
Ontological Model and Approaches 

in the Integrated Biomedical 

Database Project (IBMD)

Hiroshi Tanaka

Tokyo Medical and Dental University



What is 

the Integrated Biomedical DB 

project?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)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– 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





Integrated Database Project Portals



Genome, post genome projects in Japan



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– 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 

Interface for Disease DB search

• Integration of the Core Clinical DBs in Japan

– Parkinson Disease DB in Osaka Univ.– Parkinson Disease DB in Osaka Univ.

– GEMDBJ in National Cancer Center

– So on

• Establish Ethical Code for Publicizing Clinical 

Case DB



Then, how can we describe 

Disease?

Is it physical entity, or 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,
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Disease Modeling in Database

• Complexity of the “Disease” 

– Multi-faceted, multi-layered entity

– Incompleteness of disease knowledge

– Multiplicity of related sciences– 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 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

• genetic polymorphism (SNP, ms)
SNPs

• genetic polymorphism (SNP, ms)

– disease omics 

• genetic expression profile

• proteome, metabolome

– disease molecular pathway

• distorted signal pathway or 

regulatory network

DNA microarray

SNPs
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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 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 in Biomedical Ontology

Ontology mismatch between 

clinical thinking and Omics medicine

• Each information system 
has its ontology as a 
basis
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Mismatch of Thinking

• Clinical thinking 

– Organs and diseases are units of concepts

– Clinical phenotypical; disease is defined on pathological, 
morphological (changes) base

– Essentially goal-oriented: disease care directed– 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”

symptomatologysymptomatology

Clinical information Clinical information 
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Existing Clinical and Bio-Ontology

• Clinical ontology

– Semantic network, UMLS, Galen (SNOMED)

• Gene Ontology 

– Molecular function, process, cellular location of 

gene products

– Now only, Eukaryotes



Several projects for Integration of 

Bio/Clinical Ontology

• Open Biomedical Ontologies (OBO)
– National Center for Biomedical Ontology (Mussen) 

– OBO Foundry (Smith)

• Other Projects• Other Projects
– Ontology for Biomedical Investigations

– ULMS plans to involve  

Gene Ontology

– Disease Ontology

– So on



Integrative Clinico-Omic Ontology

(possible transit form)

• Global structure follows 

the framework of 

clinical ontology

• Within the framework 

Clinical Ontology 

Framework

• Within the framework 

bio-ontology is 

employed to provide 

bottom-up relation of 

the meaning of 

phenotypical entities
molecular
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tations

(makers)

therapy
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Practical Solution

• Clinical Nosological Ontology

– Coventional Textbook knowledge Ontology

with patient medical information ontology

– used for Ontology for Disease DBs – 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• 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
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Disease Terminolology and Classification

Condensed Cross

Clinical Ontology Disease TerminologyDisease Classification

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

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.

Anatomical Hierarchy

＋

Etiological Hierarchy

Patient Information Patient Information :

Normalized Skeleton 

Template for Disease

A Content Model
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Nosological Ontology
（an example of Composite index of anatomy and etiology)



An example of Liver disease index



A part of Parkinson Disease



integrated Clinial Omics DB

(iCOD)(iCOD)



• Integrate the molecular  omics information  and   

clinical and pathodological, life style information 

• Comprehensive database based on the concept of    

“omics-based systems medicine”

Omics dataOmics data

Purpose

Integrated Clinical Omics Integrated Clinical Omics 

databasedatabase

OmicsOmics ClinicoClinico--

pathologypathology

Data Data 

MiningMining

Omics dataOmics data

Clinical, Pathological, Life Clinical, Pathological, Life 

style datastyle data



Cases

cases

omics information

transcriptome CNV

specimen normal specimen ormal

Hepatocellular carcinome １９３１９３１９３１９３ １５２１５２１５２１５２ ９６９６９６９６ １０２１０２１０２１０２ ３５３５３５３５

stored ４１ ２９ ０ ３４ ０

fresh １３４ １０５ ８１ ６６ ３５

metastasis １８ １８ １５ ０ ０metastasis １８ １８ １５ ０ ０

colon cancer １８４１８４１８４１８４ １３１１３１１３１１３１ ２８２８２８２８ ３９３９３９３９ ４０４０４０４０

colon １２８ １０２ ２８ ３６ ３６

rect ３７ ２９ ０ ３ ４

oral tumor １４８１４８１４８１４８ ２０２０２０２０ ００００ ６４６４６４６４ ２２２２

stored ６４ ０ ０ ６４ ２

fresh ８４ ２０ ０ ０ ０

total ５２５５２５５２５５２５ ３０３３０３３０３３０３ １２４１２４１２４１２４ ２０５２０５２０５２０５ ７７７７７７７７



iCOD: integrated Clinical Omics Database

Top page Case Archvie

Case List

Simple Search

Case Details

timeline view
Pathological data

Molecular Data

Imaging data



Top page



Case List

Simple Search



Case Details (1)

