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(57) ABSTRACT 

The invention provides a diagnostics assay for measuring 
the responsiveness to a drug by comparing the mRNA levels 
of a gene that responds to the drug, such as a steroid, to the 
mRNA levels of a gene that does not respond to the drug. 
Methods according to the invention are useful for predicting 
the ability of a patient (or a tissue, body ?uid or cell sample 
in vitro) to respond to a drug or steroid at any stage of their 
treatment (i.e., before, during or after), and to monitor the 
patient (or a tissue, body ?uid or cell) over time to assess 
continued responsiveness to the drug or steroid. 
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METHODS FOR DETERMINING DRUG 
RESPONSIVENESS 

[0001] This application claims the bene?t of US. appli 
cation Ser. No. 10/045,360, ?led Jan. 22, 2002, and US. 
Provisional Application No. 60/370,008, ?led Apr. 3, 2002, 
the speci?cations of Which are both incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to a diagnostic assay for drug 
(e.g., steroid) responsiveness. 

BACKGROUND OF THE INVENTION 

[0003] Many diseases that are primarily in?ammatory in 
nature, (for example, rheumatoid arthritis, in?ammatory 
boWel diseases, systemic lupus erythematosis, and asthma) 
or that have a major in?ammatory component, are treated 
With steroids such as prednisone. In addition, some cancers 
are treated With steroids, and transplant patients also receive 
steroids to prevent transplant rejection. HoWever, the effec 
tiveness of steroid treatment varies from patient to patient 
and is usually impossible to predict. Some patients may be 
constitutively non-responsive to a particular medication, and 
others may become refractory to treatment over time. In 
some cases, patients may experience symptomatic relief, but 
attempts to WithdraW therapy lead to disease ?are. As a 
consequence, the inclination for doctors to continue steroid 
therapy and even to increase the dosage of a steroid is 
associated With serious, cumulatively debilitating, side 
effects. The clinical screening of patients Who are candidates 
for steroid therapy for their ability to respond to steroids and 
the monitoring of patients Who are undergoing steroid 
therapy but Who may be transitioning from steroid responder 
to non-responder (i.e., refractory) status is therefore of 
signi?cant clinical importance. 

[0004] A need therefore exists for a diagnostic assay or 
test for drug, e.g., steroid responsiveness. 

SUMMARY OF THE INVENTION 

[0005] The invention provides diagnostic assays for mea 
suring the response to a drug by comparing mRNA levels 
expressed by a gene that is expected to respond to the drug 
to mRNA levels expressed by a gene that is not expected to 
respond to the drug. The assay also can be carried out at the 
protein level, by comparing the concentrations and/or activi 
ties (for example enZymatic activities) of the proteins cor 
responding to these mRNA species. The invention is based 
on observations that the expression of drug-sensitive genes, 
or changes in the expression of drug-sensitive genes, are 
useful as a marker for the cellular response to the drug. 
Methods according to the invention are useful for predicting 
the ability of a patient (or a tissue, body ?uid or cell sample 
in vitro) to respond to a treatment before treatment begins 
and to monitor treatment over time to assess continued 
responsiveness to therapeutic intervention. 

[0006] In one aspect, the invention provides methods for 
determining steroid responsiveness in a subject, by deter 
mining the level of expression of RNA (or the protein 
encoded by the RNA) from a ?rst gene knoWn or suspected 
to be steroid responsive, determining the level of expression 
of RNA (or the protein encoded by the RNA) from a second 
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gene knoWn or suspected to be non-responsive to steroids, 
and comparing the pre- and post-treatment levels to deter 
mine or predict Whether the subject is likely to respond to 
steroid treatment. The subject is determined or predicted to 
be steroid responsive if the change in the level of mRNA or 
protein expression from the ?rst gene is higher than that 
from the second gene and the subject is non-responsive to 
steroids if the level of mRNA or protein expression from the 
second gene is equal to or higher than that from the ?rst 
gene. Alternatively, the ratio of the expression from the ?rst 
gene to the expression from the second gene may be 
compared to predetermined control ratios from untreated 
subjects or to predetermined control ratios from subjects 
undergoing successful treatment. For example, a subject 
may be predicted to be steroid responsive if the ratio of the 
expression from the steroid responsive gene to the expres 
sion of the steroid non-responsive gene is similar to prior 
ratios for the subject When previously responsive or higher 
than the predetermined control ratio for untreated subjects or 
similar to predetermined control ratios from subjects under 
going successful treatment. Conversely, the subject may be 
predicted to be steroid non-responsive if the ratio of the 
expression of the steroid responsive gene to the expression 
of the steroid non-responsive gene is loWer than prior ratios 
for the subject When previously responsive, or similar to the 
predetermined control ratio for untreated subjects, or loWer 
than predetermined control ratios from subjects undergoing 
successful treatment. 

[0007] In another embodiment, the invention provides 
methods for determining steroid responsiveness in a tissue, 
body ?uid or cell after exposure in vitro to a steroid. 

[0008] In another embodiment, the invention provides 
methods for determining or predicting steroid responsive 
ness in a subject before and after (i.e., folloWing or during 
administration of) steroid treatment. Samples are taken 
before and after steroid treatment, and the RNA (or protein) 
levels for the steroid non-responsive gene are used as a 
normaliZing control for the RNA (or protein) levels of the 

steroid responsive gene. The invention provides for: obtaining a pre-treatment tissue, body ?uid or cell from a 

