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(57) Abstract: By a genome-wide gene analysis of expression profiles of over 50,000 known or putative gene sequences in pe-
ripheral blood, the present inventors have identified a consensus set of gene expression-based molecular biomarkers associated
with chronic allograft nephropathy and/or interstitial fibrosis and tubular atrophy CAN/IFTA and subtypes thereof. These genes
sets are usetul for diagnosis, prognosis, monitoring and/or subtyping of CAN/IFTA.
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GENE EXPRESSION PROFILES ASSOCIATED WITH CHRONIC
ALLOGRAFT NEPHROPATHY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application is a nonprovisional and claims the benefit of USSN
61/224,328 and 61/224,317 each filed July 9, 2009, and incorporated by reference in its
entirety for all purposes.
STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] The invention was made in part with funding provided by NIH grant U19A1063603.

The US Government has certain rights in the invention.

BACKGROUND OF THE INVENTION
[0003] Kidney transplantation offers a significant improvement in life expectancy and
quality of life for patients with end stage renal discase[1]. Unfortunately, a chronic,
progressive allograft dysfunction of uncertain etiology continues to be a primary cause of
graft loss[2,3]. There has been some evolution of terminology for describing the histological
basis of this chronic, progressive nephropathy, which is still commonly referred to as chronic
allograft nephropathy (CAN) and more recently as interstitial fibrosis and tubular atrophy
(IFTA)[4-6]. In current practice CAN refers to a clinical entity of a chronic progressive loss
of kidney transplant function associated with a rising serum creatinine and a falling creatinine
clearance. In current practice, IFTA refers to the histological findings based on review of a
kidney transplant biopsy. Immunologic factors linked to CAN/IFTA are acute, sub-clinical
and CAN/IFTA, HLA mismatching and circulating donor-specific anti-HLA antibodies[7,8].
Non-immunologic factors include hypertension, chronic toxicity of calcineurin inhibitors,
hyperfiltration and diabetes mellitus[9-12]. The unifying mechanism is thought to be a
progressive cycle of vascular and tissue injury, incomplete repair, compensatory hypertrophy,
progressive interstitial fibrosis and nephron loss[13]. Moreover, increasing evidence is
suggesting that the primary mechanism of CAN/IFTA is a chronic immunolo gical injury
mediated by a combination of T cell and antibody-mediated immunity, in other words,

chronic rejection.
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[0004]  As early as two years post kidney transplant, protocol biopsies have shown that
more than 50% of recipients have mild CAN/IFTA[2,1 5,16} and by 10 years over 50% of
kidney transplant recipients have severe CAN/IFTA that is associated with diminishing graft
function[2]. Traditional kidney function measurements like serum creatinine and glomerular
filtration rates used to predict CAN/IFTA have poor predictive values[17] and a diagnosis
requires a transplant biopsy[18,19]. Predicting graft outcomes strictly based on the kidney
biopsy is difficult and this invasive procedure has significant costs and risks for patients.
Thus, there is a pressing medical need to identify minimally invasive biomarkers that are able

to identify early stages of CAN/IFTA at a time that changes in therapy may alter outcomes.

[0005] Rapidly evolving technologies for genomics have created new opportunities to
develop minimally invasive biomarkers. Recent studies, including our own, have reported
genes that are differentially expressed at the mRNA level in kidney biopsies in the presence
of CAN/IFTA[16,20,21]. The limitation of these studies is that they require an invasive
transplant biopsy. Others have reported analyzing urine and peripheral blood using RT-qPCR
or proteomics to identify small numbers of potential biomarkers for CANJ/IFTA, though none

is validated for clinical use[22,23].

BRIEF SUMMARY OF THE INVENTION
[0006] The invention provides methods of prognosing, diagnosing or monitoring chronic
allograft nephropathy and/or interstitial fibrosis and tubular atrophy (CAN/IFTA). The
methods entail (a) determining expression levels in a subject of at least 5 genes selected from
the genes in Table A, B, C, D, E, F, G, H, I and/or J ; and (b) prognosing diagnosing or
monitoring CAN/IFTA in a subject from the expression levels. Optionally, for each of the at
least five genes, step (b) comprises comparing the expression level of the gene in the subject
to one or more reference expression levels of the gene associated with CAN/IFTA or lack of
CANJ/IFTA. Optionally, step (b) further comprises for each of the at least five genes
assigning the expression level of the gene in the subject a value or other desi gnation
providing an indication whether the subject has or is at risk of CAN/IETA. Optionally, the
expression level of each of the at least five genes is assigned a value on a normalized scale of
values associated with a range of expression levels in kidney transplant patients with and
without CAN/IFTA. Optionally, the expression level of each of the at least five genes is
assigned a value or other designation providing an indication that the subject has is at risk of
CAN/IFTA, lacks and is not at risk of CAN/IFTA, or that the expression level is
uninformative. Optionally, step (b) further comprises, combining the values or designations

for each of the genes to provide a combined value or designation providing an indication
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whether the subject has or is at risk of CAN/IFTA. Optionally, the method is repeated at
different times on the subject.

[0007] In some methods, the subject is receiving a drug, and a change in the combined value
or designation over time provides an indication of the effectiveness of the drug. Optionally,
the subject has undergone a kidney transplant within 1-10 years of performing step (a).
Optionally, step (a) is performed on a blood sample of the subject. Optionally, the blood
sample is a plasma sample. Optionally, step (a) is performed on at least ten, 20, 40 , or 100
genes from Table A, B, C, D, E, F, G, H, I and/or J.

[0008] Some methods further comprise changing the treatment regime of the patient
responsive to the prognosing, diagnosing or monitoring step. In some methods, the subject
has received a drug before performing the methods, and the change comprises administering
an additional drug or administering a higher dose of the same drug. Some methods, further
comprise performing an additional procedure, such as a kidney biopsy, to detect CAN/IFTA
or risk thereof if the determining step provides an indication the subject has or is at risk of
CAN/IFTA.

In some methods, the at least five genes are from Table A, B, C and/or D expression levels
are determined at the mRNA level. In some methods, the at least five genes are from Tables
E,F, G, H, 1, and/or J and expression levels are determined at the protein level. In some
methods, step (b) is performed by a computer. In some methods, the at least five genes are
selected from Tables C and D. In some methods, the at least five genes are selected from
Table C. In some methods, the at least five genes are selected from Table D. In some
methods, the at least five genes are selected from Table E and F or H and I and expression
levels are determined at the protein level.

[0009] The invention further provides an array, comprising a support or supports bearing a
plurality of nucleic acid probes complementary to a plurality of mRNAs fewer than 5000 in
number, wherein the plurality of mRNAs includes mRNAs expressed by at least five genes
selected from Tables A, B, C, D. Optionally, the plurality of mRNAs are fewer than 1000, or
100 in number. Optionally a plurality of nucleic acid probes are attached to a planar support
or to beads. Optionally, the at least five genes are selected from Table C and D. Optionally,
the at least five genes are selected from Table C. Optionally, the at least five genes are
selected from Table D.

[0010] The invention further provides an array, comprising a support or supports bearing a
plurality of ligands that specifically bind to a plurality of proteins fewer than 5000 in number,
wherein the plurality of proteins includes at least five proteins selected from Tables E, F, G,

H, I'and/or J. Optionally, the plurality of proteins are fewer than 1000 or 100 in number.
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Optionally, the plurality of ligands are attached to a planar support or to beads. Optionally,
the at least five proteins are selected from Tables E and F and/or I and . Optionally, the
ligands are different antibodies, wherein the different antibodies bind to different proteins of
the plurality of proteins.

[0011] The invention further provides a method of expression analysis, comprising
determining expression levels of up to 5000 genes in a sample from a subject having a kidney
transplant, wherein the genes include at least 5 genes selected from Table A,B,C,D,E, F, G,
H, I'and/or J. Optionally, the expression levels of up to 1000 or 100 genes are determined.
The expression levels can be determined at the mRNA or protein level. The levels can be
determined by, for example, quantitative PCR or hybridization to an array.

[0012] The invention further provides methods of screening a compound for activity in
inhibiting or treating CAN/IFTA. The methods entail (a) administering the compound to a
subject having or at risk of CAN/IFTA; (b) determining expression levels of at least five
genes in the subject selected from Table A, B, C, D, E, F, G, H, 1, and/or J and species
variants thereof before and after administering the drug to the subject, and (c) determining
whether the compound has activity in inhibiting or treating CAN/IFTA from a change in
expression levels of the genes after administering the compound. Optionally, step (c)
comprises for each of the at least five changes assigning a value or designation depending on
whether the change in the expression level of the gene relative to one or more reference levels
indicating presence or absence of CAN/IFTA. Optionally, the method further comprises
determining a combined value or designation for the at least five genes from the values or
designations determined for each gene. Optionally, the subject is human or a nonhuman
animal model of CAN/IFTA.

The invention further provides methods of subtyping CAN/IFTA. The methods entail (a)
determining expression levels in a subject of at least 5 genes selected from the genes in
Tables A,B, C,D; E, F, G, H, I and/or J; and (b) determining a subtype of CAN/IFTA from
the expression levels. The subtype can be selected from the group consisting of stage 0, 1, 2,
or 3 of CAN/IFTA. Optionally, the subtype is stage 0, stage 1 or stage 2 and/or 3. In some
methods for each of the at least five genes, step (b) comprises comparing the expression level
of the gene in the subject to one or more reference expression levels of the gene associated
with the subtype of CAN/IFTA or lack of CAN/IFTA. Some methods further comprise for
each of the at least five genes assigning the expression level of the gene in the subject a
value or other designation providing an indication whether the subject has or is at risk of the
subtype of CAN/IFTA. In some methods, the expression level of each of the at least five

genes is assigned a value on a normalized scale of values associated with a range of
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expression levels in kidney transplant patients with the subtype and without CAN/IFTA. In
some methods, the expression level of cach of the at least five genes is assigned a value or
other designation providing an indication that the subject has or is at risk of the subtype of
CANJIFTA, lacks and is not at risk of the subtype of CAN/IFTA, or that the expression level
is uninformative. In some methods, step (b) further comprises, combining the values or
designations for each of the genes to provide a combined value or designation providing an
indication whether the subject has or is at risk of the subtype of CAN/IFTA. Some methods
are repeated at different times on the subject. In some methods, the subject is receiving a
drug, and a change in the combined value or designation over time provides an indication of
the effectiveness of the drug. In some methods, the subject has undergone a kidney
transplant within 1-10 years of performing step (a). Some methods are performed on a blood
sample of the subject, such as a plasma or whole blood sample. Some methods are performed
on at least ten, 20, 40 or 100 genes selected from Tables A, B, C,D,EF, G, H, Iand/orJ.
Some methods further comprise changing the treatment regime of the patient responsive to
the whether the subtype is present. In some methods, the subject has received a drug before
performing the methods, and the change comprises administering an additional drug or
administering a higher dose of the same drug. Some methods further comprise performing an
additional procedure, such as a kidney biopsy, to detect CAN/IFTA or risk thereof if the
determining step provides an indication the subject has or is at risk of the subtype of
CAN/IFTA. Expression levels can be determined at the mRNA or protein level. In some
methods, step (b) is performed by a computer. In some methods, the at least five genes are
selected from Table C. In some methods, the at least five genes are selected from Table D.

