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Toxicoinformatics: The Master Key for Toxicogenomics

Wan Sun Lee' & Yang Seok Kim'

lIstech21, 847, .anghang-Dong lisan-Gu, Goyang,

KungKi-Do, Korea

Correspondence and requests for materials should be addressed
to Y.-S. Kim (ysk m@istech21.com)

Accepted March 5, 2005

Abstract

The current vision of toxicogenomics is the devel-
opment of methods or platforms to pregict toxicity
of uncharacterized chemicals by using ‘-omics’
information in pre-clinical stage. Because each che-
mical has different ADME (absorption, distribution,
mechanism, excretion) and experimental animals
have lots of variation, precise prediction of chemi-
cal’s toxicity based on ‘-omics’ information and
toxicity data of known chemicals is very difficult
problem. So, the importance of bioinformatics is
more emphasized on toxicogenomics than other
functional genomics studies because these pro-
blems can not be solved only with experiments.
Thus, toxicoinformatics covers all information-based
analytical methods from gene expression (bioinfor-
matics) to chemical structures (cheminformatics)
and it also deals with the integration of wide range
of experimental data for further extensive analyses.
In this review, the overall strategy to toxicoinfor-
matics is discussed.
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In current ‘-omics’ study, bioinformatics is an
essential tool for data manipulation, analysis and
interpretation and its close connection to experi-
mental biolcgy is a common trend of current bio-
logy'. Therefore, the expectation that bioinformatics
plays an important role in toxicogenomics as in many
other functional genomics is very natural idea.
However, in the viewpoint of bioinformatics, toxico-
genomics is more sophisticated approach than other
‘-omics’ stucies and has many unsolved problems in
current bioinformatics technology. The main reason
is due to the characteristics of toxicogenomics. The
current vision of toxicogenomics is the development
of methods cr platforms to predict toxicity of uncha-

racterized chemicals by using ‘-omics’ information in
pre-clinical stage®>*>®, Because each chemical has
different ADME (absorption, distribution, mecha-
nism, excretion) and experimental animals have lots
of variation, precise prediction of chemical s toxicity
based on ‘-omics’ information and toxicity data of
known chemicals is very difficult problem. So, the
importance of bioinformatics is more emphasized on
toxicogenomics than other functional genomics
studies because these problems can not be solved
only with experiments.

Toxicoinformatics covers all information-based
analytical methods from gene expression (bioinfor-
matics) to chemical structures (cheminformatics) and
it also deals with the integration of wide range of
experimental data for further extensive analyses.
Among them, the informatics for toxicotranscrip-
tomics is a main issue in current toxicoinformatics
research because microarray technology gives us a lot
of gene expression information which may contain
key information useful for toxicity prediction.

The Experimental Design

The first issue of toxicotranscriptomics is how to
properly design experiments to get crucial infor-
mation from expression profiles. It involves decisions
of time points, the number of experimental animals to
get credible results, the dosages of chemical, and the
platform of arrays. The most difficult part of experi-
mental design is that, in most case, the final goal of
research is not just understanding the toxicity mecha-
nism of given chemicals but predicting toxicity of
new chemicals based on expression profile of given
chemicals. Because each chemical have different
ADME properties and the expression profiles of each
gene change by time and dose even though they have
similar toxicity, it is really difficult to get standard
experimental condition for toxicogenomics. Theore-
tically, experimental design with many different time
points, different doses, and repeated experiments
should be helpful for the toxicity detection of many
different chemicals. Due to the high costs of toxico-
genomics researches, every researcher faces the pro-
blem of efficient design for given purpose.

Thus, the investigation of publicly available data is
essential before actual experiment. The pre-investi-
gation of the genes related to given chemicals can be
generally performed by Pubmed keyword search.
Since Pubmed deals with huge amounts of published
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papers, however, searched results tend to contain
many false-positive results and manual investigation
of searched results is another time-consuming pro-
cess. CTD (The comprehensive Toxicogenomics
Database, http://ctd.mdibl.org/) is a good source to
get integrated information for toxicogenomics re-
search”8. CTD gathered the relational information
among genes, diseases and chemicals using text mi-
ning technologies and it is freely available through
web interface.

The Basic Statistical Analysis

The basic statistical analysis processes of Microar-
ray such as pre-processing, normalization, differently
expressed gene finding, and clustering have been well
established and there are many free and com-mercial
software programs. Among them, ArrayTrack is one
of the most comprehensive and suitable for to-
xicogenomics research than any other free software’. It
is equipped with a very easy data import interface for
both one-dye and two-dye experiments and visual
output interface (http://www.fda.gov/nctr/science
/centers/toxicoinformatics/ArrayTrack/). Further-
more, its analysis module is connected with the data-
base module so that researchers can easily analyze
and store their own data within a unified interface.
Because it was originally designed for toxicogeno-
mics research, another benefit of ArrayTrack is that it
can store chemical information that is crucial for
toxicology researches in the molecular level. In the
statistical aspect, BRB ArrayTools is a powerful
microarray analysis package (http://linus.nci.nih.gov/
BRB-ArrayTools.html). It supports both supervised
and unsupervised approaches such as permutation t-
test or F-test, cluster analysis, principal component
analysis, and so on. Users can perform data cleaning,
normalization, class comparison, class prediction,
survival test, and other statistical analyses on their
data depending on their specific experiment design.
Annotations can also be retrieved from NCI or Affy-
metrix if available. It works as an Excel add-in and is
very easy to use.

