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Development of Toxicogenomics Knowledge Base by
Integrating High-throughput Genomic Data

Ju Han Kim, M.D.,, Ph.D.,, M.S.
Seoul National University Biomedical Informatics (SNUBI)

Bioinformatics is a rapidly emerging field of biomedical research. A flood of large-scale
genomic and postgenomic data means that many of the challenges in biomedical
research are now challenges in computational sciences. Postgenome informatics, powered
by high throughput technologies and genomic-scale databases, is likely to transform our
biomedical understanding forever much the same way that biochemistry did a generation
ago. In this talk, I will describe how these technologies will impact toxicology research,
introducing recent advances in databasing gene expression profiles with the emphasis on
the necessity of tight integration of private and public databases and intelligent analysis
toolkits. I will introduce some of our research efforts for toxicogenomics knowledge
base. Xperanto (Expressionist's Esperanto in XML) integrates major data models for
DNA microarray, tissue microarray and array CGH data with extended clinical and
histo-pathological information models and supports analysis tools in an effort to establish
a comprehensive knowledge base for toxicogenomics research. Each step will be given

with real examples from ongoing research activities in the context of clinical relevance.

.47 -



UZEHEY) ceeeerenes Mereeececaceensetenterncattettetetttttreteaseistetestsrtottererssnenstrensasnens

Development of
Toxicogenomics Knowledgebase
by Integrating High-throughput

Genomic Technologies

Pharmaceutical side effects and
Drug-drug interactions

e One in five new drugs have some serious side effects (by
Lasser KE, et al. JAMA 2002 287:2215)

e Need ways to predict potential interactions and side effects
- impact of environmental elements that have the potential for

biological damage
- the relationship of the activities of toxins to genetic makeup

¢ Previous tools for measuring toxic events
- in vivo animal models such as rat, mouse, and dog

- in vitro assays
« Ames testing
e micronucleus assays
+ unscheduled DNA synthesis measurement
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New way to measure toxic events
through gene expression profiles

¢ Human Genome Project + Microarray technology

- interrogate the expression of tens of thousands of genes
simultaneously in response to a toxic agent

- investigate effects of human genetic variation on drug toxicity
and efficacy

3
cDNA microarray schema
DNA clones test refesenee \(-nitmimj
o haser t faser 2
R TR
+: e : S
transcrption 3\
takel with ’
&z ekl i
PCR asplification 2 Ao i T s
pul‘lkmionl . }_k’;: Bﬁéﬁ
rebwtic
peintay)
\‘;‘f’fr.:'
A<Q
e B, comjana
S sbriddize taret anatesis
o i Gaay :
Figure from Nature Genetics (1999)
21:11 4

. 49 .



Gene expression profiling of chemotherapeutic
drugs

Cluster analysis of temporal changes in gene expression of MCF-7
cells treated with doxorubicin

Time (Hn)
01351018

Time {Hes)

Figure from Pharmaceutical Research (2002) 5
19:1776

DNA arrays for toxicogenomics

DNA arrays allow quantitative
measurements of gene expression to be
made for tens of thousands of genes in
parallel

Figure from Nature Reviews (2001) 1:84
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Gene expression profiling of toxic compounds

A compendium showing gene-expression change induced by 48
different hepatotoxic compounds in the rats

Rat 1, csouat
fat 2, dauat
Rat 3, methctrexate

Rat 2, mathotrexats

Fat 1, methotrexate

Rat 3, atoposiae ;
Rat 2, cydophosphamice |
Rat 1, etoposioe
Rat 8, cydophosphankie B
Rt 1, cyciophosphamice [
Rat 2, efog

Figure from Nature Reviews (2001) 7
1.84

Clinical relevance of
Bi’och/p /mformatlcs
Dx. S

Probability

At 40 O [ it L
saricy o S thees s P=0.01
45 NS LAY QY IR APy 0.0 T T T ¥ H Sl | 1 L)
ot 22 s 0 206, PR A R RS e F 0 2 4 6 8 10 w2 0 2 4 6 8 W
s s S8 AT et ot GRS )}
B NS X 3 Rt : prnasap mum«mcmnymn R, T B Overall surviva) {years) Overall survival jyears)
e s o
o
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A Functional Genomics Strategy

 —— by

Interesting | Interesting Interesting | Make

Patients |, Animals Cell Lines | Biochip
| ]

Appropriate Appropriate Extract RNA Hybridize
Tissue Conditions " Biochip

Functional ) Scan

Clustering j Biochip

(Post-cluster )
‘Analysis & §

Informatical ||
Validation? |

R e T

4+ Astronomer’s Learing

'Babyloniéns created the ap of starry sky.

and Astronomy started then...