In some methods, the at least five genes are selected from Table E and expression levels are
determined at the protein level . In some methods, the at least five genes are selected from
Table F and the expression levels are determined at the protein level. In some methods, the at
least five genes are selected from Table H and the expression levels are determined at the
protein level. In some methods, the at least five genes are selected from Table I and the

expression levels are determined at the protein level.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figure 1: Class prediction analysis of Banff 0 vs. Banff 1 (mild CAN/IFTA) based
on Diagonal Linear Discriminant Analysis for the top 50 Banff 0 vs. Banff 1 consensus genes
ranked by p values. A) depicts the Receiver Operating Characteristic (ROC) curves and
provides the Sensitivity, Specificity, Positive Predictive Value (PPV) and Negative Predictive
Value (NPV);
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[0014] Figure 2: Class prediction analysis of Banff 0 vs. Banff 2,3 (moderate to severe
CAN/IFTA) based on Diagonal Linear Discriminant Analysis for the top 50 Banff 0 vs. Banff
2,3 consensus genes ranked by p values. A) depicts the Receiver Operating Characteristic
(ROC) curves and provides the Sensitivity, Specificity, Positive Predictive Value (PPV) and
Negative Predictive Value (NPV); B) depicts the heat map classifying Banff 0 vs. Banff 2,3

using the top 50 consensus genes where (red) is up-regulated and (green) is down-regulated.
DEFINITIONS

[0015] The term Chronic Allograft Nephropathy/Interstitial Fibrosis and Tubular Atrophy
(CAN/IFTA) refers to a progressive, chronic, kidney tissue injury that eventually causes a
progressive, chronic deterioration of kidney transplant function. The histolo gical changes of
CAN/IFTA can be found in protocol kidney transplant biopsies as early as 6 months post
transplant and frequently the clinical changes of progressive kidney transplant dysfunction
evolve subsequently over the next year or several years (e.g., six months to ten years).
CAN/IFTA is usually a consequence of combined immunological injury (e.g. chronic
rejection) and non-immunological damage (e.g. hypertensive nephrosclerosis, or
nephrotoxicity of immunosuppressants like cyclosporine A), taking place months or years
after transplantation and ultimately leading to histolo gically detectable fibrosis and sclerosis
of the transplant and progressive loss of kidney function. Chronic rejection of a transplanted
kidney is increasingly thought to be the major mechanism of CAN/IFTA mediated through
both T cell mediated immunity and antibodies directed at antigens expressed in the kidney
transplant. The hybrid term, CAN/IFTA includes histological changes and/or functional
deterioration of the kidneys or both. In some patients, the present methods can provide an
indication of histological changes before detectable functional deterioration of the kidneys

has occurred, thereby allowing early therapeutic intervention.

[0016] Transplantation is the transfer of tissues, cells or an organ from a donor into a
recipient. Ifthe donor and recipient as the same person, the graft is referred to as an auto graft
and as is usually the case between different individuals of the same species an allograft.

Transfer of tissue between species is referred to as a xenograft.

[0017] A biopsy is a specimen obtained from a living patient for diagnostic evaluation.

Kidney biopsies can be obtained with a needle.

[0018] An average value can refer to any of a mean, median or mode.
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[0019] A gene expression level is associated with a particular phenotype e.g., presence of
CAN/IFTA or a subtype thereof if the gene is differentially expressed in a patient having the
phenotype relative to a patient lacking the phenotype to a statistically significant extent.
Unless otherwise apparent from the context a gene expression level can be measured at the

mRNA and/or protein level.

[0020] A target nucleic acids is a nucleic acid (often derived from a biological sample), to
which a polynucleotide probe is designed to specifically hybridize. The probe can detect
presence, absence and/or amount of the target. The term can refer to the specific
subsequence of a larger nucleic acid to which the probe is directed or to the overall sequence

(e.g.. ¢ DNA or mRNA) whose expression level it is desired to detect.

[0021] The term subject or patient can include human or non-human animals. Thus, the
methods and described herein are applicable to both human and veterinary disease and animal
models. Preferred subjects are "patients," i.e., living humans that are receiving medical care
for a disease or condition. This includes persons with no defined illness who are being

investigated for signs of pathology.

[0022] Diagnosis refers to methods of estimating or determining whether or not a patient is
suffering from a given disease or condition or severity of the condition. Diagnosis does not
require 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 “diagnosis” refers to an increased probability that a certain disease or condition is present

in the subject compared to the probability before the diagnostic test was performed.

[0023]  Similarly, a prognosis signals an increased probability that a given course or

outcome will occur in a patient relative to the probability before the prognostic test.

[0024] A probe or polynucleotide probe is an nucleic acid capable of binding to a target
nucleic acid of complementary sequence through one or more types of chemical bonds,
usually through complementary base pairing, usually through hydrogen bond formation, thus
forming a duplex structure. The probe binds or hybridizes to a “probe binding site.” A probe
can include natural (i.e., A, G, C, or T) or modified bases (e.g., 7-deazaguanosine, inosine.).
A probe can be an oligonucleotide which is a single-stranded DNA. Polynucleotide probes
can be synthesized or produced from naturally occurring polynucleotides. In addition, the
bases in a probe can be joined by a linkage other than a phosphodiester bond, so long as it
does not interfere with hybridization. Thus, probes can include, for example, peptide nucleic

acids in which the constituent bases are joined by peptide bonds rather than phosphodiester
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linkages (see, e.g., Nielsen et al., Science 254, 1497-1500 (1991)). Some probes can have
leading and/or trailing sequences of noncomplementarity flanking a region of

complementarity.

[0025] A perfectly matched probe has a sequence perfectly complementary to a particular
target sequence. The probe is typically perfectly complementary to a portion (subsequence)
of a target sequence. The term “mismatch probe” refer to probes whose sequence is

deliberately selected not to be perfectly complementary to a particular target sequence.

[0026] The term “isolated,” “purified” or “substantially pure” means an object species (e.g.,
a nucleic acid sequence described herein or a polypeptide encoded thereby) has been at least

partially separated from the components with which it is naturally associated.

[0027] Differential expression refers to a statistically significant difference in expression
levels of a gene between two populations of samples (e.g., samples with and without
CAN/IFTA). The expression levels can differ for example by at least a factor of 1.5 or 2
between such populations of samples. Differential expression includes genes that are
expressed in one population and are not expressed (at least at detectable levels) in the other
populations. Unique expression refers to detectable expression in one population and
undetectable expression (i.e., insignificantly different from background) in the other

population using the same technique (e.g., as in the present example for detection).

[0028]  Control populations for comparison with populations undergoing CAN/IFTA are
usually referred to as being without CAN/IFTA. Unless otherwise indicated, such a control

population also means subjects without acute kidney rejection.

[0029] Hybridization reactions are preferably performed under stringent conditions in
which probes or primers hybridize to their intended target with which they have perfect
complementarity and not to or at least to a reduced extent to other targets. An example of
stringent hybridization conditions are hybridization in 6xsodium chloride/sodium citrate
(SSC) at about 45° C., followed by one or more washes in 0.2xSSC, 0.1% SDS at 50° C, 55°

C, 60° C, and even more or 65° C.

[0030] Statistical significance means p < 0.05 or < 0.01 or even < 0.001 level.
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DETAILED DESCRIPTION OF THE INVENTION

I General

[0031] By a genome-wide gene analysis of expression profiles of over 50,000 known or
putative gene sequences in peripheral blood, the present inventors have identified consensus
sets of gene expression-based molecular biomarkers associated with CAN/IFTA. A set of
393 genes has differential expression levels between mild chronic allograft nephropathy
(CAN/IFTA) and non-rejected transplants. A set of 63 genes have differential expression
between moderate or severe CAN/IFTA and non-rejected transplants. Additional set of
protein markers showing differential or unique expression between CAN/IFTA and non

rejected transplants are also provided.

II. Genes in profiles

[0032] Table A lists 393 genes whose expression changes significantly between kidney
transplant patients undergoing mild CAN/IFTA, Banff stage 1 compared with patients not
undergoing such rejection (Banff stage 0) one year post transplant. The columns in the table
have the following meanings: column 1 is a number assigned to a gene, column 2 is a
measure of the statistical significance of change in gene expression between the above
populations, , column 3 is a mean expression level of a gene in kidney transplant patients
undergoing chronic rejection (normalized as described below), column 4 is mean expression
level of the gene in kidney transplant patients not undergoing CAN/IFTA (similarly
normalized), column 5 is a ratio of the expression levels, column 6 is an Affymetrix number
indicating a set of probes suitable for measuring expression of the gene, column 7 is a gene
name (recognized names of HUGO or similar bodies are used when available), and column 8
is a further description of the gene. Table B provides similar information for 62 genes that
show differential expression between kidney transplant patients undergoing moderate or
severe CAN/IFTA (Banff stage 2 or 3) with kidney transplant patients not undergoing
CAN/IFTA. Tables C and D provide subsets of 50 preferred genes from Tables A and B

respectively.

