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What is
the Integrated Biomedical DB
project?



Integrated Biomedical DB Projects

Government-commissioned project
— Started at 2007 in Tokyo Medical & Dental Univ.

by MEXT (Ministry of Education, Culture, Sports,
Science and Technology)

A subproject of the National Projects for DBs
integration in Life science fields

Main goal of this project is
integration of disease databases in Japan



Biomedical Ontology Projects
In Japan

Two government-commissioned medical
ontology projects in Japan

Ours: Scientific DB integration by MEXT
Clinical Information System by MHLW
(Ministry of Health,Labour and Welfare)

“Japan Medical Ontology Development Project
for Advanced Clinical Information System”

— Dr. Imai’s talk
Good collaboration between both projects



National Project for DB integration in
Life Science Field (MEXT)

 Integrated DB Project in Life Science
— Started from 2006

Background

« DBs in LS in Japan were scattered in various institutes
— DNA sequence (DDBJ) in NIG in Mishima
— Protein DB (PDBJ) in Osaka University
— Pathway DB (KEGG) in Kyoto University
— Unlike NCBI in US and EBI in Europe

Goal

« Establish National Center for DB integration in LS
(DBCLS)
— develop integrated DB service
— common portals for DBs in LS
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Integrated Database Project Portals
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Genome, post genome projects in Japan
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Allocation Organization for
Integrated DB Projects

« Tokyo Medical and Dental University (TMDU) ,
Information Center for Medical Science
— commissioned by MEXT
— to integrate scattered databases on various disease in Japan
— to be a National Center for Disease Database Integration
— from 2007, Integrated Biomedical (clinical) DB

« Kyoto University Bioinformatics Center
— Integration of Drug Information

« Tokyo University Dept. Human Genetics
— Integration of Genetic Polymorphism



Challenges for
Integrated Biomedical DB projects

* Development of Ontology-based Integrative
nterface for Disease DB search

* Integration of the Core Clinical DBs in Japan

— Parkinson Disease DB in Osaka Univ.
— GEMDBJ in National Cancer Center

— Soon

« Establish Ethical Code for Publicizing Clinical
Case DB




Then, how can we describe
Disease?
Is it physical entity, or
just conceptual ?



Disease Modeling in Database

* What is the ontological characteristics

of disease?
« Complexity of “Disease”
 Disease is a multifaceted,

multilayered entity
— molecular-genetic
— tissue-organic
— individual
— diagnostic-therapeutic-prognostic
— behavioral (medical practice)
— populational-epidemiological
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epidemiologica-|
populational

Prognosis-
Disease progression

Diagnostic-Therapeutic

Individual-observationa
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molecular-genetic




Disease Modeling in Database

« Complexity of the “Disease”
— Multi-faceted, multi-layered entity
— Incompleteness of disease knowledge

— Multiplicity of related sciences

* biological, psycological, behavioral, conceptual,
social science

* Main opposite standpoints
— Physical vs Conceptual
— Causative vs Observational



How do we describe disease

* Formal Description of Disease

* Disease View are now changing since
Revolution of Molecular medicine

* Conventional View
— Multilayered Phenotypical Description
— Essentially Observational
— (Place, Organ) X (Pathomorphology)

« myocardial (place) infarction (pathology)

-



Recent Changes of Disease View

* Advances in Molecular Medicine

— disease genetics
 disease causative (related) gene
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 genetic polymorphism (SNP, ms)  QNPs
— disease omics . | —
: . : (|| Y e
* genetic expression profile il

* proteome, metabolome

— disease molecular pathway
« distorted signal pathway or
regulatory network

|-|=

DNA microarray
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Disease 1s hierarchically organized
“distorted molecular network”
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Ontology

* Formal representation of a set of concepts
within a domain and the relationships between

those concepts
— used to reason about the properties of that domain,
and to define the domain

— “Formal, explicit specification of a shared
conceptualisation” (Gruber, kls stanford)

* Controlled (Formal) Vocabulary
— used to model a domain for knowledge sharing and

reuse
— the type of objects /concepts that exist, and their
properties and relations



Challenges 1n Biomedical Ontology
Ontology mismatch between
clinical thinking and Omics medicine

] ] Information Information
« Each information system system system
has its ontology as a T s U
basis . :
. terminology terminology
 Mismatch between ontology ontology

Clinical ontology and
Bio-ontology

Bio-ontology

Clinical

Ontology




Mismatch of Thinking

e Clinical thinking
— Organs and diseases are units of concepts

— Clinical phenotypical; disease 1s defined on pathological,
morphological (changes) base

— Essentially goal-oriented: disease care directed
— Top down

* Molecular (Omics) medicine thinking

— Molecular function and their functional relation to other
molecules

— Products of gene expression are units of concepts
— Bottom up



Two Worlds
Clinical thinking and “Omic space’