subject, (ii) determining the level of RNA or protein expres 
sion from steroid responsive and steroid non-responsive 
genes, (iii) administering a steroid to the subject, (iv) 
obtaining a post-treatment tissue, body ?uid or cell from the 
subject and (v) determining a post-treatment RNA or protein 
level expressed from the same genes identi?ed in the pre 
treatment samples, (vi) comparing the pre-treatment level of 
RNA or protein expressed from the ?rst gene to the pre 
treatment level of RNA or protein expressed from the second 
gene to create a ?rst normaliZed value, comparing the 
post-treatment level of RNA or protein expressed from the 
?rst gene to the post-treatment level of RNA or protein 
expressed from the second gene to create a second normal 
iZed value, and comparing the ?rst normaliZed value to the 
second normaliZed value. If the ?rst normaliZed value is less 
than the second normaliZed value, the tissue, body ?uid or 
cell sample is predicted or determined to be steroid respon 
sive and if the ?rst normaliZed value is greater than or the 
same as the second normaliZed value the tissue, body ?uid 
or cell sample is predicted or determined to be steroid 
non-responsive. The difference betWeen the ?rst normaliZed 
value and the second normaliZed value correlates to the 
ability of the subject to respond to steroid treatment. 
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[0009] In another embodiment, the invention provides 
methods for determining an effective dose of a steroid in a 
subject by administering to a subject a dose of a steroid, 
obtaining a tissue, body ?uid or cell sample from the subject, 
determining the level of expression of RNA or protein from 
a ?rst gene knoWn or suspected to be steroid responsive, 
determining the level of expression of RNA or protein from 
a second gene knoWn or suspected to be non-responsive to 
steroids, and comparing the pre- and post-treatment levels to 
determine Whether the dose of steroid is appropriate. Alter 
natively, the ratio of the expression from the ?rst gene to the 
expression from the second gene is compared to predeter 
mined control ratios from untreated subjects. This alterna 
tive alloWs for the continued assessment of effective dosage 
during a course of treatment if no pre-treatment sample is 
available, e.g., in the case of a chronic condition. For 
example, a subject may be receiving an adequate dosage of 
steroid if the ratio of the expression from the ?rst gene to the 
expression from the second gene is higher than the prede 
termined control ratio for untreated subjects. The dosage 
may be titrated or loWered until just before the ratio of RNA 
or protein levels from the steroid responsive to steroid 
non-responsive gene begins to decrease, in order to deter 
mine the minimum dosage that can be given to achieve 
optimal results. Alternatively, a subject may be given an 
initial loW dose of steroid, the ratio of RNA or protein levels 
from the steroid responsive to steroid non-responsive gene 
measured, and the dosage increased until the ratio reaches a 
plateau, or until the ratio reaches a desired target level. 

[0010] In some cases a patient may be obtaining clinical 
bene?t (e.g., symptomatic relief) from steroid therapy but 
later become refractory (i.e., non-responsive to the therapy). 
The instant invention provides methods for ensuring the 
long-term appropriateness and ef?cacy of a steroid treatment 
by monitoring a subject’s ability to respond to the steroid. 
The invention provides methods for monitoring a subject’s 
ability to respond to a steroid by administering to a subject 
a dose of steroid, obtaining a tissue, body ?uid or cell sample 
from the subject, determining the level of expression of 
RNA or protein from a ?rst gene knoWn or suspected to be 
steroid responsive, determining the level of expression of 
RNA or protein from a second gene knoWn or suspected to 
be non-responsive to steroids, and comparing them pre- and 
post-treatment to determine Whether the subject is still 
responsive to steroid treatment. The subject remains steroid 
responsive if the level of expression from the steroid respon 
sive gene is higher than that of the steroid non-responsive 
gene and the subject has become non-responsive to steroids 
if the level of expression from the steroid non-responsive 
gene is equal to or higher than that of the steroid responsive 
gene. Alternatively, the ratio of the expression from the 
steroid responsive gene to the expression from the steroid 
non-responsive gene is compared to predetermined control 
ratios from untreated subjects or to predetermined control 
ratios from subjects undergoing successful treatment or to a 
preexisting ratio from the subject obtained at a time When 
the subject Was classi?ed as steroid responsive. For 
example, a subject may be steroid responsive if the ratio of 
the expression from the steroid responsive gene to the 
expression of the steroid non-responsive gene is similar to 
prior ratios for the subject When previously responsive or 
higher than the predetermined control ratio for untreated 
subjects or similar to predetermined control ratios from 
subjects undergoing successful treatment. Conversely, the 
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subject may be steroid non-responsive if the ratio of the 
expression from the steroid responsive gene to the expres 
sion of the steroid non-responsive gene is loWer than prior 
ratios for the subject When previously responsive or similar 
to the predetermined control ratio for untreated subjects or 
loWer than predetermined control ratios from subjects under 
going successful treatment. 

[0011] More generally, the invention also provides a gen 
eral approach to determining drug responsiveness generally 
in a subject undergoing drug treatment. In this method a ?rst 
gene must be identi?ed Which responds to the drug by 
causing a change in RNA or protein production (e.g., change 
in transcription, RNA stability, or RNA accumulation). A 
second gene must also be identi?ed Which does not respond 
to the drug by causing a change in RNA or protein produc 
tion. In another aspect, the invention provides methods for 
determining drug responsiveness in a subject undergoing 
drug treatment by determining the level of expression of 
RNA or protein from a ?rst gene knoWn or suspected to be 
drug-responsive, determining the level of expression of 
RNA or protein from a second gene knoWn or suspected to 
be non-responsive to the drug, and comparing them pre- and 
post-treatment to determine Whether the subject is likely to 
respond to drug treatment. The subject is determined to be 
drug-responsive if the level of expression from the drug 
responsive gene is higher than that of the drug non-respon 
sive gene and the subject is non-responsive to the drug if the 
level of expression from the drug non-responsive gene is 
equal to or higher than that of the drug-responsive gene. 
Alternatively, the ratio of the expression from the drug 
responsive gene to the expression from the drug non 
responsive gene is compared to predetermined control ratios 
from untreated subjects or to predetermined control ratios 
from subjects undergoing successful treatment. For 
example, a subject may be drug-responsive if the ratio of the 
expression from the drug-responsive gene to the expression 
of the drug non-responsive gene is similar to prior ratios for 
the subject When previously responsive or higher than the 
predetermined control ratio for untreated subjects or similar 
to predetermined control ratios from subjects undergoing 
successful treatment. Conversely, the subject may be drug 
non-responsive if the ratio of the expression from the 
drug-responsive gene to the expression of the drug non 
responsive gene is loWer than prior ratios for the subject 
When previously responsive or similar to the predetermined 
control ratio for untreated subjects or loWer than predeter 
mined control ratios from subjects undergoing successful 
treatment. 

[0012] In another embodiment, the invention provides 
methods for determining drug responsiveness in a tissue, 
body ?uid or cell after exposure in vitro to a drug. 

