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Drug discovery is an intrinsically complex and risky process. Increasingly, the industry is compelled to identify novel drugs that are more effective and safer than existing treatments.  Getting the right information to the right scientist at the right time of any drug discovery project is a critical factor for success. This is one of the greatest challenges for the industry, consuming significant proportions of the annual budgets of all major pharmaceutical companies.

One of the activities essential for drug discovery research is the iterative process of analysing existing facts, available in published literature, to validate current hypotheses or to generate new ones. Opportunities arise by the simple fact that we have at our disposal, volumes of published data that have been created for one purpose, but in light of subsequent information, can then be re-used in quite a different context, to form new concepts and hypotheses.  More often than not, critical connections can come from areas of science seemingly unrelated to that of immediate interest. An example is the association of pindolol with the field of psychiatry. Pindolol was invented as a -adrenoceptor antagonist, and was developed and marketed as a treatment for the control of hypertension. Today, we know that pindolol has an additional pharmacological action, as an antagonist at the 5-HT1A receptor. This has created a renewed interest in the use of pindolol as a tool, not by the cardiovascular community, but by scientists interested in psychiatric disease, in particular depression. 

Drug discovery scientists need systems that enable them to effectively and efficiently analyse existing information, so that it can be used appropriately with newer genomic or proteomic data. However, one of the greatest barriers to this is the overwhelming array of nomenclature that exists, not only for genes and proteins, but also for drugs and diseases.  Not only are different names used for the same entity (the synonym problem); we also find that the same name has been used for different entities (the homonym problem).  This makes searching and retrieval extremely difficult, not least because information associated with out-moded terms can easily be lost, but that searching in the context of interest is also increasingly problematic. 

The use of ontologies is a key step forward for structuring biology in a way that helps scientists to understand the relationships that exist between terms in a specialised area of interest, as well as to help them understand the nomenclature in areas where they are unfamiliar. There are many groups around the world who are contributing to the organisation of biology (such as the Gene Ontology) and thereby provide useful resources for the drug discovery community. In addition, the pharmaceutical industry itself has, for a number of years, been creating knowledge representation systems (controlled vocabularies, thesauri, ontologies etc). However, in general, these have been used for the purpose of providing standards for indexing internal documents or to enable employees to keep ahead of information associated with company products etc. However, what is still very much lacking, especially for drug discovery scientists, is the application of a formalised language for use in information retrieval tools, in a way that assists in information analysis, knowledge and intellectual property creation. 

At BioWisdom, we have developed an information discovery tool, known as DiscoveryInsight. At the core of DiscoveryInsight is a diverse yet integrated set of ontologies, which are used in information retrieval across a wide range of databases. The focus of our ontology effort is in the development of ontologies in a number of domains relevant to drug discovery: 

Clinical 

Diseases across a broad range of therapeutic areas

Signs and symptoms

Physiological processes 

Targets 
With a focus, to date, on so-called ‘tractable’ targets:



G-protein coupled receptors



Ion channels



Enzymes (including kinases and proteases)



Nuclear receptors



Integrins

Anatomy 
Tissues  

Cells 

Cell lines

Chemicals 
Therapeutically used drugs

Compounds with known mechanism of action 

Structural groups

To date, most of the BioWisdom ontologies exist as hierarchies of concepts related by subsumption (“IS-A” relationships) or partonomy (“IS-A-PART” relationships). Each concept is associated with a wide collection of synonyms to form a knowledgebase. To ensure that we build on the existing work of external expert communities, the BioWisdom ontologies are created using, as points of reference, a wide variety of external established classification systems, relevant to the domain. These include Web resources, such as those contained within metathesaurus of the Unified Medical Language System (UMLS), and other specialised classifications such as the GCPR database, as well as textual sources. The basic hierarchies are created using Protégé as the ontology development tool, but are exported from this environment into a relational database, for use in information retrieval. Because of the dynamic nature of the language used in the life sciences, automated methods for updating the ontologies and synonyms knowledgebase are being developed.

For information retrieval, we have focused on establishing a system that allows the drug discovery scientist to search and analyse the content of literature databases such as Medline, patent literature, or any other public databases.  Concurrent searches across a number of databases can be run on any concept within the ontologies and their associated synonyms. Co-occurrence searching of ambiguous concepts or synonyms (i.e. terms with more than one meaning) with other concepts in the same ontology ensures high precision by returning records relevant only to the context of interest. One of the key features of DiscoveryInsight is the ability to view, browse, and select concepts from the ontologies, for the purpose of searching. In this context, drug discovery scientists have the opportunity to understand the domain prior to searching.  Future plans aim to enhance the ‘richness’ of the BioWisdom ontologies within DiscoveryInsight through the inclusion of attributes of concepts, providing the ability to cross ontologies, and infer new knowledge for the purposes of drug discovery.

Further details of DiscoveryInsight and the BioWisdom ontologies will be presented.
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