Clinical information Omic space
symptomatology Pathway
— Ny signalome
/ / " / / networkome
Pathophsiology Transcriptome
/ >< \ /
/ ‘ ' _<_ '~ Proteome
// metabolome
Etiology

s = R~ v




Existing Clinical and B1o-Ontology

e Clinical ontology
— Semantic network, UMLS, Galen (SNOMED)
* Gene Ontology

— Molecular function, process, cellular location of
gene products

— Now only, Eukaryotes e ] | S e
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Several projects for Integration of
Bio/Clinical Ontology

* Open Biomedical Ontologies (OBO)

— National Center for Biomedical Ontology (Mussen)

— OBO Foundry (Smith)
* Other Projects

— Ontology for Biomedical Investigations

— ULMS plans to involve
Gene Ontology

— Disease Ontology

— Soon

Biorechnology

s The OBO Foundry: coordinated evolution of
! ontologies to support biomedical data integration

Earry Smith', Miched Ashburner”, Comeliss o’ Josathen Bapd®, Willlam Rug®, Wemer Ceptera®,
Lomis | Soddberg’, Karen, Bilbeck®, Amelia Ireland™, Chrisiopher | Muangall™, the O Consortinm® !,
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Integrative Clinico-Omic Ontology
(possible transit form)

e (Global structure follows

the framework of
clinical ontology

e Within the framework
bio-ontology 1s
employed to provide
bottom-up relation of
the meaning of
phenotypical entities

Clinical Ontology
Framework

manifes- therapy

tations (drugs)
(makers)

L NER

molecular molecular




Practical Solution

 Clinical Nosological Ontology
— Coventional Textbook knowledge Ontology
with patient medical information ontology
— used for Ontology for Disease DBs
integration
» Multilayered Clinical Omics Ontology
— Still under development
— But with linked multilayered data schema
— integrated Clinical Omics Database (ICOD)



Several Results of IBMDB project



Results for Ongiong IBMDB project

Developed the first version of Nosological
IBMBD Ontology

Mutlilayered Integrative Clinical Omics DB

Developed Ontology-based InterDB
Search System

Trial system for integrative DB search
between Parkinson Disease DB and iCOD



IBMDB Ontology



3 Level Method: 3 Level model for database integration
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Disease Terminolology and Classification

Nakaya, J., Sasaki, K., and Tanaka, H. (2006) Condensed Cross Clinical Knowledge, Computer Science, [JCSNS. 6 (7A). 6-11.

Disease Classificatio Disease Terminolog

This is the disease terminology and classification.
Diseases are classified with combinated anatomical hierarchy and etiological hierarchy.
A conceptual unit of a Diseasse is described with the 3rd normalized skeleton template which can be

called as a content model.

Condensed Cross

Clinical Ontology

Anatomical Hierarchy
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Disease Ontology
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Code
Code System
Disease Name
Alias name
Textual Definition
Concept
Outline
Epidemiology
Etiology
Cause
Sideration Mechanism
Pathophysiology
Classification
Gross
Microscopic
Symptom
Time classified
Severity classified
Organ classified
Mode on set

Related Diseases
Upper level Disease
Lower level Disease

Patient Information Template

dseqele( dse)) JudnNed

Basic Information
Back Ground
Patient History
Life History
Family History
Examination Findings
Blood
Urine
Imaging
Xp, Angiography
US, CT, MRI
Others
Spirogram,GF, CF
Pathological Findings
Gross
Tissue (Microscopic)
Diagnostic Criteria
Differential Diagnosis
Points of Diagnosis
Diagnosis by exclusion




Nosological Ontology

(an example of Composite index of anatomy and etiology)
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integrated Clinial Omics DB
(ICOD)



Purpose

* Integrate the molecular omics information and
clinical and pathodological, life style information
« Comprehensive database based on the concept of

“omics-based systems medicine”

Omics data

Integrated Clinical Omics
database




Hepatocellular carcinome

stored
fresh
metastasis

colon cancer

oral tumor

omics information

transcriptome

specimen normal specimen
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1ICOD: integrated Clinical Omics Database
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Center for Information Medicine, Toloyo Medical and Dental University has
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based Medicine and Systems Pathobiology.

We have lauched this project since 2003 with the support of Japan Science and Technology
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Case Details (2)
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Clinical Omics Analysis
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& About Clinical Omics Data Analysis

Clinical omics data analysis is a method of observing the correlation between pathology and
gZenes using cross-sectional, statistical analysis of clinical, pathological, and molecular
information. Types and equations of clinical pathological and molecular information layers are
each determined and placed on our 2-dimensional-3-layered (2D-3L) map. By choosing one
layer at a specific point, information of other lavers at the specified point will be displaved,
thus enabling vou to visualize the correlation among the layers.

In addition, intezrated display of all the data by using the regular canonical correlation
analysis enables vou to perceive the clinical and pathological information and their correlation
to gene expression data at a glance.

