
WO 2008/051290 PCT/US2007/008909  STEROID RESPONSIVE
NUCLEIC ACID EXPRESSION AND PREDICTION OF DISEASE
ACTIVITY  RELATED APPLICATION [0001] This application
claims priority to US Patent Application Number
60/790,474, filed 7  April 2006, which is incorporated
by reference herein in its entirety. TECHNICAL FIELD
[0002] The invention relates to methods for detecting
nucleic acid and protein expression  modulated by
steroids and using steroid responsiveness of a subject
in predicting and monitoring  disease activity.
BACKGROUND OF THE INVENTION [0003] Steroids are used
to ameliorate disease activity associated with immune
disorders  such as graft rejection, systemic lupus
erythematosis (SLE), multiple sclerosis (MS) and
cytomegalovirus (CMV) infection. Although steroids are
used clinically to treat hyperactivity of  the immune
system, prolonged treatment has deleterious effects
including diabetes, osteoporosis  and weight gain.
Given these and other side effects, clinicians avoid
prescribing high dosages of  steroid any longer than
necessary. Since flare of immune disorders and
transplantation require  the use of steroids as an
ongoing treatment, it is desirable to determine the
steroid responsiveness  of a subject in order to
optimize outcome. An essential component of providing
effective  immunosuppression is monitoring subject or
transplant status. In transplant patients, this
monitoring is organ, tissue or cell-specific. For
example, monitoring a subject with a cardiac
transplant involves taking a biopsy of heart muscle
and having a pathologist examine it for  cytological
evidence of rejection. Such biopsies are expensive,
invasive, and painful and  interpretation can only be
focused on the biopsied cells, not the whole organ.
[0004] Although glucocorticoid induction of genes
correlated with immune response has  been studied in
vitro (Galon et al. (2002) FASEB Journal 16:61-71);
there is a need for methods  to detect in vivo
expression of steroid modulated nucleic acids. The
present invention addresses  this need by diagnosing
and monitoring steroid responsiveness or immunological
status, predicting flares or graft rejection, and
designing, evaluating or monitoring treatment
efficacy. WO 2008/051290 PCT/US2007/008909  SUMMARY OF
THE INVENTION [00051 The present invention provides
methods for detecting in vivo expression of nucleic
acids and proteins modulated by steroid administration
and metabolism. The. invention presents  a method of
diagnosing or monitoring steroid responsiveness of a
subject comprising detecting  expression of a
diagnostic set of at least two steroid modulated
nucleic acids in a sample from  the subject wherein
the expression is correlated with steroid
administration or dosage and  applying at least one
statistical method to the expression of the diagnostic
set to diagnose or  monitor steroid responsiveness of
the subject. [0006] In one embodiment, the diagnostic
set further comprises at least one steroid,  modulated
nucleic acid selected from each of at least two of the
clusters of Table 1. In a second  embodiment, the
diagnostic set further comprises two or more steroid
modulated nucleic acids  selected from Table 2. In a
third embodiment, the diagnostic set further comprises
two or more  steroid modulated nucleic acids selected
from Table 3. In one aspect, detecting the expression



of the diagnostic set of steroid modulated nucleic
acids further comprises using hybridization or
quantitative real-time polymerase chain reaction
(RT-PCR) and a sample obtained from the  subject by
any sampling means. In a second aspect, the sample is
a blood sample, and RNA is  isolated from the
peripheral blood mononuclear cells (PMBC) of the blood
sample. In a third  aspect, the statistical method is
K-means clustering that produces clusters of genes
that are  correlated by p-value and their expression
in a cell type or pathway or a prediction algorithm
selected from a linear algorithm, a logistic
regression algorithm, and a voting algorithm that
produces a single value or score. [0007] In a fourth
embodiment, the diagnostic set further comprises
selecting at least two  oligonucleotides or a probe
set to detect the expression of each steroid modulated
nucleic acid of  the diagnostic set. The invention
also presents a kit comprising the oligonucleotides or
probe  sets that detect the expression of each steroid
modulated nucleic acid of the diagnostic set. The
invention further presents a method for diagnosing or
monitoring steroid responsiveness of a  subject
comprising detecting the expression of nucleic acids
encoding ADA, CD163, FKBP5,  FLT3, FLT3LG, GZMA, IL I
R 1, IL 1 R2, ITGAM, NFKB 1, PDCD 1, THB S 1, TNF,
TRBC 1 and  TSC22D3. [0008] The invention additionally
presents a method for predicting rejection or
non-rejection  in a subject with a transplant
comprising detecting expression of a diagnostic set of
at least two 2 WO 2008/051290 PCT/US2007/008909
steroid modulated nucleic acids in a sample from the
subject wherein the expression of the  steroid
modulated nucleic acids correlates with transplant
rejection or non-rejection, and  applying at least one
statistical method to the expression of the diagnostic
set of steroid  modulated nucleic acids to predict
rejection or non-rejection. [0009] In one embodiment,
the diagnostic set of steroid modulated nucleic acids
further  comprises two or more nucleic acids selected
from Tables 1-3. In one aspect, detecting the
expression of the diagnostic set of steroid modulated
nucleic acids further comprises using RT- PCR and RNA
isolated from PMBCs. In a third aspect, the
statistical method is a prediction  algorithm selected
from a linear algorithm, a logistic regression
algorithm, and a voting  algorithm that produces a
single value or score that correlates with rejection
or non-rejection. In  a fourth aspect, the score that
correlates with non-rejection is <20 and the score.
that correlates  with rejection is >30. The invention
yet further presents a method of predicting rejection
or  non-rejection comprising detecting the expression
of a diagnostic set of steroid modulated  nucleic
acids encoding ADA, CD163, FKBP5, FLT3, FLT3LG, GZMA,
ILIR1, ILIR2, ITGAM,  NFKB1, PDCD1, THBS1, TNF, TRBCI
and TSC22D3. [0010] The invention further presents a
method of diagnosing or monitoring the status of a
subject with a transplant comprising detecting
expression of a diagnostic set of at least two
steroid modulated nucleic acids in a sample from the
subject wherein the expression is correlated  with
dysfunction or rejection of the transplant, and
applying at least one statistical method to the
expression of the nucleic acids to monitor the status
of the transplant. In one embodiment, the  diagnostic
set further comprises two or more nucleic acids
selected from Tables 1-3. In a second  embodiment,
RT-PCR is used with RNA isolated from PMBC to detect
expression of the steroid  modulated nucleic acids and
the expression is analyzed using a prediction
algorithm that  



produces single value or score that correlates with
the status of the subject with the transplant. In  a
third embodiment, diagnosing and monitoring the status
of a subject with a transplant further  comprises
detecting the expression of a diagnostic set of
steroid modulated nucleic acids  encoding ADA, CD163,
FKBP5, FLT3, FLT3LG, GZMA, ILIRI, ILIR2, ITGAM, NFKB1,
PDCDI, THBS1, TNF, TRBCI and TSC22D3. [0011] The
invention also presents method for designing and
monitoring a treatment plan for  a subject with a
transplant or an immune disorder comprising detecting
expression of a  diagnostic set of at least two
steroid modulated nucleic acids in a sample from the
subject  wherein the expression correlates with the
steroid responsiveness of the subject, and using the 3
WO 2008/051290 PCT/US2007/008909  expression of the
diagnostic set of steroid modulated nucleic acids to
design and monitor the  treatment plan of the subject.
In one embodiment, the diagnostic set of steroid
modulated  nucleic acids comprises two or more nucleic
acids selected from Tables 1-3. In a second
embodiment, RT-PCR is used with RNA isolated from PMBC
to detect expression of the steroid  modulated nucleic
acids and the expression is analyzed using a
prediction algorithm that  produces single value or
score that correlates with the steroid responsiveness
of the subject. In a  third embodiment, diagnosing and
monitoring the status of a subject with a transplant
or immune  disorder further comprises detecting the
expression of a diagnostic set of steroid modulated
nucleic acids encoding ADA, CD163, FKBP5, FLT3,
FLT3LG, GZMA, ILIRI, ILIR2, ITGAM,  NFKB1, PDCD1,
THBS1, TNF, TRBCI and TSC22D3 whose expression
correlates with steroid  responsiveness of a subject.
In one aspect, the transplant is selected from bone
marrow, heart,  kidney, liver, lung, pancreas,
pancreatic islets, stem cells, xenotransplants, and
artificial  implants. In another aspect, the immune
disorder is selected from cytomegalovirus infection,
multiple sclerosis, and systemic lupus erythematosus.
[0012] The invention yet still further presents a
method for using primers and probe sets to  detect
steroid responsiveness of a subject with a transplant
or an immune disorder comprising  designing and
generating primers or probe sets for nucleic acids
whose expression is modulated  by steroid
administration or dosage, and using RT-PCR and the
primers or probe sets on a  sample from the subject to
detect steroid responsiveness. In one embodiment, the
nucleic acids  whose expression is modulated by
steroid administration or dosage are selected from
Tables 1-3.  In a second embodiment, the primers and
probe sets are used in a diagnostic kit. BRIEF
DESCRIPTION OF THE TABLES [0013] Table I presents ten
clusters of genes whose nucleic acid and protein
expression is  modulated by steroids. Column 1 shows
cluster number; column 2, microarray probe ID from
Human Genome CGH 44A Microarray (Agilent
Technologies); column 3, gene symbol; column  4,
average p-value for expression of the nucleic acid in
CARGO and LARGO; column 5, average  Pearson
correlation for expression of the nucleic acid in
CARGO and LARGO; column 6, p- value for the expression
of the nucleic acid in CARGO, column 7, p-value for
the expression of  the nucleic acid in LARGO; and
column 8, the name of the gene as it appears in the
GenBank  database (NCBI, Bethesda MD). 4 WO
2008/051290 PCT/US2007/008909  