[0013] In another embodiment, the invention provides 
methods for determining responsiveness in a tissue, body 
?uid or cell sample to a drug or drug candidate for deter 
mining alterations in the cellular response to pro-in?amma 
tory, anti-in?ammatory or immune response-modifying 
stimuli (e.g., cytokines, chemokines, steroids, etc.). In other 
Words, the methods according to the invention may detect 
side effects of drugs on immune responses in cells. The 
cellular response may be assessed by comparing the relative 
levels of endogenous steroid responsive gene and steroid 
nonresponsive gene mRNA or protein, as described herein. 
Alternatively, cells may be transfected With a vector or 
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vectors having the steroid responsive gene and steroid 
nonresponsive gene promoters, each in operative linkage 
With a different detectable reporter gene (e.g., green ?uo 
rescence protein or yellow ?uorescence protein). The 
method includes exposing the cell, transfected With the 
vector(s) having the steroid responsive gene and steroid 
nonresponsive gene promoter-driven reporter genes, to a 
drug of interest and comparing the level of expression from 
the ?rst reporter gene to the level of expression from the 
second reporter gene. In this Way, a drug that may or may not 
have pro- or anti-in?ammatory or immune response-modi 
fying activity can be assayed for its effect on gene expres 
sion from the steroid responsive gene and steroid nonre 
sponsive gene promoters. 

[0014] In a particular embodiment, RNA levels are quan 
ti?ed by ampli?cation of the RNA by, for example, reverse 
transcription polymerase chain reaction (RT-PCR) of the 
RNAs. The reaction products may be quanti?ed, e.g., by gel 
electrophoresis (e.g., slab or cappillary) or the unampli?ed 
RNA may be quanti?ed, e.g., by Northern blot analysis, or 
by direct hybridiZation With a probe. Alternatively, RNA 
levels are quanti?ed by in situ detection. Diagnostic proce 
dures may also be performed in situ directly upon sections 
(?xed or frozen) of tissue obtained from biopsies or resec 
tions by looking at relative intensities of drug or steroid 
responsive and drug or steroid nonresponsive RNAs in a 
portion of the biopsy sample, such that no nucleic acid 
puri?cation is necessary. Nucleic acid reagents may be used 
as probes and/or primers for such in situ procedures. 

[0015] In another embodiment, the relative changes in 
gene expression may be quanti?ed at the protein level. An 
analysis of gene expression may therefore be directed at the 
quantity of a particular mRNA transcript or the amount of 
protein translated from it, or the activity of that protein. 
Protein levels may be quanti?ed using Well-knoWn tech 
niques of protein analysis. For example, target tissue is ?rst 
isolated and then total protein is extracted by Well knoWn 
methods. Quantitative analysis is achieved, for example, 
using ELISA methods employing a pair of antibodies spe 
ci?c to the target protein. Other methods of protein quanti 
?cation include enZymatic assay, use of biosensors, protein 
arrays or protein chips, for example, the chips available from 
Ciphergen (Fremont, Calif.), and mass spectrometric meth 
ods as described in more detail beloW. The skilled artisan 
Will recogniZe that any protein quanti?cation method that is 
speci?c for a given protein may be used in the instant 
methods. 

[0016] RNA or protein may be quanti?ed from any tissue, 
body ?uid or nucleated cell sample. For example, the tissue 
or body ?uid sample is preferably blood. The tissue sample 
may be derived from a biopsy of any tissue in Which the 
genes of interest (i.e., the drug or steroid responsive gene 
and the drug or steroid non-responsive gene) are expressed. 
The tissue, body ?uid or cell sample may contain one or 
more of monocytes, macrophages, neutrophils, T-cells, 
B-cells, basophils, ?broblasts, smooth muscle cells, endot 
helial cells and epithelial cells, for example. In addition, the 
tissue or cell sample may be a benign tumor, malignant 
tumor, a tissue that is normally responsive to steroids (such 
as a breast cancer biopsy sample, e.g., to determine Whether 
it has lost the ability to respond to steroids, has become less 
responsive to steroids, or has become more responsive to 
steroids) or a tissue that is non-responsive to steroids (e.g., 
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to determine if it has gained responsiveness to steroids). In 
a preferred embodiment, the tissue used to measure RNA 
levels of the genes of interest contains buccal cells. The 
tissue, body ?uid or cell sample is obtained and is preferably 
stored in a stabiliZation solution or is stored froZen prior to 
analysis to minimiZe RNA or protein degradation. 

[0017] In another embodiment of the invention, the meth 
ods involve the step of administering one or more pro 
in?ammatory or anti-in?ammatory mediators to the tissue, 
body ?uid or cell, such as interleukin 10. (IL-10.), interleu 
kin-1[3(IL-1[3), interleukin 6 (IL-6), and tumor necrosis 
factor (TNF-ot). In addition, the anti-in?ammatory mediator 
may be interleukin 1 receptor antagonist (IL-1 RA), tumor 
necrosis factor receptor antagonist (TNF-RA) or derivatives 
thereof, soluble TNF receptors, or anti-TNF antibodies, for 
example. Other suitable pro-in?ammatory or anti-in?amma 
tory mediators for use in the invention are knoWn in the art. 
Methods according to the invention may involve the step of 
administering one or more cytokines, chemokines (e.g., 
interleukin-8 (IL-8)), interferons, or other hormones (e.g., 
vasoactive intestinal peptide (VIP)). 

[0018] Although the methods according to the invention 
may be used to predict, determine, measure or monitor the 
responsiveness of a subject to any drug that may cause an 
increase in RNAor protein levels of at least one gene but that 
does not cause an increase in RNA or protein levels of at 
least one other gene, the assay is ideally suited for predict 
ing, determining, measuring or monitoring the responsive 
ness of a subject to steroids. 