[0033] Table E provides 117 genes and corresponding proteins for which the proteins is
uniquely expressed in patients not undergoing CAN/IFTA and not at detectable levels in
patients undergoing CAN/IFTA level 1. Column 1 is a sequential number for a gene/protein,
column 2 is a protein symbol, column 3 is a gene symbol, and column 4 is a gene name.
Table F provides similar information about 143 proteins uniquely expressed in patients

undergoing CAN/IFTA and not at detectable levels in kidney transplant patients without
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CAN/IFTA. Table G provides similar information regarding 188 proteins that are
differentially expressed between CAN/IFTA levels O and 1. The right hand column of the
table indicates the degree of differential expression with positive numbers being upregulated
in Banff stage 1 patients. Table H provides similar information to Table E for 28 genes
uniquely expressed in kidney transplant patients not undergoing CAN/ITFA and not at
detectable levels in patients undergoing CAN/IFTA level 2 or 3. TableI provides similar
information to Table F for 510 proteins uniquely expressed in CAN/IFTA level 2 or 3 and not
detectable in kidney transplant patients not undergoing CAN/IFTA. Table J provides similar
information to Table G for 284 proteins differentially expressed between kidney transplant
patients at CAN/IFTA level 0 versus level 2 or 3. If a gene symbol or gene name is not

available, the protein symbol should be understood as referring to both the genes.

[0034] The genes referred to in the above tables are human genes. In some methods,
species variants or homologs of these genes are used in a non-human animal model. Species
variants are the genes in different species having greatest sequence identity and similarity in
functional properties to one another. Many species variants of the above human genes are

listed in the Swiss-Prot database.

[0035] Raw gene expression levels are comparable between different genes in the same
sample but not necessarily between different samples. As noted above, values given for gene
expression levels can be normalized so that values for particular genes are comparable within
and between the populations being analyzed. The normalization eliminates or at least reduces
to acceptable levels any sample to sample differences arising from factors other than
CAN/IFTA (e.g. differences in overall transcription levels of patients due to general state of
health and differences in sample preparation or nucleic acid amplification between samples).
The normalization effectively applies a correction factor to the measured expression levels
from a given array such that a profile of many expression levels in the array are the same
between different patient samples. Software for normalizing overall expression patterns
between different samples is both commercially and publically available (e. g., XRAY from
Biotique Systems or BRB ArrayTools from the National Cancer Institute). After applying
appropriate normalizing factors to the measured expression value of a particular gene in
different samples, an average value of the expression level is determined for the samples in a
population. The average values between different populations are then compared to
determine whether expression level has changed significantly between the populations. The
changes in expression level indicated for a given gene represent the relative expression level

of that gene in samples from a population of individuals with a defined condition (e.g.,

10
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transplant patients with CAN/IFTA of specified Banff stage) relative to samples from a
control population (kidney transplant patients not undergoing CAN/IFTA). Similar
principles apply in normalizing gene expression levels at the mRNA and protein levels.
Comparisons between populations are made at the same level (e.g., mRNA levels in one
population are compared with mRNA levels in another population or protein levels in one

population with protein levels in another population).

JUIR Subject population

[0036] The methods are particularly useful on human subjects who have undergone a
kidney transplant although can also be used on subjects who have gone other types of
transplant (e.g., heart, liver, lungs, stem cell) or on non-humans who have undergone kidney
or other transplant. Gene expression levels in such subjects can be measured, for example,
within, three months, six months, one year, two years, five years or ten years after a kidney
transplant. In some methods, gene expression levels are determined at regular intervals, e. g,
every 3 months, 6 months or every year posttransplant, either indefinitely, or until evidence
of CAN/IFTA is observed, in which case the frequency of monitoring is sometimes
increased. In some methods, baseline values of expression levels are determined in a subject
before a kidney transplant in combination with determining expression levels at one or more
time points thereafter. In other methods, a measurement is initiated responsive to some other
indication of potential kidney impairment, such as a rise in levels of creatinine or BUN or a
decrease in glomerular filtration rate. Similar methods can be practiced in non-human
species, in which cases, the expression levels measured are the species equivalent of the

human genes referenced above.

V. Chronic allograft nephropathy (CAN/IFTA) and its subtypes

[0037] The methods are particularly useful for detecting CAN/IFTA. CAN/IFTA can be
further classified by histological analysis of kidney transplant biopsies based on the Banff
2007 schema and the following four subtypes or stages are recognized indicating severity: 0
(no CAN/IFTA), 1 (mild CAN/IFTA), 2 (moderate CAN/IFTA) and 3 (severe CAN/IFTA)
[4]. An alternative and complementary histology grading schema is the Chronic Allograft
Damage Index (CADI) score and this score is often provided by pathologists with the Banff

classification score as supplemental information (for example, see Yilmaz et al, J Am Soc

11



WO 2011/006119 PCT/US2010/041598

Nephrol 2003 14: 773-779). There is also a Banff 2007 classification for acute rejection [4].
Acute rejection is characterized histologically by an active, inflammatory/immune cell
infiltration comprised of various numbers of T cells and B cells as well as sometimes plasma

cells, eosinophils, neutrophils and macrophages.

V. Methods of measuring profiles

[0038] The preferred sample type for analysis is a blood sample, which refers to whole
blood or fractions thereof, such as plasma, or lymphocytes. Other samples that can be
analyzed include urine, feces, saliva, and a kidney biopsy. The samples are typically isolated
from a subject, particularly as a peripheral blood sample, and not returned to the subject. The
analytes of interests in the samples can be analyzed with or without further processing of the
sample, such as purification and amplification. Samples not requiring biopsy to obtain,

particularly peripheral blood, are preferred.

[0039] Expression profiles are preferably measured at the nucleic acid level, meaning that
levels of mRNA or nucleic acid derived therefrom (e.g., cDNA or cRNA). An expression
profile refers to the expression levels of a plurality of genes in a sample. A nucleic derived
from mRNA means a nucleic acid synthesized using mRNA as a template. Methods of
isolation and amplification of mRNA are well known as described for example WO
97/10365, WO 97/27317, Chapter 3 of Laboratory Techniques in Biochemistry and
Molecular Biology: Hybridization With Nucleic Acid Probes, Part I. Theory and Nucleic
Acid Preparation, (P. Tijssen, ed.) Elsevier, N.Y. (1993). If mRNA or a nucleic acid
therefrom is amplified, the amplification is performed under conditions that approximately
preserve the relative proportions of mRNA in the original samples, such that the levels of the
amplified nucleic acids can be used to establish phenotypic associations representative of the

mRNAs.

[0040] A variety of approaches are available for determining mRNA levels including probe
arrays and quantitative PCR. A number of distinct array formats are available. Some arrays,
such as an Affymetrix GeneChip® array, have different probes occupying discrete known
areas of a contiguous support. Other arrays, such as arrays from Iflumina, have different
probes attached to different particles or beads. In such arrays, the identity of which probe is
attached to which particle or beads is usually determinable from an encoding system. The
probes can be oligonucleotides. In such case, typically several match probes are included
with perfect complementarity to a given target mRNA together, optionally together with

mismatch probes differing from the match probes are a known number of oligonucleotides
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(Lockhart, et al., Nature Biotechnology 14:1675-1680 (1996); and Lipschutz, et al., Nature
Genetics Supplement 21: 20-24, 1999). Other arrays including full length cDNA sequences
with perfect or near perfect complementarity to a particular cDNA (Schena et al. (Science
270:467-470 (1995); and DeRisi et al. (Nature Genetics 14:457-460 (1996)). Such arrays can
also include various control probes, such as a probe complementarity with a house keeping
gene likely to be expressed in most samples. Regardless of the specifics of array design, an
array contains one or more probes either perfectly complementary to a particular target
mRNA or sufficiently complementarity to the target mRNA to distinguish it from other
mRNAs in the sample, and the presence of such a target mRNA can be determined from the
hybridization signal of such probes, optionally by comparison with mismatch or other control
probes included in the array. Typically, the target bears a fluorescent label, in which case
hybridization intensity can be determined by, for example, a scanning confocal microscope in
photon counting mode. Appropriate scanning devices are described by e.g., U.S. 5,578,832,
and U.S. 5,631,734. The intensity of labeling of probes hybridizing to a particular mRNA or

its amplification product provides a raw measure of expression level.

[0041] In other methods, expression levels are determined by so-called “real time
amplification” methods also known as quantitative PCR or Taqman (see, €. g., U.S. Pat Nos.
5,210,015 to Gelfand, 5,538,848 to Livak, et al., and 5,863,736 to Haaland, as well as Heid,
C.A,, et al., Genome Research, 6:986-994 (1996); Gibson, U.E.M, et al., Genome Research
6:995-1001 (1996); Holland, P. M., et al., Proc. Natl. Acad. Sci. USA 88:7276-7280, (1991);
and Livak, K.J., et al., PCR Methods and Applications 357-362 (1995)). The basis for this
method of monitoring the formation of amplification product is to measure continuously PCR
product accumulation using a dual-labeled fluorogenic oligonucleotide probe. The probe
used in such assays is typically a short (ca. 20-25 bases) polynucleotide that is labeled with
two different fluorescent dyes. The 5' terminus of the probe is typically attached to a reporter
dye and the 3' terminus is attached to a quenching dye The probe is designed to have at least
substantial sequence complementarity with a site on the target mRNA or nucleic acid derived
from. Upstream and downstream PCR primers that bind to flanking regions of the locus are
also added to the reaction mixture. When the probe is intact, energy transfer between the two
fluorophors occurs and the quencher quenches emission from the reporter. During the
extension phase of PCR, the probe is cleaved by the 5' nuclease activity of a nucleic acid
polymerase such as Taq polymerase, thereby releasing the reporter from the polynucleotide-
quencher and resulting in an increase of reporter emission intensity which can be measured

by an appropriate detector. The recorded values can then be used to calculate the increase in
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normalized reporter emission intensity on a continuous basis and ultimately quantify the
amount of the mRNA being amplified. mRNA levels can also be measured without
amplification by hybridization to a probe, for example, using a branched nucleic acid probe,

such as a QuantiGene® Reagent System from Panomics.

