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Why Medicine and Biology?

• LOTS of data
• The data is in different database silos
• Considerable benefit if you can integrate information
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Biomedical Ontologies

• The biomedical community has embraced 
ontologies perhaps more than other fields

• Several large prominent biomedical ontologies
• National Cancer Institute’s Thesaurus (~80K classes, OWL)

• Foundational Model of Anatomy (~70K classes,  2 million 
relations, Protege frames, OWL version available)

• Gene Ontology (~20K classes, OBO)

• National Center for Biomedical Ontology 
(NCBO) BioPortal indexes more than 200 
ontologies 
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BioPortal: A place to find biomedical ontologies 
http://bioportal.bioontology.org
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BioPortal features

• Browse and visualize (biomedical) ontologies
• Search within and across the ontologies
• View details of individual classes
• Request changes and additions from ontology 

authors
• Create and browse ontology mappings
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What will you find in a repository of 
biomedical ontologies?

• Ontologies that were developed from the start using 
Semantic Web technologies

• Ontologies that were first developed in non-standard 
languages, but now use OWL

• Ontologies in the OBO format and other similar formats(not 
OWL)

• simple frame-based format

• defines subclass-superclass hierarchy

• defines part-of relationships

• defines properties for preferred names, synonyms

• Medical terminologies that are now becoming ontologiesU
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Translational Medicine Ontology 
(TMO)

• Developed by the W3C Healthcare and Life 
Sciences Interest Group

• Developed as an OWL ontology
• Uses extensive user-based requirements collection
• Includes requirements from many types of users:

• clinicians

• informaticians

• chemists

• researchers

• sales and marketing

• ....
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National Cancer Institute’s 
Thesaurus (NCI Thesaurus)
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The Gene Ontology (GO): provide 
consistent descriptions of gene products
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Medical Terminologies “growing up” 
to become ontologies

• International Classification of Diseases (ICD) from 
the World Health Organization (WHO)

• Used by all United Nations member countries to collect 
epidemiological and healthcare-related information

• In its 10th edition; more than 100 years old (US uses ICD-9)

• The first ten editions are essentially lists of terms, distributed in 
hard-bound volumes

• ICD-11 will be a formal OWL ontology
• developed collaboratively by members of the international 

community

• using iCAT, a custom-tailored version of WebProtégé 
(http://icatdemo.stanford.edu)
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iCAT: An adaptation of Protege for 
ICD-11
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 International Classification of 
Traditional Medicine

• Is one of the WHO Family of International 
Classifications (ICD is another one)

• Will be developed in OWL
• Will use a custom-tailored version of WebProtégé
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Trends in Biomedical Ontologies

• A large number of prominent large ontologies
• Large functional repositories of ontologies
• New ontologies being developed with the 

Semantic Web principles and technologies at their 
core

• Legacy internationally developed terminologies 
adopting Semantic Web principles
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Applications of Semantic Web 
Technologies in Biomedicine

• Using ontology terms to name things: annotation
• consistent annotation across datasets (Gene Ontology, GO)
• image annotation (Foundational Model of Anatomy, FMA)

• Data exchange format
• Standard terms for describing experiments (MGED)

• Driving natural-language processing (Geneways)
• Information integration

• Homogeneous layer over heterogeneous resources (Transparent Access to 
Multiple Bioinformatics Information Sources, TAMBIS)
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Manual Annotation:
GO Annotations in AmiGO

Sunday, November 7, 2010



Automatic Annotation: 
NCBO Annotator
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Use of Biomedical Terminologies in 
Clinical Practice

• Most Electronic Medical Record (EMR) systems use controlled 
terminologies for some of the fields in the record 

• They provide a way to integrate information across different EMR 
systems

• except that it never really works in practice, because the systems have different 
configurations (see Research challenges later)

• May enable comparative effectiveness studies, facilitate patient care, etc.

SNOMED

ICD-9

RadLex

patient name

Room

symptoms

diagnosis

treatment

Date of visit select to ...

