPB (t =2 h).

M/Z Fold increase in Area under ROC
(kDa) average peak intensity p-value Curve

6.4 241 <0.00006 0.93
285 48 <0.000005 0.98
44 123 <0.00001 0.95
67 22 <0.00017 0.90

[0083]
TABLE 2

ARF (t = 2 hours) versus Control (t =2 hours)
Table 2. Biostatistical analysis of increases in peak biomarker

intensities in the ARF versus control group at 2 hours post CPB.

Fold
increase
in avg.
M/Z peak Sensitivity Specificity  Area under
(kDa)  intensity p-value (%) (%) ROC Curve
6.4 2.6 <0.017 80 88 0.77
285 4.8 <0.000003 100 100 0.98
44 12.3 <0.000003 93 100 0.98
67 42.1 <0.000003 100 100 0.98
[0084]
TABLE 3

Control (t = 0) versus ARF (t = 0 hours)
Table 3. Biostatistical analysis of differences in peak biomarker
intensities in the ARF versus control group at baseline (t = 0}.

M/Z Fold increase in Area under ROC
(kDa)  average peak intensity p-value Curve
6.4 1.01 0.61 0.44

28.5 0.96 0.27 0.37

44 0.87 0.29 0.58

67 0.75 0.08 0.31

[0085]
TABLE 4

Cortrol (t = 0) versus Control (t = 2 hours)
Table 4. Biostatistical analysis of increases in peak biomarker
intensities in the ARF group at baseline (t = 0) versus 2
hours post CPB (t = 2 h).

M/Z Fold increase in Area under ROC
(kDa) average peak intensity p-value Curve
6.4 9.01 0.0013 0.85
28.5 0.79 0.07 0.31
44 0.36 0.00003 0.07
67 0.04 0.000003 0.02
[0086] It should be noted that the serum creatinine in the

ARF group of patients did until day 2-3 after surgery. In the
same cohort, SELDI-TOF-MS analysis of d within 2 hr of
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CPB revealed a dramatic increase in peak intensity of all
four Tables 1 and 2). The sensitivity and specificity of the
28.5, 44 and 67 kDa or the early prediction/determination of
ARF at 2 hours was 100% (Table 2). The receiver operating
characteristic curves for these biomarkers revealed an area
under the curve of 0.98, indicative of extremely powerful
biomarkers (Table 2). No differences in these biomarkers
were detected in control versus ARF urines at baseline
(Table 3). Furthermore, patients in the control group dis-
played only a small (although statistically significant)
increase in the 6.4 kDa urinary biomarker, and no increase
(but rather a decrease) in peak intensity of the 28.5, 44 and
67 kDa biomarkers at 2 hr post-CPB (Table 4).

Example 4

[0087] In order to confirm the changes in urine protein
detected by SELDI-TOF-MS, samples were analyzed by gel
electrophoresis and Coomassie Blue staining. A representa-
tive gel is shown in FIG. 4. Marked up-regulation of the 6.4
and 67 kDa biomarkers was easily identified in the ARF
group at 2 hours post-CPB (t=2h), as predicted by the
SELDI-TOF-MS measurements. Changes in the excretion of
the 28.5 and 44 kDa biomarkers were also detectable but less
apparent. Changes in several additional protein bands such
as the 12.8 species were also noted. As previously men-
tioned, these species were also enhanced by SELDI-TOF-
MS analysis, but did not reach statistical significance.

[0088] At least four distinct biomarkers that are not related
to administration of aprotinin during cardio-pulmonary
bypass but are enhanced within 2 hours of a renal event such
as ischemic injury and highly predictive of subsequent ARF
occurring days after such a renal event have been identified
by the present invention. These include the 28.5 kDa protein,
the 33 kDa protein, the 44 kDa protein, and the 67 kDa
protein. The SELDI-TOF-MS method is sensitive, repro-
ducible, rapid (with a turnaround time of only 90 minutes),
and non-invasive (requiring only microliter quantities of
urine). The 6.4 kDa protein, in contrast, while also an early
biomarker for impaired renal status, is detected only in
conjunction with the intra-operative administration of apro-
tinin during cardio-pulmonary bypass surgery.

