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Figure 2: Primer ef?ciency testing. A standard curve of Ct versus log of the 
starting RNA amount is shown for 2 genes. 
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Figure 3: Kits for discoverv of. or application of diagnostic gene sets 

A. Contents of kit for discovery of diagnostic gene sets using 
microarrays 

1. Sterile, endotoxin and RNAse free blood collection tubes 
2. Alcohol swabs, tourniquet, blood collection set 
3.-PBS (phosphate buffer saline; needed when method of example 8 is used to derived 
mononuclear RNA) 
4. Cell lysis buffer 
5. RNA isolation kit 
6. Substrates for labeling of RNA (may vary for various expression pro?ling techniques) 

For ?uorescence microarray expression pro?ling: 
Reverse transcriptase and 10): RT buffer 
T7(dT)24 primer (primer with T7 promoter at 5’ end) 
DTT 
Deoxynucleotides IOOmM each 
RNAse inhibitor 
2“d strand cDNA buffer 
DNA polymerase 
Rnase H 
T7 RNA polymerase 
Ribonucleotides 
In Vitro transcription buffer 
Cy3 and Cy5 labeled ribonucleotides 

7. Microarrays containing candidate gene libraries 
8. Cover slips for slides 
9. Hybridization chambers 
10. Software package for identi?cation of diagnostic gene set from data 

Contains statistical methods. 
Allows alteration in desired sensitivity and speci?city of gene set. 
Software facilitates access to and data analysis by centrally located database 
server. 

11. Password and account number to access central database server. 
12. Kit User Manual 

B. Contents of kit for application of diagnostic gene sets using 
microarrays 

l. Sterile, endotoxin and RNAse free blood collection tubes 
2. Alcohol swabs, tourniquet, blood collection set 
3.-PBS (phosphate buffer saline; needed when method of example 7 is used to derived 
mononuclear RNA) 
4. Cell lysis buffer 
5. RNA isolation kit 

Figure 3 {1 of 3) 
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6. Substrates for labeling of RNA (may vary for various expression pro?ling techniques) 
For ?uorescence microarray expression pro?ling: 
Reverse transcriptase and 10x RT buffer 
T7(dT)24 primer (primer with T7 promoter at 5’ end) 
DTT 
Deoxynucleotides 100mM each 
RNAse inhibitor 
2"‘1 strand cDNA buffer 
DNA polymerase 
Rnase H 
T7 RNA polymerase 
Ribonucleotides 
In Vitro transcription buffer 
Cy3 and C35 labeled ribonucleotides 

7. Microarrays containing candidate gene libraries 
8. Cover slips for slides 
9. Hybridization chambers 
10. Software package for identi?cation of diagnostic gene set from data 

Contains statistical methods. 
Allows alteration in desired sensitivity and speci?city of gene set. 
Software facilitates access to and data analysis by centrally located database 
server. 

11. Password and account number to access central database server. 
12. Kit User Manual 

C. Contents of kit for application of diagnostic gene sets using Real-time 
RT-PCR 

1. Sterile, endotoxin and RNAse free blood collection tubes 
2. Alcohol swabs, tourniquet, blood collection set 
3.-PBS (phosphate buffer saline; needed when method of example 7 is used to derived 
mononnclear RNA) 
4. Cell lysis buffer 
5. RNA isolation kit 
6. Substrates for real time RT-PCR (may vary for various real-time PCR techniques: 

poly dT primers, random hexamer primers 
Reverse Transcriptase and RT buffer 
DTT 
Deoxynucleotides 100 mM 
RNase H 
primer pairs for diagnostic and control gene set 
10x PCR reaction buffer 
Taq DNA polymerase 

Figure 3 (2 of 3) 
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Fluorescent probes for diagnostic and control gene set 
(alternatively, ?uorescent dye that binds to only double stranded DNA) 
reaction tubes with or without barcode for sample tracking 
96-well plates with barcode for sample identi?cation, one barcode for entire set, 
or individual barcode per reaction tube in plate 

7. Software package for identi?cation of diagnostic gene set from data 
Contains statistical methods. 
Allows alteration in desired sensitivity and speci?city of gene set. 
Software facilitates access to and data analysis by centrally located database 
server 

8. Password and account number to access central database server. 
9. Kit User Manual 

Figure 3 (3 of 3) 
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FIGURE 4 
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Figure 5: SLE diagnostic genes and algorithms 
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Figure SA-B 
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Model 8 Relative SEQIOligo- CART 
enes Cost ID Locus Nominal Description Splitter CART Value for DJ: SLE 

Mm‘ '2 0-118 2412 NM_002946 replication prcteinAZ (3200) 00-131 [(2412)*0.003 - (2s4s)*0.431] <= 0.1909 

2040 NM 004510 interferon-induced protein 15 sci-1st (2412)’0903 - (2043)'0.431] <= 0.1900 

Mm‘ '3 "-125 2412 NM_O02946 ieplioetion protein A2 (32KB) (JO-‘Isl [(2412)*0.903 - (2s43)*0.431] <= 0.1000 

2648 NM_004510 interferon-induced protein 75 co-1st [(2412)*0.903 - (2648)’0431] <= 0.1909 

1436 50002409 actin, beta (ACTB) 2nd (61436) > 0.0300 
Model 1 0.512 
Il 5067 W16552 capicua protein (CIC) mRNA 131 5067) > 0.1030 
Model 3 0.686 

I 5067 W16552 capicua prutein (CIC) mRNA 1st 5067) > 0.1030 

1025 AK024756 hypothetical protein FLJ21103 2nd 61025) <= 0.3900 

1035 AK024969 hypothetical protein DKFZp5S6i133 3rd (61035) <= 0.0073 
Model 5 0.745 
LI 506? W16552 capicua protein (CIC) mRNA 15! (5067) > 0.1030 

1003 AK024240 cDNA FLJ14178 ?s 2nd ((31003) > 0.2105 

1025 AK024756 hypolhetical protein FLJ21103 2nd @1025) <= 0.3968 

1001 AK024202 heat shock QOkD protein 1, alpha 3rd @1001) <= - 0.3107 

1033 AK024969 hypolhetical protein DKFZp565I133 3rd 61035) <= 0.0073 
C. 

Model Sensitivity Speci?city Relative Cost 
Training Set Model 1 (2 genes) 100 94 

Model 1 (3 genes) 100 100 
Ill-fold Cross Model 1 (2 genes) 100 88 0.118 
Validation Model 1 (3 genes) 93 94 0.125 

D. 

Figure SC-D 
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E. 

[(G2412)*0.903 - (G2648)*0.431] <= 0.1909 [(G2412)*0.903 _- (G2548)*0.431] > 0.1909 

Terminal Node 1 Terminal Node 2 
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Figure SE-F 
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Figure 6. Endpoint testing of PCR primers 
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Figure 7: Validation of differential expression of Granzyme B in CMV patients 

Figure 7A 
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B. 

