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Change, eosinophilic/ Degeneration, granular, eosinophilic/
Hepatocyte/Diffuse Hepatocyte/Centrilobular

ZHRI: Change, acidophilic/Hepatocyte; Single cell necrosis/Hepatocyte 5 E#i: Degeneration, granular, eosinophilic/Hepatocyte
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Hyaline droplet/ Eosinophilic body/ Eosinophilic globule/
Proximal tubule, Proximal tubule, Proximal tubule,

convoluted convoluted convoluted

ZHAI: Degeneration, Deposit,
body/Diffuse/Cortex tubule granule/Renal tubule
BMARR: L BMFRR: L BMFRR: &L

I EAI: Hyaline droplet/Proximal

% S Hil: Eosinophilic

Hypertrophy/Proximal tubule, convoluted

ZE AL Swelling/Proximal tubule; Inclusion body, intracytoplasmic/Proximal tubule
JBINFTR: Eosinophilic body/Proximal tubule, convoluted; Degeneration,
vacuolar/Proximal tubule, convoluted
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592 IMAGE ANALYSIS, SEQUENCING AND SYSTEMS MODELING

conditions. Therefore, data sets for constructing
reliable prediction models must be obtained with
the same platform and experimental conditions.
For this purpose, many public databases for tox-
icologically relevant microarray data have been
developed, including the Comparative Toxicoge-
nomics Database (CTD) (Mattingly et al., 2006),
Environment, Drugs and Gene Expression database
(EDGE) (Hayes er al., 2005), and Chemical
Effects in Biological System (CEBS) knowledge-
base (Waters et al., 2003), among others.

In 2002, we began the tox1cogen0m1cs prOJect
(TGP), a public—private collaborative project of the
National Institute of Health Sciences, the National
Institute of Biomedical Innovation, and 15 pharma-
ceutical companies in Japan (Urushidani and Nagao,
2005). With an emphasis on the uniformity of data
quality, TGP has generated a large-scale toxicology
database of transcriptomes intended to predict the
toxicity of new chemical entities in the early stages
of drug development. Drug reactions such as effi-
cacy and toxicity are associated with the dosage and
time course after treatment, and so precisely mon-
itoring drug reactions requires multiple dose- and
time-dependent experiments for each drug. Thus
far, about 150 chemicals, primarily medicinal com-
pounds, have been selected for the database. Over
27 000 gene expression profiles have been compiled
for multiple doses and times in rat livers and kid-
neys, as well as rat and human hepatocytes through
comprehenswe analysis using the  Affymetrix
GeneChlp ~Affymetrix, Inc., Santa Clara, CA,
USA. These gene expression profiles, conjugated
with histopathological changes, blood biochemical
examination results, and the other phenotypic pro-
files, are stored in our database with a web-based
tool for statistical analysis, genomics-assisted tox-
icity evaluation system developed by the toxicoge-
nomics project in Japan (TG-GATEs). Thirteen of
the 150 chemicals were typical nephrotoxicants or
drugs showing clinical side-effects (e.g., cisplatin,
carboplatin, gentamicin, vancomycin, phenacetin,
and bucetin), and 20 chemicals exhibited nephrotox-
icity in addition to hepatotoxicity (e.g., phenylbuta-
zone, ethionine, and indomethacin).

3 IDENTIFICATION OF BIOMARKER
GENES WITH TOXICOGENOMICS DATA

The first step from toxicogenomics to mechanis-
tic and predictive toxicology is the identification
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can influence or predict the incidence of

of an individual gene or a cluster of gene
tive or predictive of certain types of toxicit
“signature genes” are employed as bio
A biomarker is defined by the Internatior
gramme on Chemical Safety (IPCS) of
as any substance or its product, structuri
cess that can be measured in the body

outcome. The ideal biomarker provides a se
informative, and reproducible indicator of p
adverse effects at times or doses precedm
tissue damage, toxicity, or disease initiati
discovery and validation of biomarkers is u
application in high-throughput experim
tems to characterize target organ effects anc
specific toxicity end-points in the early

compound’s development. The identific
utilization of biomarkers through toxi
have several further applications: from cun
pre-clinical toxicology to risk characteriz
risk assessment of chemicals; from early
stages of drug development to the later sta
even into daily clinical use in diagnostics,
classification, and therapeutic monitoring. .

