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Abstract

Successful drug discovery requires accurate decision making in order to advance the best candidates from initial lead iden-
tification to final approval. Chemogenomics, the use of genomic tools in pharmacology and toxicology, offers a promising
enhancement to traditional methods of target identification/validation, lead identification, efficacy evaluation, and toxicity assess-
ment. To realize the value of chemogenomics information, a contextual database is needed to relate the physiological outcomes
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induced by diverse compounds to the gene expression patterns measured in the same animals. Massively parallel gene expressi
characterization coupled with traditional assessments of drug candidates provides additional, important mechanistic information,
and therefore a means to increase the accuracy of critical decisions. A large-scale chemogenomics database developed from
vivo treated rats provides the context and supporting data to enhance and accelerate accurate interpretation of mechanisms
toxicity and pharmacology of chemicals and drugs. To date, approximately 600 different compounds, including more than 400
FDA approved drugs, 60 drugs approved in Europe and Japan, 25 withdrawn drugs, and 100 toxicants, have been profiled in uy
to 7 different tissues of rats (representing over 3200 different drug—dose—time—tissue combinations). Accomplishing this task
required evaluating and improving a number of in vivo and microarray protocols, including over 80 rigorous quality control
steps. The utility of pairing clinical pathology assessments with gene expression data is illustrated using three anti-neoplastic
drugs: carmustine, methotrexate, and thioguanine, which had similar effects on the blood compartment, but diverse effects on
hepatotoxicity. We will demonstrate that gene expression events monitored in the liver can be used to predict pathological events
occurring in that tissue as well as in hematopoietic tissues.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction how this approach, termed “toxicogenomics”, or more
generally “chemogenomics”, has been significantly
The drug discovery and approval process is long, extended, by expanding both the number of endpoints
expensive, and inefficient; less than 1 in 10 promising measured to include clinical chemistry, hematology,
drug candidates entering phase | clinical trials results histopathology (using a standardized histopathology
in an approved product, thus the decisions made prior vocabulary and grading system), and organ weights,
to phase | are inaccurate for greater than 90% of drug and by profiling a large number of compounds in
candidates. There are a number of reasons for this highmore than one tissue. We demonstrate that coupling
failure rate, generally stemming from the absence of a gene expression profiling with traditional toxicity
full understanding of the biological and toxicological measurements enhances the understanding of individ-
properties and mechanisms of the drug candidate. ual compound effects in rats. Furthermore, although
Comparison of the effects of a candidate compound beyond the scope of this paper to discuss in detail,
on rats against an existing database of multiple param- the database contains a great deal of additional infor-
eters measured for a large number of marketed drugs,mation. For example, the gene expression results for
subsequently withdrawn drugs, and known toxicants each compound are tied to its in vitro pharmacological
providesthe contextto interpret the findings for the can- activity, by first measuring each purified compound in
didate and improve the accuracy of development deci- 130 primarily human in vitro molecular pharmacology
sions. Analysis of the transcriptional response in the bioassays that measure selectivity, specificity, and
cells of target organs can give an indication of the bio- affinity for receptor binding, cytochrome P450 activity
chemical or biological mechanism affected by a phar- and drug target enzymatic activities.
maceutical compound. Over the last few years, thetox-  Currently, the database contains the profiles derived
icology community has begun to employ genome-wide from administering approximately 600 different com-
gene expression profiling to dissect the mechanisms pounds to rats (400 FDA approved drugs, 60 drugs
behind chemical toxicity and to use this information to approved in Europe and Japan, 25 withdrawn drugs,
increase the accuracy and sensitivity of toxicity testing. 27 standard biochemicals, and 100 molecules of tox-
Specific gene expression profiles have been evaluatedicological interest). These have been profiled in up
in several types of toxicological studieBurczynski et to 7 different tissues, for a total of 3200 different
al., 2000; Debouck and Goodfellow, 1999; Hamadeh drug—dose—time—tissue combinations. This system is
et al., 2002; Harris et al., 2001; Nuwaysir et al., 1999; designed to assist drug discovery professionals in the
Waring et al., 2001a)b In this paper, we describe selection of the highest quality leads and drug candi-
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