QPCR of Granzyme B 
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METHODS AND COMPOSITIONS FOR 
DIAGNOSING OR MONITORING 
AUTOIMMUNE AND CHRONIC 
INFLAMMATORY DISEASES 

RELATED APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 10/990,298, ?led Nov. 15, 2004, Which is a divisional of 
application Ser. No. 10/131,827, ?led Apr. 24, 2002, now 
US. Pat. No. 6,905,827, Which is a continuation-in-part of 
application Ser. No. 10/006,290, ?led Oct. 22, 2001, noW 
abandoned, Which claims the bene?t of US. Provisional App. 
No. 60/296,764, ?led Jun. 8, 2001, all of Which are hereby 
incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] This application is in the ?eld of chronic in?amma 
tory diseases. In particular, this invention relates to methods 
and compositions for diagnosing or monitoring chronic 
in?ammatory diseases. 

BACKGROUND OF THE INVENTION 

[0003] Many of the current shortcomings in diagnosis, 
prognosis, risk strati?cation and treatment of disease can be 
approached through the identi?cation of the molecular 
mechanisms underlying a disease and through the discovery 
of nucleotide sequences (or sets of nucleotide sequences) 
Whose expression patterns predict the occurrence or progres 
sion of disease states, or predict a patient’s response to a 
particular therapeutic intervention. In particular, identi?ca 
tion of nucleotide sequences and sets of nucleotide sequences 
With such predictive value from cells and tissues that are 
readily accessible Would be extremely valuable. For example, 
peripheral blood is attainable from all patients and can easily 
be obtained at multiple time points at loW cost. This is a 
desirable contrast to most other cell and tissue types, Which 
are less readily accessible, or accessible only through invasive 
and aversive procedures. In addition, the various cell types 
present in circulating blood are ideal for expression pro?ling 
experiments as the many cell types in the blood specimen can 
be easily separated if desired prior to analysis of gene expres 
sion. While blood provides a very attractive substrate for the 
study of diseases using expression pro?ling techniques, and 
for the development of diagnostic technologies and the iden 
ti?cation of therapeutic targets, the value of expression pro 
?ling in blood samples rests on the degree to Which changes 
in gene expression in these cell types are associated With a 
predisposition to, and pathogenesis and progression of a dis 
ease. 

[0004] There is an extensive literature supporting the role 
of leukocytes, e.g., T- and B-lymphocytes, monocytes and 
granulocytes, including neutrophils, in a Wide range of dis 
ease processes, including such broad classes as cardiovascu 
lar diseases, in?ammatory, autoimmune and rheumatic dis 
eases, infectious diseases, transplant rejection, cancer and 
malignancy, and endocrine diseases. 
[0005] Of particular interest is the role of leukocytes and 
leukocyte gene expression in chronic in?ammatory diseases 
such as Systemic Lupus Erythematosis and Rheumatoid 
Arthritis. Systemic lupus erythematosis (SLE) and Rheuma 
toid Arthritis (RA) are chronic autoimmune and in?amma 
tory disorders characterized by dysregulation of the immune 
system, Which causes damage to a variety of organs. These 
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diseases clearly involve differential expression of genes in 
leukocytes. Diagnostic and disease monitoring tools are 
severely lacking for these patients and their physicians. Leu 
kocyte expression pro?ling can be applied to discover expres 
sion markers for SLE and RA and apply them as patient 
management tools in the clinical setting. In addition, osteoar 
thritis is a degenerative j oint disease that can be confused With 
RA. This disease also involves leukocytes and expression 
pro?ling of leukocytes associated With osteoarthritis may 
lead to the discovery of neW diagnostic and therapeutic 
approaches to the disease. 
[0006] The accuracy of technologies based on expression 
pro?ling for the diagnosis, prognosis, and monitoring of dis 
ease Would be dramatically increased if numerous differen 
tially expressed nucleotide sequences, each With a measure of 
sensitivity and speci?city for a disease in question, could be 
identi?ed and assayed in a concerted manner. Using the 
expression of multiple genes (gene sets) for diagnostic appli 
cations helps overcome assay and population variability. In 
order to achieve this improved accuracy, the appropriate sets 
of nucleotide sequences need to be identi?ed and validated 
against numerous samples in combination With relevant clini 
cal data. 

SUMMARY OF THE INVENTION 

[0007] In order to meet these needs, the present invention 
identi?es genes and gene sets that have clinical utility as 
diagnostic tools for the management of transplant recipients, 
lupus patients and patients With a variety of chronic in?am 
matory and autoimmune diseases. The present invention is 
thus directed to a method of diagnosing or monitoring chronic 
autoimmune or in?ammatory disease in a patient. The 
method of the invention involves detecting in a patient expres 
sion of one or more genes such as those genes depicted in 
Table 8 and Table 10 A and surrogates derived therefrom. 
Exemplary surrogates are provided in Table 10C. The present 
invention is further directed to a method of diagnosing or 
monitoring an autoimmune or chronic in?ammatory disease 
in a patient by detecting the expression level of one or more 
genes or surrogates derived therefrom in said patient to diag 
nose or monitor the autoimmune or chronic in?ammatory 
disease in the patient Wherein said genes include a nucleotide 
sequence selected from SEQ ID NO: 41; SEQ ID NOz328; 
SEQ ID NO:668; SEQ ID NO:855; SEQ ID NO:981; SEQ ID 
NO:1001; SEQ ID NO:1003; SEQ ID NO:1025; SEQ ID 
NO:1035; SEQ ID NO:1227; SEQ ID NO:1341; SEQ ID 
NO:1390; SEQ ID NO:1436; SEQ ID NO:1535; SEQ ID 
NO:1750; SEQ ID NO:2102; SEQ ID NO:2331; SEQ ID 
NO:2386; SEQ ID NO:2412; SEQ ID NO:2560; SEQ ID 
NO:2648; SEQ ID NO:2895, SEQ ID NOz3249; SEQ ID 
NOz3305; SEQ ID NOz3541; SEQ ID NOz3692; SEQ ID 
NO:3701; SEQ ID NO:3741; SEQ ID NOz3825; SEQ ID 
NOz3827; SEQ ID NOz3832; SEQ ID NO:4149; SEQ ID 
NO:4400; SEQ ID NO:4601; SEQ ID NO:4604; SEQ ID 
NO:4631; SEQ ID NO:4637; SEQ ID NO:5067; SEQ ID 
NO:5074; SEQ ID NO:5468; SEQ ID NOz5531; SEQ ID 
NO:5607; SEQ ID NO:6382; SEQ ID NO:6956; SEQ ID 
NO:7238; SEQ ID NO:7330; SEQ ID NO:7641; SEQ ID 
NO:8015 and SEQ ID NO:8095. 
[0008] In the method of the invention, the chronic in?am 
matory disease or autoimmune disease may be systemic lupus 
erythematosis (SLE). 
[0009] In one format, expression is detecting by measuring 
RNA levels or protein levels from the genes. 
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[0010] In the method of the invention, RNA may be isolated 
from the patient prior to detecting expression of a gene such 
as those depicted in Table 10A. RNA levels may be detected 
by PCR, hybridization such as hybridiZation to an oligonucle 
otide. The nucleotide sequence may include comprises DNA, 
cDNA, PNA, genomic DNA, or synthetic oligonucleotides. 
[0011] In the methods of the invention, the RNA may be 
detected by hybridiZation to an oligonucleotide having a 
nucleotide sequence selected from SEQ ID NO: 41; SEQ ID 
NO:328; SEQ ID NO:668; SEQ ID NO:855; SEQ ID 
NO:981; SEQ ID NO:1001; SEQ ID NO:1003; SEQ ID 
NO:1025; SEQ ID NO:1035; SEQ ID NO:1227; SEQ ID 
NO:1341; SEQ ID NO:1390; SEQ ID NO:1436; SEQ ID 
NO:1535; SEQ ID NO:1750; SEQ ID NO:2102; SEQ ID 
NO:2331; SEQ ID NO:2386; SEQ ID NO:2412; SEQ ID 
NO:2560; SEQ ID NO:2648; SEQ ID NO:2895, SEQ ID 
NO:3249; SEQ ID NO:3305; SEQ ID NO:3541; SEQ ID 
NO:3692; SEQ ID NO:3701; SEQ ID NO:3741; SEQ ID 
NO:3825; SEQ ID NO:3827; SEQ ID NO:3832; SEQ ID 
NO:4149; SEQ ID NO:4400; SEQ ID NO:4601; SEQ ID 
NO:4604; SEQ ID NO:4631; SEQ ID NO:4637; SEQ ID 
NO:5067; SEQ ID NO:5074; SEQ ID NO:5468; SEQ ID 
NO:5531; SEQ ID NO:5607; SEQ ID NO:6382; SEQ ID 
NO:6956; SEQ ID NO:7238; SEQ ID NO:7330; SEQ ID 
NO:7641; SEQ ID NO:8015 and SEQ ID NO:8095. 
[0012] The present invention is further directed to a diag 
nostic oligonucleotide for detecting chronic or in?ammatory 
disease Wherein the oligonucleotide has a nucleotide 
sequence selected from SEQ ID NO: 4637, The diagnostic 
oligonucleotide of may include DNA, cDNA, PNA, genomic 
DNA, or synthetic oligonucleotides. 
[0013] The present invention is further directed to a system 
or kit for diagnosing or monitoring chronic in?ammatory or 
autoimmune disease in a patient comprising an isolated DNA 
molecule Wherein the isolated DNA molecule detects expres 
sion of a gene listed in Table 10A. In the system of the 
invention, the DNA molecules may be synthetic DNA, 
genomic DNA, PNA or cDNA. The isolated DNA molecule 
may be immobiliZed on an array. Such arrays may include a 
chip array, a plate array, a bead array, a pin array, a membrane 
array, a solid surface array, a liquid array, an oligonucleotide 
array, polynucleotide array or a cDNA array, a microtiter 
plate, a membrane and a chip. 