[0089] Data was acquired from a homogeneous cohort of
children subjected to renal ischemia-reperfusion injury dur-
ing surgical correction of congenital cardiac disease. These
patients were devoid of common co-morbid variables such
as atherosclerotic vascular disease, diabetes, and nephro-
toxin use, all of which can confound and vitiate the identi-
fication of early biomarkers for ischemic acute renal injury.
All subjects started with normal kidney function and normal
patterns of the urinary proteins. This study design allowed
for the determination of the precise timing of alterations in
the urinary proteome following CPB. Thus, urinary pro-
teomic analysis represents a powerful method for the early
identification of biomarkers for determination of acute renal
injury, preceding any increase in serum creatinine by 1-3
days.

[0090] Two independent techniques for the detection of
changes in the urinary proteome following cardiac surgery
are described herein, namely SELDI-TOF-MS and SDS-
PAGE followed by Coomassie Blue staining. Marked up-
regulation of at least two biomarkers (6.4 and 67 kDa) was
easily identified in the ARF group at 2 hours post-CPB by
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both methods. However, the SELDI-TOF-MS offers several
advantages over SDS-PAGE. First, changes in the excretion
of the 28.5 and 44 kDa biomarkers were easily detectable by
SELDI-TOF-MS, but much less apparent by SDS-PAGE.
Second, SELDI-TOF-MS methods provide quantitative
measures of changes in biomarker excretion which can be
followed over time, whereas the information gleaned from
SDS-PAGE is purely qualitative. Third, SELDI-TOF-MS
can provide rapid results in a clinical situation where time is
of the essence, whereas SDS-PAGE followed by staining
and de-staining requires several hours. Fourth, the SELDI-
TOF-MS results were fully reproducible in all patients who
developed ARF, while SDS-PAGE results were prone to
variations.

[0091] The methods of the present invention further
include managing subject treatment based on the status. The
invention also provides for such methods where the biom-
arkers (or specific combination of biomarkers) are measured
again after subject management. In these cases, the methods
are used to monitor the renal status of the patient, e.g., the
response to treatment. Because of the ease of use of the
methods and the lack of invasiveness of the methods, the
methods can be repeated after each treatment the patient
receives. This allows the physician to follow the effective-
ness of the course of treatment. If the results show that the
treatment is not effective, the course of treatment can be
altered accordingly. This enables the physician to be flexible
in the treatment options.

[0092] Urinary proteomic profiling has uncovered a dis-
tinctive acute renal failure (ARF) “fingerprint” that includes
the five distinct biomarkers of impaired renal status listed
above, namely a 6.4 kDa protein, a 28.5 kDa protein, a 33
kDa protein, a 44 kDa protein, and a 67 kDa protein. It is
highly likely that not just one biomarker, but rather a
collection of strategically selected biomarkers of impaired
renal status will comprise an “ARF Panel” for the early
prediction of impaired renal status. Identification and char-
acterization of novel predictive ARF biomarkers is critically
important. The five distinct biomarkers of impaired renal
status were revealed by careful high resolution analysis
using standard conditions (NP-20 chip, pH 6, 5% BSA
block), that are markedly enhanced within 2 hours of cardio-
pulmonary bypass (CPB) in patients who subsequently
developed ARF (defined as a 50% or greater increase in
serum creatinine). These include species of m/z of 6.4, 28.5,
33.0, 44.0, and 67.0 kDa.

[0093] Urinary proteins were separated by SDS-PAGE,
and the individual protein bands excised and digested with
trypsin. Single MS and MS/MS spectra of peptide fragments
were acquired on a tandem mass spectrometer (Applied
Biosystems Q-Star XL) equipped with a PCI-1000 Protein-
Chip Interface. The CID spectra were submitted to a data-
base-mining tool Mascot (Matrix Sciences) for identifica-
tion. Urinary protein sequence data identified the following:
aprotinin at 6.4 kDa, alpha-1-microglobulin (A1M) at 28.5
kDa, alpha-1-acid-glycoprotein (A1AG) at 44 kDa, and
albumin at 67 kDa. Standard downstream assays (ELISA or
nephelometry) are available for each of these proteins, and
each one is a robust biomarker. Nephelometry is a standard
clinical chemistry assay to measure concentration of sub-
stances in urine or blood or any body fluid, and is used to
quantitate proteins by analyzing increases in turbidity, as
measured by increasing scatter of laser light. The interaction
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of specific antibodies in the reagent with the antigen from
the sample results in the formation of antigen-antibody
complexes which are rendered insoluble by the presence of
precipitating reagents. Most modern nephelometers com-
pare the rate of formation of antigen-antibody complexes
(determined by computer analysis of laser light scatter data)
to that of known antigentic standards in order to measure
precisely the protein antigens present in moderate concen-
trations.