[0014] Table 2 summarizes steroid modulated nucleic
acid expression for 104 subject post- transplant
samples and a subset of 74 samples < 180 days
post-transplant. Column 1 shows the  nucleic acids
whose probe sets were used in RT-PCR to detect
expression in post-transplant  subject samples. The
overall score refers to the single value produced from
all scores using a  linear discriminant algorithm.
Columns 2-5 show the data for rejection (R) subjects,
non- rejection (NR) subjects, the ratio, and p-values
for all days post-transplant (index), respectively.
Columns 6-9 show the data for rejection (R) subjects,
non-rejection (NR) subjects, the ratio, and  p-values
for <180 days post transplant samples (subset),
respectively. Significant p-values are  shown in red
typeface. [0015] Table 3 presents RT-PCR data for 33
nucleic acids expressed in pathways having  genes
modulated by steroids or regulating T-cell
homeostasis. Column I of Table 3 shows the  gene
symbol; columns 2 and 3, the fold change and p-value
for R (n=38)/NR (n=55) at all times  post-transplant;
columns 4 and 5, the fold change and p-value for R
(n=27)/NR (n=40) at <180  days post-transplant; and
column 6, the gene name. DETAILED DESCRIPTION OF THE
INVENTION [0016] The present invention addresses needs
in the art by providing methods for detecting  the in
vivo expression of nucleic acids modulated by steroid
administration or metabolism. The  invention also
provides methods for diagnosing and monitoring steroid
responsiveness of a  subject by detecting the
expression of nucleic acids modulated by steroids. The
invention uses  detection of nucleic acids modulated
by steroids to predict disease activity or transplant
non- rejection or rejection and to determine status of
an immune disorder or transplant. Such methods  can be
used to fine-tune immunosuppressant therapy and, more
importantly, to reduce the  number of invasive and
costly tests and procedures that a subject must
undergo. In particular,  the invention can be used to
predict transplant non-rejection or rejection. For
example the  invention can be used to predict
transplant non-rejection or rejection allowing a
clinician to  reduce the number of biopsies performed
in the first 180 days post-transplant or to begin
anti- rejection therapy before cytological evidence of
rejection is detectable. The invention also  provides
methods for evaluating the need for post-transplant
monitoring and treatment or  determining a subject's
near-term prognosis based on steroid modulated nucleic
acid expression. 5 WO 2008/051290 PCT/US2007/008909
Definitions [0017] Unless defined otherwise, all
scientific and technical terms are understood to have
the  same meaning as commonly used in the art to which
they pertain. For the purpose of the present
invention, the following terms are defined. [0018]
`.`Amplification" refers to any device, method or
technique that can make copies of a  nucleic acid. It
can be achieved using a thermal cycler or a thermal
gradient device and a  polymerase chain reaction (PCR)
technique such as linear amplification (cf. USPN
6,132,997),  rolling circle amplification, and the
like. Further, amplification and detection can be
combined  as in Real-Time PCR (RT-PCR) using TAQMAN
protocols and the Prism 7900HT Sequence  Detection
system and software (Applied Biosystems (ABI), Foster
City CA). [0019] "Array" refers to an ordered
arrangement of at least two samples -- nucleic acids,
proteins or antibodies -- in solution or on a
substrate where at least one of the samples represents



a control and/or normal sample and the other, a sample
of diagnostic or prognostic interest. The  ordered
arrangement ensures that the size and signal intensity
of each labeled complex, formed  between at least one
reagent and at least one sample to which the reagent
specifically binds is  readily detectable. [0020]
"Clusters" refers to groups of nucleic acids with
expression that is directly or  indirectly regulated
by and correlated with the administration or
metabolism of a steroid. [0021] "Diagnostic set"
refers to at least two nucleic acids whose expression
is modulated by  steroids and whose nucleic acids,
oligonucleotides, primers and probe sets can be used
in nucleic  acid technologies or encoded proteins and
antibodies or affinity reagents thereto can be used in
protein technologies. [0022] "Expression" refers to
differential expression--increased or decreased
expression as  detected by presence, absence, or
change in the amount of nucleic acid or protein
expressed in a  sample -- as presented in a gene
expression profile. A "gene expression profile" refers
to the  identification, characterization,
quantification, and representation of a plurality of
nucleic acids  expressed in a sample from a subject as
measured using nucleic acid or protein technologies.
Nucleic acid expression is detected using nucleic acid
technologies and mature mRNA transcript  and/or
regulatory sequences such as promoters, enhancers,
introns, mRNA-processing  intermediates, and 3'
untranslated regions. A gene expression profile from a
subject can be 6 WO 2008/051290 PCT/US2007/008909
compared with reference gene expression profiles based
on detection of nucleic acid expression  in control or
normal, diseased, or treated samples. [0023] "Immune
disorders" refers to conditions, disorders and
diseases associated with  immunological response
including but not limited to acute respiratory
distress syndrome,  Addison's disease, allograft
rejection, ankylosing spondylitis, Takayasu's
arteritis, arteriosclerosis, asthma, atherosclerosis,
congestive heart failure, primary sclerosing
cholangitis,  Churg-Strauss syndrome, CREST syndrome,
Crohn's disease, ulcerative colitis, diabetes
mellitus, emphysema, glomerulonephritis, Wegener's
granulomatosis, Grave's disease,  autoimmune
hepatitis, Kawasaki's syndrome, systemic lupus
erythematosus, multiple sclerosis,  myasthenia gravis,
myelofibrosis, pancreatitis, polyarteritis nodosa,
polymyositis, psoriasis,  Raynaud's disease, Reiter's
syndrome, rheumatoid arthritis, scleroderma, primary
biliary  sclerosis, systemic sclerosis, sepsis, septic
shock syndrome, Sjogren's disease, ankylosing
spondylitis, primary thrombocythemia, Hashimoto's
thyroiditis, systemic vasculitis, Whipple's  disease,
complications of cancer, viral infection including CMV
infection, bacterial infection,  fungal infection,
parasitic infection, protozoal infection, helminthic
infection, and trauma.  [0024] "Immunosuppressant"
refers to any therapeutic agent that suppresses immune
response in a subject such as anticoagulents,
antimalarials, heart drugs, non-steroidal anti-
inflammatory drugs, and steroids including but not
limited to aspirin, azathioprine, chloroquine,
corticosteroids, cyclophosphamide, cyclosporin A,
dehydroepiandrosterone, deoxyspergualin,
dexamethasone, everolimus, fenoprofen, hydralazine,
hydroxychloroquine, immunoglobulin,  ibuprofen,
indomethacin, leflunomide, ketoprofen, meclophenamate,
mepacrine, 6- mercaptopurine, methotrexate,
mizoribine, mycophenolate mofetil, naproxen,
prednisone,  methyprenisone, rapamycin (sirolimus),
solumedrol, tacrolimus (FK506), thymoglobulin,  



tolmetin, tresperimus, triamcinoline, and the like.
[0025] "Monitoring" refers to repetitive testing for
and detection of nucleic acid expression  that
provides useful information about a subject's health
or disease status. Monitoring can  include determining
prognosis, risk-stratification, and efficacy of a
particular drug; detecting  subject response to a drug
or ongoing therapy; predicting susceptibility,
rejection or non- rejection, or disease activity;
diagnosing onset, flare or complication of a disease;
following  disease progression or providing
information related to a subject's status over time;
selecting  subjects most likely to benefit from a
particular drug or experimental therapy especially
where  administration of that drug works for a small
subset of subjects or where the drug does not have a 7
WO 2008/051290 PCT/US2007/008909  label for a
particular immune disorder; and screening a subject
population to decide to use a  more or less invasive
or costly test; for example, moving from a
non-invasive blood test to a  more invasive option
such as biopsy. [0026] "Nucleic acid technology"
refers to any and all devices, methods and systems
used to  detect expression of nucleic acids and
produce a gene expression profile including but not
limited to methods using arrays for hybridization,
amplification in PCR, quantitative RT-PCR,  TAQMAN
protocol RT-PCR, multiplex PCR, thermal gradient
devices, and the like, or  hybridization in solution
or on a substrate containing cDNAs, genomic DNAs,
locked nucleic  acids (LNAs), oligonucleotides,
primers, peptide nucleic acids, polynucleotides, probe
sets,  RNAs and the like. [0027] "Prediction" or
"predicting" refers to the use of gene expression
profile to provide  information about a subject's
health or the status of a disease, patient or
transplant and can  include determination of
prognosis, risk-stratification, prediction of
outcomes, and the like.  [0028] A "probe set" refers
to groups of oligonucleotides or primers that can be
used with a  nucleic acid technology to detect groups
of two or more nucleic acids. Primers in a probe set
can  contain rare or artificial nucleotides, be of any
size useful in a nucleic acid technology, designed  to
detect a particular region or splice variant of a
gene, labeled with one or more detectable  moieties,
and used in solution or attached to a substrate.
[0029] "Protein technology" refers to any and all
devices, methods and systems that can be  used to
detect a peptide, polypeptide or protein expressed by
a steroid modulated nucleic acid or  gene and produce
a gene expression profile including but not limited to
activity assays, affinity  assays, antibody or protein
arrays, chromatographic separation, colorimetric
assays, two dimensional gel electrophoresis, ELISA,
fluorescent-activated cell sorting, mass
spectrophotometric detection, protein-fusion reporter
constructs, western analysis, and the like.  Protein
expression, although time delayed, is correlated with
and mirrors nucleic acid expression.  [0030] "Sample"
is used in its broadest sense and refers to any
biological material used for  cytological or
histological evaluation or to measure nucleic acid
expression and obtained from a  subject by any
sampling means known to those of skill in the art. A
sample can comprise.a  bodily fluid such as ascites,
bile, blood, cerebrospinal fluid, synovial fluid,
lymph, pus, semen,  sputum, urine; the soluble
fraction of a cell preparation, an aliquot of media in
which cells were  grown; a chromosome, an organelle,
or membrane isolated or extracted from a cell; cDNA, 8