CANCELSAVE

Value Set
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BioRDF

• BioRDF: An effort by the W3C Health care and 
Life Sciences Interest Group to represent a large 
number of biomedical resources in RDF

• represented several large datasets, mostly relevant to 
neurological diseases and treatment in RDF

• used SWObjects to map the data in SQL databases to 
RDF

• provided SPARQL access to these resources
• supported query federation across multiple data points
• developed demos for specific use cases

• Receptor explorer: finding receptor-related data
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NeuronDB

BAMS

Literature

Homologene

SWAN

Entrez 
Gene

Gene 
Ontology

Mammalian 
Phenotype

PDSPki

BrainPharm

AlzGene

Antibodies

PubChem
MESH

Reactome

Allen 
Brain 
Atlas

BioRDF: Integra;ng Heterogeneous Data 

Adapted from : Susie Stephens

• BioRDF: An effort by the W3C Health care and 
Life Sciences Interest Group to represent a large 
number of biomedical resources in RDF
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BioRDF: SPARQL Query

Source: Alan Ruttenberg
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BioRDF: Results: Genes, Processes
•DRD1, 1812 
 
 adenylate cyclase activation
•ADRB2, 154
 
 adenylate cyclase activation
•ADRB2, 154
 
 arrestin mediated desensitization of G-protein coupled receptor protein 
signaling pathway
•DRD1IP, 50632
 
 dopamine receptor signaling pathway
•DRD1, 1812 
 
 dopamine receptor, adenylate cyclase activating pathway
•DRD2, 1813 
 
 dopamine receptor, adenylate cyclase inhibiting pathway
•GRM7, 2917
 
 G-protein coupled receptor protein signaling pathway
•GNG3, 2785
 
 G-protein coupled receptor protein signaling pathway
•GNG12, 55970
 
 G-protein coupled receptor protein signaling pathway
•DRD2, 1813 
 
 G-protein coupled receptor protein signaling pathway
•ADRB2, 154
 
 G-protein coupled receptor protein signaling pathway
•CALM3, 808
 
 G-protein coupled receptor protein signaling pathway
•HTR2A, 3356
 
 G-protein coupled receptor protein signaling pathway
•DRD1, 1812 
 
 G-protein signaling, coupled to cyclic nucleotide second messenger
•SSTR5, 6755
 
 G-protein signaling, coupled to cyclic nucleotide second messenger
•MTNR1A, 4543
 
 G-protein signaling, coupled to cyclic nucleotide second messenger
•CNR2, 1269
 
 G-protein signaling, coupled to cyclic nucleotide second messenger
•HTR6, 3362
 
 G-protein signaling, coupled to cyclic nucleotide second messenger
•GRIK2, 2898
 
 glutamate signaling pathway
•GRIN1, 2902
 
 glutamate signaling pathway
•GRIN2A, 2903
 
 glutamate signaling pathway
•GRIN2B, 2904

 glutamate signaling pathway
•ADAM10, 102

 integrin-mediated signaling pathway
•GRM7, 2917
 
 negative regulation of adenylate cyclase activity
•LRP1, 4035
 
 negative regulation of Wnt receptor signaling pathway
•ADAM10, 102

 Notch receptor processing
•ASCL1, 429
 
 Notch signaling pathway
•HTR2A, 3356
 
 serotonin receptor signaling pathway
•ADRB2, 154
 
 transmembrane receptor protein tyrosine kinase activation (dimerization)
•PTPRG, 5793 
 
 ransmembrane receptor protein tyrosine kinase signaling pathway
•EPHA4, 2043
 
 transmembrane receptor protein tyrosine kinase signaling pathway
•NRTN, 4902
 
 transmembrane receptor protein tyrosine kinase signaling pathway
•CTNND1, 1500
 
 Wnt receptor signaling pathway

Many of the genes 
are related to AD 
through gamma 

secretase 
(presenilin) activity

Adapted from: Alan Ruttenberg
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SWAN: Semantic Web Applications 
in Neuromedicine

• Using Semantic Web to support scientific discourse.