[0094] Urinary proteomic profiling employed in the
present invention has uncovered a distinctive acute renal
failure (ARF) “fingerprint” that includes the five distinct
biomarkers of impaired renal status listed above, namely a
6.4 kDa protein, a 28.5 kDa protein, a 33 kDa protein, a 44
kDa protein, and a 67 kDa protein. It is highly likely that not
just one biomarker, but rather a collection of strategically
selected biomarkers of impaired renal status will comprise
an “ARF Panel” for the early prediction of impaired renal
status. Identification and characterization of novel predictive
ARF biomarkers is critically important. The five distinct
biomarkers of impaired renal status were revealed by careful
high resolution analysis using standard conditions (NP-20
chip, pH 6, 5% BSA block), that are markedly enhanced
within 2 hours of cardio-pulmonary bypass (CPB) in
patients who subsequently developed ARF (defined as a
50% or greater increase in serum creatinine). These include
species of m/z of 6.4, 28.5, 33.0, 44.0, and 67.0 kDa.

[0095] The 33 kDa species has been identified as a doubly
protonated form of albumin, and has the same biomarker
qualities of the 67 kDa species of albumin. A brief descrip-
tion of the remaining identified proteins and results of
downstream confirmatory studies are presented below.

[0096] 6.4 kDa protein/Aprotinin. The 6.4 kDa protein has
proven to be unique to this group, because it was found to
appear only in patients with impaired renal status who were
(1) post cardio-pulmonary bypass (CBP) surgery and (2)
who also received the medication aprotinin during CBP.
Aprotinin is an approved medication that is commonly used
to limit blood loss during cardiac surgery. However, a recent
landmark study has shown that the use of aprotinin is
associated with a doubling in the risk of kidney failure.
Prospective assays were performed for a 6.4 kDa protein that
was suspected to be urine aprotinin in 30 patients following
CPB (15 ARF and 15 controls), using proteomics. Urinary
aprotinin levels (i.e. presence of a 6.4 kDa protein, detected
by proteomics and later confirmed to be aprotinin by more
conventional means), at 2 hours post-CPB surgery were
significantly greater (by 2.6 fold) in patients who subse-
quently developed ARF (2-4 days later). These results
document the validity of an approach towards identifying
novel urinary biomarkers for the early prediction of ARF,
and have revealed aprotinin as a highly promising candidate
for the putative “ARF panel.”

[0097] The rapid detection of elevated levels of the 6.4
kDa biomarker in the urine of patients, both during and
immediately post-CBP surgery using proteomics, is likely
the result of intra-operative administration of aprotinin in
too high amounts for the patient. Thus it may be that
overzealous administration of aprotinin to control blood loss
during CPB surgery can lead to impaired renal status post-
operatively. The method disclosed herein of detecting a 6.4
kDa protein, either during or shortly post-CPB, using pro-
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teomics provides an early indicator of impending impaired
renal status. In addition, later confirming (via conventional
laboratory techniques other than proteomics) the presence of
urinary aprotinin in patients during or post-CPB can be
invaluable for therapeutic decisions regarding the intra-
operative dosing of this commonly used medication.

[0098] 28.5 kDa protein/Alpha-1-Microglobulin (A1M).
AlM, also known as protein HC (for Heterogeneous
Charge) is a low molecular weight glycoprotein produced
primarily in the liver and kidney. It is a member of the
lipocalin superfamily. Although much is now known of its
structure and properties, the function and physiological role
of AIM remains unclear. Very small levels of AIM are
excreted in the normal urine, and a decrease in glomerular
filtration results in increased levels of serum AIM. It has
been suggested that A1M is also a tubular protein, and its
urinary excretion is increased following tubular damage. A
recent study has shown that patients with ARF who require
renal replacement therapy display increased concentration
of AIM in the urine early in the course of ARF. A prospec-
tive assay for urine A1M was performed on patient samples
following CPB, using three independent assays: the SELDI-
TOF-MS method, a standardized ELISA purchased from
Immunodiagnostik, and a validated immunonephelometric
test done on a Dade-Behring BN ProSpec apparatus. When
compared to pre-operative levels, all three techniques reveal
a consistent four to five-fold increase in urinary A1M that
was detectable within 2 hours of CPB in 15 patients who
subsequently developed ARF (defined as a 50% or greater
increase in serum creatinine). This increase was sustained at
6 hours post CPB. Urinary A1M remained almost undetect-
able in 15 patients who did not develop ARF. These results
document the validity of an approach towards identifying
novel urinary biomarkers for the early prediction of ARF,
and have revealed AIM as one more highly promising
candidate for the putative “ARF panel.”