[0014] The present invention is further directed to a system 
or detecting differential gene expression. In one format, the 
system has one or more isolated DNA molecules Wherein 
each isolated DNA molecule detects expression of a gene 
selected from the group of genes corresponding to the oligo 
nucleotides depicted in the Sequence Listing. It is understood 
that the DNA sequences and oligonucleotides of the invention 
may have slightly different sequences than those identi?ed 
herein. Such sequence variations are understood to those of 
ordinary skill in the art to be variations in the sequence Which 
do not signi?cantly affect the ability of the sequences to 
detect gene expression. 
[0015] The sequences encompassed by the invention have 
at least 40-50, 50-60, 70-80, 80-85, 85-90, 90-95 or 95-100% 
sequence identity to the sequences disclosed herein. In some 
embodiments, DNA molecules are less than about any of the 
folloWing lengths (in bases or base pairs): 10,000; 5,000; 
2500; 2000; 1500; 1250; 1000; 750; 500; 300; 250; 200; 175; 
150; 125; 100; 75; 50; 25; 10. In some embodiments, DNA 
molecule is greater than about any of the folloWing lengths (in 
bases or base pairs): 10; 15; 20; 25; 30; 40; 50; 60; 75; 100; 
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125; 150; 175; 200; 250; 300; 350; 400; 500; 750; 1000; 2000; 
5000; 7500; 10000; 20000; 50000. Alternately, a DNA mol 
ecule can be any of a range of siZes having an upper limit of 
10,000; 5,000; 2500; 2000; 1500; 1250; 1000; 750; 500; 300; 
250; 200; 175; 150; 125; 100; 75; 50; 25; or 10 and an 
independently selected loWer limit of 10; 15; 20; 25; 30; 40; 
50; 60; 75; 100; 125; 150; 175; 200; 250; 300; 350; 400; 500; 
750; 1000; 2000; 5000; 7500 Wherein the loWer limit is less 
than the upper limit. 
[0016] The gene expression system may be a candidate 
library, a diagnostic agent, a diagnostic oligonucleotide set or 
a diagnostic probe set. The DNA molecules may be genomic 
DNA, protein nucleic acid (PNA), cDNA or synthetic oligo 
nucleotides. 
[0017] In one format, the gene expression system is immo 
biliZed on an array. The array may be a chip array, a plate 
array, a bead array, a pin array, a membrane array, a solid 
surface array, a liquid array, an oligonucleotide array, a poly 
nucleotide array, a cDNA array, a micro?lter plate, a mem 
brane or a chip. 

Brief Description of the Sequence Listing 

[0018] A brief description of the sequence listing is given 
beloW. There are 9090 entries. The Sequence Listing presents 
50mer oligonucleotide sequences derived from human leu 
kocyte, plant and viral genes. These are listed as SEQ IDs 
1-8143. The 50mer sequences and their sources are also dis 
played in Table 8. Most of these 50mers Were designed from 
sequences of genes in Tables 2, 3A, B and C and the Sequence 
listing. 
[0019] SEQ IDs 8144-8766 are the cDNA sequences 
derived from human leukocytes that Were not homologous to 
UniGene sequences or sequences found in dbEST at the time 
they Were searched. Some of these sequences match human 
genomic sequences and are listed in Tables 3B and C. The 
remaining clones are putative cDNA sequences that con 
tained less than 50% masked nucleotides When submitted to 
RepeatMasker, Were longer than 147 nucleotides, and did not 
have signi?cant similarity to the UniGene Unique database, 
dbEST, the NR nucleotide database of Genbank or the 
assembled human genome of Genbank. 
[0020] SEQ IDs 8767-8770, 8828-8830 and 8832 are 
sequences that appear in the speci?cation (primer, masked 
sequences, exemplary sequences, etc.). 
[0021] SEQ IDs 8845-8893 are the full length gene 
sequences for the genes identi?ed by an accession number in 
Table 10A. 
[0022] SEQ IDs 8894-9085 are the primer sequences for 
lupus genes identi?ed in Table 10B. 

