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Abstract. In this presentation, we review some examples of successful  
biomedical data integration projects in which ontologies play an important role, 
including the integration of genomic data based on Gene Ontology annotations, 
the cancer Biomedical Informatics Grid (caBIG) project, and semantic mashups 
created by the Semantic Web for Health Care and Life Sciences community. 

1 Introduction 

The promise of translational medicine, hinges upon bridging basic research and 
clinical practice [1]. One key element to the integration of the research and clinical 
communities is the integration of the information sources and data used in these 
communities. In practice, bridges need to be created both across domains (e.g., 
between genotypic and phenotypic information sources) and across knowledge bases 
within a domain (e.g., between genomic and pathway resources). Biomedical 
ontologies play an important role in data integration [2]. They support data integration 
in two different ways, corresponding to two different approaches to data integration: 
warehousing and mediation [3]. One the one hand, by providing a controlled 
vocabulary in a given domain, ontology support the standardization required from 
warehousing approaches to data integration, in which the sources to be integrated are 
transformed into a common format and converted to a common vocabulary. On the 
other hand, mediation-based approaches use ontologies for defining a global schema 
(in reference to which queries are made) and mapping between the global schema and 
local schemas (the schemas of the sources to be integrated). 

We review examples in which ontologies have been used successfully for 
integrating biomedical data, including the integration of genomic data based on Gene 
Ontology annotations, the cancer Biomedical Informatics Grid (caBIG) project, and 
semantic mashups created by the Semantic Web for Health Care and Life Sciences 
community. Barriers to integration are discussed next. 

2 Gene Ontology 

The Gene Ontology (GO) [4] is a controlled vocabulary for the functional annotation 
of gene products across species [5]. In less than a decade, GO has been adopted by 

A. Bairoch, S. Cohen-Boulakia, and C. Froidevaux (Eds.): DILS 2008, LNBI 5109, pp. 1–4, 2008. 
© Springer-Verlag Berlin Heidelberg 2008 

mailto:olivier@nlm.nih.gov


 

 

 

  

  
 
 

 

   

  
 
 

  
  

  
 
 

 
 

 
  

   

 

 
   

      
  

  
 
 

    
    

   
  

 
 

2 O. Bodenreider 

several dozen model organism communities (e.g., Mouse Genome Informatics [6]) 
and has become a de facto standard for functional annotation. In addition to 
standardizing annotations across species, GO asserts relations among terms, which 
also facilitates data integration. GO is an enabling resource for comparative genomics, 
because it allows researchers to compare and contrast the functions of genes and gene 
products across multiple organisms [7]. Annotations repositories can be integrated not 
only with other annotation repositories, but also with a variety of data, including gene 
expression profiles (microarray data). 

3 Cancer Biomedical Informatics Grid (caBIG) 

The cancer Biomedical Informatics Grid (caBIG) of the National Cancer Institute 
(NCI) establishes a common infrastructure used to share data and applications across 
institutions to support cancer research efforts [8] in a grid environment [9]. 
Ontological resources such as the NCI Thesaurus [10] and the Cancer Data Standards 
Repository (caDSR) [11], a metadata registry for common data elements, are key 
resources of the common infrastructure for cancer informatics [12]. The data services 
currently available include, for example, caArray [13], a microarray data repository 
and gridPIR [14], a proteomic information resource based on UniProt and other 
databases from the Protein Information Resource (PIR). The Cancer Translational 
Research Informatics Platform (caTRIP) [15] takes a mediator-based approach to 
integrating a number of caBIG data services. Common data elements (CDEs) from the 
caDSR are used to join and merge data from the various repositories. CaBIG 
completed a 4-year pilot phase in 2007, involving 1,000 individuals from almost 200 
organizations. In the next phase, caBIG tools and infrastructure will be made 
deployed to NCI-designated cancer centers. 

4 Semantic Web for Health Care and Life Sciences 

For the past two years, the World Wide Web Consortium (W3C) Health Care and Life 
Sciences Interest Group (HCLSIG) [16] has investigated the use of Semantic Web 
technologies in biomedicine. Ontologies play a central role in the Semantic Web [17], 
especially in biomedicine for which a large number of ontologies have been developed. 
This group advocates the use of Semantic Web technologies for supporting transla­
tional research [18] and has demonstrated the feasibility of integrating disparate 
resources in the domain of neurosciences, including Entrez Gene, Gene Ontology 
Annotations, the Allen Brain Atlas, PubMed/MEDLINE, and MeSH [19]. Other such 
“mashups” (integrative applications) have been developed since (e.g., [20]). Similar 
approaches have been used to integrate genotype and phenotype information [21], 
pathway and disease information [22], and to create drug-target networks [23]. 
Biomedical ontologies are crucial to these integration projects. 

5 Challenging Issues 

Freely and publicly available – preferably in several popular formats, easily discoverable 
and widely distributed ontologies are enabling resources for data integration, especially 
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when they are embraced by active communities, used as a de facto standard in major data 
repositories and can interoperate with other ontologies. Integration is further facilitated 
by the availability of tools developed for and interfaces to these ontologies. This scenario 
essentially characterizes the Gene Ontology and explains in part its success. 

There are, however, many obstacles preventing ontologies from being used efficiently 
for data integration. Despite the existence of repositories such as the National Center for 
Biomedical Ontology’s BioPortal [24] and the Unified Medical Language System 
(UMLS) [25], not all ontologies can be accessed easily. Furthermore, some ontologies in 
the UMLS are subject to intellectual property restrictions and the UMLS cannot be used 
without first signing a license agreement. While OBO and OWL are popular formalisms 
for representing ontologies, many ontologies are only available in proprietary formats. 

There is no authoritative mechanism for creating unique identifiers for biomedical 
entities. As a result, the same entity is often present under different identifiers in 
multiple ontologies, impeding integration. Post hoc mappings across ontologies such 
as those created by the UMLS somewhat alleviate this problem, but do not provide a 
complete solution. Additionally, in the Semantic Web, there is a need for a standard 
way of representing identifiers (e.g., URIs), as well as for services bridging identifiers 
across namespaces. 

Differences in the granularity of annotations across datasets are also an issue, 
partially compensated by the use of aggregation strategies, such as the GO Slims [26] 
and the use of semantic similarity metrics [27]. Finally, not all datasets are directly 
amenable to integration. For example, metadata elements describing gene expression 
data in microarray repositories and fields in genome-wide association studies (e.g., 
Framingham Heart Study) are often in free text, not annotated to any ontology. Such 
datasets need to be preprocessed and encoded to an ontology prior to being integrated 
with other datasets. 
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