WO 2008/051290 PCT/US2007/008909  genomic DNA, or RNA
including but not limited to hnRNA, mRNA, mRNA
processing  intermediates, rRNA, and tRNA in solution
or bound to a substrate; a cell; a cell, tissue or
organ  biopsy, and the like. Preferred samples for
diagnosis, prognosis, or monitoring of  immunological
status are leukocytes, peripheral blood mononuclear
cells (PBMC), or serum  derived from whole blood.
[00311 "Sampling means" refers to any instrumentation
and protocols for obtaining a  biological sample and
includes but is not limited to aspiration of a body
fluid, aspiration of fluid  following lavage, a
biopsy. (bronchoscopy or endoscopy) of cells, a tissue
or organ, drawing of  central or peripheral blood, and
the like. [0032] A "statistical method" refers to
methods including but not limited to analysis of
variance, canonical analysis, classification
algorithms, classification and regression trees,
cluster  analysis including K-means clustering, factor
analysis, Fisher's Exact test, k-nearest neighbor,
linear algorithm, linear discriminatory analysis,
linear regression, logistic algorithm,
multidimensional scaling analysis, multiple
regression, nearest shrunken centroids classifier,
Pearson correlation, prediction algorithm,
significance analysis of microarrays, one-tailed T-
tests, two-tailed T-tests, voting algorithm,
Wilcoxon's signed ranks test, and the like. [0033]
"Status" refers to any and all aspects of immune
response in a subject who has an  immune disorder or
transplant including deterioration, improvement,
progression, remission, or  stability as determined
from analyzing one or more samples from that subject
for nucleic acid or  protein expression that
correlates with the degree and nature of response,
steroid treatment or  related complications including
autoimmune cellular destruction, acute rejection,
chronic  rejection, humoral rejection, vasculopathy,
and the like. [0034] "Steroid modulated" refers to any
gene product, nucleic acid or protein, whose
expression is correlated with and results directly or
indirectly from the administration or  metabolism of
steroids. For example, genes that have a steroid
dependent regulatory element  (sdre) in their promoter
region (Dillner and Sanders (2002) J Biol Chem
277:33890-33894) are  steroid modulated, primary
response genes regulated by the presence and/or dosage
of steroids.  These primary response genes are often
transcription factors that activate one or more
indirectly  affected, secondary response genes or
pathways. [0035] "Steroid responsive" or "steroid
responsiveness" refers to any aspect of the
immunological response of a subject to the
administration or metabolism of steroids including  9
WO 2008/051290 PCT/US2007/008909  improvement or
worsening of symptoms, adjustment in dosage, change to
another  immunosuppressant, and the like. [0036]
"Subject" refers to an individual or patient who
develops an infection, has an immune  disorder or has
received any allograft that elicits an immune
response. [0037] "Substrate" refers to any rigid or
semi-rigid support to which antibodies, nucleic acids
or proteins are bound and includes magnetic or
nonmagnetic beads, capillaries or other tubing,
chips, fibers, filters, gels, membranes,
microparticles, plates, polymers, slides, and wafers
with a  variety of surface forms including channels,
columns, pins, pores, trenches, wells and the like
made from any natural or synthetic material or
combination thereof. 



[0038] "Transplant" refers to a subject's own
genetically modified cells, or tissues grown  from
those cells; cells, tissues or organs from another
subject or from an animal of a different  species; and
artificial implants such as mechanical or partially
mechanical replacement organs.  [0039] "Transplant
rejection" as detected or predicted using the methods
and materials of the  present invention refers to the
rejection of bone marrow, heart, kidney, liver, lung,
pancreas,  pancreatic islets, stem cells,
xenotransplants, and artificial implants. [0040]
"Quiescence" refers to the absence of signs or
symptoms of histological or  immunological response.
For example, a diagnosis of remission in a subject
with an immune  disorder or non-rejection in a
transplant patient indicates successful repression of
immunological  response and/or treatment with an
immunosuppressant. Description of the Invention [0041]
The correlation between the administration of steroids
and the differential expression  of steroid modulated
nucleic acids and proteins provides an opportunity for
developing  pharmacogenomic markers for diagnosing and
monitoring subjects with transplants, immune
disorders such as SLE or MS, and CMV infection. As
described in the Examples, the present  invention
provides methods, diagnostic sets of steroid modulated
nucleic acids selected from  Tables 1-3, and reagents
such as antibodies, affinity reagents, primers and
probe sets that can be  used for determining,
diagnosing, evaluating, monitoring, or predicting
disease activity, non- rejection, rejection, status of
a transplant or of an immune disorder, steroid
responsiveness, and  treatment plan of a subject with
a transplant or immune disorder. In one embodiment,
the ability  to predict acute rejection can be used to
begin immediate anti-rejection therapy while the
ability 10 WO 2008/051290 PCT/US2007/008909  to
predict non-rejection can be used to determine the
need for and timing of costly and invasive  procedures
such as biopsies. The invention additionally provides
methods for designing and  monitoring a treatment plan
for a subject with an immune disorder or transplant
and for  evaluating the need for post-diagnosis or
post-transplant monitoring and treatment. [00421 The
methods of the invention used RNA isolated from PBMC
samples obtained from  subjects enrolled in the
Cardiac Allograft Rejection Gene Expression
Observational (CARGO)  and the Lung Allograft
Rejection Gene Expression Observational (LARGO)
studies. The  samples were processed as described in
Example 8 and used to study gene expression using
nucleic acid technologies. [0043] Microarray studies
of gene expression were performed using the protocols
described  in Examples 9 and 10. These studies
identified steroid modulated nucleic acids in the
CARGO  and LARGO samples from subjects treated with
1-100 mg doses of steroid as described in  Example 1.
Iterative cluster analysis and similarity testing as
described in Example 4 were used  to identify the
nucleic acids modulated by steroids presented in Table
1. An exemplary RT-PCR  study, carried out using the
protocols described in Examples 13, used probe sets
for 20  informative genes to investigate steroid
responsiveness CARGO samples. The results of this
study, as described in Example 5 and presented in
Table 2, revealed that the expression of the  nucleic
acids known to be modulated by steroids were important
both in diagnosing and  monitoring steroid
responsiveness and in predicting transplant rejection
and non-rejection.  [0044] When the data from the
exemplary RT-PCR study showed that differential
expression  



of nucleic acids encoding FLT3, ILIR2, ITGAM, and
PDCDI proteins or fragments thereof was  highly
predictive of non-rejection within 180 days of
transplant, a second study was performed  to test
additional nucleic acids in related pathways. Table 3
presents the results of the pathways  RT-PCR study on
33 genes in the IL-I or PDCDI pathway, the ligand for
FLT3, and genes  induced and expressed in T cells.
Using a p-value <0.05, the genes encoding ADA, CD163,
FKBP5, FLT3, FLT3LG, GZMA, IL1R1, IL1R2, ITGAM, NFKBI,
PDCDI, THBSI, TNF,  TRBC I and TSC22D3 protein and
fragments thereof showed differential expression
correlated  with rejection. [0045] Primers or probes
sets that detect expression of at least one nucleic
acid from the  steroid modulated genes of Tables 1-3
can be used in a diagnostic set to carry out the
methods of  the invention. In one embodiment, the
steroid modulated nucleic acids of the invention were
11 WO 2008/051290 PCT/US2007/008909  used to design,
select, and test primers and probe sets that can be
used to detect steroid  responsiveness in a sample
from a subject as described in Examples 11 and 12. In
another  embodiment, antibodies or other affinity
reagents specifically binding to a protein or a
fragment  thereof, expressed from steroid modulated
genes of Tables 1-3, can be used in a diagnostic set
to  carry out the methods of the invention. Protein
expression and antibody production and testing  are
described in Examples 15 and 16. [0046] In a preferred
embodiment, the methods and diagnostic sets of this
invention can be  used on clinically stable subjects,
those showing no histological signs of rejection in
endomyocardial biopsies (EMB) within 180 days of
transplant to predict the probability that  transplant
rejection will occur within the subsequent 12 weeks.
For example, a prediction  algorithm was applied to
the nucleic acid expression from exemplary RT-PCR
studies to produce  a single score for each subject.
Then quartile analysis was applied to the single
scores as  described in Example 6. When used in
longitudinal studies of < 180 days post transplant,
the  score produced by the algorithm distinguished
clinically stable cardiac transplant subjects who  did
not reject their transplant in the subsequent 12
weeks, 98.9% with a score <20, from those  who
progressed to acute cellular rejection, 58% with a
score >30. [0047] Using a nucleic acid technology or a
protein technology to generate a gene expression
profile, one of skill in the art would select the
appropriate devices and methods based upon such
factors as the particular immune disorder
or,transplant, ease and needed accuracy of
measurement of each particular nucleic acid or
protein, the number of primers, probe sets or
antibodies in the diagnostic set, and the like. It is
contemplated that a gene expression profile  based on
a small diagnostic set of steroid modulated nucleic
acids can be produced on a low  density array or a
thermal gradient chip in a clinic or a doctor's
office. [0048] Knowing steroid modulated in vivo
expression of nucleic acids or proteins and
establishing a correlation between their expression
and steroid responsiveness, one of skill in the  art
can use diagnostic sets of primers, probe sets,
antibodies and the like to determine the steroid
responsiveness of a particular individual. To
establish such correlations, nucleic acid or protein
expression will be measured multiple times, and
statistical methods or algorithms will be applied  to
determine the reliability of the measurement and to
establish a threshold for the correlation.
Correlations can be determined using samples from
steroid responsive subjects. For example,  