[0019] In a preferred embodiment, differential cytokine 
dependent or cytokine-independent transcriptional activities 
of the steroid responsive and steroid nonresponsive genes 
are used to measure steroid responsiveness in the presence 
or absence of glucocorticoids. Genes of particular interest 
for measuring steroid responsiveness are derived from the 
serum amyloid A (SAA) gene superfamily. One SAA gene, 
serum amyloid A1 (SAAl), is responsive to glucocorticoids 
both in vivo and in vitro, causing an increase in transcription 
of SAAl RNA and a concomitant increase in SAAl RNA 
levels. Another SAA gene, serum amyloid A2 (SAA2) is not 
responsive to glucocorticoids. Thus, a preferred steroid 
responsive gene according to the invention is SAAl and a 
preferred steroid non-responsive gene is SAA2. Alterna 
tively, the steroid responsive gene may encode another acute 
phase reactant, chemokine, cytokine agonist, cytokine 
antagonist, complement component, or other gene that is 
responsive to steroids (i.e., steroid treatment causes an 
increase in RNA or protein levels). Accordingly, the steroid 
non-responsive gene may encode an acute phase reactant, 
chemokine, cytokine agonist, cytokine antagonist, comple 
ment component, or other gene Which is not responsive to 
steroids (i.e., steroid treatment does not cause an increase in 
RNA or protein levels). 

[0020] SAAl transcription, but not SAA2 transcription, is 
induced in response to steroids in the absence of cytokines 
in some cell types (e.g., oral epithelial). Other cell types 
(e.g., HEPG2 hepatoma) require the presence of endogenous 
(e.g., due to ongoing in?ammation), or exogenously admin 
istered cytokines, to achieve induction of SAAl and SAA2 
transcription Which permits a subsequent or coincident ste 
roid-dependent transcriptional enhancement of the SAAl 
but not the SAA2 gene. Cell types Which do not require such 



US 2004/0072181 A1 

exposure to endogenous or exogenous cytokines are par 
ticularly useful for determining steroid responsiveness in a 
non-in?amed individual (e.g., a pre-surgery, pre-transplan 
tation, or pretreatment patient). 

[0021] In another preferred embodiment, the methods 
according to the invention may be used to evaluate steroid 
responsiveness in response to the administration of a com 
bination of stimuli or drugs, such as one or more of IL-1, 
IL-6 and TNF-ot, and may thereby be useful in evaluating 
therapies under a range of in?ammation conditions and/or 
treatment modalities. For example, the steroid responsive 
and non-responsive genes according to the methods of the 
invention may be chosen depending upon their ability to 
respond to IL-1 and IL-6, administered separately or in 
combination, With or Without steroids. For example, both the 
SAAl gene and SAA2 genes respond to IL-1 strongly and 
IL-6 Weakly, but only the responses of the SAAl gene are 
augmented by glucocorticoid administration. By compari 
son, the C reactive protein gene (CRP) responds Weakly to 
IL-1 and strongly to IL-6, and both responses are augmented 
by glucocorticoid administration. The SAA genes and the 
CRP gene therefore are markers for subsets of genes that 
respond differentially to certain cytokines alone or in com 
bination With steroids and/or other drugs. Thus, a compari 
son of the RNA or protein levels of the SAA genes and the 
CRP genes, and/or other genes, may provide useful RNA or 
protein pro?les Which predict, determine, measure or moni 
tor a subject’s ability to respond to steroids at certain points 
during an acute phase response (i.e., depending upon the 
“mix” of cytokines present at that point in time) or to certain 
cytokines, cytokine antagonists, anti-in?ammatory or other 
drug treatments in the absence of, or in combination With, 
endogenous or exogenous (i.e., therapeutically adminis 
tered) steroids. 

[0022] Methods according to the invention may therefore 
further include the step of quantifying the RNA or protein 
level of a third gene, or additional genes, and comparing the 
RNA or protein level from the third or additional genes to 
the RNA or protein levels of the steroid responsive gene and 
the RNA or protein level of the steroid non-responsive gene. 
In a preferred embodiment, the third gene may encode an 
acute phase reactant, chemokine, cytokine agonist, cytokine 
antagonist, or complement component. Exemplary third 
genes are CRP, complement component 3 (C3), Factor B, or 
albumin. 

[0023] Methods according to the invention are preferably 
used to predict, determine, measure or monitor the steroid 
responsiveness of a subject Who suffers from an in?amma 
tory condition, a disease With an in?ammatory component, 
a disease With an in?ammatory consequence, and/or a dis 
ease With in?ammatory symptoms. The subject may be 
assayed to determine if he or she Will respond to, Will not 
respond to, is refractory to, is less responsive to, or is more 
responsive to steroid treatment, or is steroid dependent. 
Methods according to the invention are particularly useful 
for predicting, determining, measuring or monitoring the 
steroid responsiveness of a subject Who suffers from an 
arthritic disease such as, for example, osteoarthritis, rheu 
matoid arthritis, psoriatic arthritis or idiopathic arthritis. 
Methods according to the invention are also useful for 
predicting, determining, measuring or monitoring the steroid 
responsiveness of a subject Who suffers from an autoimmune 
disease, such as an in?ammatory boWel disease (e.g., 
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Crohn’s disease or ulcerative colitis). Other diseases and 
conditions that have an in?ammatory component or conse 
quence include, but are not limited to, asthma, adult respi 
ratory distress syndrome, systemic lupus erythematosus, 
multiple sclerosis, insulin-dependent diabetes mellitus, 
autoimmune arthritis, juvenile rheumatoid arthritis, psoriatic 
arthritis, in?ammatory pulmonary syndrome, pemphigus 
vulgaris, idiopathic thrombocytopenic purpura, cerebral 
edema, autoimmune meningitis, myasthenia gravis, autoim 
mune thyroiditis, sarcoidosis, dermatitis, atopic dermatitis, 
ecZematous dermatitis, psoriasis, Sjogren’s Syndrome, sar 
coidosis, keratoconjunctivitis sicca secondary to Sjogren’s 
Syndrome, alopecia areata, allergic responses due to arthro 
pod bite reactions, aphthous ulcer, iritis, conjunctivitis, 
keratoconjunctivitis, cutaneous lupus erythematosus, scle 
roderma, vaginitis, proctitis, drug eruptions, Stevens 
Johnson syndrome, leprosy reversal reactions, erythema 
nodosum leprosum, autoimmune uveitis, allergic encepha 
lomyelitis, aplastic anemia, pure red cell anemia, autoim 
mune destruction of erythrocytes, idiopathic thrombocy 
topenia, polychondritis, Wegener’s granulomatosis, chronic 
active hepatitis, alcohol liver disease, Graves ophthalmopa 
thy, primary biliary cirrhosis, uveitis posterior and intersti 
tial lung ?brosis. 