[0099] 44 kDa  protein/Alpha-1-Acid-Glycoprotein
(A1AG). A1AG is an acute phase glycoprotein synthesized
primarily in the liver. Very small levels are excreted in the
normal urine. Its concentration in the serum is elevated
during acute inflammatory conditions. Nothing is known
about the urinary excretion of A1AG in disease states,
although a recent publication has documented that exog-
enously administered A1AG protects against renal ischemia-
reperfusion injury in animal models. Prospectively assays
for urine A1AG were performed in patients following CPB,
using three independent assays—SELDI-TOF, Western blots
using monoclonal antibodies purchased from Abcam
(ELISA assays are not commercially available), and a vali-
dated immunonephelometric test done on a Dade-Behring
BN ProSpec apparatus. When compared to baseline levels,
all three techniques reveal a consistent ten to twelve-fold
increase in urinary A1AG that was detectable within 2 hours
post-CPB in 15 patients who subsequently developed ARF
(defined as a 50% or greater increase in serum creatinine).
This increase was sustained at 6 hours post CPB. Urinary
A1AG remains almost undetectable in patients who do not
develop ARF. These results once again document the valid-
ity of an approach towards identifying novel urinary biom-
arkers for the early prediction of ARF, and have revealed
A1AG as one more highly promising candidate for the
putative “ARF panel.”
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[0100] 67 kDa protein/Microalbumin. Microalbuminuria
is an established predictor for the development of diabetic
nephropathy, but can also result from acute changes in
microvascular permeability, such as acute inflammation and
sepsis. A recent study has shown the predictive value of
microalbuminuria for the development of multi-organ fail-
ure in medical ICU patients. Prospectively assays were
performed for urine microalbumin in patients following
CPB, using SELDI-TOF-MS and a validated immunon-
ephelometric test done on a Dade-Behring BN ProSpec
apparatus. The results reveal a consistent five to ten-fold
increase in urinary microalbumin that was detectable within
2 hours of CPB in 10 patients who subsequently developed
ARF (defined as a 50% or greater increase in serum crea-
tinine). This increase was sustained at 6 hours post CPB.
When compared to baseline levels, urinary microalbumin is
only slightly increased in patients who do not develop ARF.
These preliminary results once again document the validity
of an approach towards identifying novel urinary biomarkers
for the early prediction of ARF, and have revealed microal-
bumin as one more promising candidate for the putative
“ARF panel.”

[0101] FIGS. 5-8 illustrate individual results for one of the
four early biomarkers of impaired renal status which are
elevated following a renal event. FIG. 5 shows urine A1M
levels (in mg/dl) at various times after cardiopulmonary
bypass in 54 patients who subsequently developed ARF
versus 101 patients who did not, determined by quantitative
nephelometry. The initial rise in serum creatinine was
detected only after 48 hours. At all post CPB time points
examined except at 48 hours, urine A1M was significantly
greater in subjects who developed ARF, as defined by a 50%
increase in serum creatinine over baseline.

[0102] FIG. 6 shows urine A1AG levels (in mg/dl) at
various times after cardio-pulmonary bypass in 54 patients
who subsequently developed ARF versus 101 patients who
did not, determined by quantitative nephelometry. The initial
rise in serum creatinine was detected only after 48 hours. At
all post CPB time points examined except at 24 and 48
hours, urine alpha-1 acid glycoprotein was significantly
greater in subjects who developed ARF, as defined by a 50%
increase in serum creatinine over baseline.

[0103] FIG. 7 shows urine microalbumin levels (in mg/dl)
at various times after cardiopulmonary bypass in 54 patients
who subsequently developed ARF versus 101 patients who
did not, determined by quantitative nephelometry. The initial
rise in serum creatinine was detected only after 48 hours. At
all post CPB time points examined except at 24 and 48
hours, urine microalbumin was significantly greater in sub-
jects who developed ARF, as defined by a 50% increase in
serum creatinine over baseline.

[0104] FIG. 8 shows urine aprotinin levels (in peak inten-
sity units) at baseline and 2 hours after cardio-pulmonary
bypass in 15 patients who subsequently developed ARF
versus 15 patients who did not, determined by SELDI-TOF.
The initial rise in serum creatinine was detected only after 48
hours. At 2 hours post CPB, urine aprotinin was significantly
greater in subjects who developed ARF, as defined by a 50%
increase in serum creatinine over baseline.