knowing the steroid modulated in vivo expression
levels of nucleic acids and an established
correlation between the expression levels of such
nucleic acids and the steroid responsiveness of 12 WO
2008/051290 PCT/US2007/008909  a group of subjects
being treated for transplant rejection, one of skill
in the art can extrapolate the  steroid responsiveness
of a previously untested subject. [0049] The
responsiveness of a subject, based on nucleic acid
expression, can be, used design  or to modify a
treatment plan including types and amounts of
immunosuppressants or steroids  being administered;
the dose, frequency and duration of treatment; weaning
protocol, and the  like. If a subject develops or
shows resistance to a particular immunosuppressant,
nucleic acid or  protein expression and established
correlations or profiles can be used to re-evaluate
the  subject's responsiveness and to revise the
subject's treatment plan. [0050] Reagents used to
establish a gene expression profile include but are
not limited to  genes and their splice variants,
amplicons, LNAs, oligonucleotides, peptide nucleic
acids,  primers, and probe sets that can be used in
nucleic acid technologies; and proteins and their
fragments, antibodies, and affinity reagents that can
be used in protein technologies. These  reagents can
be used in assays or diagnostic kits to determine or
monitor steroid responsiveness  of a subject, to
screen or monitor subjects for the development or
flare of immune disorder or for  transplant rejection,
to design or evaluate a treatment protocol, and the
like. [0051] Assays or diagnostic kits based on the
reagents and nucleic acid and protein  technologies
described herein can be used with a sample from a
subject to diagnose, classify or  rule out an immune
disorder such as SLE or MS; to select a clinical
trial, to predict flare, to  detect immunosuppressant
or steroid responsiveness, to determine efficacy of a
potential  therapeutic agent, to design treatment
regimes, to monitor the status of the subject or the
treatment regime. In one alternative, the diagnostic
kit comprises an array of reagents; in  another, probe
sets for use in RT-PCR. [0052] Pharmacogenomics is the
study of an individual's response to a particular
therapeutic  agent, immunosuppressant or combinations
thereof. In this context, response refers to whether a
particular drug will work better for a subject with a
particular immune disorder or transplant.  The methods
disclosed provide for assigning a subject to a
clinical trial or treatment regime  based on disease
or transplant status (quiescent or flare for immune
disorder, rejection or non- rejection for transplant).
Pharmacogenomics is also important in determining the
dosage of a  therapeutic agent based on age,
classification and status of the subject. Individual
steroid  responsiveness, dosage and even timing of
administration must be taken into account relative to
side effects or potential interactions of various
therapeutic agents. Some potentially useful 13 WO
2008/051290 PCT/US2007/008909  therapeutic agents,
immunosuppressants and steroids are listed in the
definitions and/or claims.  [00531 All of the
references cited are hereby incorporated by reference
herein. This. invention will be better understood by
reference to the following non-limiting Examples which
serve to demonstrate the use of nucleic acid and
protein expression to evaluate steroid  responsiveness
in subjects, to optimize steroid dosage, to predict
periods of non-rejection in  subjects with transplants
in order to reduce the number of invasive procedures,
EMBs, TBBs,  
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PCT/US2007/008909  EXAMPLES  Example 1 Study
Objectives and Subjects [0054] Nucleic acid
technologies were used to produce gene expression
profiles for PBMC  samples from subjects who had been
treated with various dosages of steroid and were
enrolled in  the Cardiac Allograft Rejection Gene
Expression Observational (CARGO) and the Lung
Allograft Rejection Gene Expression Observational
(LARGO) studies. All studies were  approved by local
Institutional Review Boards. [0055] The CARGO study
was initiated in 2001 to study gene expression in
blood samples  as a means for managing transplant
rejection in cardiac patients. The eight transplant
centers  contributing to the studies handle more than
20% of cardiac transplants. The LARGO study was
initiated in 2004 to collect blood samples and
clinical data, including the results from TBB from
lung transplant subjects, at fourteen centers in five
different countries. [0056] Microarrays as described
in Example 10 were used to study gene expression in 95
samples from LARGO subjects being treated with 5-40 mg
of steroid, 68 samples from CARGO  subjects being
treated with 1-100 mg of steroid, and 56 samples from
CARGO or LARGO  subjects being treated with 0-50 mg of
steroid for CMV infection. [0057] RT-PCR was used in
exemplary and pathways studies with PBMC samples from
CARGO subjects between 30 days and 12 months
post-transplant whose transplants were graded  as
rejection or non-rejection. The principle inclusion
criteria were: a) clinically stable defined as
absence of signs or symptoms of acute cardiac
allograft rejection, b) histologically stable defined
as current EMB indicating non-rejection, c) absence of
cardiac dysfunction by invasive hemodynamics and/or
echocardiogram, and d) absence of ISHLT (International
Society for Heart  and Lung Transplant) >3A rejection,
graft dysfunction, or administration of rejection
therapy  within 30 days prior to enrollment. The
demographic and treatment characteristics of the
cardiac  transplant subjects are shown in the
following Table 4. Table 4 Subjects-all days post
Subjects <180 days post  transplant transplant
Groups-No Subjects R=39 NR=65 p-value R=28 NR=46
p-value  Median Age (Range) 60 (25-68) 59 (8-76) 0.58
59 (25-68) 59 (8-76) 0.73  Sex-Male (%) 32 (82.1) 54
(83.1) 1 22 (78.6) 41 (53.6) 0.31 40 WO 2008/051290
PCT/US2007/008909  Race-No (%) 0.33 0.025  White 23
(59.0) 47 (72.3) 15 (53.6) 38 (82.6) Black 10 (25.6)
10 (15.6) 8(28.6) 5 (10.9)  Other 6 (15.4) 8 (12.1) 5
(17.8) 3 (6.5)  



Immunosuppression Regimen - No (%) 0.32 0.29
Cyclosporine/Mycophenolate 20 (51.3) 37 (56.9) 15
(53.6) 28 (60.9)  Cyclosporine/Sirolimus 1 (2.6) 2
(3.1) 1(3.6) 2 (4.3)  Tacrolimus/Mycophenolate 10
(25.6) 19 (29.2) 6 (21.4) 12 (26.1)
Tacrolimus/Sirolimus 6 (15.4) 3 (4.6) 5 (17.9) 2 (4.3)
Other 2 (5.1) 4 (6.2) 1 (3.6) 2 (4.3)  Median Dose
(Range) 13.25 (2 Index Sample 10 (2-30) 10 (1-60) 0.62
30) 12.5 (1-60) 0.75  R/NR Sample 7.5 (1-25) 7.5
(2-20) 0.8 10 (2-25) 10 (2.5-20) 0.6  Post-recovery
Sample 10 (1-80) 6 (1-20) 0.003 10 (2-80) 7.5 (2-20)
0.003  Days Post-Transplant - Median (Range) 138 (32-
133 (33- 93 (32- 83 (33 Index Sample 491) 317) 0.3
180) 177) 0.54  180 (53- 166 (56- 130 (53- 124(56 R/NR
Sample 565) 342) 0.33 240) 242) 0.58  189 (62- 228
(70- 155 (62- 152 (70- Post-recovery Sample 579) 471)
0.56 249) 304) 0.35 34 (14 Days from Index to R/NR 35
(14-77) 76) 0.99 32 (14-63) 31(14-70) 0.89  ISHLT
Biopsy - No (%) 0.0006 0.008  Grade 0 12 (30.8) 43
(66.2) 9 (32.1) 30 (65.2) Grade IA 27 (69.2) 22 (34.4)
19 (67.9) 16 (34.8) [0058] Column I of the table
characterizes the subjects, immunosuppression regimen,
days  post-transplant and ISHLT grades. Columns 2, 3
and 4 show the data for rejection (R) and non-
rejection (NR) subjects and p-values for
characteristics all days post-transplant. Columns 4,
5,  and 6 show the data for rejection (R) and
non-rejection (NR) subjects and p-values for
characteristics <180 days post transplant. [0059]
Subjects in both the R and NR groups were on standard
steroid weaning protocols  with no significant
difference (p=0.75) in steroid dose. A two-tailed
independent t-test or a  Fisher Exact test was used to
compare quantitative characteristics, and a Wald (Mann
Whitney)  test was used to compare categorical
characteristics. There was no significant difference
in the  distribution of characteristics between groups
except that ISHLT I A biopsies and African- Americans
were more prevalent in the R group. Example 2 Sample
Collection, Transplant Protocol, and Immunosuppressive
Therapy  [0060] A blood sample was collected from each
subject at each clinical encounter, and  clinical data
including results of EMB or TBB, immunosuppressive
regime, laboratory data, and 41 WO 2008/051290
PCT/US2007/008909  clinical complications were
obtained. Samples were processed as described in
Example 8.  [0061] Standard cardiac transplant center
protocols generally require invasive EMBs to be
performed weekly in the first 30 days post transplant
(4 biopsies), every two weeks between 31- 90 days post
transplant (4 biopsies), every 4 weeks between 91-180
days post transplant (3  



biopsies), and every 8 weeks between 181-365 days post
transplant (3 biopsies). Histology was  graded by a
local pathologist and two or three pathologists
blinded to subject data and outcomes.  Agreement of at
least two of the pathologists was required to diagnose
ISHLT >3A rejection, and  agreement of three
pathologists was required for ISHLT 0/lA
non-rejection. [0062] Standard lung transplant center
protocols generally require at least six invasive TBBs
during the first six months post transplant. These
tissue samples are examined by at least three
pathologists for signs of rejection and rated on a
five point ISHLT scale of increasing severity  based
on the extent of perivascular inflammation, AO=normal
lung tissue, Al=minimal, A2=mild, A3=moderate, and
A4=severe rejection. A TBB rated >A2 generally
requires  therapeutic intervention. [0063] All
subjects received center-specific immunosuppressive
therapy consisting of  cyclosporine or tacrolimus in
combination with either mycophenolate mofetil or
sirolimus and  corticosteroids. The cardiac rejection
group (R) had 39 subjects who progressed to acute
cellular  rejection within 12 weeks. The control group
(NR) had 65 subjects who remained rejection-free  and
were matched with subjects in the rejection group by
demographic characteristics, time post- transplant,
and immunosuppressive therapy. Example 3 Steroid
Modulated Nucleic Acids and Their Expression [0064]
Steroid modulated genes are described in the clusters
of Table 1, in the diagnostic set  of genes of Table
5, in the pathways genes of Table 3, and among the
sequences listed in the  published applications and
patents incorporated by reference herein in their
entirely and shown  in the table below. Table 5 Title
Application No; Filing Date Patent/Publication No
Methods And Compositions USSN 10/131,827; 4/24/2002
USPN 6,905,827 For Diagnosing And PCT/US03/13015;
4/24/2003 W003/090694  Monitoring Autoimmune And
Chronic Inflammatory  Diseases 42 WO 2008/051290
PCT/US2007/008909  Methods And Compositions USSN
10/325,899; US2003/123086 For Diagnosing And
12/20/2002 W004/042346  Monitoring Transplant
PCTIUS03/129456 Rejection  Leukocyte Expression
PCT/US01/47856; W002/057414  Profiling 10/22/2001
[0065] The steroid modulated genes were identified
using at least one statistical method on  nucleic acid
expression from the microarray study as described in
Example 4 and RT-PCR  studies as described in Example
5. Primers and probe sets for use in a diagnostic set
for  detecting genes modulated by steroids can be
generated as described in Examples 1 I and 12.
Example 4 Microarray Study and Results [0066]
Protocols used with the microarrays are described in
Examples 9 and 10. For the  microarray studies, the
manufacturer's software was used to download
microarray data. To be  