[0042] Alternatively or additionally, expression levels of genes can be determined at the
protein level, meaning that levels of proteins encoded by the genes discussed above are
measured. Several methods and devices are well known for determining levels of proteins
including immunoassays such as described in e.g., U.S. Patents 6,143,576, 6,113,855;
6,019,944; 5,985,579; 5,947,124; 5,939,272; 5,922,615; 5,885,527, 5,851,776; 5,824,799;
5,679,526; 5,525,524; and 5,480,792. These assays include various sandwich, competitive,
or non-competitive assay formats, to generate a signal that is related to the presence or
amount of an protein analyte of interest. Any suitable immunoassay may be utilized, for
example, lateral flow, enzyme-linked immunoassays (ELISA), radioimmunoassays (RIAs),
competitive binding assays, and the like. Numerous formats for antibody arrays have been
described proposed employing antibodies. Such arrays typically include different antibodies
having specificity for different proteins intended to be detected. For example, usually at least
one hundred different antibodies are used to detect one hundred different protein targets, each
antibody being specific for one target. Other ligands having specificity for a particular
protein target can also be used, such as the synthetic antibodies disclosed in ,
W0/2008/048970. Other compounds with a desired binding specificity can be selected from
random libraries of peptides or small molecules. US Patent No. 5,922,615 describes a device
that utilizes multiple discrete zones of immobilized antibodies on membranes to detect
multiple target antigens in an array. US Patent Nos. 5,458,852, 6,019,944, US 6,143.,576.
Microtiter plates or automation can be used to facilitate detection of large numbers of
different proteins. Protein levels can also be determined by mass spectrometry as described

in the examples.

[0043] The selection of genes for determination of expression levels depends on the
particular application (e.g., analysis of CAN/IFTA in general or one of the subtypes described
above). In general, the genes are selected from one of the tables indicated above as
appropriate for the application. In some methods, expression levels of at least 2,3,4,5,10,
20, 25, 50, 100, 150,250 (e.g. 100-250) genes shown in any of Table A, B, C or D are
determined. In some methods, expression levels of at least 2, 3, 4, 5, 10, 20, 25, 50, 100,
150, 250 or all genes shown in Table A are determined and/or expression levels of 2, 3, 4, 5,

10, 20, 25, 50 or all genes shown in Table B are determined. In some methods, expression
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levels of at least 2,3, 4, 5, 10, 20, 25, or all 50 genes in Table C and at least 2, 3, 4, 5, 10,
20, 25, or all 50 genes in Table D are determined. In some methods, expression levels of 2,
3,4,5,10, 20, 25, 50 or all genes shown in Tables 2, 3, 4, 5 and/or 6 are determined (genes
for which both mRNAs and proteins are differentially expressed). In some methods, all
genes are from the same table (i.e., all genes with differential expression associated with mild
CAN/IFTA). In some methods, genes from different tables (i.e., including genes associated
with mild CAN/IFTA and moderate/severe CAN/IFTA) are tested. In some methods, genes
are selected such that genes from several different pathways are represented (e.g., at least one
gene from at least 2, 3, 5, or 10 pathways, such as those described in the Examples). The
genes within a pathway tend to be expressed in a co-ordinated expression whereas genes from
different pathways tend to be expressed more independently. Thus, changes in expression
based on the aggregate changes of genes from different pathways can have greater statistical

significance than aggregate changes of genes within a pathway.

[0044] In some methods, expression levels of at least 2, 3, 4, 5, 10, 20, 25, 50, 100, or150
proteins or corresponding genes shown in any of Tables E, F, G, H, I and/or J are determined.
In some methods, expression levels of at least 2, 3, 4, 5, 10, 20, 25, 50, 100, 150 or all
proteins or genes shown in Table E, F, and/or G are determined and/or expression levels of
2,3,4,5,10,20,25, 50 or all proteins or genes shown in Tables H, I and/or J are
determined. In some methods, proteins or genes are selected from the same table (e.g.,
proteins uniquely expressed in Banff stage 1, or corresponding genes). In some methods,
proteins or genes are selected from two tables (e.g., proteins uniquely expressed in Banff
stage 0 (or corresponding genes) and proteins uniquely expressed in Banff stage 1 (or
corresponding genes). In some methods, proteins or genes are selected from three tables
(e.g., proteins uniquely expressed in Banff stage 0 or corresponding genes, proteins uniquely
expressed in Banff stage 1 and corresponding genes, and proteins differentially expressed
between Banff stages 1 and 0. Analogous selections of proteins can be made from Tables H-
J for purposes of distinguishing Banff stages 0 and 2/3. In some methods, proteins or
corresponding genes are selected such that proteins from several different pathways are
represented (e.g., at least one gene from at least 2, 3, 5, or 10 pathways, such as those

described in the Examples).

[0045] Expression levels of the present genes and/or proteins can be combined with or
without determination of expression levels of any other genes or proteins of interest (e.g.,
genes or proteins associated with rejection of kidneys or other organs in WO 2007/104537,
WO 2009/060035), Anglicheau et al., PNAS 106, 5330-5335 (2009)) and references, 16, 20,
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21,22, 23,25, 26,37 and 39. In some methods, the gene is not DPYD or IRS?2 or the method
includes determining the expression level of at least 5, 10, 25 or 50 genes other than DPYD
and IRS2.

[0046] Regardless of the format adopted, the present methods can (but need not) be
practiced by detection expression levels of a relatively small number of genes or proteins
compared with the whole genome level expression analysis described in the Examples. In
some methods, the total number of genes whose expression levels are determined is less than
5000, 1000, 500, 200, 100, 50, 25, 10, 5 or 3. In some methods, the total number of genes
whose expression level is determined is 100-1500, 100-250, 500-1500 or 750-1250. In some
methods, the total number of proteins whose expression levels are determined is less than
5000, 1000, 500, 200, 100, 50, 25, 10, 5 or 3. In some methods, the total number of proteins
whose expression level is determined is 100-1500, 100-250, 500-1500 or 750-1250.
Correspondingly, when an array form is used for detection of expression levels, the array
includes probes or probes sets for less than 5000, 1000, 500, 200, 100, 50, 25,10, 50r 3
genes. Thus, for example, an Affymetrix GeneChip® expression monitoring array contains a
set if about 20-50 oligonucleotide probes (half match and half-mismatch) for monitoring each
gene of interest. Such an array design would include less than 5000, 1000, 500, 200, 100, 50,
25, 10, 5 or 3 such probes sets for detecting less than 5000, 1000, 500, 200, 100, 50, 25, 10, 5
or 3 genes. By further example, an alternative array including one cDNA for each gene
whose expression level is to be detected would contain less than 5000, 1000, 500, 200, 100,
50, 25, 10, 5 or 3 such cDNAs for analyzing less than 5000, 1000, 500, 200, 100, 50, 25, 10,
5 or 3 genes. By further example, an array containing a different antibody for each protein to
be detected would containing less than 5000, 1000, 500, 200, 100, 50, 25, 10, 5 or 3 different
antibodies for analyzing less than 5000, 1000, 500, 200, 100, 50, 25, 10, 5 or 3 gene products.

VI. Analysis of Expression Levels

[0047] Analysis of expression levels initially provides a measurement of the expression
level of each of several individual genes. The expression level can be absolute in terms of a
concentration of an expression product, or relative in terms of a relative concentration of an
expression product of interest to another expression product in the sample. For example,
relative expression levels of genes can be expressed with respect to the expression level of a
house-keeping gene in the sample. Relative expression levels can also be determined by

simultaneously analyzing differentially labeled samples hybridized to the same array.
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Expression levels can also be expressed in arbitrary units, for example, related to signal

intensity.

[0048] The individual expression levels, whether absolute or relative, can be converted into
values or other designations providing an indication of presence or risk of CAN/IFTA by
comparison with one or more reference points. The principles are first discussed with respect
to CAN/IFTA without regarding to subtype. However, the same principles apply for analysis
of subtypes except that the gene sets used may be different. For example, mild CAN/IFTA
can be determined using genes or proteins from Tables A, C, E, F and/or G. Mid to severe
CAN/IFTA can be determine using genes or proteins from Tables B, D, H, [ and/or J. Genes
or proteins from any of the tables can be used in analyzing CAN/IFTA without regard to
subtype. Preferably, genes in both Tables A/C and B/D or proteins occurring in at least one
of Tables E-G and at least one of Tables H-J are used for such analysis. Genes or proteins
are found in both Banff 1 and Banff 2,3 CAN/IFTA but not found in Banff 0 are also useful
in distinguishing the presence of CAN/IFTA in a patient. A combination of genes and/or
proteins associated with mild CAN/IFTA and genes and/or proteins associated with mid to
severe CAN/IFTA can be used.

[0049] The reference points can include a measure of an average expression level of a gene
in subjects having had a kidney transplant without CAN/IFTA, and/or an average value of
expression levels in subjects having had a kidney transplant with CAN/IFTA. The reference
points can also include a scale of values found in kidney transplant patients including patients
having and not having CAN/IFTA. The reference points can also or alternatively include a
reference value in the subject before kidney transplant, or a reference value in a population of
a patients who have not undergone kidney transplant. Such reference points can be expressed
in terms of absolute or relative concentrations of gene products as for measured values in a

sample.

[0050] For comparison between a measured expression level and reference level(s), the
measured level sometimes needs to be normalized for comparison with the reference level(s)
or vice versa. The normalization serves to eliminate or at least minimize changes in
expression level unrelated to CAN/IFTA (e.g., from differences in overall health of the
patient or sample preparation). Normalization can be performed by determining what factor
is needed to equalize a profile of expression levels measured from different genes in a sample
with expression levels of these genes in a set of reference samples from which the reference
levels were determined. Commercial software is available for performing such

normalizations between different sets of expression levels.