BRIEF DESCRIPTION OF THE FIGURES 

[0023] FIG. 1: FIG. 1 is a schematic ?oW chart illustrating 
an instruction set for characterization of the nucleotide 
sequence and/or the predicted protein sequence of novel 
nucleotide sequences. 
[0024] FIG. 2: FIG. 2 shoWs PCR Primer e?iciency testing. 
A standard curve of Ct versus log of the starting RNA amount 
is shoWn for 2 genes. 
[0025] FIG. 3: FIG. 3 describes kits useful for the practice 
of the invention. FIG. 3A describes the contents of a kit useful 
for the discovery of diagnostic nucleotide sets using microar 
rays. FIG. 3B describes the contents of a kit useful for the 
application of diagnostic nucleotide sets using microarrays. 
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FIG. 3C describes contents of a kit useful for the application 
of diagnostic nucleotide sets using real-time PCR. 
[0026] FIG. 4: FIG. 4 depicts a graph comparing the 
median background subtracted expression signals for various 
leukocyte reference RNAs. 
[0027] FIG. 5: FIG. 5 depicts Diagnostic genes, gene sets 
and diagnostic algorithms for Systemic Lupus Erythemato sis 
are identi?ed. FIG. 5A shoWs the relative expression level of 
oligonucleotide and SEQ ID # 4637 (Sialyltransferase 4A) 
betWeen Lupus and control samples is shoWn. The gene is 
identi?ed as having a false detection rate for differential 
expression from the SAM algorithm of 0.5%. FIG. 5B shoWs 
the scaled ratios (non log) for Sialyltransferase (SEQ ID # 
4637) are given for the samples in the analysis. The average 
ratio of each group along With the standard deviation of the 
ratio is shoWn. The average fold change from control to Lupus 
is 1.48. FIG. 5C shoWs CART gene expression models for 
diagnosis of SLE. For each model, the number of genes used, 
the relative cost With 10 fold cross validation, the SEQ ID, 
Locus accession number, the name and the position and val 
ues in the CART model are given. The CART values given are 
the expression level thresholds for classi?cation of the sample 
as SLE after the node. For example, in the single gene model 
II, the ?rst node of the decision tree asks if expression of gene 
5067 is >0.l03. Ifyes, the sample is placed in the lupus class. 
FIG. 5D shoWs the sensitivity and speci?city of Model 1. The 
sensitivity and speci?city are given for both the 2 and 3 gene 
models and both the training set and on cross validation. The 
relative cost is given for cross-validation. FIG. 5E shoWs the 
CART Model I, 2 genes. The model uses 2 genes in a single 
node to classify samples as Lupus (Class 1) or non-Lupus 
(Class 2). FIG. 5F shoWs CART Model I, 3 genes. The model 
uses a second node to classify all samples correctly as lupus 
(class 1) or non-lupus (class 2) for the training set. 
[0028] FIG. 6: FIG. 6 shoWs endpoint testing of PCR prim 
ers. Electrophoresis and micro?uidics are used to assess the 
product of gene speci?c PCR primers. FIG. 6A is a [3-GUS gel 
image. Lane 3 is the image for primers F178 and R242. Lanes 
2 and 1 correspond to the no-template control and —RT con 
trol, respectively. FIG. 6B shoWs the electropherogram of 
[3-GUS primers F178 and R242, a graphical representation of 
Lane 3 from the gel image. FIG. 6C shoWs a [3-Actin gel 
image. Lane 3 is the image for primers F75 and R178. Lanes 
2 and 1 correspond to the no-template control and —RT con 
trol, respectively. FIG. 6D shoWs the electropherogram of 
[3-Actin primers F75 and R178, a graphical representation of 
Lave 3 from the gel image. 
[0029] FIG. 7: FIG. 7 shoWs the validation of differential 
expression of a gene discovered using microarrays using 
Real-time PCR. FIG. 7A shoWs the Ct for each patient sample 
on multiple assays is shoWn along With the Ct in the R50 
control RNA. Triangles represent —RT (reverse transcriptase) 
controls. FIG. 7B shoWs the fold difference betWeen the 
expression of GranZyme B and an Actin reference is shoWn 
for 3 samples from patients With and Without CMV disease. 