4 GENE SELECTION FROM MlCROAR
DATA

Identifying biomarker genes in huge sets: 0
ray data is referred to as the gene selec
In selecting genes from a microarray w1th
aration between toxic and non-toxic dru
samples, one seeks the significant gene:
affected by the adverse drug effects, o
that caused the adverse reaction. This is a |
toward 'understanding mechanistic a
toxicology through the underlying biologi
cess.

Gene selection is also relevant in the class!
problems in machine learning, in which the
toxic response (including non-toxic res;
sample (e.g., drug-treated organ or tissue
mined by a classifier. A sample is repres
feature vector x, Each dimension in the fea
tor x holds the expression value of a parti
which is obtained from a DNA microarray
ment. The classifier is constructed by mp‘
feature vectors (called training data) with
toxic response outcomes into the mach
algorithms. However, because of the 1o
of samples (N: the number of the featur:
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and the high number:of iobserved genes [dim(x):
dimension of eachi feattire:vector]; using:all:genes
to classify the samples into good and bad eutcomes
: incurs & mgmr;skof oveﬂmnmg (m:«pvex:—ﬁmng)

—————

ﬁgunn Caklﬂauonpmceﬂuwsofﬁltermemod(a)andwmp-
permeﬁxod(b) s i

% RehefF Tlns is @ feamre»wenghung aigﬁﬂthm

sensitive to feature interactions. The key i
- of ReliefF is to rate:features according to how
* well their . va]uese‘ tstmguﬁ;h among mstamcs
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classes. The feature values of these instances are
used to update the scores for each feature.

3. Correlation-based feature selection (CFS): This
method evaluates a subset of features by con-
sidering the individual predictive ability of each
feature as well as the degree of redundancy
among them (Hall, 2000),

k %L‘f f

VKT Rk — Dzgy

CFS = (M

where CFES is the score of a feature subset contain-
ing k features, 7, is the average of the correlation
coefficients between features and classes, and 7 is
the average intercorrelation among features of the
subset.

5.2 Wrapper Methods

Wrapper approaches to gene selection evaluate
the prediction performance of a learning machine
trained for each given feature subset using a
search algorithm to explore possible combinations
of features. The strategy of wrapper approaches is

composed of four steps (Figure 1b):

1. Choose a machine—learning.algorithm to evalu-
ate the prediction score of a feature subset. Many
machine-learning algorithms have been devel-
oped, including the Naive Bayes classifier, linear
discriminant methods, support vector machines
(SVM) (Vapmk 1998), and artificial neural net-
works (Bishop, 1995). Cross-validation (CV) is
often used for scoring prediction performance.

. Choose a search algorithm.

. Perform the search algorithm and note the best
subset encountered.

4. Output the encountered subset with the best

score.

LI N

Search algorithms compare all possible feature
combinations, which are usually too numerous to
be exhaustively explored. Of these search meth-
ods, greedy methods (forward selection or backward
elimination) are the most popular. At each round of
CV, forward selection adds the best feature; back-
ward elimination deletes the worst feature.

5.3 Recursive Feature Elimination with
Support Vector Machine (RFE-SVM)

This is a type of wrapper algorithm tha
ples recursive feature elimination with line:
(Guyon et al., 2002). In a linear SVM, the d
function (classifier) is given as f(x) =
f(x) = 35, wkxx + b. For a given feature
absolute value of its weight wy indicates t
icance of its contribution to the margin o
SVM and to the construction of a linear
Hence, the weight wy is used as a featur
coefficient in RFE-SVM. This algorithm 1
structs a linear SVM classifier from the mics
data with n genes; then, the gene with the
w? is removed and another classifier is tr.
the remaining n — 1 genes. This process is re
until only one gene remains. ;

A gene ranking is produced from the «
which the genes were eliminated, and
remaining gene is the most relevant gene
ever, because of computational cost conside
the algorithm is often implemented in such
that several features are reduced at once. |
implementations, the method produces
subsetranking instead of a feature rankin,
mal signature genes are the gene sets with
prediction performance throughout the
process.

5.4 Filter Approaches Versus Wra;iﬁér
Approaches

The filter methods are useful in practi
they are much faster than wrapper metho
exclude irrelevant genes but cannot rem
dant genes because methods that sel
genes based on individual gene informa

twofold: the selected gene set may less ¢
hensively represent the target class than on

unnecessarily increase the size. of the se cte
set, which will in turn affect the mining perfo gt
of the small sample.

In contrast, wrapper methods were devel
select discriminative genes while decreasing
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