• Specifically applied for Alzheimer’s, Parkinson’s and other 
neurodegenerative diseases.

• The SWAN ontology supports the application that enables scientists 
• to formulate scientific hypotheses and describe them formally

• to point to literature that supports or refutes the hypothesis

• to link different hypotheses

• to search the current hypotheses and their supporting documentation

• Integrates contributions from scientists from different sub-disciplines 
relevant to Alzheimer’s and Parkinson’s diseases:

• psychiatry, neurology, microscopic anatomy, neuronal physiology, biochemistry, genetics, 
molecular biology, and bioinformatics

• Scientists can understand the current state of the art and ask the right 
questions in their experiments

Sunday, November 7, 2010



Ciccarese P, Wu E, Kinoshita J, Wong G, Ocana M, Ruttenberg A, Clark T.  The SWAN Biomedical 
Discourse Ontology. J Biomed Inform. 2008 Oct;41(5):739-51. Epub 2008 May 4.. PMID: 18583197
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Using OWL Inference: Eligibility 
Criteria for Clinical Trials

• All clinical trials of new therapies have eligibility criteria for 
participation. For example

• “a breast cancer patient, who had a mastectomy and has been treated with Taxol for 4 
weeks”

• Matching patients to clinical trials is a difficult problem: many trials 
fail because there are not enough patients. 

• Medical records describe specific subclasses of drugs, morphology, 
diagnosis, etc.

• OWL reasoning can help match such expression describing a patient to an expression 
defining eligibility criteria

    !hasDisease.Melanoma

!hasDisease.Cutaneous_Melanoma

Eligibility criteria

Patient 32898
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GO-Enrichment analysis
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Summary: Applications

• Annotation of data with ontology terms (manual 
and automatic)

• Value sets for forms in EMRs and other data
• Query federation across multiple datasets using 

RDF
• Support for scientific discourse
• Use of inference for eligibility criteria matching
• ....  many others
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Efforts and Organizations

• W3C Interest Group: Semantic Web Health Care 
and Life Sciences (HCLS)

• produces use cases for applications of semantic web 
technologies in healthcare and life sciences

• use cases are often specific scenarios in a subdomain (e.g., a 
researcher trying to perform new experiments to learn about 
therapies for Alzheimer)

• BioRDF: “rdfize” a number of diverse resources to 
showcase the use of Semantic Web technologies

• Ontology development: Translational Medicine 
Ontology
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CWA: Concept Web Alliance

• Goal: create the Concept Web
• collaboratively created
• dynamic
• graph of concepts and their relationships

• Not really an ontology
• A graph of concepts that can be used and referred 

to in ontologies
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OBO Foundry

Sunday, November 7, 2010



National Center for Biomedical 
Ontology
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Conferences and Workshops

• If you want to follow the research on Semantic Web 
technologies for Biomedicine, look at the proceedings of:

• ISWC

• International Conference on Biomedical Ontology (ICBO)

• Bio-ontologies SIG at the International Conference on Intelligent 
Systems for Molecular Biology (ISMB)

• Annual Fall Symposium of the American Medical Informatics 
Association (AMIA)

• AMIA Translational Bioinformatics Summit

• Pacific Symposium on Biocomputing (PSB)
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Issues and Trends

• Ontologies are fairly large and often (fairly) expressive

• Considerable amount of ontology reuse

• Linked data in bioinformatics

• Manual curation of knowledge
• that feeds back into the ontologies

• Collaborative development of ontologies
• multiple editors 

• distributed

• well-defined processes and protocols

• different workflows 
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Some challenges, research issues

• Common ontology language 
• The OBO format is quite popular in parts of biomedical 

community

• The OWL API provides an OBO-to-OWL converter

• Finding ontologies that are good or useful 
• ontology evaluation

• Ontology mappings
• lots of overlap, in part because there are lots of legacy ontologies

• current algorithms are not scalable to the size of these ontologies

• Collaborative ontology development
• Shared value sets to facilitate data integration
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