BRIEF DESCRIPTION OF THE TABLES 

[0030] Table 1: Table 1 lists some ofthe diseases or condi 
tions amenable to study by leukocyte pro?ling. 
[0031] Table 2: Table 2 describes genes and other nucle 
otide sequences identi?ed using data mining of publically 
available publication databases and nucleotide sequence 
databases. Corresponding Unigene (build 133) cluster num 
bers are listed With each gene or other nucleotide sequence. 
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[0032] Table 3A: Table 3A describes differentially 
expressed nucleotide sequences useful for the prediction of 
clinical outcomes. This table contains 4517 identi?ed cDNAs 
and cDNA regions of genes that are members of a leukocyte 
candidate library, for use in measuring the expression of 
nucleotide sequences that could subsequently be correlated 
With human clinical conditions. The regions of similarity 
Were found by searching three different databases for pair 
Wise similarity using blastn. The three databases Were Uni 
Gene Unique build Mar. 30, 2001, ?le Hs.seq.uniq.Z; the 
doWnloadable database located at the Website ftp.ncbi.nlm. 
nih.com/blast/db/ est human.Z With dateApr. 8, 2001 Which is 
a section of Genbank version 122; and the non-redundant 
section of Genbank ver 123. The Hs.XXXXX numbers rep 
resent UniGene accession numbers from the Hs.seq.uniq.Z 
?le of Mar. 30, 2001. The clone sequences are not in the 
sequence listing. 
[0033] Table 3B: Table 3B describes Identi?ed Genomic 
Regions that code for novel mRNAs. The table contains 591 
identi?ed genomic regions that are highly similar to the 
cDNA clones. Those regions that are Within ~100 to 200 Kb 
of each other on the same contig are likely to represent exons 
of the same gene. The indicated clone is exemplary of the 
cDNA clones that match the indicated genomic region. The 
“number clones” column indicates hoW many clones Were 
isolated from the libraries that are similar to the indicated 
region of the chromosome. The probability number is the 
likelihood that region of similarity Would occur by chance on 
a random sequence. The Accession numbers are from the 
Mar. 15, 2001 build of the human genome. The ?le date for 
the doWnloaded data Was Apr. 17, 2001 . These sequences may 
prove useful for the prediction of clinical outcomes. 
[0034] Table 3C: Table 3C describes 48 clones Whose 
sequences align to tWo or more non-contiguous sequences on 
the same assembled human contig of genomic sequence. The 
Accession numbers are from the Mar. 15, 2001 build of the 
human genome. The ?le date for the doWnloaded data Was 
Apr. 17, 2001. The alignments of the clone and the contig are 
indicated in the table. The start and stop offset of each match 
ing region is indicated in the table. The sequence of the clones 
themselves is included in the sequence listing. The align 
ments of these clones strongly suggest that they are novel 
nucleotide sequences. Furthermore, no EST or mRNA align 
ing to the clone Was found in the database. These sequences 
may prove useful for the prediction of clinical outcomes. 
[0035] Table 4: Database mining. The Library BroWser at 
the NCBI UniGene Web site Was used to identify genes that 
are speci?cally expressed in leukocyte cell populations. The 
table lists the library name and type, the number of sequences 
in each library and the number used for the array. 
[0036] Table 5: Table 5 describes the nucleotide sequence 
databases used in the sequence analysis described herein. 
[0037] Table 6: Table 6 describes the algorithms and soft 
Ware packages used for exon and polypeptide prediction used 
in the sequence analysis described herein. 
[0038] Table 7: Table 7 describes the databases and algo 
rithms used for the protein sequence analysis described 
herein. 
[0039] Table 8: Table 8 provides a listing of all oligonucle 
otides designed for the arrays and their associated genes. In 
this table, the sequence ID is given Which corresponds to the 
sequence listing. The origin of the sequence for inclusion on 
the array is noted as coming from one of the cDNA libraries 
described in example 1, mining from databases as described 
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in examples 2 and 11 or identi?cation from the published 
literature. The unigene number, genebank accession and GI 
number are also given for each sequence When knoWn. These 
data Were obtained from the Unigene unique database, build 
137. The name of the gene associated With the accession 
number is noted. The sequence of these genes as available 
from the databases are hereby incorporated by reference in 
their entirety. The strand is noted as —l or 1, meaning that the 
probe Was designed from the complement of the sequence 
(—l) or directly from the sequence (1). The nucleotide 
sequence of each probe is also given in the Sequence Listing. 
[0040] Table 9: Table 9 shoWs viral genes for arrays. Viral 
genomes Were used to design oligonucleotides for the 
microarrays. The accession numbers for the viral genomes 
used are given, along With the gene name and location of the 
region used for oligonucleotide design. 
[0041] Table 10A. Table 10A shoWs Lupus gene expression 
markers. This table lists the oligonucleotides and associated 
genes identi?ed as having value for the diagnosis and moni 
toring of lupus. The ?rst column gives the SEQ ID that cor 
responds to the oligonucleotide in the sequence listing. The 
origin of the sequence for inclusion on the array is noted as 
coming from one of the cDNA libraries described in example 
1, mining from databases as described in examples 2 and 11 
or identi?cation from the published literature. The unigene 
number, genebank accession and GI number are also given 
for each sequence When knoWn. The SEQ ID for the sequence 
listing for the full-length genes corresponding to the acces 
sion numbers in the table are also given (SEQ ID ACC). These 
data Were obtained from the Unigene unique database, build 
###. The name of the gene associated With the accession 
number is noted. The strand is noted as —l or 1, meaning that 
the probe Was designed from the complement of the sequence 
(—l) or directly from the sequence (1). Next, the nucleotide 
sequence of each probe is also given. For each gene, the false 
detection rate (FDR) from the signi?cance analysis described 
in example 10 is given if applicable. Also, those genes that 
Were identi?ed by CART as a diagnostic gene are noted With 
the model and position in the model (see example 10 and FIG. 
5). 
[0042] Table 10B. Table 10B shoWs primers for PCR. For 
each of the lupus gene expression markers identi?ed in Table 
l OA, 2 sets of PCR primer pairs are shoWn that Were derived 
by the methods described in example 15. The melting tem 
perature (Tm) for each primer is shoWn, as is the correspond 
ing SEQ ID number for the primer in the sequence listing. 
[0043] Table 10C. Table 10C shoWs surrogates for the lupus 
gene expression markers disclosed herein. For some of the 
lupus marker genes identi?ed in Table 10A, genes are iden 
ti?ed by the SEQ ID number as surrogates. The surrogates are 
identi?ed as such by the CART algorithm or by hierarchical 
clustering as detailed beloW. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0044] Unless de?ned otherWise, all scienti?c and techni 
cal terms are understood to have the same meaning as com 
monly used in the art to Which they pertain. For the purpose of 
the present invention, the folloWing terms are de?ned beloW. 

[0045] In the context of the invention, the term “gene 
expression system” refers to any system, device or means to 
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detect gene expression and includes diagnostic agents, can 
didate libraries oligonucleotide, oligonucleotide sets or probe 
sets. 

[0046] The terms “diagnostic oligonucleotide” or “diag 
nostic oligonucleotide set” generally refers to an oligonucle 
otide or to a set of tWo or more oligonucleotides that, When 
evaluated for differential expression their corresponding 
diagnostic genes, collectively yields predictive data. Such 
predictive data typically relates to diagnosis, prognosis, 
monitoring of therapeutic outcomes, and the like. In general, 
the components of a diagnostic oligonucleotide or a diagnos 
tic oligonucleotide set are distinguished from oligonucleotide 
sequences that are evaluated by analysis of the DNA to 
directly determine the genotype of an individual as it corre 
lates With a speci?ed trait or phenotype, such as a disease, in 
that it is the pattern of expression of the components of the 
diagnostic oligonucleotide set, rather than mutation or poly 
morphism of the DNA sequence that provides predictive 
value. It Will be understood that a particular component (or 
member) of a diagnostic oligonucleotide set can, in some 
cases, also present one or more mutations, or polymorphisms 
that are amenable to direct genotyping by any of a variety of 
Well knoWn analysis methods, e. g., Southern blotting, RFLP, 
AFLP, SSCP, SNP, and the like. 
[0047] A “diagnostic gene” is a gene Whose expression is 
detected by a diagnostic oligonucleotide or diagnostic oligo 
nucleotide set. 

[0048] A “disease speci?c target oligonucleotide 
sequence” is a gene or other oligonucleotide that encodes a 
polypeptide, most typically a protein, or a subunit of a multi 
subunit protein that is a therapeutic target for a disease, or 
group of diseases. 
[0049] A “candidate library” or a “candidate oligonucle 
otide library” refers to a collection of oligonucleotide 
sequences (or gene sequences) that by one or more criteria 
have an increased probability of being associated With a par 
ticular disease or group of diseases. The criteria can be, for 
example, a differential expression pattern in a disease state or 
in activated or resting leukocytes in vitro as reported in the 
scienti?c or technical literature, tissue speci?c expression as 
reported in a sequence database, differential expression in a 
tissue or cell type of interest, or the like. Typically, a candidate 
library has at least 2 members or components; more typically, 
the library has in excess of about 10, or about 100, or about 
1000, or even more, members or components. 