& How to Use the Database

Click on the “2D-3L map™ in the menu-bar. You will be able to execute both principal
component analysis and cluster analysis. First select the type of cancer you wish to analyze.
Then specify the clinical'pathological items for statistical analysis. You may simply display the
distributions of the chinical‘pathological items you selected without the purpose of statistical
analysis.
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Clinical 3-layered Omics Map
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Three Layered Map

Omics data analysis
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Semantic Navigation System

We show the semantic navigation system

which we can say as a content interface based on the content model.



Integrated DB Guiding System

« forCore DB (2 DBs+a(10 DBs)

Now in investigation)

We are developing Searching System based on the ontology
» User I/F Manager convert user input to standardized word with terminology

and thesaurus.

* Navigating engine navigates users to targeted databases semantically.

» Data format mapper absorbs format differences of D

The content model is the basic

DB search templat§ of both ontology and data
format in the system
@)

User
I/F
Manager

Data Format n

Navigating '

Standardize

Engine Data Format[Vlanage

Q

DB

=

Thesaurus

Terminology| =

Nosological




Prototype Demo

PPT version
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IBMD Top Page

http://ibmd.tmd.ac.ip
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Search Window
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Example

— Inquiry “Symptom :Depressive state”

« Cancer DB in TMD
— <D> O cases
— <S> by Thesaurus, semantic transform

‘Depressive state — Anorexia” = 2 cases
— <S> “Depressive state — Lassitude” = 4 Cases
» one case is doubled 5 cases

» Parkinson Disease DB in Osaka Univ.
— <D>O0 cases
— <S>0Ontology. "Depressive state — slow movement”
— = 6 cases



Input

1. Category:"Symtoms”, Search Input Word:"Depressive state”

83218 H FEEEEEa]
ik w | B TIAEE B ﬁ’)
L
FEEESH) A H i
2. Push

Search Button
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Results
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1. From TMD DB

<Direct> O cases

<Semantic> ' Symptom: Depressive state — Anorexia] 2cases
<Semantic> [ Symptom: Depressive state — Lassitude | 4cases

Duplicate case 1 case — (Total 5 cases)

2. From Osaka Univ. DB
<Direct> 0 cases
<Semantic> Symptom: Depressive — Slow Movement 6 cases




Detailed Data

Click here for detailed data
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Detailled Data sub Window

f.'.: Detailz — Windows Internet Ex.__ |;||E|E|
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Patient Content
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ICD11 and HIM-TAG
GO
RSG ‘ HIM-TAG }
Health Informatics and Modeling
Topic Advisory Group




1.

TAG-HIM present status
Content Model Group

— Treat the original use case of ICD11 (Stefany)

2.

Information group

— Alan Rector (Univ. of Manchester, UK), John, Chris, SCT

3.

Content Model front end for each TAG,

Categorial Structure for Rare disease

« Jean Marie with Rare Disease TAG

IBMDB model is modified for internal medicine

« Jun Nakaya and Hiroshi Tanaka with Internal Medicine TAG
Robert will take care of these things

SCT(SNOMED) Coordination

IHTSDO harmonization panel will take this issue.

* (Kent, Alan Rector (Univ. of Manchester, UK), Chris, Olivier)

GO and other ontologies will cover the remained area.



Data Exchange Format
(as an Info. Model)



Genomic Sequence Variation Markup Language
(GSVML)
ISO/#25720 Passed IS ballot

US, UK, Canada, Korea, Italy, Israel, Australia, Japan
Led by Jun Nakaya

Sth IBIC symposium Jun Nakaya, Michio Kimura, Hiroshi Tanaka

Nakaya, J., Hiroi, K., Yang, W., Ido, K., Kimura, M. (2006) "Genomic Sequence Variation Markup Language
(GSVML) for Global Interoperability of Clinical Genomics Data(Best Paper Award)". Asia Pacific Association for
Medical Informatics 2006 Proceedings. AO1. 1-8.



The entry point of GSVML is genomic sequence variation.

Outlined Structure of GSVML

Nakaya, J., Hiroi, K., Yang, W., Ido, K., Kimura, M. (2006) (Best Paper Award) APAMI2006 AO1: 1-8.

The GSVML has hierarchical structure.

epidemiology

/

Fapernmental
Analysis

Ilendelian
megredate

Direct Anmotation

Clitvcal :
Ohservations Disease
Fhenotype /
Cinics \ Clirical
Annotation Annotation
GSVML
Indirect Anmotation = =9
(root)
Enwitrortmetital
Condition
el Variation Data
FPersonal Type
Infortnation

- — P . . | I
The GSVML has 3 Data criteria as variation data, direct annotation, and indirect annotation.

homozygote
detect

Watiation
attiotation
Lliscellatieous

Whole
3 Enotme

sotnatic rmutation

SEUENCE
Feference

These criteria have the internal relations mainly based on the statitics.

| Information




Thank You for Your attention

™

Hiroshi Tanaka
(Director)

DU Biomedical Ontology Group
Jun Nakaya (Leader)

Keisuke Ido
Kae1 Hiroi