[0024] Alternatively, methods according to the invention 
are used to determine steroid responsiveness in a subject 
Who is being evaluated as a candidate for, is about to 
undergo, or has undergone a tissue or organ transplant. 
Alternatively, the subject has cancer, is being treated for 
cancer, or is in remission from cancer (e.g., solid tumors, 
acute lymphocytic leukemia and lymphoma). Alternatively, 
the subject suffers from or the assay is used to diagnose or 
monitor, a renal disease, allergy, infectious disease, ocular 
disease, skin disease, gastrointestinal disease, endocrine 
disease, stroke, coronary artery disease, vascular disease, 
atherothrombotic disease, spinal cord injury, acute adrenal 
insufficiency, chronic primary adrenal insufficiency, second 
ary adrenal insufficiency, and/or congenital adrenal hyper 
plasia. Alternatively, the subject is being evaluated as a 
candidate for, is about to undergo, or has undergone steroid 
replacement or substitution therapy. 

[0025] In a preferred embodiment of the invention, the 
steroid responsive gene is controlled by a steroid responsive 
element, such as a glucocorticoid responsive element 
(GRE). The GRE may be a consensus GRE or a non 
consensus GRE. The consensus GRE is preferably GGTA 
CAnnnTGTTCT (SEQ ID NO:1), Where n is any nucleotide 
(A, G, C or T), or a variation thereof. Alternatively, the ?rst 
gene is controlled either in cis or in trans (e.g., in each case 
either proximally or distally) by a non-consensus element 
that permits the gene to respond to steroids. The steroid may 
provide a signal via the glucocorticoid receptor (GR) or via 
another steroid (e.g., estrogen, progesterone, etc.) receptor 
that may engage the GRE and/or another steroid response 
element in the steroid responsive gene, or at another 
genomic location. In a preferred embodiment, the steroid 
non-responsive gene is encoded by a gene Which is not 
controlled by a steroid response element. 

[0026] The steroid used in the methods according to the 
invention may be, for example, a glucocorticoid, an estro 
gen, or an androgen. Exemplary steroids include, but are by 
no means limited to, alclometasone diproprionate, amcino 
nide, beclomethasone diproprionate, betamethasone, 
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betamethasone benZoate, betamethasone diproprionate, 
betamethasone sodium phosphate, betamethasone sodium 
phosphate and acetate, betamethasone valerate, clobetasol 
proprionate, clocortolone pivalate, cortisol (hydrocortisone), 
cortisol (hydrocortisone) acetate, cortisol (hydrocortisone) 
butyrate, cortisol (hydrocortisone) cypionate, cortisol 
(hydrocortisone) sodium phosphate, cortisol (hydrocorti 
sone) sodium succinate, cortisol (hydrocortisone) valerate, 
cortisone acetate, desonide, desoXimetasone, deXametha 
sone, deXamethasone acetate, deXamethasone sodium phos 
phate, di?orasone diacetate, ?udrocortisone acetate, 
?unisolide, ?uocinolone acetonide, ?uocinonide, ?uo 
rometholone, ?urandrenolide, halcinonide, medrysone, 
methylprednisolone, methylprednisolone acetate, methyl 
prednisolone sodium succinate, mometasone furoate, 
paramethasone acetate, prednisolone, prednisolone acetate, 
prednisolone sodium phosphate, prednisolone tebutate, 
prednisone, triamcinolone, triamcinolone acetonide, triam 
cinolone diacetate, and triamcinolone heXacetonide or a 
synthetic analog thereof, or a combination thereof. 

[0027] The invention further contemplates the administra 
tion of one or more steroid inhibitors or steroid antagonists. 
Exemplary steroid inhibitors include, but are not limited to, 
mitotane, metyrapone, aminoglutethimide, ketoconaZole, 
and trilostane. 

[0028] The steroid may be administered any number of 
Ways, including, for eXample, parenterally, orally, locally, 
rectally, intravenously, topically, intramuscularly, enterally, 
transdermally, nasally, ocularly, transmucosally, via inhila 
tion, and/or subcutaneously. 
[0029] In another aspect, the invention provides a kit for 
determining drug (e.g., steroid) responsiveness in a subject 
Where the kit contains a probe speci?c for, or primers 
speci?c for amplifying, RNA encoded by a drug-responsive 
gene and probes speci?c for, or primers speci?c for ampli 
fying, RNA encoded by a drug non-responsive gene. Pref 
erably, the kit also has a tissue, body ?uid or cell collector. 
In a preferred embodiment, the collector contains RNase 
inhibitors and other inhibitors and preservatives for mini 
miZing degradation of RNA and DNA. For eXample, a 
PAXgeneTM Blood RNA tube (Qiagen, Hilden, Germany) 
may be used. 

[0030] In a further aspect, the invention provides a kit for 
determining drug (e.g., steroid) responsiveness in a subject 
Where the kit contains reagents suitable for detecting protein 
encoded by a drug-responsive gene and reagents suitable for 
detecting protein encoded by a drug non-responsive gene. 
Preferably, the kit also has a tissue, body ?uid or cell 
collector. In a preferred embodiment, the collector contains 
protease inhibitors and other inhibitors and preservatives for 
minimiZing degradation of the proteins e.g EDTA. 

[0031] In yet another aspect, the invention provides meth 
ods for determining the capacity of a biological sample to 
induce the eXpression of SAA1 and/or SAA2 and/or any 
other in?ammation-associated gene(s), or reporter con 
structs containing their promoters, in cultured primary and 
permanent cell lines. Such methods are useful for obtaining 
and monitoring an eXpression pro?le generated by a sample 
from a subject that is about to undergo, is undergoing, or has 
completed a therapy, as Well as for providing a diagnostic or 
prognostic tool. The methods may also be used to assess the 
potential ef?cacy and side effects of investigational and 
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approved drugs in biological samples, e.g., collected in the 
course of animal testing and/or Phase I, II, III, and IV 
clinical trials and/or post-marketing studies. 