4

.52 .



essssss PN ER e et recsteeessesssciesessessesscaiscesonesesssencesiecereossnee 200515)4/%;{;5,/3/

Biochip informatics: clustering




............................................................................................

Biochip informatics: clustering

L)

;/IIA.:“
== au

- - .
e —— 3
.. —

clustering

—

—Hierarehicai-Gartitional-Glisternng—
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Hierarchical clustering in Genomics

» weighed pair-group avergge ®

* single-linkage (nearest ndighbor)

- complete-linkage (farthest neighbor)

» unweighed pair-group avgrage

» weighted pair-group centroid

- unweighted pair-group centroid B
» Ward’s method: min. sum of squares

Toxicogenomics

- the application of genomic tools to the study of biological
responses to toxic substances

Lo, Envionmantally Responsive Genes . . .

Genomic
damage  co gousy
A -y
Environmental  Distribution
exposure ) end s P Disense
metabolism Liid

HE

Signal
transduction

Genetic variability
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nature

19 April 2001 Vowme A0 [ssua 10 5331

Free and public expression

After a sk start, progr i

For the many biologists working with DNA mi

ftories for gene expression datais poised to accelerate.

fic rap
ys, that shotild be weicome news.

with a single format for gene expression data, databases

should be able to ‘talk’ to one another and exchange data.

The existence of a standard language should also spur

development of software tools to query the databases,

and to manage and display gene expression data.

namure

55 September 2002 Voluma 419 1S58 110 8906

Microarray

Not a moment 100 soon, the microarray

expression of several genes. You decide 10 use some of Ue

samme experiments on Your systen of choice. But when you
wade through bundreds of pages of supplementary information.
vou lind taterucial detalls neexed for replication are missing.

Welcotneto theexcliing but fasstrating workd of DNA microareay
sesvarch. Microarrays are plastic or ghss chips spotied with tiny
amounts of thiasands of probes. used W yuery the activity lfevels
of that nuany genes in any Hsske oF orgnism at coe thve, Variables
I every step of the expesinent often niake cross-paper comparison
virtually impossitde. hlicrortay popers als pose a consklerable
srain o the refereing process: the vist amounts of data mean st
criticat review isamonumental tek.

Yet referees sometimes feel they are nos ghen enow, gh details. leadd-
1139 cautious reviewans 1o think Ut they must reanalyse the pomary
data set. In other cases, the primary data provided ace i proprietary
softsware and soare inpossibletocomment on. Manyjoun walsaliowed
authors togut the Buge dhta files oo their own websites for the review
process. unil it tecamedear taunserupulous d uthorscornpromised
the anotyity of referees by rarking whohad visited the website.

You read a gaper with a fascinating conclusion about the

standards at last

community has issued guidelines that will make thelr data much more useful and
accessible. Nature and the Nalure tesearch journals watl respond accordingly.

For authors. the praposal provides 3 chiecklist of variables that
should be included in every microarray publication. at bt prifewa,
mgml.m\g,f\\’olkplo\um“}\ﬂ:\?\’l Fmiame_checkis hund, This cluck-
st with i varkables completed, would be supplied as suppleawentaty
Infoenation at the time of submission. The MGED group suggests
thiat journals reuire subnission of microarray data to eliber of 150
databases emerging as the niln public repositories: CEO twwwwaxchi
nimnih.gos? ¢ ArrayExpress (nwwebl ac.ukiarrayexpiess).

Harried eclitors ean rejoice that. at last, the conimunity istaming
the untuly bemt shar is imleroanay mboration. Therefore. all
submissions to Aptare and e Nature fanily of jourils seceived on
ar afer | December contalning new mcraanesy exper inents st
Incluck the nuriling of five compact disks w he editor. These disks
shouild include necessary tnformation compliant with th MIAME
standad. The nformaticn must be supplied in a format that could
t read by widdy mvailable software packages. ata integral 10 the
paper’s conelusions should b si e 1 the & press or GEOQ
databases. with accession aumbers where avatlable. supplied ot or
befare acceptance for putilication.

