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Abstract

Recent progress in genomics and proteomics technologies has created a unique opportunity to significantly impact
the pharmaceutical drug development processes. The perception that cells and whole organisms express specific
inducible responses to stimuli such as drug treatment implies that unique expression patterns, molecular fingerprints,
indicative of a drug’s efficacy and potential toxicity are accessible. The integration into state-of-the-art toxicology of
assays allowing one to profile treatment-related changes in gene expression patterns promises new insights into
mechanisms of drug action and toxicity. The benefits will be improved lead selection, and optimized monitoring of
drug efficacy and safety in pre-clinical and clinical studies based on biologically relevant tissue and surrogate markers.
© 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The majority of drugs act by binding to protein
targets, most to known proteins representing en-
zymes, receptors and channels, resulting in effects
such as enzyme inhibition and impairment of
signal transduction. The treatment-induced per-
turbations provoke feedback reactions aiming to
compensate for the stimulus, which almost always
are associated with signals to the nucleus, result-
ing in altered gene expression. Such gene expres-
sion regulations account for both the

pharmacological action and the toxicity of a drug
and can be visualized by either global mRNA or
global protein expression profiling. Hence, for
each individual drug, a characteristic gene regula-
tion pattern, its molecular fingerprint, exists
which bears valuable information on its mode of
action and its mechanism of toxicity.

Gene expression is a multistep process that
results in an active protein (Fig. 1). There exist
numerous regulation systems that exert control at
and after the transcription and the translation
step. Genomics, by definition, encompasses the
quantitative analysis of transcripts at the mRNA
level, while the aim of proteomics is to quantify
gene expression further down-stream, creating a
snapshot of gene regulation closer to ultimate cell
function control.

* Corresponding author. Tel.: +1-301-4245989; fax: +1-
301-7624892.

E-mail address: steiner@lsbc.com (S. Steiner)

0378-4274/00/$ - see front matter © 2000 Elsevier Science Ireland Ltd. All rights reserved.

PII: S 0378 -4274 (99 )00236 -2



S. Steiner, N.L. Anderson / Toxicology Letters 112–113 (2000) 467–471468

2. Global mRNA profiling

Expression data at the mRNA level can be
produced using a set of different technologies
such as DNA microarrays, reverse transcript
imaging, amplified fragment length polymorphism
(AFLP), serial analysis of gene expression
(SAGE) and others. Currently, DNA microarrays
are very popular and promise a great potential.
On a typical array, each gene of interest is repre-
sented either by a long DNA fragment (200–2400
bp) typically generated by polymerase chain reac-
tion (PCR) and spotted on a suitable substrate
using robotics (Schena et al., 1995; Shalon et al.,
1996) or by several short oligonucleotides (20–30
bp) synthesized directly onto a solid support using
photolabile nucleotide chemistry (Fodor et al.,
1991; Chee et al., 1996). From control and treated
tissues, total RNA or mRNA is isolated and
reverse transcribed in the presence of radioactive
or fluorescent labeled nucleotides, and the labeled
probes are then hybridized to the arrays. The
intensity of the array signal is measured for each
gene transcript by either autoradiography or laser
scanning confocal microscopy. The ratio between
the signals of control and treated samples reflect
the relative drug-induced change in transcript
abundance.

3. Global protein profiling

Global quantitative expression analysis at the
protein level is currently restricted to the use of
two-dimensional gel electrophoresis. This tech-
nique combines separation of tissue proteins by
isoelectric focusing in the first dimension and by
sodium dodecyl sulfate slab gel electrophoresis-
based molecular weight separation on the second,
orthogonal dimension (Anderson et al., 1991).
The product is a rectangular pattern of protein
spots that are typically revealed by Coomassie
Blue, silver or fluorescent staining (Fig. 2).
Protein spots are identified by mass spectrometry
following generation of peptide mass fingerprints
(Mann et al., 1993) and sequence tags (Wilkins et
al., 1996). Similar to the mRNA approach, the
ratio between the optical density of spots from
control and treated samples are compared to
search for treatment-related changes.