included in the analysis, a probe had to be flagged as
present (versus marginal or absent) and  have a signal
of at least 100 for at least 80% of the arrays. [0067]
Nucleic acids expressed on Human Genome CGH 44A
microarrays (Agilent  Technologies, Palo Alto CA) that
correlated with steroid treatment were identified
separately in  the samples from the CARGO and LARGO
projects. Feature Extraction and GeneSpring  software
(Agilent Technologies) were used to download
microarray data. As shown in the first  table in
Example 1, the initial filtering flagged 28,997 out of
41,000 probes. Signals were  normalized to the median
expression of each chip to achieve chip-to-chip
comparability. [0068] K-means clustering was applied
to the expression of 28,997 nucleic acids in 219
samples as shown in the table below. The parameters
for clustering were the number of clusters  (20),
number of iterations (400), and similarity measure
(p-value, Pearson correlation). In one  alternative,
similarity measure can be a t-test. [0069] In the
initial analysis, nucleic acid expression converged
after 147 iterations. Using a  p-value <0.01, CARGO
samples showed expression in 3,604 genes; LARGO
samples, in 699  genes. The CARGO and LARGO samples
had'278 expressed nucleic acids in common, and
cluster 14 (highlighted) was found to be highly
enriched in steroid modulated (SM) genes  (62.9%),
with another 24.7% whose expression correlated with
steroid dose.(CSD). 43 WO 2008/051290
PCT/US2007/008909  Table 6 Cluster No. Genes No. SM
Genes % SM Genes % of CSD Genes  1 1904 0.7 0.1  2
1562 2 0.7 0.1 3 218 0.7 0.1  4 1236 2 0.7 0.1  5 2212
5 1.8 0.2  6 1305 1 0.4 0.1  7 2024 1 0.4 0  8 803 0 0
0  9 1174 2 0.7 0.2  10 2059 24 8.6 1.2  11 975 1 0.4
0.1  12 1219 0.7 0.2  13 336 0 0 0  w L4 N9, 1,75 62.9
24:7  15 304 0 7.2 6.6  16 1015 3 1.1 0.3  17 3303 6
2.2 0.2  18 515 1.1 0.6  19 981 0 0 0  20 1143 27 9.7
2.4  Total 28997 278 100 37.2 



[0070] Column one of Table 6 shows the cluster number;
column two, the number of genes  in that cluster;
column 3, the number of steroid modulated genes;
column four, the percent of  steroid modulated genes;
and column five, the percent of genes correlated with
steroid dose.  [0071] Candidate steroid modulated
nucleic acids (709 genes from cluster 14 and 278
steroid  dose correlated genes) were subjected to
additional rounds of K-means clustering. The
parameters were number of clusters (40), number of
iterations (100), and similarity measure (p- value,
Pearson correlation). After each round, any cluster
containing zero or one steroid  modulated nucleic acid
was eliminated. Clusters containing two or more
steroid modulated  nucleic acids were combined for
next round of clustering. After four rounds of K-means
clustering, 518 genes were in clusters that contained
two or more steroid modulated nucleic acids  and 262
(50.5%) were nucleic acids whose expression were
correlated with steroid dose (data not  shown). These
518 genes were subjected to further rounds of
clustering with the parameters:  number of clusters
(10), number of iterations (100), similarity measure
(p-value, Pearson  correlation). As shown in the table
below, all genes had converged into ten clusters after
14  iterations. The 518 steroid modulated genes are
described in their respective clusters in Table 1. 44
WO 2008/051290 PCT/US2007/008909  Table 7 Cluster No.
of SM genes No. CSD Genes  1 116 46 2 95 55  3 73 21
4 45 40  5 67 20  6 15 11  7 58 22  8 16 16  9 28 28
10 . 5 3  Total 518 262 [0072] Column one of Table 7
shows the cluster number; column two, the number of
genes;  and column three, the number of genes
correlated with steroid dose (CSD). Example 5 RT-PCR
Studies and Results [0073] An exemplary RT-PCR study
demonstrated the utility of steroid modulated nucleic
acids and proteins in diagnosing and monitoring
steroid responsiveness. Genes were chosen for  the
diagnostic set, and nucleic acid expression was
reported as threshold cycle (CT) as measured  using
RT-PCR. The ratios of expression are calculated from
the Ct values as 2 (Ct(ControD) Ct(Rejection)  [0074]
Gene expression was processed into a single score
using voting, logistic regression or  linear
algorithms as detailed in Examples 1-3 of USSN
11/433,191 and in Example 5 of USPN  6,905,827, both
incorporated by reference herein in their entirety.
The diagnostic set of the 20  genes (1 1 informative,
six normalization, three control) contained probes
that were designed and  tested as described in
Examples 11 and 12, and RT-PCR, as described in
Example 13, was  



conducted in triplicate RT-PCR reactions on samples
from subjects on standard weaning  protocols. 45 WO
2008/051290 PCT/US2007/008909  [0075] Of 104 index
subjects, longitudinal gene expression profiles
including post rejection  and matched post
non-rejection samples were available for 34 R subjects
and 56 matched NR  subjects at similar time points.
The findings of the index study were extended to
include samples.  and expression from an additional
192 consecutive subject encounters satisfying the
inclusion  criteria stated above. This set included
samples from 118 new subjects and from 74 previous
subjects and was used to estimate the prevalence of
non-rejection in any 12 week period  following
sampling. [0076] Longitudinal changes in expression
from the index group were compared to  corresponding
scores for the larger group of 192 using repeated
measure ANOVA. The  probability that the transplant
would not be rejected (negative predictive value) was
calculated using EMB, rejection and non-rejection
data. The Wald test was used with multivariate
analysis  to determine if, after controlling for
clinical variables, the gene expression score remained
a  significant predictor of rejection. [0077] Gene
expression score, as calculated using a prediction
algorithm, was found to be an  independent predictor
of future rejection at p=0.0266 when the clinical
variables of recipient age,  gender and race, panel
reactive antibody, CMV serology status, and
immunosuppression regimen  (Wald test) were included.
In fact, independent predictive value at p=0.015, was
further enhanced in subjects <180 days
post-transplant. [0078] Table 2 showed the p-value, as
calculated using a t-test, for gene expression score
and  subject nucleic acid.expression for 104 index
samples, and for the subset of 74 samples <180  days
post-transplant. Several of the individual genes shown
in Table 2 showed differential  expression associated
with acute transplant rejection. Expression of ILIR2
decreased  significantly (p=0.009, 1.6 fold) and
PDCD1, increased significantly (p=0.032, 1.3 fold). In
addition, IL1R2 (p<0.001) and FLT3 (p=0.024)
demonstrated greater significance during the  <180 day
period and significant decreases in expression (2.3
and 1.6 fold, respectively) in  subjects who
progressed to rejection. During acute rejection,
erythropoiesis genes, MIR and  WDR40A, were
up-regulated (both p=0.02), and FLT3 was
down-regulated (p=0.03). The  overall score was also
significant using a Wilcoxon test for all subjects who
progressed to  rejection, p=0.011, and for those who
did not progress, p<0.001. Those subjects who showed
evidence of incipient rejection were placed
immediately on anti-rejection therapy and
subsequently showed a significant decrease in gene
expression score (p<0.01). 46 WO 2008/051290
PCT/US2007/008909  [0079] The first RT-PCR study using
a diagnostic set corresponding to the genes shown in
Table 2 concluded: a) treatment of rejection with high
dose steroids led to a statistically significant
change in expression, b) low expression scores or a
low value derived from  evaluating expression scores
with a prediction algorithm identified a group of
subjects at very  low risk for current and future
rejection, and c) expression can be used to stratify
subjects as to  their risk of future rejection and
lead to reduced number of cardiac biopsies. 



[0080] The second RT-PCR study used PMBC samples from
CARGO subjects and 33  nucleic acids/genes expressed
in steroid modulated pathways. Analyses were based on
all  samples for which mRNA was available, 93 of 104
subjects in the all times post transplant group  and
67 of 74 subjects in the <180 days post transplant
group. Most of the nucleic acids came  from the IL-1
and PDCD1 pathways and nucleic acids induced and
expressed in T cells. [0081] Table 3 shows the 33
genes grouped as to pathway, T cell associated, and
other (TNF  and NFKB 1) and presented according to
p-value within the group. Differential expression of
the  genes is presented as fold change calculated as 2
(mean controiCt-mean rejection Ct) Genes whose mRNA
levels demonstrated a fold change > 1 were
up-regulated (increased) in subjects with rejection,
while those with a fold change <1 were down-regulated
(decreased). P-value was based on t- test, and similar
significance was obtained using the Mann-Whitney
non-parametric test. [0082] Using a p-value <0.05,
five of the additional 33 genes tested supported the
algorithm's steroid modulated constituents (IL1R2 and
FLT3) while six, supported T-cell  activation (PDCD1).
Specifically, ILIR1, TSC22D3, FKBP5, THBS1 and CD163
showed  significantly reduced expression; and ADA,
GZMA, TRBC 1, NFKB 1, TNF and FLT3LG,  significantly
increased expression. Thus the methods of the
invention and diagnostic sets of  genes including but
not limited to ADA, CD163, FKBP5, FLT3, FLT3LG, GZMA,
IL1R1,  ILIR2, ITGAM, NFKB1, PDCD1, THBS1, TNF, TRBCI
and TSC22D3 and selected from  Tables 1-3 can be used
for determining, diagnosing, evaluating, monitoring,
or predicting disease  activity, non-rejection,
rejection, status of a transplant or of an immune
disorder, steroid  responsiveness, and treatment plan
of a subject with a transplant or immune disorder.
[0083] Informative nucleic acids from the RT-PCR
studies are listed in the table below as  referenced
to sequences in USPN 6,905,827 or GenBank. GENE SEQ ID
NOs in USPN 6,905,827  CD163 3857 FKBP5 6299 47 WO
2008/051290 PCT/US2007/008909  FLT3 See GenBank
sequence NM_004119 ILIR2 4685  ITGAM 1981,62  THB1
4109, 264 Example 6 Prediction of Rejection or
Non-Rejection [0084] Quartile analysis was applied to
the exemplary RT-PCR data for 74 subjects <180  days
post transplant. Subjects in the lowest quartile had
expression scores <20, and no subjects  progressed to
rejection in the subsequent 12 weeks (n=19). Subjects
in the top quartile had  expression scores >30, and
58% of these subjects had rejection episodes (n=19)
within 12 weeks  of histological stability. [0085]
When this analysis was extended to the larger group of
192 representative  consecutive samples, the incidence
of subjects with expression scores <20 were 33% of
samples  <180 days post-transplant, and 98.9% of these
remained rejection-free during the ensuing 12  weeks.
Since the predictive value did not differ
significantly by segmental time periods post
transplant (30-60; 61-90; 90-180 days), a clinician
can order 2-5 fewer EMBs for a subject with a  