[0032] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While 
indicating preferred embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The foregoing and other objects, features and 
advantages of the present invention, as Well as the invention 
itself, Will be more fully understood from the folloWing 
description of preferred embodiments When read together 
With the accompanying draWings, in Which: 

[0034] FIG. 1 is an alignment of SAA1 and SAA2 pro 
moters. The proXimal 450 bases of the human SAA1 and 
SAA2 promoters (SEQ ID Nos: 2 and 3) Were aligned using 
the ClustalW program. Putative transcription factor binding 
sites are underlined once (predicted by TESS program), With 
dots (predicted by Signalscan program) or tWice (predicted 
by visual inspection). Dashes represent gaps in one sequence 
relative to the other. The Xmal site is boXed. 

[0035] FIG. 2 is a timecourse of the induction of SAAl 
and SAA2 promoter luciferase reporter constructs in the 
presence or absence of cytokine and/or deXamethasone 
treatment. HepG2 cells transfected With pGL2-SAA2pt (A) 
or pGL2-SAA1pt (B) luciferase reporter constructs Were 
treated With medium only, deXamethasone (50 nM), IL-1 (10 
ng/ml), IL-l plus deXamethasone, IL-6 (10 ng/ml), IL-6 plus 
deXamethasone, IL-l plus IL-6, or IL-1 plus IL-6 plus 
deXamethasone. Cells Were harvested 3, 6, 9 and 24 hours 
after treatment and relative luciferase values Were calculated 
and compared to untreated controls. 

[0036] FIG. 3 shoWs that SAAl glucocorticoid respon 
siveness is dose dependent. HepG2 cells transfected With 
pGL2-SAA1pt or pGL2-SAA2pt Were treated With increas 
ing amounts of deXamethasone (10 nM, 50 nM, 100 nM, 500 
nM, 1 pM) in the absence or presence of 10 ng/ml IL-l plus 
10 ng/ml IL-6. Cells Were harvested 4 hours after treatment 
and relative luciferase values Were calculated and compared 
to untreated controls. 

[0037] FIG. 4 shoWs that SAAl glucocorticoid respon 
siveness is glucocorticoid receptor (GR) dependent. HepG2 
cells Were transfected With pGL2-SAA1pt and treated With 
10 ng/ml IL-l plus 10 ng/ml IL-6, alone and in the presence 
of 10 nM RU486 and/or 100 nM deXamethasone. Cells Were 
harvested 4 hours after treatment and relative luciferase 
values Were calculated and compared to untreated controls. 

[0038] FIG. 5 shoWs that SAA 1 glucocorticoid respon 
siveness is dependent on cytokine driven transcriptional 
activation. HepG2 cells co-transfected With the pGL2-SAA1 
[0.25] (A) or pGL2-SAA2[0.25] (B) and 0, 5, 25 or 50 
ng/Well CMX-GR eXpression construct Were treated With 
increasing amounts of deXamethasone (0, 50 nM, 500 nM, 
5 pM) in the absence or presence of 10 ng/ml IL-l plus 10 
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ng/ml IL-6. Cells Were harvested 4 hours after treatment and 
relative luciferase values Were calculated and compared to 
untreated controls. 

[0039] FIG. 6 shoWs cytokine and dexamethasone induc 
tion of chimeric SAA promoters. (A) Schematic diagram of 
the chimeric SAA promoter constructs. Sequence derived 
from SAA1 is represented by pale gray shading; sequence 
derived from SAA2 is represented by dark gray shading; the 
luciferase coding sequence is represented by “Luc”; the 
transcription start site is indicated With an arroW. The 
positions of the Xmal restriction enZyme sites used for 
generating the chimeras are indicated. The putative GRE is 
represented by a black box. (B) Chimeric constructs Were 
transfected into HepG2 cells and treated With medium only, 
50 nM dexamethasone, 10 ng/ml IL-l plus 10 ng/ml IL-6, or 
IL-1 plus IL-6 plus dexamethasone. Cells Were harvested 4 
hours after treatment and relative luciferase values Were 
calculated and compared to untreated controls. 

[0040] FIG. 7 shoWs GRE mutant SAA promoters. (A) 
Alignment of the region of SAA1 encompassing the GRE, 
the corresponding regions of SAA2, the mutants GREI and 
GRED and the consensus GRE sequence. (B) HepG2 cells 
Were transfected With pGL2-SAA1 [0.7], GRET, GRED or 
pGL2-SAA2[0.7] constructs and treated With medium only, 
50 nM dexamethasone, 10 ng/ml IL-l plus 10 ng/ml IL-6, or 
IL-1 plus IL-6 plus dexamethasone. Cells Were harvested 4 
hours after treatment and relative luciferase values Were 
calculated and compared to untreated controls. 

[0041] FIG. 8 shoWs the response of the endogenous 
human SAA1 and SAA2 genes to cytokines and dexam 
ethasone. (A) Alignment of the 335 bp SAA1 (nucleotides 
187 to 273 of SEQ ID NO:4; nucleotides 404 to 520 of SEQ 
ID NO:5) and 361 bp SAA2 (nucleotides 187 to 273 of SEQ 
ID NO:6; nucleotides 404 to 546 of SEQ ID NO:6) RT-PCR 
product sequences. The numbering refers to the full mRNA 
sequences. The intron exon boundary is marked With a 
vertical line, ampli?cation from genomic DNA Would gen 
erate a product that incorporates sequence encompassing the 
384 bp (SAA1) or 394 bp (SAA2) intron at this position. The 
3‘ UTRs are underlined once and the primer sequences are 
underlined tWice. Diagonal lines represent 121 bases of 
aligned sequences Which contain no gaps. Dashes represent 
regions of the SAA2 3‘UTR that have no counterpart in the 
SAA1 3‘UTR. (B) HepG2 cells Were treated With medium 
only, 100 nM dexamethasone, 10 ng/ml IL-l plus 10 ng/ml 
IL-6 or IL-1 plus IL-6 plus dexamethasone for 24 hours. 
RNA Was extracted, reverse transcribed and ampli?ed as 
described. PCR products Were separated by 8% polyacryla 
mide gel electrophoresis. This image depicts the relative 
amounts of SAA1 and SAA2 product Within each sample. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] The invention provides diagnostic assays for mea 
suring the responsiveness of a subject, tissue, body ?uid, or 
cell sample to a drug by comparing the mRNA levels of a 
gene that responds to the drug, such as a steroid, to the 
mRNA levels of a gene that does not respond to the drug. 
Methods according to the invention are useful to predict the 
ability of a subject (or a tissue, body ?uid or cell sample in 
vitro) to respond to a drug or steroid before and at any stage 
of treatment, and to monitor the subject over time to assess 
continued responsiveness to the drug or steroid. 
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[0043] The preferred genes for measuring steroid respon 
siveness, for example, are serum amyloid A1(SAA1), Which 
is responsive to glucocorticoids both in vivo and in vitro, 
and serum amyloid A2 (SAA2), Which is not responsive to 
glucocorticoids. The present inventors have used luciferase 
reporter constructs carrying the SAA1 and SAA2 promoters 
to demonstrate dose-dependent glucocorticoid enhancement 
of cytokine driven SAA1 transcription. The putative GRE in 
the SAA1 promoter Was con?rmed to be functional using 
reporter constructs carrying chimeric and mutant SAA pro 
moters. SAA1 and SAA2 promoters exhibit qualitatively 
similar induction pro?les in response to cytokines, but the 
SAA2 promoter had a signi?cant basal and cytokine driven 
transcriptional advantage (i.e., betWeen 2 and 3 fold) over 
the SAA1 promoter (see Example 1). The addition of the 
synthetic glucocorticoid dexamethasone to cytokine-treated 
cells speci?cally enhanced readout from the SAA1 promoter 
to a level that is similar to that of the SAA2 promoter. A 
combination of sequence alignment and in vitro experiments 
using reporter constructs carrying SAA1/SAA2 promoter 
chimeras and SAA1 and SAA2 promoters that had been 
modi?ed by site speci?c mutagenesis identi?ed a functional 
glucocorticoid response element (GRE) in the SAA1 pro 
moter only. 