Data Category

(Ontology)

Timeline View



Case Details (2)



Clinical Omics Analysis



Clinical 3-layered Omics Map



Omics data analysis
Three Layered Map Pathway map

OmicDownloadPosMedLegenda

Pathome-genome Map

Transcriptome mapped on KEGG



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

• for Core DB （2 DBs＋＋＋＋α（（（（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 DBs.

DB search
Data Format 1

Data Format nThe content model is the basic 

template of both ontology and data 

format in the system

ユーザー
User

I/F

Manager

DB

Manager

Navigating

Engine

Nosological

Ontology

Terminology

Thesaurus

Data Format

Mapper

Data Format 2

Data Format 3

Standardized 

Data Format

Data 

Format n

Data 

Format n
Data 

Format n
Data 

Format n
Data Format n

Content Model



Prototype Demo

47

PPT version



IBMD Top Page
http://ibmd.tmd.ac.jp

48



Input Box for Search
DB Map of IBMD

on Disease Classification

Search Window

49Results of Searching



Example

– Inquiry “SymptomSymptom：：：：：：：：Depressive state”Depressive state”
• Cancer ＤＢ in TMD

– ＜Ｄ＞ ０ cases

– ＜Ｓ＞ by Thesaurus, semantic transform 

“Depressive state → Anorexia”Depressive state → Anorexia” ⇒ ２２２２２２２２ cases cases 

– ＜Ｓ＞ “Depressive state → Lassitude”Depressive state → Lassitude” ⇒ ４４４４４４４４ CasesCases

» one case is doubled 5 cases

• Parkinson Disease ＤＢ in Osaka Univ.

– ＜Ｄ＞０ cases

– ＜Ｓ＞Ontology、””””””””Depressive state → slow movement”Depressive state → slow movement”

–– ⇒ ６６６６６６６６ casescases



Input

１．Category:”SymtomsSymtoms”、Search Input Word:”Depressive stateDepressive state”

51

２．Push 
Search Button



Results

52

１．From TMD TMD ＤＢＤＢＤＢＤＢＤＢＤＢＤＢＤＢ
<Direct> O cases
<Semantic> 「Symptom: Depressive state → AnorexiaAnorexia」 22cases

<Semantic> 「Symptom: Depressive state → LassitudeLassitude」 44cases

Duplicate case 1 case → （Total 5 casesTotal 5 cases）

２．From Osaka Univ. Osaka Univ. ＤＢＤＢＤＢＤＢＤＢＤＢＤＢＤＢ
<Direct> 0 cases

<Semantic> Symptom: Depressive → Slow MovementSymptom: Depressive → Slow Movement 6 cases



Detailed Data

Click here for detailed data

53



Detailed Data sub Window

Hitted Patient Information

is displayed 

according patient content 

This panel is based on

the archetype template (the content model) of disease

54

according patient content 

model (template)



Patient Content

Ex：Patient History 
sub window

55



ICD11 and HIM-TAG



TAG-HIM present status

• 1. 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

• 4. 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 Genomic Sequence Variation Markup Language 

(GSVML)(GSVML)

ISO/#25720 Passed IS ballot

US, UK, Canada, Korea, Italy, Israel, Australia, Japan

Led by Jun Nakaya

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. A01. 1-8.

5th IBIC symposium Jun Nakaya, Michio Kimura, Hiroshi Tanaka



Outlined Structure of GSVML

The GSVML has hierarchical structure.

The entry point of GSVML is genomic sequence variation.

Nakaya, J., Hiroi, K., Yang, W., Ido, K.,  Kimura, M. (2006) (Best Paper Award) APAMI2006 A01: 1-8.

The GSVML has 3 Data criteria as variation data, direct annotation, and indirect annotation.

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



Thank you for your attentionThank you for your attentionThank you for your attentionThank you for your attention

Hiroshi Tanaka

(Director)

TMDU Biomedical Ontology Group

Jun Nakaya (Leader)Jun Nakaya (Leader)

Keisuke Ido 
Kaei Hiroi