4. Expression data analysis

Bioinformatics forms a key element required to
organize, analyze and store expression data from
either source, the mRNA or the protein level. The
overall objective, once a mass of high-quality

Fig. 1. Production of an active protein is a multistep process in which numerous regulation systems exert control at various stages
of expression. Molecular fingerprints of drugs can be visualized through expression profiling at the mRNA level (genomics) using
a variety of technologies and at the protein level (proteomics) using two-dimensional gel electrophoresis.
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Fig. 2. Computerized representation of a Coomassie Blue stained two-dimensional gel electrophoresis pattern of Fischer F344 rat
liver homogenate.

quantitative expression data has been collected, is
to visualize complex patterns of gene expression
changes, to detect pathways and sets of genes
tightly correlated with treatment efficacy and toxi-
city, and to compare the effects of different sets of
treatment (Anderson et al., 1996). As the drug
effect database is growing, one may detect similar-
ities and differences between the molecular finger-
prints produced by various drugs, information
that may be crucial to make a decision whether to
refocus or extend the therapeutic spectrum of a
drug candidate.

5. Comparison of global mRNA and protein
expression profiling

There are several synergies and overlaps of data
obtained by mRNA and protein expression analy-
sis. Low abundant transcripts may not be easily
quantified at the protein level using standard two-
dimensional gel electrophoresis analysis and their
detection may require prefractionation of sam-
ples. The expression of such genes may be prefer-
ably quantified at the mRNA level using
techniques allowing PCR-mediated target amplifi-
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cation. Tissue biopsy samples typically yield good
quality of both mRNA and proteins; however, the
quality of mRNA isolated from body fluids is
often poor due to the faster degradation of
mRNA when compared with proteins. RNA sam-
ples from body fluids such as serum or urine are
often not very ‘meaningful’, and secreted proteins
are likely more reliable surrogate markers for
treatment efficacy and safety. Detection of post-
translational modifications, events often related to
function or nonfunction of a protein, is restricted
to protein expression analysis and rarely can be
predicted by mRNA profiling. Information on
subcellular localization and translocation of
proteins has to be acquired at the level of the
protein in combination with sample prefractiona-
tion procedures. The growing evidence of a poor
correlation between mRNA and protein abun-
dance (Anderson and Seilhamer, 1997) further
suggests that the two approaches, mRNA and
protein profiling, are complementary and should
be applied in parallel.

6. Expression profiling and drug development

Understanding the mechanisms of action and
toxicity, and being able to monitor treatment
efficacy and safety during trials is crucial for the
successful development of a drug. Mechanistic
insights are essential for the interpretation of drug
effects and enhance the chances of recognizing
potential species specificities contributing to an
improved risk profile in humans (Richardson et
al., 1993; Steiner et al., 1996b; Aicher et al., 1998).
The value of expression profiling further increases
when links between treatment-induced expression
profiles and specific pharmacological and toxic
endpoints are established (Anderson et al., 1991,
1995, 1996; Steiner et al. 1996a). Changes in gene
expression are known to precede the manifesta-
tion of morphological alterations, giving expres-
sion profiling a great potential for early
compound screening, enabling one to select drug
candidates with wide therapeutic windows
reflected by molecular fingerprints indicative of
high pharmacological potency and low toxicity
(Arce et al., 1998). In later phases of drug devel-

opment, surrogate markers of treatment efficacy
and toxicity can be applied to optimize the moni-
toring of pre-clinical and clinical studies (Doherty
et al., 1998).

7. Perspectives

The basic methodology of safety evaluation has
changed little during the past decades. Toxicity in
laboratory animals has been evaluated primarily
by using hematological, clinical chemistry and
histological parameters as indicators of organ
damage. The rapid progress in genomics and pro-
teomics technologies creates a unique opportunity
to dramatically improve the predictive power of
safety assessment and to accelerate the drug devel-
opment process. Application of gene and protein
expression profiling promises to improve lead se-
lection, resulting in the development of drug can-
didates with higher efficacy and lower toxicity.
The identification of biologically relevant surro-
gate markers correlated with treatment efficacy
and safety bears a great potential to optimize the
monitoring of pre-clinical and clinical trails.
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