[0044] An RT-PCR based method can be used to distin 
guish betWeen the products generated by ampli?cation from 
the SAA1 and SAA2 mRNAs (see Example 2 beloW). This 
method exploits differences in the 3‘-untranslated regions 
(UTRs) of the transcripts, resulting in SAA1 mRNA being 
26 residues shorter than SAA2 mRNA. Primers ?anking the 
regions that contribute to this siZe disparity Were used to 
amplify products of 335 and 361 base pairs (bp) from CDNA 
generated from the SAA1 and SAA2 mRNAs, respectively. 
The ampli?cation products Were resolved on 8% polyacry 
lamide gels and quanti?ed by image analysis using NIH 
Image. Application of this method to total RNA extracted 
from HepG2 cells yielded results that parallel those obtained 
With the promoter reporter constructs. The ratio of SAA1 
product to SAA2 product Was 2:5 folloWing treatment with 
IL-1 plus IL-6, indicating that the endogenous SAA2 gene 
has a signi?cant transcriptional advantage (i.e., about 2.5 
fold) When induced by cytokines in the absence of gluco 
corticoids. In contrast, the ratio of SAA1 to SAA2 product, 
from cells treated with IL-1 plus IL-6 plus dexamethasone 
Was 5:4, indicating a “sWitch” in transcriptional advantage 
from SAA2 to SAA1 in the presence of steroids. 

[0045] In the liver, upregulation of A-SAA protein syn 
thesis during the acute phase response (APR) appears to be 
a tWo step process involving an initial cytokine driven phase 
folloWed by, or coincident With, a glucocorticoid enhanced 
cytokine dependent phase. During the ?rst phase, in Which 
the SAA1 and SAA2 promoters are engaged by the tran 
scription factors NF-kappaB and NF-IL6, SAA2 has a 
signi?cant transcriptional advantage over SAA1. In the 
second phase only the SAA1 promoter is additionally 
engaged by the GR, the result of Which is to enhance its 
transcriptional activity to a level similar to that exhibited by 
the SAA2 promoter in both phases. In cells in Which 
glucocorticoids can upregulate SAA1 transcription, but not 
SAA2 transcription, in the absence of cytokine stimulation, 
only the SAA1 promoter is engaged by the GR. Thus, the 
ratios of SAA1 and SAA2 RNAs and proteins may change 
over time With a bias strongly in favor of SAA2 in the early 
APR giving Way to increasing relative amounts of SAA1 
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later. Furthermore, the absolute concentrations of each of the 
A-SAAs during chronic in?ammation may depend on the 
nature of the underlying disease, and therefore the “mix” of 
pro- and anti-in?ammatory mediators present. The introduc 
tion of anti-in?ammatory steroid therapy may further 
modify the ratio of SAA1 and SAA2 mRNA depending on 
the type and therapeutic dose of synthetic glucocorticoids 
used. 

[0046] Measurement of Gene Expression Levels 

RNA Detection 

[0047] In a preferred embodiment, gene expression is 
quanti?ed at the RNA levels by ampli?cation of the RNAs 
by, for example, reverse transcription polymerase chain 
reaction (RT-PCR) and resolution/quanti?cation of the reac 
tion products by gel electrophoresis (e.g., slab, capillary, 
etc.) and product measurement (e.g., by scanning, laser, etc.) 
or Northern blot analysis of the RNAs. Alternatively, RNA 
levels are quanti?ed by in situ detection according to stan 
dard methods. In a preferred embodiment of the invention, 
probes capable of hybridiZing speci?cally to SAA1 or SAA2 
RNA, are attached to a solid phase support, e.g., a “chip, 
”“DNA probe array”or “nucleic acid probe array”. Oligo 
nucleotides can be bound to a solid support by a variety of 
processes, including lithography. For example, a chip can 
hold up to about 250,000 oligonucleotides. The solid phase 
support is then contacted With a test nucleic acid and 
hybridiZation to the speci?c probes is detected. Accordingly, 
the quanti?cation of numerous samples (e.g., different tis 
sues from the same individual or samples from different 
individuals) or the pro?ling of the RNA levels of a number 
of steroid or drug responsive or non-responsive genes can be 
identi?ed in a single hybridiZation experiment. 