[0050] The term “disease criterion” is used herein to des 
ignate an indicator of a disease, such as a diagnostic factor, a 
prognostic factor, a factor indicated by a medical or family 
history, a genetic factor, or a symptom, as Well as an overt or 
con?rmed diagnosis of a disease associated With several indi 
cators such as those selected from the above list. A disease 
criterion includes data describing a patient’s health status, 
including retrospective or prospective health data, e. g. in the 
form of the patient’s medical history, laboratory test results, 
diagnostic test result, clinical events, medications, lists, 
response(s) to treatment and risk factors, etc. 
[0051] An autoimmune disorder is de?ned as a disease state 
in Which a patient’s immune system recogniZes an antigen in 
that patient’s organs or tissues as foreign and becomes acti 
vated. The activated immune cells can then cause damage to 
the inciting organ or tissue or can damage other organs or 
tissues. In some cases, the disorder may be caused by a 
dysregulation of the immune system cells, rather than by the 
recognition as a self-antigen as foreign. Dysregulated 
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immune cells can secrete in?ammatory cytokines that cause 
systemic in?ammation or they can recognize self-antigens as 
foreign. 
[0052] Examples of autoimmune diseases include: 
Autoimmune hepatitis, Multiple Sclerosis, Myasthenia 
Gravis, Type I diabetes, RheumatoidAr‘thritis, Psoriasis, Sys 
temic Lupus Erythematosis, Hashimoto’s Thyroiditis, 
Grave’s disease, Ankylosing Spondylitis Sjogrens Disease, 
CREST syndrome, Scleroderma and many more. 
[0053] Most of the autoimmune diseases are also chronic 
in?ammatory diseases. This is de?ned as a disease process 
associated With long-term (>6 months) activation of in?am 
matory cells (leukocytes). The chronic in?ammation leads to 
damage of patient organs or tissues. Many diseases are 
chronic in?ammatory disorders, but are not knoW to have an 
autoimmune basis. For example, Atherosclerosis, Congestive 
Heart Failure, Crohn’s disease, Ulcerative Colitis, Polyar‘teri 
tis nodosa, Whipple’s Disease, Primary Sclerosing Cholan 
gitis and many more. 
[0054] The terms “molecular signature” or “expression 
pro?le” refers to the collection of expression values for a 
plurality (e.g., at least 2, but frequently about 10, about 100, 
about 1000, or more) of members of a candidate library. In 
many cases, the molecular signature represents the expres 
sion pattern for all of the nucleotide sequences in a library or 
array of candidate or diagnostic nucleotide sequences or 
genes. Alternatively, the molecular signature represents the 
expression pattern for one or more subsets of the candidate 
library. The term “oligonucleotide” refers to tWo or more 
nucleotides. Nucleotides may be DNA or RNA, naturally 
occurring or synthetic. 
[0055] The term “healthy individual,” as used herein, is 
relative to a speci?ed disease or disease criterion. That is, the 
individual does not exhibit the speci?ed disease criterion or is 
not diagnosed With the speci?ed disease. It Will be under 
stood, that the individual in question, can, of course, exhibit 
symptoms, or possess various indicator factors for another 
disease. 
[0056] Similarly, an “individual diagnosed With a disease” 
refers to an individual diagnosed With a speci?ed disease (or 
disease criterion). Such an individual may, or may not, also 
exhibit a disease criterion associated With, or be diagnosed 
With another (related or unrelated) disease. 
[0057] The term “monitoring” is used herein to describe the 
use of gene sets to provide useful information about an indi 
vidual or an individual’s health or disease status. “Monitor 

ing” can include, determination of prognosis, risk-strati?ca 
tion, selection of drug therapy, assessment of ongoing drug 
therapy, prediction of outcomes, determining response to 
therapy, diagnosis of a disease or disease complication, fol 
loWing progression of a disease or providing any information 
relating to a patients health status. 
[0058] An “array” is a spatially or logically organiZed col 
lection, e.g., of oligonucleotide sequences or nucleotide 
sequence products such as RNA or proteins encoded by an 
oligonucleotide sequence. In some embodiments, an array 
includes antibodies or other binding reagents speci?c for 
products of a candidate library. 
[0059] When referring to a pattern of expression, a “quali 
tative” difference in gene expression refers to a difference that 
is not assigned a relative value. That is, such a difference is 
designated by an “all or nothing” valuation. Such an all or 
nothing variation can be, for example, expression above or 
beloW a threshold of detection (an on/off pattern of expres 
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sion). Alternatively, a qualitative difference can refer to 
expression of different types of expression products, e. g., 
different alleles (e.g., a mutant or polymorphic allele), vari 
ants (including sequence variants as Well as post-translation 
ally modi?ed variants), etc. 
[0060] In contrast, a “quantitative” difference, When refer 
ring to a pattern of gene expression, refers to a difference in 
expression that can be assigned a value on a graduated scale, 
(e.g., a 0-5 or 1-10 scale, a +-+++scale, a grade 1-grade 5 
scale, or the like; it Will be understood that the numbers 
selected for illustration are entirely arbitrary and in no-Way 
are meant to be interpreted to limit the invention). 
[0061] Gene Expression Systems and Methods of Detect 
ing Gene Expression 
[0062] The invention is directed to methods of detecting 
gene expression With a gene expression system having one or 
more DNA molecules Wherein the one or more DNA mol 

ecules has a nucleotide sequence Which detects expression of 
a gene corresponding to the oligonucleotides depicted in the 
Sequence Listing. In one format, the oligonucleotide detects 
expression of a gene that is differentially expressed in leuko 
cytes. The gene expression system may be a candidate library, 
a diagnostic agent, a diagnostic oligonucleotide set or a diag 
nostic probe set. The DNA molecules may be genomic DNA, 
RNA, protein nucleic acid (PNA), cDNA or synthetic oligo 
nucleotides. Following the procedures taught herein, one can 
identity sequences of interest for analyZing gene expression 
in leukocytes. Such sequences may be predictive of a disease 
state. 

[0063] Diagnostic Oligonucleotides of the Invention 
[0064] The invention relates to diagnostic oligonucleotides 
and diagnostic oligonucleotide set(s) comprising members of 
the leukocyte candidate library listed in Table 2, Table 3 and 
Tables 8-10 in the Sequence Listing, for Which a correlation 
exists betWeen the health status of an individual, and the 
individual’s expression of RNA or protein products corre 
sponding to the nucleotide sequence. In some instances, only 
one oligonucleotide is necessary for such detection. Members 
of a diagnostic oligonucleotide set may be identi?ed by any 
means capable of detecting expression of RNA or protein 
products, including but not limited to differential expression 
screening, PCR, RT-PCR, SAGE analysis, high-throughput 
sequencing, microarrays, liquid or other arrays, protein 
based methods (e.g., Western blotting, proteomics, and other 
methods described herein), and data mining methods, as fur 
ther described herein. 
[0065] In one embodiment, a diagnostic oligonucleotide set 
comprises at least tWo oligonucleotide sequences listed in 
Table 2, Table 3 and Tables 8-10 or the Sequence Listing 
Which are differentially expressed in leukocytes in an indi 
vidual With at least one disease criterion for at least one 
leukocyte-implicated disease relative to the expression in 
individual Without the at least one disease criterion, Wherein 
expression of the tWo or more nucleotide sequences is corre 
lated With at least one disease criterion, as described beloW. 

[0066] In another embodiment, a diagnostic oligonucle 
otide set comprises at least one oligonucleotide having an 
oligonucleotide sequence listed in Table 2, 3 and Tables 8-10, 
or the Sequence Listing Which is differentially expressed, and 
further Wherein the differential expression/ correlation has not 
previously been described. In some embodiments, the diag 
nostic oligonucleotide set is immobiliZed on an array. 

