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Figure 1
A human cDNA microarray showing the expression
pattern of hundreds of genes related to various
toxicologic endpoints. The colours are representative of
the level of gene expression

The information that toxicogenomics
can bring in terms of toxic
mechanisms, safety and efficacy must
ultimately have a major impact on
the drug discovery process.

The role of toxicogenomics
in drug discovery

L

arge scale genome sequencing has lead to
elucidation of the entire human genome
totalling 3.12 billion bases and has also generated an enormous of amount of sequence information in the NIH GenBank database. Included in
this database is more than seven million sequences
totalling more than 8.6 billion bases and the complete sequence of 30 different organisms, such as
Saccharromyces cervisae, Haemophilius influenzae, Helicobacter pylori and Escherichia coli1-3.
The availability of this sequence information has
lead to the development of new methods such as,
gene microarrays, and mRNA differential display
for high-throughput, simultaneous monitoring of
gene expression of hundreds or thousands of genes.
These techniques promise to revolutionise many
different areas of biology including toxicology.
Application of genomics to toxicology has lead to
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the advent of toxicogenomics. This subdiscipline of
genomics is particularly relevant to drug discovery
because its combination of genomics and bioinformatics can lead to the identification and characterisation of the mechanism of action of new drugs.
Toxicogenomics will have an impact on the drug
discovery process by increasing our knowledge of
toxic mechanisms, improving our understanding of
model in vitro and in vivo systems, providing rapid
screens for compound toxicity and better methods
for monitoring clinical trials, allowing easier,
quicker identification of lead compounds and more
informed decisions concerning efficacy and safety
of compounds.
Toxicogenomics will also offer a better understanding of the relationship between genetic variability and individual response to pharmaceutical agents.
For many drugs, the existence of hypersensitive
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sub-populations is usually only discovered after the
compound has been extensively prescribed and a
population base of sufficient size has been exposed to
the agent. Adverse responses in these sensitive populations, which usually cannot be predicted from preclinical studies, account for thousands of deaths per
year and in many instances lead to the drug being
completely removed from the market and huge
financial losses for manufacturers4.
Microarrays and differential display represent
closed and open-ended systems, respectively, for
assaying gene expression. Closed methods measure
expression levels of a predetermined set of cDNA
clones. Open methods do not require prior knowledge of the genes being studied. Open-ended systems can be used to build realistic closed-ended
systems. Microarrays can be custom designed to
study gene expression in specific areas of interest
such as toxicologic endpoints. At PHASE-1
Molecular Toxicology, we have designed human,
rat and canine microarrays that are customised to
detect gene expression changes in many toxicologic pathways (Figure 1).
Toxic agents induce differential gene expression.
These genes can be protective, adaptive or reparative
and can be up or down-regulated. Individuals show
different basal and inducible patterns of gene expression when exposed to toxic stimuli. By comparing
gene expression patterns of sensitive versus normal
individuals, differential display can be used to detect
novel genes that may be responsible for adverse drug
reactions. Custom microarrays can be designed with
novel, candidate genes, identified through differential
display and used to easily identify sensitive individuals before the drug is prescribed to them and also,
quickly identify other drugs in the pipeline that may
produce the same effects.
Using differential display, scientists have identified candidate genes for penicillin sensitivity
(Figure 2). An extensive number of candidate genes
have been identified that are differentially
expressed between penicillin sensitive and resistant
individuals. These genes fall into several functional
groups including immune response, cell proliferation and translation. Microarrays have been
designed so that large populations of individuals
can be quickly screened for penicillin sensitivity.
With the attrition rate between new drug candidates in the drug discovery pipeline and new
drugs in the marketplace set at 96% the information which toxicogenomics can provide to drug
discovery concerning toxic mechanisms, safety
and efficacy will ultimately reduce the cost of lead
drug candidates and bring safer more effective
DDW
drugs to market.
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Figure 2
mRNA differential display using
lymphocyte RNA isolated
from two penicillin sensitive
individuals. 1 = Patient A,
untreated lymphocytes,
2 = Patient A, lymphocytes
treated with penicillin for 24
hours, 3 = Patient B, untreated
lymphocytes, 4 = Patient B,
lymphocytes treated with
penicillin for 24 hours. The red
arrows indicate increased
expression of three different
genes in lymphocytes from
Patient A following exposure
to penicillin. The green arrow
points out increased gene
expression in Patient B
following penicillin exposure.
The blue arrow identifies a
higher basal expression level
for a gene in Patient B
compared to Patient A
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