The data treatment of the variance among indivi-
dual experimental animals is one of the key issues in
statistical analysis of toxicogenomics. Theoretically
animals of same species are expected to show same
gene expression patterns in reaction to single che-
mical but there exist variance among expression pat-
terns in most cases,. So the statistical consideration is
needed for extracting common change of expression
patterns from each animal. In some experimental
design, pooling mRNAs before hybridization is
proposed in order to exclude individual variance,
however, pooling is statistically dangerous and must

be applied to data analysis with care because gene-
rally 3 to 5 animals are small number for achieving
statistical significance.

Clustering process of expression profile is essential
for gathering genes that may lie in a same biological
process and clustering results give us the insight of
the mechanism study of toxicology. There are a lot of
clustering technologies such as hierarchical'®, K-
means'!, and SOM (Self Organizing Map'?). It should
be noted that different clustering methods usually
produce different results which may bring confusion
to researchers. Unfortunately, there is no outstanding

_ clustering method for all kinds of Microarray data

because the performances of each clustering method
vary according to data characteristics. Extracting con-
sensus results from different clustering methods can
be a solution for achieving more reliable results and
several tools have been developed for this purpose.

Assigning biological meaning to each cluster is the
next step after clustering. Recently, some informatics
tools are developed for automatic assignment of bio-
logical meaning of clusters. GOODIES (http://
istech21.com/en/download/download_a01_02.html)
is free software that can interpret clustering results
based on Gene Ontology'®. The tree-shaped output is
very helpful for easy identification of cluster struc-
tures and users can check the robustness of clusters
by simply observing the divergence of cluster trees.

Mapping of clustered genes to the previously
known pathway is an essential step for mechanism
study from the clustering results. GenMAPP can
apply user-defined color schema to its pathway maps,
based on gene expression data'4. A utility tool that
helps users to prepare the data set ready for
GenAMPP from Affymetrix chips are integrated into
ICBR Analyzelt software. Currently, GenMAPP pro-
gram only works on its own preloaded pathway maps.
It doesn’t take pathway maps in KEGG (http://www.
genome.jp/kegg/) database'>!'® unless users would
like to manually construct GenMAPP formatted files
for them. ICBR bioinformatics group is seeking a
way to integrate KEGG database into Analyzelt
software so that KEGG pathway maps can be used
efficiently in microarray data analysis.

Classification

Classification is the key technology for prediction
of given chemical’s toxicity based on expression
profiles of known chemicals. The classification steps
can be divided into three successive steps; gene
selection, classification, and error estimation. Gene
selection is the first step in which informative genes
for classifications from the whole array spots are
extracted. Classification is the main process to
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Fig. 1. The Role of Toxicoinformatics for the Toxicotranscriptomics Research

classify each group using selected genes and the
accuracy of classification can be measured by error
estimation. Many algorithms have already been
developed for each step and applied to toxicogeno-
mics and other classification analyses.

The association analysis of expression data with
biochemical and/or histopathological data can make
classification step more precise and specific for
prediction of new chemical’s toxicity. Through the
association study between expression data and bio-
chemical and/or histopathological data, one can per-
form sub-groaping of expression profile according to
specific toxicity. Suppose that several chemicals have
many different efficacies and toxicities but that they
commonly bring necrosis in vivo. We can extract the
expression profiles about necrosis by comparing
expression profiles and histopathological data. This
type of analysis is not focused on specific chemicals
but on molecular mechanism, it is more widely app-
licable for the prediction of new chemical’s toxicity.

Database and Data Standardization

JFor current toxicogenomics studies, it is essential
to integrate different types of ‘-omics’ data such as
microarray and protein 2-D for comprehensive under-
standing. Due to their heterogeneity and dispersion,
however, gathering and curating ‘-omics’ data are one
of the most challenging issues in toxicogenomics.
Toxgate is ar integrated information delivery system

for ‘-omics’ data for Toxicogenomics research!’. It
provides curated and integrated information for same
target or similar class of toxicant derived from differ-
ent types of experiments. This can be used as a model
system for the construction of toxicogenomics data-
base.

The data exchange is another challenging issue. The
MIAME/TOX document is based on the MIAME
1.1document that was produced by the MGED (mic-
roarray gene expression database) Society. The goal
of MIAME (minimum information about microarray
experiment) is to outline the minimum information
required to interpret unambiguously and potentially
reproduce and verify an array based gene expression
monitoring experiment'®. Although details for each
experiment may be various, MIAME aims to define
the core that is common to most experiments. MIAME
/TOX is an expanded set of MIAME and designed for
proper use of MIAME to toxicogenomics research.
Thus, this standardized protocol may be helpful for
exchanging toxicogenomics data.

Toxicoinformatics is the master key for toxico-
genomics research because it is involved in every
experimental step of research. Many algorithms and
tools have already been developed for the toxico-
genomics but key issues such as precise prediction of
toxicity and data integration are not fully resolved
yet. The most urgent problem is the construction of
integrated database based on standardized experi-
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mental and analytical protocols among different array
platforms, and this will leads the application of more
sophisticated information technologies to toxicoge-
nomics field.
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