17



WO 2011/006119 PCT/US2010/041598

[0051] Comparison of the measured expression level of a gene with one or more of the
above reference points provides a value (i.e., numerical) or other designation (e.g., symbol or
word(s)) of presence or susceptibility to CAN/IFTA. In some methods, a binary system is
used; that is a measured expression level of a gene is assigned a value or other designation
indicating presence or susceptibility to CAN/IFTA or lack thereof without regard to degree.
For example, the expression level can be assigned a value of 1 to indicate presence or
susceptibility to CAN/IFTA and -1 to indicate absence or lack of susceptibility to
CAN/IFTA. Such assignment can be based on whether the measured expression level is
closer to an average level in kidney transplant patients having or not having CAN/IFTA. In
other methods, a ternary system is used in which an expression level is assigned a value or
other designation indicating presence or susceptibility to CAN/IFTA or lack thereof or that
the expression level is uninformative. Such assignment can be based on whether the
expression level is closer to the average level in kidney transplant patient undergoing
CAN/IFTA, closer to an average level in kidney transplant patients lacking CAN/IFTA or
intermediate between such levels. For example, the expression level can be assigned a value
of +1, -1 or 0 depending on whether it is closer to the average level in patients undergoing
CAN/IFTA, is closer to the average level in patients not undergoing CAN/IFTA or is
intermediate. In other methods, a particular expression level is assigned a value on a scale,
where the upper level is a measure of the highest expression level found in kidney transplant
patients and the lowest level of the scale is a measure of the lowest expression level found in
kidney transplant patients at a defined time point at which patients may be susceptible to
CAN/IFTA (e.g., one year post transplant). Preferably, such a scale is normalized scale (c.g.,
from 0-1) such that the same scale can be used for different genes. Optionally, the value of a
measured expression level on such a scale is indicated as being positive or negative
depending on whether the upper level of the scale associates with presence or susceptibility to
CAN/IFTA or lack thereof. It does not matter whether a positive or negative sign is used for

chronic ejection or lack thereof as long as the usage is consistent for different genes.

[0052]  Values or other designation can also be assigned based on a change in expression
level of a gene relative to a previous measurement of the expression level of gene in the
same patient. Here as elsewhere expression level of a gene can be measured at the protein or
nucleic acid level. Such a change can be characterized as being toward, away from or neutral
with respect to average expression levels of the gene in kidney transplant patients undergoing
or not undergoing CAN/IFTA. For example, a gene whose expression level changes toward

an average expression level in kidney transplant patients undergoing CAN/IFTA can be
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assigned a value of 1 and a gene whose express level changes way from an average
expression level in kidney transplant patients undergoing CAN/IFTA and toward an average
expression level in kidney transplant patients not undergoing CAN/IFTA can be assigned a
value -1. Of course, more sophisticated systems of assigning values are possible based on the

magnitude of changes in expression of a gene in a patient.

[0053] Having determined values or other designations of expression levels of individual
genes providing an indication of presence or susceptibility to chronic ejection or lack thereof,
the values or designations are combined to provide an aggregate value for all of the genes
being analyzed. If each gene is assigned a score of +1 if its expression level indicates
presence or susceptibility to CAN/IFTA and -1 if its expression level indicates absence or
lack of susceptibility to CAN/IFTA and optionally zero if uninformative, the different values
can be combined by addition. The same approach can be used if each gene is assigned a
value on the same normalized scale and assigned as being positive or negative depending
whether the upper point of the scale is associate with presence or susceptibility to CAN/IFTA
or lack thereof. Other methods of combining values for individual markers of disease into a
composite value that can be used as a single marker are described in US20040126767 and
W0O/2004/059293.

VII. Subtyping

[0054] CAN/IFTA can be classified into three subtypes, mild, mid and severe by the Banff
scheme. These subtypes differ by histology and severity. The subtypes can be distinguished
by the same principles and strategy as just discussed for presence or absence of CAN/IFTA,
except that the set of genes whose expression levels is determined may be different for
presence and absence of CAN/IFTA overall and each of the subtypes as indicated above. In
some methods, one first analyzes CAN/IFTA independent of subtype and then looks at
profiles of one or more sets of genes characteristic of one of the above subtypes. In some
methods, detection of CAN/IFTA and subtypes are performed simultaneously, for example,
by including probes for the sets of genes required for each analysis on the same array. In
other methods, analysis of multiple subtypes is performed sequentially or simultaneously and
analysis of overall CAN/IFTA is performed by aggregating the results from the different
subtypes.

[0055] The principles for subtyping are closely analogous to those for analyzing
CAN/IFTA independent of subtype. For example, to analyze whether mild CAN/IFTA is

present, one determines expression levels of a set of genes whose expression levels are
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characterized of this subtype (Tables A, C, E, F and/or G). The measured expression levels
are then compared with one or more reference levels of the genes. The reference levels can,
for example, represent an average expression level of a gene in kidney transplant patients
undergoing mild CAN/IFTA with borderline phenotype and an average expression level of
the gene in kidney transplant patients not undergoing any kidney rejection, an average
expression level of the gene in kidney transplant patients undergoing CAN/IFTA of a
different subtype, or an carlier measurement of expression level of the gene in the same
patient. The same principles are used for analyzing combined moderate/severe CAN/IFTA
except that the set of genes is selected from Tables B, D, H, [ and/or J and the reference
levels represent an average expression level of a gene in transplant patients undergoing
CAN/IFTA with Banff subtype 2 or 3 , an average expression level of the gene in kidney
transplant patients not undergoing kidney rejection of any kind, an average expression level
of the gene in kidney transplant patients undergoing CAN/IFTA of a different subtype, or an

earlier measurement of expression level of the gene in the same patient.

[0056] If subtyping is performed for both mild CAN/IFTA and moderate/severe
CAN/IFTA, the aggregate of the results also indicates overall CAN/IFTA. For example, if
the patient is assigned a value or other designation indicating absence or relatively low risk of
developing mild CAN/IFTA and a value or other designation indicating absence or relatively
low risk of developing moderate/severe CAN/IFTA, then the patient is also indicated as
having absence of overall CAN/IFTA and/or a relatively low risk of developing the same.
Conversely, if the patient is assigned a value or other designation indicating presence or
enhanced risk to either mild CAN/IFTA or mid/severe CAN/IFTA, or both, the patients is

also indicated as having presence or enhanced risk of overall CAN/IFTA.

VIII. Diagnosis, Prognosis and Monitoring

[0057] The above described methods can provide a value or other designation for a patient
which indicates whether the aggregate measured expression levels in a patient is more like
kidney transplant patients with or without CAN/IFTA or a subtype thereof. Such a value
provides an indication that the patient either has or is at enhanced risk of CAN/IFTA or a
subtype thereof, or conversely does not have or is at reduced risk of CAN/IFTA or a subtype
thereof. Risk is a relative term in which risk of one patient is compared with risk of other
patients either qualitatively or quantitatively. For example, the a value of one patient can be
compared with a scale of values for a population of patients having undergone kidney
transplant to determine whether the patient’s risk relative to that of other patients. In general,

diagnosis is the determination of the present condition of a patient (e.g., presence or absence
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of CAN/IFTA) and prognosis is developing future course of the patient (e.g., risk of
developing CAN/IFTA in the future or likelihood of improvement in response to treatment);
however, the analyses contemplated by these terms may overlap or even be the same. For
example, the present methods alone do not necessarily distinguish between presence and
enhanced risk of CAN/IFTA or a subtype thereof. However, these possibilities can be
distinguished by additional testing.

[0058] If a patient is indicated as having or being at enhanced risk of CAN/IFTA or a
subtype thereof, the physician can subject the patient to additional testing including
performing a kidney biopsy or performing other analyses such as creatinine, BUN or
glomerular filtration rate at increased frequency. Additionally or alternatively, the physician
can change the treatment regime being administered to the patient. A change in treatment
regime can include administering an additional or different drug, or administering a higher
dosage or frequency of a drug already being administered to the patient. Many different
drugs are available for treating rejection, such as immunosuppressive drugs used to treat
transplant rejection calcineurin inhibitors (e.g., cyclosporine, tacrolimus), mTOR inhibitors
(e.g., sirolimus and everolimus ), anti-proliferatives (e.g., azathioprine, mycophenolic acid),
corticosteroids (e.g., prednisolone and hydrocortisone) and antibodies (e.g., basiliximab,
daclizumab, Orthoclone, anti-thymocyte globulin and anti-lymphocyte globulin).
Conversely, if the value or other designation of aggregate expression levels of a patient
indicates the patient does not have or is at reduced risk of CAN/IFTA, the physician need not
order further diagnostic procedures, particularly not invasive ones such as biopsy. Further,
the physician can continue an existing treatment regime, or even decrease the dose or

frequency of an administered drug.

[0059] In some methods, expression levels are determined at intervals in a particular patient
(i.e., monitoring). Such methods can provide a series of values changing over time indicating
whether the aggregate expression levels in a particular patient are more like the expression
levels in patients undergoing CAN/IFTA or not undergoing CAN/IFTA. Movement in value
toward or away from CAN/IFTA or a subtype can provide an indication whether an existing
Immunosuppressive regime is working, whether the immunosuppressive regime should be
changed or whether a biopsy or increased monitoring by markers such as creatinine or

glomerular filtration rate should be performed.

[0060] Information from subtyping analysis can provide further guidance in whether to
perform additional diagnostic measures and/or change the immunosuppressive regime

administered to a subject. For example, presence or risk of subtype 2 or 3 is more suggestive

21



WO 2011/006119 PCT/US2010/041598

of performing an additional diagnostic procedure (e.g., biopsy) and/or increasing the rigor of

an immunosuppressive regime that is the presence or risk of subtype 1.

IX. Drug Screening

[0061] The expression profiles associated with CAN/IFTA (including subtypes) or lack
thereof provided by the invention are useful in screening drugs, either in clinical trials or in
animal models of CAN/IFTA. A clinical trial can be performed on a drug in similar fashion
to the monitoring of a individual patient described above, except that drug is administered in
parallel to a population of kidney transplant patients, usually in comparison with a control

population administered a placebo.

[0062] The changes in expression levels of genes can be analyzed in individual patients and
across a treated or control population. Analysis at the level of an individual patient provides
an indication of the overall status of the patient at the end of the trial (i.e., whether gene
expression profile indicates presence or enhanced susceptibility to CAN/IFTA) and/or an
indication whether that profile has changed toward or away from such indication in the
course of the trial. Results for individual patients can be aggregated for a population

allowing comparison between treated and control population.