[0067] In another embodiment, diagnostic oligonucle 
otides (or oligonucleotide sets) are related to the members of 
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the leukocyte candidate library listed in Table 2, Table 3, 
Tables 8-10 and in the Sequence Listing, for Which a corre 
lation exists betWeen the health status (or disease criterion) of 
an individual. The diagnostic oligonucleotides are partially or 
totally contained in (or derived from) full-length gene 
sequences (or predicted full-length gene sequences) for the 
members of the candidate library listed in Table 2, 3 and the 
Sequence Listing. This includes sequences from accession 
numbers and unigene numbers from Table 8. Table 8 shoWs 
the accession and unigene number (When known) for each 
oligonucleotide used on the 8134 gene leukocyte array 
described in examples 11-13. In some cases, oligonucleotide 
sequences are designed from EST or Chromosomal 
sequences from a public database. In these cases the full 
length gene sequences may not be knoWn. Full-length 
sequences in these cases can be predicted using gene predic 
tion algorithms (Examples 4-6). Alternatively the full-length 
can be determined by cloning and sequencing the full-length 
gene or genes that contain the sequence of interest using 
standard molecular biology approaches described here. The 
same is true for oligonucleotides designed from our sequenc 
ing of cDNA libraries (see Examples 1-4) Where the cDNA 
does not match any sequence in the public databases. 

[0068] The diagnostic oligonucleotides may also be 
derived from other genes that are coexpressed With the cor 
related sequence or full-length gene. Genes may share 
expression patterns because they are regulated in the same 
molecular pathWay. Because of the similarity of expression, 
behavior genes are identi?ed as surrogates in that they can 
substitute for a diagnostic gene in a diagnostic gene set. 
Example 10 demonstrates the discovery of surrogates from 
the data and Table 10C and the sequence listing identify and 
give the sequence for surrogates for lupus diagnostic genes. 
Surrogate oligonucleotide and surrogate oligonucleotide sets 
can be utiliZed to detect expression of surrogate genes and 
thereby diagnose or monitor patients With a disease. 

[0069] As used herein the term “gene cluster” or “cluster” 
refers to a group of genes related by expression pattern. In 
other Words, a cluster of genes is a group of genes With similar 
regulation across different conditions, such as a patient hav 
ing a chronic autoimmune or in?ammatory disease or a 
patient Without chronic autoimmune or in?ammatory dis 
ease. The expression pro?le for each gene in a cluster should 
be correlated With the expression pro?le of at least one other 
gene in that cluster. Correlation may be evaluated using a 
variety of statistical methods. As used herein the term “sur 
rogate” refers to a gene With an expression pro?le such that it 
can substitute for a diagnostic gene in a diagnostic assay. 
Such genes are often members of the same gene cluster as the 
diagnostic gene. For each member of a diagnostic gene set, a 
set of potential surrogates can be identi?ed through identi? 
cation of genes With similar expression patterns as described 
beloW. 

[0070] Many statistical analyses produce a correlation 
coe?icient to describe the relatedness betWeen tWo gene 
expression patterns. Patterns may be considered correlated if 
the correlation coe?icient is greater than or equal to 0.8. In 
preferred embodiments, the correlation coe?icient should be 
greater than 0.85, 0.9 or 0.95. Other statistical methods pro 
duce a measure of mutual information to describe the relat 
edness betWeen tWo gene expression patterns. Patterns may 
be considered correlated if the normalized mutual inforrna 
tion value is greater than or equal to 0.7. In preferred embodi 
ments, the normalized mutual information value should be 
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greater than 0.8, 0.9 or 0.95. Patterns may also be considered 
similar if they cluster closely upon hierarchical clustering of 
gene expression data (Eisen et al. 1998). Similar patterns may 
be those genes that are among the 1, 2, 5, 10, 20, 50 or 100 
nearest neighbors in a hierarchical clustering or have a simi 
larity score (Eisen et al. 1998) of >0.5, 0.7, 0.8, 0.9, 0.95 or 
0.99. Similar patterns may also be identi?ed as those genes 
found to be surrogates in a classi?cation tree by CART 
(Breiman et al. 1994). Often, but not alWays, members of a 
gene cluster have similar biological functions in addition to 
similar gene expression patterns. 
[0071] Correlated genes, clusters and surrogates are iden 
ti?ed for the diagnostic genes of the invention. These surro 
gates may be used as diagnostic genes in an assay instead of, 
or in addition to, the diagnostic genes for Which they are 
surrogates. 
[0072] The invention also provides diagnostic probe sets. It 
is understood that a probe includes any reagent capable of 
speci?cally identifying a nucleotide sequence of the diagnos 
tic nucleotide set, including but not limited to ampli?ed DNA, 
ampli?ed RNA, cDNA, synthetic oligonucleotide, partial or 
full-length nucleic acid sequences. In addition, the probe may 
identify the protein product of a diagnostic nucleotide 
sequence, including, for example, antibodies and other a?in 
ity reagents. 
[0073] It is also understood that each probe can correspond 
to one gene, or multiple probes can correspond to one gene, or 
both, or one probe can correspond to more than one gene. 
[0074] Homologs and variants of the disclosed nucleic acid 
molecules may be used in the present invention. Homologs 
and variants of these nucleic acid molecules Will possess a 
relatively high degree of sequence identity When aligned 
using standard methods. The sequences encompassed by the 
invention have at least 40-50, 50-60, 70-80, 80-85, 85-90, 
90-95 or 95-100% sequence identity to the sequences dis 
closed herein. 
[0075] It is understood that for expression pro?ling, varia 
tions in the disclosed sequences Will still permit detection of 
gene expression. The degree of sequence identity required to 
detect gene expression varies depending on the length of the 
oligomer. For a 60 mer, (an oligonucleotide With 60 nucle 
otides) 6-8 random mutations or 6-8 random deletions in a 60 
mer do not affect gene expression detection. Hughes, T R, et 
al. “Expression pro?ling using microarrays fabricated by an 
ink-jet oligonucleotide synthesiZer. Nature Biotechnology, 
19:343-347 (2001). As the length of the DNA sequence is 
increased, the number of mutations or deletions permitted 
While still alloWing gene expression detection is increased. 
[0076] As Will be appreciated by those skilled in the art, the 
sequences of the present invention may contain sequencing 
errors. That is, there may be incorrect nucleotides, frame 
shifts, unknoWn nucleotides, or other types of sequencing 
errors in any of the sequences; hoWever, the correct sequences 
Will fall Within the homology and stringency de?nitions 
herein. 
[0077] The minimum length of an oligonucleotide probe 
necessary for speci?c hybridiZation in the human genome can 
be estimated using tWo approaches. The ?rst method uses a 
statistical argument that the probe Will be unique in the human 
genome by chance. Brie?y, the number of independent per 
fect matches (Po) expected for an oligonucleotide of length L 
in a genome of complexity C can be calculated from the 
equation (Laird C D, Chromosoma 32:378 (1971): 
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[0078] In the case of mammalian genomes, 2C:~3.6><109, 
and an oligonucleotide of 14-15 nucleotides is expected to be 
represented only once in the genome. However, the distribu 
tion of nucleotides in the coding sequence of mammalian 
genomes is nonrandom (Lathe, R. J. Mol. Biol. 183:1 (1985) 
and longer oligonucleotides may be preferred in order to in 
increase the speci?city of hybridiZation. In practical terms, 
this Works out to probes that are 19-40 nucleotides long 
(Sambrook J et al., infra). The second method for estimating 
the length of a speci?c probe is to use a probe long enough to 
hybridize under the chosen conditions and use a computer to 
search for that sequence or close matches to the sequence in 
the human genome and choose a unique match. Probe 
sequences are chosen based on the desired hybridization 
properties as described in Chapter 1 1 of Sambrook et al, infra. 
The PRIMER3 program is useful for designing these probes 
(S. RoZen and H. Skaletsky 1996, 1997; Primer3 code avail 
able at genome.Wi.mit.edu/genome_softWare/other/primer3. 
html, the Website). The sequences of these probes are then 
compared pair Wise against a database of the human genome 
sequences using a program such as BLAST or MEGA 
BLAST (Madden, T. L etal. (1996) Meth. EnZymol. 266: 131 
141). Since most of the human genome is noW contained in 
the database, the number of matches Will be determined. 
Probe sequences are chosen that are unique to the desired 
target sequence. 
[0079] In some embodiments, a diagnostic oligonucleotide 
or oligonucleotide probe set is immobiliZed on an array. The 
array is optionally comprises one or more of: a chip array, a 
plate array, a bead array, a pin array, a membrane array, a solid 
surface array, a liquid array, an oligonucleotide array, a poly 
nucleotide array or a cDNA array, a microtiter plate, a pin 
array, a bead array, a membrane or a chip. 