low risk of rejection during the subsequent 12 weeks.
Example 7 Statistical Methods [0086] The steroid
modulated nucleic acids shown in the tables herein
were identified in  samples from subjects to whom
steroids had been administered using at least one
statistical  method selected from various
classification and prediction algorithms, software and
programs.  These methods include, but are not limited
to, analysis of variance, classification and
regression  trees (Brieman et al. (1984)
Classification and Regression Trees, Wadsworth,
Belmont CA),  cluster analysis including K-means
clustering (MacQueen (1967) Proceedings of 51h
Berkeley  Symposium on Mathematical Statistics and
Probability, University of California Press 1:281-
297), Fisher Exact test, linear discriminatory
analysis, logistic regression (Agresti (1996) An
Introduction to Categorical Data Analysis. John Wiley
and Sons Inc), multiple additive  regression trees
(Friedman (2002) Stanford University, Stanford CA),
Mann-Whitney test,  multivariate analysis, nearest
shrunken centroids classifier (Tibshirani et al.
(2002) PNAS  99:6567-6572), significance analysis of
microarrays (Tusher et al. (2001) PNAS 98:5116-5121),
one and two tailed T-tests, Wald test (Wald (1943)
Trans Am Math Soc 54:426-482),  Wilcoxon's signed
ranks test, quartile analysis, and the like. Many of
the above methods can be  performed using SAS (SAS
Institute, Cary NC) or Statistica (Statsoft, Tulsa
OK). As noted in 48 WO 2008/051290 PCT/US2007/008909
Example 1, the statistical methods applied to
expression in order to chose a diagnostic set of
nucleic acids or proteins are fully described in the
Examples 1-3 of USSN 11/433,191 and in  Example 16 of
USPN 6,905,827, both incorporated by reference herein
in their entirety.  Example 8 Preparation of Blood
Samples, RNA Isolation from Lysate [0087] Peripheral
blood mononuclear cells (PBMC) were isolated from 8 mL
venous blood  using a VACUTAINER CPT tube (BD
Biosciences (BD), San Jose CA) containing the
anticoagulant sodium citrate, Ficoll Hypaque density
fluid, and a thixotropic polyester gel. After  the
blood and tube components were mixed by inverting the
tube 5-10 times, the tube was  centrifuged, and
mononuclear cells were collected from the fluid above
the barrier layer.  Approximately 2 mis of mononuclear
cell suspension were transferred to a microfuge tube
and  centrifuged for 3 min at 16,000 rpm to pellet the
cells. The pellet was.resuspended and pipetted  up and
down in 1.8 ml of RLT lysis buffer (Qiagen, Chatsworth
CA). Cell lysate was frozen and  stored at -80EC until
total RNA was isolated. [0088] After adding 5 ml of
chloroform to the thawed lysate, the samples were
vortexed and  incubated at room temperature for 3 min.
The aqueous layer was transferred to a new tube and
purified using the RNeasy kit (Qiagen) according to
the manufacturer's protocol. Isolated RNA.  was
treated with DNAse on a QIASHREDDER column (Qiagen)
and purified RNA was eluted  in 50 l of water. RNA
purity was checked using the 2100 bioanalyzer and RNA
6000 microfluidics chips (Agilent Technologies, Palo
Alto CA). [0089] In the alternative, blood samples
were collected in PAXgene Blood RNA tubes  (Qiagen,
Valencia CA and total RNA was purified using the
PAXgene Blood RNA kit (Qiagen).  Example 9 cDNA
Synthesis [0090] cDNA was synthesized from purified
RNA using reverse transcription with OLIGO- dT
primers/random hexamers (Invitrogen, Carlsbad CA) at a
final concentration of 0.5 ng/l and  



3 ng/, respectively. For the first strand reaction,
0.5 g of mononuclear RNA and 1 d of the
OLIGO-dT/random hexamers (Invitrogen) were added to
water in a reaction tube to a final  volume of 11.5
[l. The tube was incubated at 70C for 10 min, chilled
on ice, centrifuged, and  88.5 l of first strand
buffer mix (Invitrogen) was added to the tube. [0091]
The first strand buffer mix contained I x first strand
buffer, 10 mM DTT (Invitrogen),  49 WO 2008/051290
PCT/US2007/008909  0.5 mM dATP (New England Biolabs
(NEB), Beverly MA), 0.5 mM dGTP (NEB), 0.5 mM  dTTP
(NEB), 0.5 mM dCTP (NEB), 200 U of SUPERSCRIPT RNAse H
reverse transcriptase  (Invitrogen), and 18 U of
RNAGuard inhibitor (GE Healthcare (GEH), Piscataway
NJ). After the  reaction was incubated at 42C for 90
min, the enzyme was heat-inactivated at 70C for 15
min.  After adding 2 U of RNAse H (NEB) to the
reaction tube, it was incubated at 37C for 20 min.
[00921 For second strand synthesis, 40 U of E. coli
DNA polymerase (Invitrogen) and 2 U  RNaseH
(Invitrogen) were added to the previous reaction to
bring the final volume to 150 l.  Salts and
nucleotides were added to a final concentration of 20
mM Tris-HC1(pH 7.0; Fisher  Scientific, Pittsburgh
PA), 90 mM KCI (Teknova, Half Moon Bay CA), 4.6 mM
MgC12  (Teknova), 10 mM(NH4)2SO4 (Fisher Scientific),
1 x second strand buffer (Invitrogen), 0.266  mM dGTP,
0.266 mM dATP, 0.266 mM dTTP, and 0.266 mM dCTP.
[00931 After second strand synthesis for 150 min at
16C, the cDNA was purified away from  the enzymes,
dNTPs, and buffers using phenol-chloroform extraction
followed by ethanol  precipitation in the presence of
glycogen. Alternatively, the cDNA was purified on a
QIAQUICK silica-gel column (Qiagen) followed by
ethanol precipitation in the presence of  glycogen.
The cDNA was centrifuged at >10,000 x g for 30 min.
After the supernatant was  aspirated, the pellet was
washed with 150 l of 70% ethanol and centrifuged.
Following  centrifugation, the supernatant was
removed, and residual ethanol evaporated. Example 10
Arrays [00941 Arrays were used to identify steroid
modulated genes in gene expression profiles  from
CARGO and LARGO subjects treated with steroids. In
basic format, an array contains  reagents specific for
at least two nucleic acids or proteins, one that binds
to a gene product of the  invention and one that binds
to a control gene product. [00951 Nucleic Acid Arrays
[00961 Human Genome CGH 44A microarrays (Agilent
Technologies) were used to  determine differential
expression. These Cy3/Cy5 chips contained 41,675
probes (60-mers) that  represented most the genes
found in REFSEQ database (NCBI); additional genes on
the chip  represented various controls. The chips were
run as recommended by the manufacturer and  scanned
using an Agilent DNA microarray scanner. The data was
extracted using Feature  Extraction v 7.5 software
(Agilent Technologies). 50 WO 2008/051290
PCT/US2007/008909  [0097] In the alternative,
Affymetrix U133A Human GeneChips (Affymetrix, Santa
Clara  CA) with probe sets representing about 14,500
full length genes and 22,000 features were used
according to the manuals and product inserts supplied
by the manufacturer. Affymetrix Microarray Suite (MAS)
v 5.0 software was used to generate expression values
for each gene.  



To correct for slight differences in overall chip
hybridization intensity and allow for comparison
between samples, each chip was scaled to an overall
intensity of 1500. [0098] In another alternative, a
low density array containing amplicons produced using
probe  sets for the nucleic acids selected from Tables
1-3 are harvested from PCR reactions, purified  using
Sephacryl-400 beads (GEH) and arrayed on a membrane.
The membrane is UV irradiated,  washed in 0.2% SDS at
room temperature and rinsed three times in distilled
water. Non-specific  binding sites on the array are
blocked by incubation in 0.2% casein in PBS for 30 min
at 60c,  and the arrays are washed in 0.2% SDS and
rinsed in distilled water prior to hybridization.
[0099] cDNAs are prepared from subject blood samples;
diluted to a concentration of 40-50  ng in 45 l TE
buffer, denatured by heating to 100C for five min, and
briefly centrifuged. The  denatured cDNA is prepared
using the Amersham CYSCRIBE first strand cDNA labeling
kit  (GEH) according to the manufacturer's
instructions. The labeling reaction is stopped by
adding  5 l of 0.2M EDTA, and probe is purified from
unincorporated nucleotides using a GFX  Purification
kit (GEH). The purified probe is heated to 100C for
five min, cooled for two min  on ice, and used in
membrane-based hybridizations as described below.
[0100] Membranes are pre-hybridized in hybridization
solution containing I% Sarkosyl and  1 x high
phosphate buffer (0.5 M NaCl, 0.1 M Na2HPO4i 5 mM
EDTA, pH 7) at 55C for two hr.  The probe is diluted
in 15 ml fresh hybridization solution and added to the
membrane. The  membrane is hybridized with the probe
at 55C for 16 hr. Following hybridization, the
membrane is washed once for 15 min at 25C in 1 mM Tris
(pH 8.0) and 1% Sarkosyl and four  times for 15 min
each at 25C in 1 mM Tris (pH 8.0). To detect
hybridization complexes, the  membrane is exposed to
x-ray film (Eastman Kodak) overnight at -70C,
developed, and  examined visually or quantified using
a scintillation counter (BeckmanCoulter, Fullerton
CA).  Antibody arrays [0.101] Monoclonal antibodies
are immobilized on a membrane, slide or dipstick or
added to  the wells of an ELISA plate using methods
well known in the art. The array is incubated in the
presence of serum or cell lysate until
protein:antibody complexes are formed. The proteins 51
WO 2008/051290 PCT/US2007/008909  encoded by genes or
their splice variants are identified by the known
position and labeling of the  antibody that binds an
epitope of that protein on the array. Quantification
is normalized using  the antibody: protein complex of
various controls. Example 11 Designing and Selecting
Primers [01021 Primers and probe sets were designed
for the steroid modulated, normalization, and  control
genes using the PRIMER3 program (Whitehead Research
Institute (WRI), Cambridge  MA). Default values were
used for all parameters but melting temperature (Tm).
Tm was set  between 71.7 and 73.7C; amplicon size,
between 50 and 150 bases in length (optimum, about.
100 bases); and primers or probes were allowed to be
36 nucleotides in length. Salt concentration, a
critical parameter affecting the Tm of the probes and
primers, was used at the  default concentration, 50
mM. [0103] The C source code for the PRIMER3 program
was downloaded and compiled for use  on machines
running the Windows operating system (Microsoft,
Redmond WA). To generate a  number of potential
primers, the program was run in batch mode from the
command line using  