[0063] Similar trials can be performed in non-human animal models of chronic kidney
disease, ¢.g., the mouse model of Mannon et al., Kidney International (1999) 55, 1935-1944
In this case, the expression levels of genes detected are the species variants or homologs of
the human genes referenced above in whatever species of non-human animal on which tests
are being conducted. Although the average expression levels of human genes determined in
human kidney transplant patients undergoing or not undergoing CAN/IFTA are not
necessarily directly comparable to those of homolog genes in an animal model, the human
values can nevertheless be used to provide an indication whether a change in expression level
of a non-human homolog is in a direction toward or away from CAN/IFTA or susceptibility
thereto. The expression profile of individual animals in a trial can provide an indication of
the status of the animal at the end of the trial with respect to presence or susceptibility to
CAN/IFTA and/or change in such status during the trial. Results from individual animals can
be aggregated across a population and treated and control populations compared. Average

changes in the expression levels of genes can then be compared between the two populations.
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X. Computer implemented methods

[0064] Expression levels can be analyzed and associated with status of a subject (e.g.,
presence or susceptibility to chronic kidney infection) in a digital computer. Optionally, such
a computer is directly linked to a scanner or the like receiving experimentally determined
signals related to expression levels. Alternatively, expression levels can be input by other
means. The computer can be programmed to convert raw signals into expression levels
(absolute or relative), compare measured expression levels with one or more reference
expression levels, or a scale of such values, as described above. The computer can also be
programmed to assign values or other designations to expression levels based on the
comparison with one or more reference expression levels, and to aggregate such values or
designations for multiple genes in an expression profile. The computer can also be
programmed to output a value or other designation providing an indication of presence or
susceptibility to CAN/IFTA as well as any of the raw or intermediate data used in

determining such a value or designation.

[0065] A typically computer (see US 6,785,613 Figs. 4 and 5) includes a bus which
interconnects major subsystems such as a central processor, a system memory, an
input/output controller, an external device such as a printer via a parallel port, a display
screen via a display adapter, a serial port, a keyboard, a fixed disk drive and a floppy disk
drive operative to receive a floppy disk. Many other devices can be connected such as a
scanner via I/O controller, a mouse connected to serial port or a network interface. The
computer contains computer readable media holding codes to allow the computer to perform
a variety of functions. These functions include controlling automated apparatus, receiving
input and delivering output as described above. The automated apparatus can include a
robotic arm for delivering reagents for determining expression levels, as well as small

vessels, e.g., microtiter wells for performing the expression analysis.

EXAMPLES
Materials and Methods:

[0066] Patient Populations: Test Set 1 comprised 42 kidney transplant patients
randomized to either cyclosporine or de novo rapamycin at the Cleveland Clinic, whose
clinical courses have been previously, described [15,16,24]. Density gradient-purified

peripheral blood lymphocytes (PBL) were collected at the time of protocol two-year biopsies.
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Test Set 2 comprised 35 patients from 3 clinical centers (St. Vincent’s Medical Center,
Scripps Clinic, and Cleveland Clinic). All patients were on FK506. Whole blood was
collected directly into PaxGene Tubes (PreAnalytix) at the time of biopsies for suspected
CAN/IFTA or protocol one-year biopsies. All the studies in this manuscript were covered by
Human Subjects Research Protocols approved by each Center’s Institutional Review Board
and by the IRB of The Scripps Research Institute as the parent institution. Informed consent

was obtained from all study subjects in the study.

[0067] Pathology: Banff IF/TA grades based on tubulointerstitial features were determined
for all patients by kidney biopsies: grade 0 (no evidence CAN/IFTA), 1 (mild CAN/IFTA),
and 2 (moderate CAN/IFTA) and 3 (severe CAN/IFTA). We merged patients with Banff 2
and Banff 3 IF/TA to increase numbers. Diagnosis was done first by local pathologists and
reviewed in a blinded fashion. C4d staining was only available in the more recently acquired

Test Set 2.

[0068] Gene expression profiling and analysis: RNA was extracted from Test Set 1 using
Trizol (Invitrogen) and in Test Set 2 using Paxgene Blood RNA system (PreAnalytix) and
globin transcripts were reduced using GlobinClear (Ambion). Biotinylated cRNA was
prepared using Ambion MessageAmp Biotin II (Ambion) and hybridized to Affymetrix
Human Genome U133 Plus 2.0 GeneChips. Normalized signals that were generated using a
quantile normalization strategy (RMAExpress[25]) were used for class comparisons
(ANOVA) and class predictions (BRB Array Tools; linus.nci.nih.gov/BRB-
ArrayTools.html). We chose the Diagonal Linear Discriminant Analysis (DLDA) method for
class predictions, which is based on maximum likelihood discriminant rules that give
consistently good results with our data set and others[26]. Receiver Operating Characteristics
(ROC) analysis was done using JROCFIT (rad.jhmi.edu/jeng/javarad/roc/JROCFITi.html).
Heatmaps were generated using Cluster and Treeview[27] and functional analysis was
performed using Gene Ontology (GO) (geneontology.org/) and Ingenuity Pathway Analysis
(IPA). Consensus analysis was designed to identify true classifiers in the two independently
collected data sets. Variability between the two test sets within each class (i.e. Banff 1/Test
Set 1 vs. Banff 1/Test Set 2) was eliminated by removing all genes with a Student’s t-test p-
value of <0.05 after which the remaining genes were used to identify consensus candidates by
class comparisons. All the microarray data for this study is available for review at the private
GEO accession site

ncbi.nlm.nih.gov/geo/query/acc.cgi?token=vbgvzkwuggqiqpy&acc=GSE12187.
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[0069] Shotgun LC/MS/MS proteomics: All protein samples were prepared from density
gradient-purified PBL. Individual patient samples were pooled within each Test Set (3
samples/pool) based on Banff classifications and pools were run in triplicates. Total protein
was proteolytically digested with trypsin and samples run using Multidimensional Protein
Identification Tool (MudPIT) protocol as previously described[28] using an LTQ XL mass
spectrometer (ThermoFisher). Raw data were searched against the EBI-
IPI_human_12 01 2006 database supplemented with a decoy database where each entry of
the original protein contains its reversed sequence. Database searching used SEQUEST
(v27)[29] and outcomes were filtered using DTASelect[30]. Relative quantifications were
done using spectral counts normalized to the median of the total spectral counts[31]. Pair-
wise comparisons between CAN/IFTA biopsy classes were done by differentially expressed

proteins (Student’s t-test, p<0.05) and as all-or-none/unique events.
Results:
Study Population

[0070] Recipients in both Test Sets were sex and age matched (Table 1). The only
significant differences in Test Set 1 were Donor age between Banff 0 and Banff 1 groups. In
Test Set 2 there were significant differences in induction therapy between Banff 0 and Banff
1 and between Banff 0 and the Banff 2,3; time to biopsy between Banff 0 and Banff 1 and
between Banff 0 and the Banff 2,3; and steroid use between Banff 0 and Banff 1 and between
Banff 0 and Banff 2,3. Only the Banff 2,3 group in Test Set 2 had a significantly higher
serum creatinine compared to the Banff 0, thus, renal function levels per se were not a major
determinant of the gene profiles. The higher creatinine levels in the Banff 2,3 group of Test
Set 2 most likely reflect the fact that this group was “biopsy for cause,” whereas Test Set 1
were all protocol biopsies done regardless of any renal function change. However, by design,
the two Test Sets differed significantly in recipient age, HLA mismatch, induction therapy,

clinical center, immunosuppression, serum creatinines, and time to biopsy.
Gene expression profiling of mild CAN/IFTA

[0071] We performed ANOVA-based class comparisons between Banff 0 (no histological
evidence of CAN/IFTA) and Banff 1 (mild CAN/IFTA). At p-values <0.005, 1066 genes
(1307 probe sets) were differentially expressed. Annotation of function by Gene Ontology
(GO) shows 8 categories comprised of >25 genes each including 58 genes linked to immunity
and inflammation. The percentage of genes in each category was immune/inflammatory 5%,

apoptosis, 4%, cell adhesion 3%, signal transduction 5%, regulation of transcription 6%,
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protein phosphorylation 3%, cell cycle 3%, metabolism 11%, other functions 40%, unknown
functions 20%. IPA shows that these 1066 genes fall into 27 networks with >15 genes per
network. The top network was immune response and two additional networks in the top 10
were also immune response with 27 and 22 focus genes, respectively. The top canonical
pathway was Toll-like Receptor Signaling followed by SAPK/INK, Apoptosis, Notch and
Death Receptor and Interferon Signaling. Finding 1066 significantly differentially expressed
genes is a first indication that PBL transcript profiling is capable of classifying subjects
defined by CAN/IFTA biopsy histology. Class prediction using DLDA demonstrates 90%
mean correct classification[32,33]. Supervised hierarchical clustering shows misclassification

of only 2 samples.

[0072] Based on gene expression profiles of the whole blood samples in Test Set 2, there
were 1429 genes (1591 probe sets) differentially expressed at p-values <0.005. GO
annotation of gene functions revealed the same groups as PBL including 50 immune response
genes. The percentage of genes in each category was immune/inflammatory 4%, apoptosis,
2%, cell adhesion 2%, signal transduction 8%, regulation of transcription 6%, protein
phosphorylation 1%, cell cycle 1%, metabolism 4%, other functions 35%, unknown functions
37%. IPA reveals 30 networks with >15 genes per network. The top canonical pathways
were: B Cell Receptor, Toll-like Receptor, Death Receptor, Chemokine, Glucocorticoid
Receptor, and IL-4 Signaling. DLDA demonstrates 88% mean correct classification.

Supervised hierarchical clustering shows misclassification of only 1 sample.

[0073] A consensus analysis for Banff 0 vs. Banff 1 was performed with these two
independently collected data sets by a class comparison at p-values <0.005 and identified 393
genes (424 probe sets) significantly differentially expressed in both data sets. This
“consensus” gene list represents the intersection of these two significantly different test sets
classifying mild CAN/IFTA by blood transcription profiling. We then combined all the
samples of both Test Sets (n=55) and performed class predictions using the top 50
differentially expressed, consensus genes ranked by p values to obtain a class prediction
accuracy of 80% depicted as a ROC curve (Figure 1). A heat map classifying Banff 0 vs.
Banff 1 using the 50 genes shows there are large “blocks” of up- or down-regulated genes
that classify the Banff 0 vs. Banff 1 (mild CAN/IFTA). However, signatures of multiple
genes are advantageous to achieve high class predictive accuracies in heterogeneous clinical
populations that are the reality of transplantation medicine. We took the top 10 and top 3
genes from our consensus set for mild CAN/IFTA and performed class prediction using the

DLDA method. The top 10 had a predictive accuracy of 80%, sensitivity of 85% and
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specificity of 77%, whereas the top 3 genes had a predictive accuracy of 80%, sensitivity of
74% and specificity of 86%.