Here nmuch data showdd authors provide

16 the comumniy?
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Microarray standards are needed to facilitate
moving data around

Information stored about Public repository of
a microarray experiment Local database microarray data

Biclogical material \> e

Experiment E‘Q>
|

Aray e §

i

Data generator 4

Figure from Nature Genetics (2002) 32:
460 19

MGED standards

MGED Home
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Microarray Standards

* MIAME

* Minimum Information About a Microarray Experiment
» Experimental Design, Array Design, Hybridization,
Samples, Measurements and Normalization

* MAGE-ML

* XML Implementation of the MIAME Standard
* De Facto Widespread Industry Support

- MAGE-OM

* Object Model as a framework for developing MAGE
* OMG specifications are developed in UML

21

Three levels of microarray
—JENELXPression.dalaprocesSing mm—

rave data quantification geno exprassion
matrices data matrix

ruantifications sampies

SRANS

| =

genus

\ome
exprassion

level 22

\— quantification dabsm
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23
Goals of MGED Efforts
¢ Elucidate information needed for experiments
- MIAME
¢ Provide a means to share this information
- MAGE
¢ Provide a common language for experiments
- MGED Ontology
¢ Provide standard operating procedures for analysis
- Data transformation
24
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Standards will aid data integration in
toxicogenomics efforts

HESI, NIEHS, Minknum About 8 Microarray Experiment -
FDA EBI MIAME for Toxicogenomics (wAMEITox)
academics CRAFT - Baamd on MW ¢ 1 Fetegary 12, 2008
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Minimum information to be recorded about
toxicogenomics experiments

o Experimental design parameters, animal husbandry
information or cell line and culture information, exposure
parameters, dosing regimen, dose groups, and in-life
observations.

¢ Microarray data, specifying the number and details of
replicate array bioassays associated with particular samples,
and including PCR transcript analysis if available.

+ Numerical biological endpoint data, including necropsy
weights or cell counts and doubling times, clinical chemistry
and enzyme assays, hematology, urinalysis, other.

¢ Textual endpoint information such as gross observations,
pathology and microscopy findings.

26
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ArrayTrack

Commerc 'aw Public

1
Microarray| ___ INTERFACE
Database

GeneLib

(O Functional ProteinLi
components PathwayLi

27

dbZach

¢ Platform independent

¢ Minimum Information About Microarray Experiment (MIAME)
Supportive

o Database (Oracle 9/)
- Data Modeling
— Modular Subsystem Architecture
- Data Management
o Tools
- Graphical
User-friendly
Java 2
Data Mining
Data Visualization

28
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ArrayExpress — data flow

| EBl 1L .Browse-Que
Web server}/

Subrpission Submission

database aet

Output »o@

T 29

Toxicogenomics specific MIAMExpress
(ILSI- HESI) - in development

« Hapatotorlclty

[ W o o {m

Genotoxicity

Combined Experimant Data

30
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toxicogenomics project by ILSI

s International Life Sciences Institute (ILSI/HESI)
toxicogenomics database

e cross-platform gene expression data on the effects of
various toxic compounds

31

Government efforts:
National Center for Toxicogenomics

¢ Goal
- support research in the field

of toxicogenomics ngCT

. . Nationat Center [ T icogenomi «.3
- compile, analyze, and publish T St

the resulting data

[T T g ——

Using Global Ganoinse Expression Tachnelogy o

- identify genes that are Crate 3 Koowisdge Base tor Protecting Heman Heaith
regulated in response to Srogranuate Rrsamch
toxicans :imt’:«:riwm:xmﬂzumkmm

- develop a “Toxchip” to .hc'k}giym%ﬁ‘“
monitor changes tadepandent Resesrch

* Cumiwe intagy Crinin
@ s, oo enk Cominr Gty

32
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Goals of National Center for Toxicogenomics

33

Toxicogenomics Infrastructure
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Chemical Effects in Biological Systems
(CEBS)

CEBS Vision - Bioinformatics to Knowledge

Associuted Daty

Txtanat Links

Quary
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Proteomics in the “-omics”
world.......

Genomics Transcriptomics Proteomics Metabolomics

Biological Knowledge
Disease Genes, Drug Targets, Mechanisms for Disease Causation

36
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Toxicogenomics research USing
high throughput technologies

array CGH DNA microarray
Genomic Structure Transcriptomal regulation
Copy number alteration Gene expression
V., R4

**{Clinical Information]***
Histopathological
information

v
Tissue microarray
..... » Data flow Analysis of Tissue at anatomy Ievelj

. Gene / Protein / RNA / DNA / Virus
— Experiment flow Population-based analysis

41

Xper anto: Expressionist’s Esperanto in XML

+ MGED MIAME, MAGE-OM Standards
« Linux, MySQL, XML : open source
+ Oligo and cDNA microarray
- Histopathology and Laboratory Data Model
Batch upload and error check
Diagnostic plots
+ Visualization : genome browser, pathway browser)
« Automated gene / protein annotation
+ Multi-user and group Environment

Park et al. Genomics and Informatics 2005
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Core module
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