[0105] While the present invention has been illustrated by
the description of embodiments thereof, and while the
embodiments have been described in considerable detail, it
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is not intended to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages and
modifications will be readily apparent to those skilled in the
art. Accordingly, departures may be made from such details
without departing from the scope or spirit of the invention.

What is claimed is:

1. A method for the detection of an early biomarker for
assessing a change in renal status in a mammalian subject
following a renal event, the method comprising the steps of:

a. providing a body fluid sample obtained from a mam-
malian subject following a renal event;

b. analyzing the molecular weight of the proteins in the
sample using proteome analysis; and

c. identifying the presence of a protein in the sample
selected from the group consisting of a 6.4 kDa protein,
a 28.5 kDa protein, a 33 kDa protein, a 44 kDa protein,
a 67 kDa protein and combinations thereof, the pres-
ence of the protein serving as an early biomarker for
assessing a change in renal status.

2. The method of claim 1, wherein the body fluid for the
sample is selected from the group consisting of urine, blood,
serum, plasma, saliva, lymph, cerebrospinal fluid, cystic
fluid, ascites, stool, bile, and any other isolatable body fluid.

3. The method of claim 1, wherein the body fluid for the
sample is isolated urine.

4. The method of claim 1, wherein proteome analysis is
accomplished by the SELDI-TOF-MS technique.

5. The method of claim 1, wherein the protein is a 6.4 kDa
protein.

6. The method of claim 1, wherein the protein is a
plurality of proteins comprising a 28.5 kDa protein, a 33 kDa
protein, a 44 kDa protein, and a 67 kDa protein.

7. The method of claim 1, wherein the protein is a 28.5
kDa protein.

8. The method of claim 1, wherein the protein is a 44 kDa
protein.

9. The method of claim 1, wherein the protein is selected
from the group consisting of a 33 kDa protein, a 67 kDa
protein and combinations thereof.

10. A method for determining the renal status of a
mammalian subject within 48 hours following a renal event,
the method comprising the steps of:

a. providing a body fluid sample obtained from a mam-
malian subject at a time within 48 hours following a
renal event;

b. separating the proteins in the body fluid sample by
molecular weight using proteome analysis;

c. identifying a separated protein based on the molecular
weight of the separated protein, the separated protein
being selected from the group consisting of a 6.4 kDa
protein, a 28.5 kDa protein, a 33 kDa protein, a 44 kDa
protein, a 67 kDa protein, and combinations thereof;
and

d. comparing the level of each identified protein to a
predetermined level thereof, the comparison providing
a determination of the subject’s renal status.
11. The method of claim 10, wherein the separated protein
is a plurality of proteins comprising a 28.5 kDa protein, a 33
kDa protein, a 44 kDa protein, and a 67 kDa protein.
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12. The method of claim 10, wherein the separated protein
is a 6.4 kDa protein.

13. The method of claim 10, wherein the body fluid for the
sample is selected from the group consisting of urine, blood,
serum, plasma, saliva, lymph, cerebrospinal fluid, cystic
fluid, ascites, stool, bile, and any other isolatable body fluid.

14. The method of claim 10, wherein the body fluid for the
sample is isolated urine.

15. The method of claim 10, wherein proteome analysis is
accomplished by the SELDI-TOF-MS technique.

16. A method for assessing the administration of aprotinin
during cardiopulmonary bypass surgery, the method com-
prising:

a. providing a urine sample obtained from a subject
receiving cardio-pulmonary bypass surgery;

b. separating the proteins in the sample by molecular
weight using proteome analysis;

c. identifying the presence of a 6.4 kDa protein; and

d. comparing the level of the 6.4 kDa protein to a
predetermined level thereof,
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wherein the comparison directs a caregiver’s therapeutic
decision regarding the intra-operative administration of
aprotinin during cardio-pulmonary bypass surgery.

17. The method of claim 16, wherein the comparison step
reveals that the subject is depositing an increased amount of
the 6.4 kDa protein in the urine, leading to the determination
that the intra-operative administration of aprotinin should be
decreased.

18. The method of claim 16, wherein the comparison step
reveals that the subject is depositing a high amount of the 6.4
kDa protein in the urine, leading to the determination that
the intra-operative administration of aprotinin should be
stopped.

19. The method of claim 16, wherein the comparison step
reveals that the subject is not depositing the 6.4 kDa protein
in the urine, leading to the determination that the intra-
operative administration of aprotinin can be continued.

20. The method of claim 16, wherein proteome analysis is
accomplished by the SELDI-TOF-MS technique.
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