Gene expression profiling of moderate/severe CAN/IFTA

[0074] Class comparisons between Banff 0 and Banff 2,3 identified genes differentially
expressed between patients without CAN/IFTA and those with moderate to severe
CAN/IFTA. In Test Set 1, 172 genes were differentially expressed (p<0.005) and classified
the samples by DLDA with 78% accuracy. In Test Set 2 there were 545 differentially
expressed genes. DLDA classified 95% of the samples accurately. The percentage of genes in
each category for sets 1 and 2 was immune/inflammatory 4%, 3%, apoptosis, 2%, 3%, cell
adhesion 2%, 3%, signal transduction 8%, 7%, regulation of transcription 6%, 8%, protein
phosphorylation 1%, 3%, cell cycle 1%, 1%, metabolism 4%, 6% other functions 33%, 30%,
unknown functions 37%, 36%. A consensus analysis was done as already described to yield
62 differentially expressed genes (p<0.005) shared for both Test Sets of moderate/severe
CAN/IFTA (n=49). The ROC curve for the top 50 genes from this consensus gene set shows
a class prediction accuracy of 92% (Figure 2).

Proteomic expression of mild and moderate/severe CAN/IFTA

[0075] To investigate using proteomics to define blood cell biomarkers for CAN/IFTA, we
performed shotgun tandem mass spectrometry. All samples represented purified PBL
obtained at the same time as biopsies. We did not use the whole blood samples from Test Set
2 because high quality protein preparations cannot be obtained from PaxGene tubes.
Differential protein expression was performed using a relative quantification strategy based
on normalized spectral counts [31]. We identified 206 differentially expressed proteins
(p<0.05) for Banff 0 vs. Banff 1 (mild CAN/IFTA). In addition, we identified 135 proteins
unique to Banff 0 and 167 proteins unique to Banff 1. Class comparisons for Banff 0 vs.
Banff 2,3 (moderate/severe CAN/IFTA) yielded 282 differentially expressed proteins
(p<0.05) and 509 proteins unique to Banff 2,3. We found 95 proteins differentially expressed
in mild and moderate/severe CAN/IFTA as compared to Banff 0, representing candidate
protein markers for any stage of CAN/IFTA. In parallel, 94 proteins were differentially
expressed only in mild CAN/IFTA and these were linked to cell death, cell signaling, and
post-translational protein modifications. The 168 proteins differentially expressed only in
moderate/severe CAN/IFTA were linked to cellular morphology, growth and proliferation
and signaling via ERK/MAPK, acute phase responses, IGF1 and PPARa/RXRa.
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[0076] There were 135 proteins unique to mild CAN/IFTA and 322 proteins unique to
moderate/severe CAN/IFTA. Both mild and moderate/severe CAN/IFTA had immune and
inflammation related proteins (20 and 37, respectively) but many of these proteins are not
mapped to the same functional pathways (e.g. calcium signaling in mild CAN/IFTA and
apoptosis, NK cell and PTEN signaling for moderate/severe CAN/IFTA). In other cases, such
as signaling via T and B cell receptors, IL4 and JAK/STAT, the same canonical pathways

were found but different unique proteins were identified.

[0077] Using only the differentially expressed proteins, DLDA obtained a 64% mean
correct classification of mild CAN/IFTA and an 83% correct classification for
moderate/severe CAN/IFTA. In contrast, the unique proteins identified only in the blood of
patients with biopsy-documented mild (n=135) or moderate/severe CAN/IFTA (n=322),

represent candidate biomarkers with a 100% class prediction value in this data set.

[0078] We compiled the matches between proteins identified by mass spectrometry and
mRNA transcripts identified using microarrays. The premise is that protein/transcript
matches are a form of candidate biomarker validation based on two independent
technologies. There were 11 matches for the 393 consensus genes for mild CAN/IFTA, 32
matches for the 1066 genes for mild CAN/IFTA in Test Set 1 and 40 matches for the 1429
genes for mild CAN/IFTA in Test Set 2. There were no matches for the 62 consensus genes
for moderate/severe CAN/IFTA but 9 matches in the 172 genes for moderate/severe
CAN/IFTA in Test Set 1 and 9 matches in the 545 genes for moderate/severe CAN/IFTA in
Test Set 2. All protein/transcript matches are listed in Tables 2-6.

Discussion

[0079] The primary objective of this study (also reported as [40]) was the discovery of
biomarkers in the peripheral blood of kidney transplant patients with biopsy-documented
interstitial fibrosis and tubular atrophy (IF/TA) and no known cause, which we refer to here
as Chronic Allograft Nephropathy (CAN/IFTA)[14]. To this end, we integrated the results of
two, independently collected sets of patient samples that were significantly different in
multiple clinical elements. Thus, the selection of biomarker candidates was not significantly
influenced by the time of biopsy (ranging from 1 to 6 years post-transplant), the specific
immunosuppressive protocols (use of different calcineurin inhibitors vs. sirolimus) or the
technology used to purify the mRNA transcripts (density gradient-separated cells vs. whole
blood). This experimental design was chosen for its advantages in defining a consensus set of

robust candidate biomarkers for CAN/IFTA suitable for clinical use.
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[0080] Using more closely matched sets of patient samples, for example, patients only 2
years post-transplant or only one source of blood cell RNA such as the PaxGene tubes might
have resulted in higher total numbers of differentially expressed candidate mRNA transcripts
and proteins. However, classifications for CAN/IFTA based on the consensus mRNA
candidates described here for these otherwise very heterogeneous clinical data sets are 80%
for mild CAN/IFTA and 92% for moderate/severe CAN/IFTA. By contrast, the widely used
prostate specific antigen (PSA) biomarker, tested in an equally heterogenous human
population, was originally introduced with a predictive value of 28-35%[34] because there
was no other minimally invasive option for early detection of prostate cancer at that time,

which is true for CAN/IFTA today.

[0081] We obtain very reasonable predictive accuracy, sensitivity and specificity with 150,
100 and 50 total genes per signature. There are now several technology platforms perfectly
suitable for point of clinical service implementation that can measure 100 genes or more cost
effectively and within hours. In clinical practice, the differentially expressed genes and
proteins can be used for serial, prospective measurements of the signature at regular intervals
for the life of the kidney transplant. The absence of a positive CAN/IFTA signature at any
point in time will indicate adequate immunosuppression or over-immunosuppression. Careful
reductions in immunosuppressive drug doses can then be used with repeat monitoring of the
signature to establish the optimal drug combination and level for each patient to prevent

CAN/IFTA and ensure the long term safety of the therapy.

[0082] Biomarker discovery has been reported using peripheral blood profiling for acute
rejection in heart transplantation[35,36]. Peripheral blood studies of kidney transplant
patients with “operational tolerance” included 22 patients with biopsy-documented
CAN/IFTA[37]. Two of the genes (DPYD, IRS2) reported to distinguish “operational
tolerance” are identified in our consensus sets. Our earlier study of 42 kidney biopsies
showed that gene expression profiles of CAN/IFTA had significant up-regulation of
immune/inflammation, fibrosis and tissue remodeling genes[16]. However, only 5 genes from
these CAN/IFTA biopsies were identified in the current peripheral blood consensus sets. A
study of 11 CAN/IFTA biopsies identified 3 genes linked to immunity and fibrosis that were
tested by quantitative PCR in urine and peripheral blood with good correlations in urine but
none in peripheral blood[38]. Therefore, gene biomarkers identified in peripheral blood are

mostly distinct from those identified in tissue.

[0083] Although practice of the invention is not dependent on an understanding of

mechanism, we propose that the peripheral blood represents a fully functional and distinct
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compartment of the immune system that actively serves to traffic and modulate all the
components of effector immunity. Although the tissue injury that causes the progression of
CAN/IFTA is occurring in the kidney, we believe that a significant determinant of the
phenotype of the host immune response, either acceptance of the graft or CAN/IFTA, is
actually established and subsequently regulated within the peripheral blood compartment,
lymph nodes and spleen.

[0084] Urine based proteomics have been used to report biomarkers for acute rejection
using SELDI-TOF mass spectroscopy[23,39] but to our knowledge this is the first study to
identify blood cell-based proteomic markers for transplantation using tandem mass
spectroscopy. We have identified several hundred proteins that are significantly differentially
expressed in peripheral blood of patients with CAN/IFTA as a function of histology grade,
mild to moderate/severe. The group of uniquely identified proteins potentially represents the
highest value biomarker candidates giving 100% accuracy in our tests. Integrating
proteomics with gene expression, we identified over 80 protein/transcript matches for
CAN/IFTA providing candidate validation based on two independent technologies.

However, genes in which differential expression is found only at the gene or protein level but

not both also allow accurate analyses.

[0085]  Although the invention has been described with reference to the presently preferred
embodiments, it should be understood that various modifications can be made without
departing from the invention. Unless otherwise apparent from the context any step, element,

embodiment, feature or aspect of the invention can be used with any other.

[0086] All publications (including GenBank Accession numbers, UniProtKB/Swiss-Prot
accession numbers and the like), patents and patent applications cited are herein incorporated
by reference in their entirety for all purposes to the same extent as if each individual
publication, patent and patent application was specifically and individually indicated to be
incorporated by reference in its entirety for all purposes. In the event of any variance in
sequences associated with Genbank, Unigene, International Protein Index, Entrez,
UniProtKB/Swiss-Prot accession numbers and the like, the application refers to the sequences

associated with the cited accession numbers as of July 9, 2009.
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WHAT IS CLAIMED 1S

1. A method of prognosing, diagnosing or monitoring chronic allograft
nephropathy and/or interstitial fibrosis and tubular atrophy (CAN/IFTA), comprising

(a) determining expression levels in a subject of at least 5 genes selected
from the genes in Table A, B, C, D, E, F, G, H, I and/or J; and

(b) prognosing, diagnosing or monitoring CAN/IFTA in a subject from the

expression levels.

2. The method of claim 1, wherein for each of the at least five genes, step
(b) comprises comparing the expression level of the gene in the subject to one or more

reference expression levels of the gene associated with CAN/IFTA or lack of CAN/IFTA.