an input file that contained the sequences and the
parameters for primer design. The first step  was
masked out repetitive sequences in the mRNA using the
REPEATMASKER program  (Institute for Systems Biology,
University of Washington, Seattle WA). The second step
masked  out all known SNPs with allelic heterozygosity
higher than 1% as annotated in the SNP database  at
NCBI (Bethesda MD). The masked sequence was submitted
to PRIMER3 using the  parameters above, and the top
pairs of primers were selected. Alternatively, the
Primer3  program was used on the MIT website
(Massachusetts Institute of Technology, Cambridge MA)
to examine a specific region of the mRNA of a gene.
[0104] In the alternative, primer design software such
as the web-based ProbeFinder  software (Roche
Diagnostics, Indianapolis IN), or provided by other
suppliers of  oligonucleotides, can be used to design
primers and probes sets of the invention. The two step
design process requires the name of the target
organism and a sequence, gene name, or transcript  ID
number. The software will identify the Universal
ProbeLibrary probes that will detect the  nucleic
acid. Primers were ordered from Roche Diagnostics,
Integrated DNA Technologies  (Coralville IA), or a
similar commercial source. 52 WO 2008/051290
PCT/US2007/008909  Example 12 Testing of Primers and
Probe Sets [0105] Control genes: Experimental
variation was monitored by adding one or more control
genes to each array. (3-actin, [3-GUS, 18s ribosomal
subunit, GAPDH, and [32-microglobulin  were selected
for low variability between samples and high
expression across samples. [0106] Primer Testing:
Primers were tested at least once to see whether they
produced an  amplicon of the correct size and to
determine their efficiency in a set of RT-PCR
reactions using  5 serial dilutions of cDNA in water
(1:10, 1:20, 1:40, 1:80, and 1:160). Each primer pair
was  tested on cDNA made from mononuclear cell RNA.
The PCR reaction contained I x RealTime- PCR buffer
(Ambion, Austin TX), 2 mM MgCl2 (ABI), 0.2 mM dATP
(NEB), 0.2 mM dTTP  (NEB), 0.2 mM dCTP (NEB), 0.2 mM
dGTP (NEB), 0.625 U AMPLITAQ Gold enzyme (ABI),  0.3 M
of each primer to be used (Sigma Genosys, The
Woodlands TX), 5 l of the reverse  transcription
reaction, and water added to a final volume of 19 l.
[0107] Following 40 cycles of PCR, 10 l of each PCR
product was combined with Sybr  Green dye at a final
dilution of 1:72,000. Melt curves for each product
were determined on a  PRISM 7900HT Sequence detection
system (ABI), and primer pairs yielding a product with
one  clean peak were chosen for further analysis. One
l of product from each probe set assay was  examined
by agarose gel electrophoresis or using a DNA 1000
chip kit and an Agilent 2100  bioanalyzer (Agilent
Technologies). From primer design and the genomic
sequence, the  expected size of the amplicon was
known. Only primer, pairs showing amplification of the
single  desired product, and minimal amplification of
contaminants, were used in assays. Example 13 RT-PCR
Assays and Analysis [0108] CARGO: Ten pl RT-PCR
reactions were performed to evaluate expression in the
CARGO samples. TAQMAN Universal PCR Master mix (ABI)
was aliquoted into light tight  tubes, one for each
gene. The primer pair for each gene was added to the
tube of PCR master  mix labeled for that gene. A
FAM/TAMRA dual labeled TAQMAN probe (Biosearch
Technologies, Novato CA) was added to each tube.
Alternatively, different combinations of  



commercially available fluorescent reporter dyes and
quenchers were used such that the  absorption
wavelength for the quencher matches the emission
wavelength for the reporter. In the  alternative,
Universal ProbeLibrary probes (LNAs; Roche Diagnostics
were substituted for  TAQMAN probes. 53 WO 2008/051290
PCT/US2007/008909  [0109] Assays and Analysis: Each
sample was dispensed into triplicate wells of a 384
well  plate (ABI) for each primer pair. PCR reactions
were run on the PRISM 7900HT Sequence  Detection
system (ABI) with the following conditions: 10 min at
95C; 40 cycles of 95C for 15  sec, 60C for 1 min.
Sequence detection system v2.0 software (ABI) was used
to analyze the  fluorescent signal from each reaction.
RT-PCR amplification product was measured as CT
during the PCR reaction to observe amplification
before any reagent became rate limiting.  Threshold
was set to a point where all of the reactions were in
their linear phase of amplification.  A lower CT
indicated a higher amount of starting material
(greater expression in the sample)  since an earlier
cycle number meant the threshold was crossed more
quickly. A CT of less than  30 based on appropriate
cDNA dilutions provided linear results for the blood
samples from  CARGO subjects. In the alternative,
other technologies can be used to measure PCR product.
Molecular beacons (Invitrogen) use FRET technology and
disposable, microfluidic chip  (Thermal Gradient,
Pittsford NY) employ silicon wafers to performed 30
cycle PCR in 4.4 min.  Example 14 Labeling Moieties
[0110] Labeling moieties can be used for detection of
an antibody, nucleic acid or protein in  any of the
assays or diagnostic kits described herein. These
labeling moieties include  fluorescent,
chemiluminescent, or chromogenic agents, cofactors,
enzymes, inhibitors, magnetic  particles,
radionuclides, reporters/quenchers, substrates and the
like that can be attached to or  incorporated into the
antibody, nucleic acid or protein. Visible labels and
dyes include but are  not limited to anthocyanins,
avidin-biotin, 13 glucuronidase, biotin, BIODIPY,
Coomassie blue,  Cy3 and Cy5,
4,6-diamidino-2-phenylindole (DAPI), digoxigenin,
ethidium bromide,  FAM/TAMRA, FITC, fluorescein, gold,
green fluorescent protein, horseradish peroxidase,
lissamine, luciferase, phycoerythrin,
reporter/quencher pairs (HEXTTAMRA, JOE/TAMRA,
ROX/BHQ2, TAMRA/BHQ2, TET/BHQI, VIC/BHQI, and the
like), rhodamine, spyro red,  silver, streptavidin,
and the like. Radioactive markers include radioactive
forms of hydrogen,  iodine, phosphorous, sulfur, and
the like. They can be added to a primer or probe or to
an  antibody using standard protocols well know in the
art and described in the specific nucleic acid  and
protein technologies described in Examples 9-14 and
16-17, respectively. Example 15 Protein Expression
[0111] Adapter sequences for subcloning are added at
either end of a coding region specific  to a gene or a
portion thereof and amplified using PCR. An epitope or
affinity tag (6 x his) or  54 WO 2008/051290
PCT/US2007/008909  sequences for secretion from a cell
can be added to the adapter sequence to facilitate
purification  and/or detection of the protein. The
amplified cDNA is inserted into a shuttle or
expression  vector that can replicate in bacteria,
insect, yeast, plant, or mammalian cells. Such vectors
typically contain a promoter that operably links to
the coding region, replication start sites, and  



antibiotic resistance or metabolite selection
sequences. 101121 The expression vector can be used in
an in vitro translation system or to transfect  cells.
For example, Spodoptera frugiperda (Sf9) insect cells
are infected with recombinant  Autographica
californica nuclear polyhedrosis virus (baculovirus).
The polyhedrin gene is  replaced with the cDNA by
homologous recombination, and the polyhedrin promoter
drives  transcription. The protein is synthesized as a
fusion protein with an affinity tag that enables
purification. [01131 Clones of transformed cells are
analyzed to ensure that the inserted sequence is
expressed. Once expression is verified, the cells are
grown under selective conditions; and the  protein is
isolated from cells, or if secreted, from the growth
media using chromatography, size  exclusion
chromatography, immunoaffinity chromatography, or
other methods including cell  fractionation, ion
exchange, or selective precipitation. [01141 The
isolated and purified protein is then used as a
reagent on an array or as an antigen  to produce
specific antibodies. Example 16 Antibody Production
and Testing [01151 If antibodies are to be used as
reagents, the sequence of the gene or splice variant
is  analyzed to determine regions of high
immunogenicity (LASERGENE software; DNASTAR,  Madison
WI), and an appropriate oligopeptide is synthesized
and conjugated to keyhole lympet  hemocyanin (KLH;
Sigma-Aldrich, St Louis MO). Immunization  101161
Rabbits are injected with the oligopeptide-KLH
complexes in complete Freund=s  adjuvant, and the
resulting antisera is tested for specific recognition
of the protein or fragments  thereof. Antisera that
react positively with the protein are affinity
purified on a column  containing beaded agarose resin
to which the synthetic oligopeptide has been
conjugated  (SULFOLINK kit; Pierce Chemical, Rockford
IL). The column is equilibrated using 12 ml
IMMUNOPURE Gentle Binding buffer (Pierce Chemical).
Three ml of rabbit antisera is 55 WO 2008/051290
PCT/US2007/008909  combined with one ml of binding
buffer and poured into the column. The column is
capped (on  the top and bottom), and antisera is
allowed to bind with the oligopeptide by gentle
shaking at  room temperature for 30 min. The column is
allowed to settle for 30 min, drained by gravity
flow, and washed with 16 ml binding buffer (4 x 4 ml
additions of buffer). The antibody is  eluted in one
ml fractions with IMMUNOPURE Gentle Elution buffer
(Pierce Chemical), and  absorbance at 280 nm is
determined. Peak fractions are pooled and dialyzed
against 50 mM  Tris, pH 7.4, 100 mM NaCl, and 10%
glycerol. After dialysis, the concentration of the
purified  antibody is determined using the BCA assay
(Pierce Chemical), aliquoted, and frozen.
Electrophoresis and Blotting [00100] Samples
containing protein are mixed in 2 x loading buffer,
heated to 95C for 3-5  min, and loaded on 4-12%NUPAGE
Bis-Tris precast gel (Invitrogen). Unless indicated,
equal  amounts of total protein are loaded into each
well. The gel is electrophoresed in I x MES or  MOPS
running buffer (Invitrogen) at 200 V for approximately
45 min on an XCELL II apparatus  (Invitrogen) until
the RAINBOW marker (GEH) resolves and the dye front
approaches the  bottom of the gel. The gel is soaked
in I x transfer buffer (Invitrogen) with 10% methanol
for a  