[0080] In some embodiments, the leukocyte-implicated 
disease is selected from the diseases listed in Table 1. In other 
embodiments, the disease is atherosclerosis or cardiac 
allograft rejection. In other embodiments, the disease is con 
gestive heart failure, angina, myocardial infarction, chronic 
autoimmune and in?ammatory diseases, systemic lupus 
erythematosis (SLE) and rheumatoid arthritis. 
[0081] In some embodiments, diagnostic oligonucleotides 
of the invention are used as a diagnostic gene set in combi 
nation With genes that are knoW to be associated With a 
disease state (“known markers”). The use of the diagnostic 
oligonucleotides in combination With the knoWn markers can 
provide information that is not obtainable through the knoWn 
markers alone. The knoWn markers include those identi?ed 
by the prior art listing provided. 
[0082] General Molecular Biology References 
[0083] In the context of the invention, nucleic acids and/or 
proteins are manipulated according to Well knoWn molecular 
biology techniques. Detailed protocols for numerous such 
procedures are described in, e.g., in Ausubel et al. Current 
Protocols in Molecular Biology (supplemented through 
2000) John Wiley & Sons, NeW York (“Ausubel”); Sambrook 
et al. Molecular CloningiA Laboratory Manual (2nd Ed.), 
Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Har 
bor, N.Y., 1989 (“Sambrook”), and Berger and Kimmel 
Guide to Molecular Cloning Techniques, Methods in Enzy 
mology volume 152 Academic Press, Inc., San Diego, Calif. 
(“Berger”). 
[0084] In addition to the above references, protocols for in 
vitro ampli?cation techniques, such as the polymerase chain 
reaction (PCR), the ligase chain reaction (LCR), Q-replicase 
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ampli?cation, and other RNA polymerase mediated tech 
niques (e.g., NASBA), useful e.g., for amplifying cDNA 
probes of the invention, are found in Mullis et al. (1987) US. 
Pat. No. 4,683,202; PCR ProtocolsA Guide to Methods and 
Applications (Innis et al. eds)Academic Press Inc. San Diego, 
Calif. (1990) (“Innis”); Amheim and Levinson (1990) C&EN 
36; The Journal OfNIH Research (1991) 3:81; KWoh et al. 
(1989) Proc Natl Acad Sci USA 86, 1173; Guatelli et al. 
(1 990) Proc NatlAcad Sci USA 87: 1 874; Lomell et al. (1 989) 
J Clin Chem 35:1826; Landegren et al. (1988) Science 241: 
1077; Van Brunt (1990) Biotechnology 8:291; Wu and Wal 
lace (1989) Gene 4: 560; Barringer et al. (1990) Gene 89: 1 17, 
and Sooknanan and Malek (1995) Biotechnology 13:563. 
Additional methods, useful for cloning nucleic acids in the 
context of the present invention, include Wallace et al. US. 
Pat. No. 5,426,039. Improved methods of amplifying large 
nucleic acids by PCR are summariZed in Cheng et al. (1994) 
Nature 369:684 and the references therein. 
[0085] Certain polynucleotides of the invention, e.g., oli 
gonucleotides can be synthesiZed utiliZing various solid 
phase strategies involving mononucleotide- and/or trinucle 
otide-based phosphoramidite coupling chemistry. For 
example, nucleic acid sequences can be synthesiZed by the 
sequential addition of activated monomers and/ or trimers to 
an elongating polynucleotide chain. See e.g., Caruthers, M. 
H. et al. (1992) Meth Enzymol211:3. 
[0086] In lieu of synthesiZing the desired sequences, essen 
tially any nucleic acid can be custom ordered from any of a 
variety of commercial sources, such as The Midland Certi?ed 
Reagent Company (mcrc@oligos.com), The Great American 
Gene Company (genco.com), ExpressGen, Inc. (expressgen. 
com), Operon Technologies, Inc. (operon.com), and many 
others. 
[0087] Similarly, commercial sources for nucleic acid and 
protein microarrays are available, and include, e.g., Agilent 
Technologies, Palo Alto, Calif. and Affymetrix, Santa Clara, 
Calif. 
[0088] Candidate Library 
[0089] Libraries of candidate genes that are differentially 
expressed in leukocytes are substrates for the identi?cation 
and evaluation of diagnostic oligonucleotides and oligo 
nucleotide sets and disease speci?c target nucleotide 
sequences. 
[0090] The term leukocyte is used generically to refer to 
any nucleated blood cell that is not a nucleated erythrocyte. 
More speci?cally, leukocytes can be subdivided into tWo 
broad classes. The ?rst class includes granulocytes, includ 
ing, most prevalently, neutrophils, as Well as eosinophils and 
basophils at loW frequency. The second class, the non-granu 
lar or mononuclear leukocytes, includes monocytes and lym 
phocytes (e.g., T cells and B cells). There is an extensive 
literature in the art implicating leukocytes, e.g., neutrophils, 
monocytes and lymphocytes in a Wide variety of disease 
processes, including in?ammatory and rheumatic diseases, 
neurodegenerative diseases (such as AlZheimer’s dementia), 
cardiovascular disease, endocrine diseases, transplant rejec 
tion, malignancy and infectious diseases, and other diseases 
listed in Table 1. Mononuclear cells are involved in the 
chronic immune response, While granulocytes, Which make 
up approximately 60% of the leukocytes, have a non-speci?c 
and stereotyped response to acute in?ammatory stimuli and 
often have a life span of only 24 hours. 
[0091] In addition to their Widespread involvement and/or 
implication in numerous disease related processes, leuko 








































































