3. The method of claim 2, wherein step (b) further comprises for each of
the at least five genes assigning the expression level of the gene in the subject a value or

other designation providing an indication whether the subject has or is at risk of CAN/IFTA.

4. The method of claim 3, wherein the expression level of each of the at
least five genes is assigned a value on a normalized scale of values associated with a range of

expression levels in kidney transplant patients with and without CAN/IFTA.

5. The method of claim 3, wherein the expression level of each of the at
least five genes is assigned a value or other designation providing an indication that the
subject has is at risk of CAN/IFTA, lacks and is not at risk of CAN/IF TA, or that the

expression level is uninformative.

6. The method of claim 3, wherein step (b) further comprises, combining
the values or designations for each of the genes to provide a combined value or desi gnation

providing an indication whether the subject has or is at risk of CAN/IFTA..

7. The method of claim 6, wherein the method is repeated at different

times on the subject.

_ 8. The method of claim 6, wherein the subject is receiving a drug, and a
change in the combined value or designation over time provides an indication of the

effectiveness of the drug.

9. The method of claim 1, wherein the subject has undergone a kidney

transplant within 1-10 years of performing step (a).
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10. The method of claim 1, wherein step (a) is performed on a blood

sample of the subject.

11. The method of claim 1, wherein step (a) is performed on at least ten

genes from Table A, B, C, D, E, F, G, H, I and/or J.

12, The method of claim 1, wherein step (a) is performed on at least
twenty genes from Table A, B, C, D, E, F, G, H, I and/or J.

13. The method of claim 1, wherein step (a) is performed on at least 40

genes from Table A, B, C, D, E, F, G, H, I and/or J.

14, The method of claim 1, wherein step (a) is performed on at least 100
genes from Table A, B, C, D, E, F, G, H, I and/or J.

15.  The method of claim 1, further comprising changing the treatment

regime of the patient responsive to the prognosing, diagnosing or monitoring step.

16. The method of claim 15, wherein the subject has received a drug
before performing the methods, and the change comprises administering an additional drug or

administering a higher dose of the same drug.

17. The method of claim 1, further comprising performing an additional
procedure to detect CAN/IFTA or risk thereof if the determining step provides an indication
the subject has or is at risk of CAN/IFTA.

18.  The method of claim 17, wherein the additional procedure is a kidney

biopsy.

19.  The method of claim 1, wherein the at least five genes are from Table

A, B, C and/or D expression levels are determined at the mRNA level.

20.  The method of claim 1, wherein the at least five genes are from Tables

E, F, G, I, I, and/or ] and expression levels are determined at the protein level.

21. The method of claim 1, wherein step (b) is performed by a computer.

22.  The method of claim 1, wherein the at least five genes are selected

from Tables C and D.
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23.  The method of claim 1, wherein the at least five genes are selected
from Table C.

24.  Themethod of claim 1, wherein the at least five genes are selected
from Table D.

25.  The method of claim 1, wherein the at least five genes are selected

from Table E and F or H and 1 and expression levels are determined at the protein level.

26.  An array, comprising a support or supports bearing a plurality of
nucleic acid probes complementary to a plurality of mRNAs fewer than 5000 in number,
wherein the plurality of mRNAs includes mRNAs expressed by at least five genes selected
from Table A, B, C, D.

27. The array of claim 26, wherein the plurality of mRNAs are fewer than

1000 in number.

28.  The array of claim 26, wherein the plurality of mRNAs are fewer than

100 in number.

29.  The array of claim 26, wherein the plurality of nucleic acid probes are

attached to a planar support.

30.  The array of claim 26, wherein the plurality of nucleic acid probes are

attached to beads.

31.  The array of claim 26, wherein the at least five genes are selected from
Table C and D

32.  The array of claim 26, wherein the at least five genes are selected from

Table C.

33.  The array of claim 26, wherein the at least five genes are selected from

Table D.

34. Anarray, comprising a support or supports bearing a plurality of
ligands that specifically bind to a plurality of proteins fewer than 5000 in number, wherein
the plurality of proteins includes atleast five proteins selected from Table E,F, G, H, I and/or
J.
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35.  The array of claim 34, wherein the plurality of proteins are fewer than

1000 in number.

36.  The array of claim 34, wherein the plurality of proteins are fewer than

100 in number.

37.  The array of claim 34,wherein the plurality of ligands are attached to a
planar support.

38 The array of claim 34, wherein the plurality of ligands are attached to
beads.
39. The array of claim 34 wherein the at least five proteins are selected

from Tables E and F and/or I and J.

40 The array of claim 34 wherein the ligands are different antibodies,

wherein the different antibodies bind to different proteins of the plurality of proteins.

41 A method of expression analysis, comprising
determining expression levels of up to 5000 genes in a sample from a subject
having a kidney transplant, wherein the genes include at least 5 genes selected from Table A,

B,C,D,E,F, G, H, I and/orJ.

42 The method of claim 41 wherein the expression levels of up to 1000

genes are determined.

43 The method of claim 41 wherein the expression levels of up to 100

genes are determined.

44 The method of claim 41 wherein the expression levels are determined
at the mRNA level.
45 The method of claim 41 wherein the expression levels are determined

at the protein level.

46 The method of claim 41 wherein the expression levels are determined
by quantitative PCR.
47 The method of claim 41, wherein the expression levels are determined

by hybridization to an array.
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48. A method of screening a compound for activity in inhibiting or treating
CAN/IFTA, comprising

(a) administering the compound to a subject having or at risk of
CAN/IFTA;

(b) determining expression levels of at least five genes in the subject
selected from Table A, B, C, D, E, F, G, H, I, and/or J and species variants thereof before and
after administering the drug to the subject,

(c) determining whether the compound has activity in inhibiting or
treating CAN/IFTA from a change in expression levels of the genes after administering the

compound.

49. The method of claim 48, wherein step (¢) comprising for each of the at
least five changes assigning a value or designation depending on whether the change in the
expression level of the gene relative to one or more reference levels indicating presence or

absence of CAN/IFTA.

50.  The method of claim 48, further comprising determining a combined

value or designation for the at least five genes from the values or designations determined for

each gene.

51. The method of claim 48, wherein the subject is human.

52.  The method of claim 48, wherein the subject is a nonhuman animal
model of CAN/IFTA.

53. A method of subtyping a CAN/IFTA, comprising

(a) determining expression levels in a subject of at least 5 genes selected
from the genes in Tables A, B, C, D ; E, F, G, H, I and/or J; and

(b) determining a subtype of CAN/IFTA from the expression levels.

54. The method of claim 53, wherein the subtype is selected from the
group consisting of stage 0, 1, 2, or 3 of CAN/IFTA.

55. The method of claim 53, wherein the subtype is stage 0, stage 1 or
stage 2 and/or 3.

56.  The method of claim 53, wherein for each of the at least five genes,

step (b) comprises comparing the expression level of the gene in the subject to one or more
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reference expression levels of the gene associated with the subtype of CAN/IFTA or lack of
CAN/IFTA.

57.  The method of claim 53, wherein step (b) further comprises for each of
the at least five genes assigning the expression level of the gene in the subject a value or
other designation providing an indication whether the subject has or is at risk of the subtype
of CAN/IFTA.

58.  The method of claim 57, wherein the expression level of each of the at
least five genes is assigned a value on a normalized scale of values associated with a range of

expression levels in kidney transplant patients with the subtype and without CAN/IFTA.

59. The method of claim 57, wherein the expression level of each of the at
least five genes is assigned a value or other designation providing an indication that the
subject has or is at risk of the subtype of CAN/IFTA, lacks and is not at risk of the subtype of

CAN/IFTA, or that the expression level is uninformative.

60. The method of claim 57, wherein step (b) further comprises,
combining the values or designations for each of the genes to provide a combined value or
designation providing an indication whether the subject has or is at risk of the subtype of

CAN/IFTA.

61.  The method of claim 60, wherein the method is repeated at different

times on the subject.

62. The method of claim 61, wherein the subject is receiving a drug, and a
change in the combined value or designation over time provides an indication of the

effectiveness of the drug.

63.  The method of claim 53, wherein the subject has undergone a kidney

transplant within 1-10 years of performing step (a).

64 The method of claim 53, wherein step (a) is performed on a blood

sample of the subject.
65 The method of claim 64, wherein the blood sample is a plasma sample.

66 The method of claim 53, wherein step (a) is performed on at least ten

genes selected from Table A, B, C, D, E, F, G, H, I and/or J.
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67 The method of claim 53, wherein step (a) is performed on at least

twenty genes selected from Table A, B, C, D, E, F, G, H, I and/or J.

68 The method of claim 53, wherein step (a) is performed on at least 40

genes selected from Table A, B, C, D, E, F, G, H, I and/or J.

69.  The method of claim 53, wherein step (a) is performed on at least 100
genes selected from Table A, B, C,D, E, F, G, H, I and/or J.

70.  The method of claim 53, further comprising changing the treatment

regime of the patient responsive to the whether the subtype is present.

71. The method of claim 70, wherein the subject has received a drug
before performing the methods, and the change comprises administering an additional drug or

administering a higher dose of the same drug.

72.  The method of claim 53, further comprising performing an additional
procedure to detect CAN/IFTA or risk thereof if the determining step provides an indication

the subject has or is at risk of the subtype of CAN/IFTA.

73.  The method of claim 72, wherein the additional procedure is a kidney

biopsy.

74.  The method of claim 53, wherein the expression levels are determined

at the mRNA level.

75.  The method of claim 53, wherein the expression levels are determined

at the protein level.
76. The method of claim 53, wherein step (b) is performed by a computer.

77.  The method of claim 53, wherein the at least five genes are selected

from Table C.

78. The method of claim 53, wherein the at least five genes are selected

from Table D.

79.  The method of claim 53, wherein the at least five genes are selected

from Table E and expression levels are determined at the protein level .
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80.  The method of claim 53, wherein the at least five genes are selected

from Table F and the expression levels are determined at the protein level .

81. The method of claim 53, wherein the at least five genes are selected

from Table H and the expression levels are determined at the protein level.

82. The method of claim 53, wherein the at least five genes are selected

from Table [ and the expression levels are determined at the protein level.
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