few minutes; and a PVDF membrane (Millipore, Billerica
MA) is soaked in 100% methanol for  a few seconds to
activate it. The membrane, the gel, and supports are
placed on the  TRANSBLOT SD transfer apparatus
(Biorad, Hercules CA) and a constant current of 350 mA
is  applied for 90 min. Conjugation with Antibody and
Visualization [0117] After the proteins are
transferred to the membrane, it is blocked in 5% (w/v)
non-fat  dry milk in I x phosphate buffered saline
(PBS) with 0.1% Tween 20 detergent (blocking buffer)
on a rotary shaker for at least 1 hr at room
temperature or at 4C overnight. After blocking, the
buffer is removed, and 10 ml of primary antibody in
blocking buffer is added and incubated on  the rotary
shaker for 1 hr at room temperature or overnight at
4C. The membrane is washed 3  times for 10 min each
with PBS-Tween (PBST), and secondary antibody,
conjugated to horseradish peroxidase, is added at a
1:3000 dilution in 10 ml blocking buffer. The membrane
and solution are shaken for 30 min at room temperature
and washed three times for 10 min with  PBST. [0118]
The wash solution is carefully removed, and the
membrane is moistened with ECL+  chemiluminescent
detection system (GEH) and incubated for approximately
5 min. The 56 WO 2008/051290 PCT/US2007/008909
membrane, protein side down, is placed on x-ray film
(Eastman Kodak, Rochester NY) and  developed for
approximately 30 seconds. Antibody:protein complexes
are visualized and/or  scanned and quantified. 57 WO
2008/051290 PCT/US2007/008909  What is claimed is: 1.
A method of diagnosing or monitoring steroid
responsiveness of a subject comprising:  a) detecting
expression of a diagnostic set of at least two steroid
modulated nucleic  acids in a sample from the subject
wherein the expression is correlated with steroid
administration or dosage; and b) applying at least one
statistical method to the expression of the diagnostic
set to  diagnose or monitor steroid responsiveness of
the subject. 2. The method of claim I wherein the
diagnostic set further comprises at least one steroid
modulated nucleic acid selected from each of at least
two of the clusters of Table 1. 3. The method of claim
1 wherein the diagnostic set further comprises two or
more steroid  modulated nucleic acids selected from
Tables 2 and Table 3. 4. The method of claim I wherein
detecting the expression further comprises using
hybridization or quantitative real-time polymerase
chain reaction (RT-PCR). 5. The method of claim I
wherein the sample further comprises a fluid obtained
from the  subject by any sampling means. 6. The method
of claim I wherein the sample is blood containing
peripheral blood  mononuclear cells (PMBC). 7. The
method of claim Y wherein detecting expression of the
diagnostic set of steroid  modulated nucleic acids
further comprises isolating RNA from the sample. 8.
The method of claim I wherein the statistical method
is K-means clustering or a  



prediction algorithm. 9. The method of claim 8 wherein
K-means clustering produces clusters of genes that are
correlated by p-value and their expression in a cell
type or pathway. 58 WO 2008/051290 PCT/US2007/008909
10. The method of claim 8 wherein the prediction
algorithm is selected from a linear  algorithm, a
logistic regression algorithm, and a voting algorithm
and produces a single value or  score. 11. The method
of claim 1 wherein detecting expression of a
diagnostic set further comprises  selecting at least
two oligonucleotides or a probe set to detect the
expression of each nucleic acid  of the diagnostic
set. 12. A kit comprising the oligonucleotides or
probe sets of claim 13. 13. The method of claim 1
wherein diagnosing or monitoring steroid
responsiveness further  comprises detecting the
expression of nucleic acids encoding ADA, CD163,
FKBP5, FLT3,  FLT3LG, GZMA, IL1R1, ILIR2, ITGAM,
NFKB1, PDCD1, THBS1, TNF, TRBCI and  TSC22D3. 14. A
method for predicting rejection or non-rejection in a
subject with a transplant  comprising: a) detecting
expression of a diagnostic set of at least two steroid
modulated nucleic  acids in a sample from the subject
wherein the expression of the steroid modulated
nucleic acids  correlates with transplant rejection or
non-rejection; and b) applying at least one
statistical method to the expression of the diagnostic
set of  steroid modulated nucleic acids to predict
rejection or non-rejection. 15. The method of claim 14
wherein the diagnostic set of steroid modulated
nucleic acids  further comprises two or more nucleic
acids selected from Tables 1-3. 16. The method of
claim 14 wherein the sample is PMBC. 17. The method of
claim 14 wherein detecting expression of the
diagnostic set of steroid  modulated nucleic acids
further comprises isolating RNA from the sample. 18.
The method of claim 14 wherein detecting expression of
the diagnostic set of steroid  modulated nucleic acids
further comprises using RT-PCR. 19. The method of
claim 14 wherein the statistical method is a
prediction algorithm that  produces single value or
score that correlates with rejection or non-rejection.
59 WO 2008/051290 PCT/US2007/008909  20. The method of
claim 19 wherein the score that correlates with
non-rejection is <20 and  the score that correlates
with rejection is >30. 21. The method of claim 14
wherein predicting rejection or non-rejection further
comprises  detecting the expression of a diagnostic
set of steroid modulated nucleic acids encoding ADA,
CD163, FKBP5, FLT3, FLT3LG, GZMA, IL1R1, IL1R2, ITGAM,
NFKBI, PDCD1, THBSI,  TNF, TRBC 1 and TSC22D3. 22. A
method of diagnosing or monitoring the status of a
subject with a transplant  comprising: a) detecting
expression of a diagnostic set of at least two steroid
modulated nucleic  



acids in a sample from the subject wherein the
expression is correlated with dysfunction or
rejection of the transplant; and b) applying at least
one statistical method to the expression of the
nucleic acids to  monitor the status of the
transplant. 23. The method of claim 22 wherein the
diagnostic set further comprises two or more nucleic
acids selected from Tables 1-3. 24. The method of
claim 22 wherein the sample is PMBC. 25. The method of
claim 22 wherein detecting expression further
comprises isolating RNA  from the sample. 26. The
method of claim 22 wherein detecting expression
further comprises using RT-PCR.  27. The method of
claim 22 wherein the statistical method is a
prediction algorithm that  produces single value or
score that correlates with the status of a subject
with a transplant. 28. The method of claim 22 wherein
diagnosing and monitoring the status of a subject with
a  transplant further comprises detecting the
expression of a diagnostic set of steroid modulated
nucleic acids encoding ADA, CD 163, FKBP5, FLT3,
FLT3LG, GZMA, IL I R 1, IL I R2,  ITGAM, NFKB1, PDCD1,
THBS1, TNF, TRBC1 and TSC22D3. 29. A method for
designing and monitoring a treatment plan for a
subject with a transplant or  an immune disorder
comprising: 60 WO 2008/051290 PCT/US2007/008909  a)
detecting expression of a diagnostic set of at least
two steroid modulated nucleic  acids in a sample from
the subject wherein the expression correlates with the
steroid responsiveness of the subject; and b) using
the expression of the diagnostic set of steroid
modulated nucleic acids to  design and monitor the
treatment plan of the subject. 30. The method of claim
29 wherein the diagnostic set of steroid modulated
nucleic acids  further comprises two or more nucleic
acids selected from Tables 1-3. 31. The method of
claim 29 wherein the sample is PMBC. 32. The method of
claim 29 wherein detecting expression further
comprises isolating RNA  from the sample. 33. The
method of claim 29 wherein detecting expression
further comprises using RT-PCR.  34. The method of
claim 29 wherein the statistical method is a
prediction algorithm. 35. The method of claim 29
wherein diagnosing and monitoring the treatment plan
of a  subject with a transplant or immune disorder
further comprises detecting the expression of a
diagnostic set of steroid modulated nucleic acids
encoding ADA, CD163, FKBP5, FLT3,  FLT3LG, GZMA,
IL1R1, ILIR2, ITGAM, NFKBI, PDCD1, THBSI, TNF, TRBCI
and  TSC22D3 whose expression correlates with steroid
responsiveness of a subject. 36. The method of claim
29 wherein the transplant is selected from bone
marrow, heart,  kidney, liver, lung, pancreas,
pancreatic islets, stem cells, xenotransplants, and
artificial  implants. 37. The method of claim 29
wherein the immune disorder is selected from
cytomegalovirus  infection, multiple sclerosis, and
systemic lupus erythematosus. 38. A method for using
primers and probe sets to detect steroid
responsiveness of a subject  



with a transplant or an immune disorder comprising: a)
designing and generating primers or probe sets for
nucleic acids whose expression  is modulated by
steroid administration or dosage; and 61 WO
2008/051290 PCT/US2007/008909  b) using RT-PCR and the
primers or probe sets on a sample from the subject to
detect steroid responsiveness. 39. The method of claim
38 wherein the nucleic acids whose expression is
modulated by  steroid administration or dosage are
selected from Tables 1-3. 62 