[0048] In another embodiment, an oligonucleotide ligation 
assay (OLA) (US. Pat. No. 4,998,617) may be used. The 
OLA protocol uses tWo oligonucleotides Which are designed 
to be capable of hybridiZing to abutting sequences of a single 
strand of a target. One of the oligonucleotides is linked to a 
separation marker, e.g. biotinylated, and the other is detect 
ably labeled. If the precise complementary sequence is 
found in a target molecule, the oligonucleotides hybridiZe 
such that their termini abut, and create a ligation substrate. 
Ligation then permits the labeled oligonucleotide to be 
recovered using avidin, or another biotin ligand. Nickerson, 
D. A. et al.. ((1990) Proc. Natl. Acad. Sci. USA 87:8923-27) 
have described a nucleic acid detection assay that combines 
attributes of PCR and OLA. In this method, PCR is used to 
achieve the exponential ampli?cation of target DNA, Which 
is then detected using OLA. 

[0049] Several techniques based on this OLA method have 
been developed and are useful for detecting RNA. For 
example, US. Pat. No. 5,593,826 discloses an OLAusing an 
oligonucleotide having 3‘-amino group and a 5‘-phosphory 
lated oligonucleotide to form a conjugate having a phos 
phoramidate linkage. In another variation of OLA described 
in Tobe et al. ((1996), Nucleic Acids Res. 24: 3728), OLA 
combined With PCR may permit the detection and quanti 
?cation of SAA1 and SAA2 RNAs and other RNAs (e.g., 
CRP) in a single microtiter Well. By marking each of the 
isoform-speci?c primers With a unique hapten, i.e., digoxi 
genin and ?uorescein, each OLA reaction can be detected by 
using hapten speci?c antibodies that are labeled With dif 
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ferent enZyme reporters, alkaline phosphatase or horseradish 
peroxidase. This system permits the detection of tWo closely 
related but distinct isoforms (e.g., SAA1 and SAA2 RNAs) 
using a high throughput format that leads to the production 
of tWo different colors. This system also permits the detec 
tion of additional RNAs, such as CRP. 

Protein Detection 

[0050] In another preferred embodiment, gene expression 
is quanti?ed at the protein level using methods knoWn in the 
art, for example using quantitative ELISA methods. Meth 
ods for designing and using quantitative ELISA assays are 
Well knoWn in the art. This method requires use of mono 
clonal or polyclonal antibodies that are speci?c for the 
closely related SAA1 and SAA2 proteins. Although the 
SAA1 and SAA2 proteins shoW substantial sequence iden 
tity, their amino acid sequences are suf?ciently different to 
alloW development of SAA1 and SAA2-speci?c anti bodies. 

[0051] Suitable monoclonal antibodies may be prepared 
by standard hybridoma methods, using differential binding 
assays to ensure that the antibodies are speci?c for SAA1 
and SAA2 and do not shoW cross-reactivity betWeen the 
related proteins. Alternatively, suitable monoclonal antibod 
ies may be prepared using antibody engineering methods 
such as phage display. Methods for obtaining highly speci?c 
antibodies from antibody phage display libraries are knoWn 
in the art, and several phage antibody libraries are commer 
cially available from, for example, MorphoSys (Martinsried, 
Germany), Cambridge Antibody Technology (Cambridge 
UK) and Dyax (Cambridge Mass.). Suitable phage display 
methods are described, for example, in US. Pat. Nos. 
6,300,064 and 5,969,108, Which are hereby incorporated by 
reference in their entirety. See also, for example “Antibody 
Engineering,” McCafferty et al. (Eds.)(IRL Press 1996) and 
references therein. 

[0052] In one method for, for example, preparing antibod 
ies speci?c for SAA1, an antibody library displayed on 
?lamentous bacteriophage is ?rst adsorbed With SAA2 
bound to a solid surface. The population of antibodies that 
does not bind to the surface-bound SAA2 is then panned 
over a SAA1 bound to a solid surface to identify antibodies 
that bind to SAA1. Antibody clones that bind to SAA1 then 
may be retested to shoW lack of binding to SAA2, as Well as 
lack of cross-reactivity to other, non-related proteins. A 
similar approach may be used to prepare SAA2-speci?c 
antibodies. Phage display antibody methods can use libraries 
of antibodies in the Fab or scFv format. Once the antibody 
heavy and light chain genes are recovered from the phage 
antibodies, antibodies in any suitable format may be pre 
pared, e.g. Whole antibodies, Fab, scFv, etc. 

[0053] Other antibody preparations may also be used, for 
example Camelid antibodies, Which contain only heavy 
immunoglobulin chains. See, for example, Muyldernans et 
al. J. Biotechnol. Jun;74(4):277-302 (2001) and references 
therein. Other antibody formats are described, for example 
in “Antibody Engineering,” McCafferty et al. (Eds.)(IRL 
Press 1996). 

[0054] Alternatively, polyclonal antibody preparations 
may be used for detection of steroid responsive gene prod 
ucts. Phage display methods also can be used to prepare 
reproducible populations of polyclonal antibodies. For 
example, an antibody library can be exhaustively-depleted 
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of SAA2-binding clones by absorption on SAA2 bound to a 
solid surface, and then panned over a solid surface to 
identify antibodies that bind to SAAl. The resulting popu 
lation of clones can also be depleted of cross-reactive clones 
by absorption over surfaces bearing irrelevant proteins, such 
as bovine serum albumin, etc., using methods Well knoWn in 
the art. This results in identi?cation of a population of 
antibodies that speci?cally bind to SAAl, but not SAA2. 
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[0055] Polyclonal antibodies speci?c for SAAl or SAA2 
may also be prepared using traditional anirnal-based meth 
ods. Because of the sequence similarities betWeen SAAl 
and SAA2, it is likely that a large proportion of the antibody 
response against SAAl administered to a rabbit, for 
example, Would also bind to SAA2. The sequence compari 
son beloW shoWs that the amino acid differences betWeen 
SAAl and SAA2 are in the C-terrninal half of the proteins: 
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SAAl: RSFFSFLGEA FDGARDMWRA YSDMREANYI GSDKYFHARG 

SAA2: RSFFSFLGEA FDGARDMWRA YSDMREANYI GSDKYFHARG 

NYDAAKRGPG GVZWAAEQISS ARENIQRZFIEG HGAEDSLADQ 

NYDAAKRGPG ARENIQRLQG HGAEDSLADQ 

AAN-EjwGRsG-E DPNHFRPAGL PEKY 

AANKWGRSG5;v DPNHFRPAGL PEKY 






























