Improving Literature Based Discovery Support by Background Knowledge Integration
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Introduction and Background

With the rapidly growing body of scientific knowledge and increasing over specialization, it is likely that the scientific work of one research group might solve an important problem that arises in the work of another group. Yet, the two groups might not be aware of the work of each other. However, a great deal of knowledge is recorded at least in a secondary form in bibliographic databases such as Medline for the field of biomedicine. Also very important for current biomedical research are various specialized molecular biology databases. In the present context, these vast databases provide both an opportunity and a need for developing advanced methods and tools for computer supported knowledge discovery.

The goal of literature-based discovery support in general is to discover new, potentially meaningful relations between a given starting concept of interest and other concepts, by mining bibliographic databases such as Medline. The idea of discovering new relations from a bibliographic database was introduced by Swanson [1] who made seven medical discoveries that have been published in relevant medical journals. The main idea is first to find all the concepts Y related to the starting concept X (e.g. if X is a disease then Y might be pathological functions, symptoms, etc.). Then all the concepts Z related to Y are found (e.g. if Y is a pathological function, Z might be a molecule, structurally or functionally, related to the pathophysiology of Y). As the last step we check whether X and Z appear together in the medical literature. If they do not appear together, we have discovered a potentially new relation between X and Z. This relation should be confirmed or rejected using human judgment, laboratory methods, or clinical investigations, depending on the nature of X and Z.

We present an interactive biomedical discovery support system (BITOLA) for the field of biomedicine. The system can be used as a research idea generator or it can be used as an alternative method of searching Medline (first summary, then details). The intended users of the system are researchers in biomedicine. The work we present here is a continuation of our previous work in literature-based discovery support [2]. The general literature discovery algorithm described above often produces a large number of candidate relations that have to be evaluated. To decrease the number of candidate relations and to make the system more suitable for disease candidate gene discovery, we included background knowledge about the chromosomal and manifestation locations of the starting genetic disease as well as the chromosomal and expression location of the candidate genes. The inclusion of this background knowledge allows us to limit the candidate genes to those that fall into the same chromosomal or expression location as the starting disease. We extracted the disease chromosomal location from OMIM, the gene locations from LocusLink and the expression location from the UniGene database.

Methods

The major database in our approach is Medline, the most important bibliographic database in the field of biomedicine. Each citation is associated with a set of MeSH (Medical Subject Headings) terms that describe the content of the item. MeSH comprises controlled vocabulary and thesaurus used for indexing articles and for searching MeSH-indexed databases, including Medline. In our system, we use Medline as the source of the known relations between biomedical concepts. We extract these relations and store them in a knowledge base. The discovery algorithm then operates on this knowledge base as described later.

In previous work we used only the MeSH descriptors assigned to a Medline record as a representation of the contents of the article the record is about. In the current system, being described here, we extend the set of MeSH descriptors with the concepts found in the Medline RN field (supplementary concepts). The RN field contains mostly chemicals and pharmacological substances mentioned in the original document. Next, we add the gene symbols that we find in the document’s title and abstract fields, because in MeSH there are descriptors for very few genes. As a source of gene symbols and names we use: the database from HGNC (HUGO Gene Nomenclature Committee), NCBI’s LocusLink and OMIM. A Medline record is thus represented with the set of MeSH descriptors, RN fields, and gene names found in the title and abstract.

In an additional knowledge extraction step we obtain the confirmed and hypothetical chromosomal locations for the diseases in OMIM. The gene locations are extracted from HUGO, LocusLink and OMIM. We get the disease location of manifestation (the tissue or organ where the disease phenotype is expressed) from OMIM and Medline, and the gene expression location from the UniGene database.

We use association rules [3] between pairs of biomedical concepts as a knowledge extraction method with which we discover known relations between concepts. In our system an association rule of the form 

     X ( Y (confidence, support) 

means that in confidence percent of articles containing X, Y is present and that there are support number such articles. In other words, we take concept co-occurrence as an indication of a relation between concepts. Examples of association rules include the following: Multiple Sclerosis ( Optic Neuritis (2.02, 117) and  Multiple Sclerosis ( Interferon-beta (5.17, 300) where the concepts Multiple Sclerosis, Optic Neuritis and Interferon-beta are of semantic types Disease or Syndrome, Disease or Syndrome and Pharmacologic Substance respectively. If X is a disease, for example, then some possible relations might be: has-symptom, is-caused-by, is-treated-with-drug and so on. We do not extract these relations currently, but we investigate several methods of doing so.  We calculated all the associations between the concepts describing a Medline record and store the calculated associations in a database management system.

The large association rule base is the foundation upon which the algorithm for discovering new relations between concepts works, as described procedurally above. Declaratively speaking, given a starting concept X, we are looking for concepts Z such that: X(Y AND Y(Z AND NOT X(Z. In that case we say we have found a potentially new relation between X and Z according to what is known from the biomedical literature (Medline). When we are looking for a disease candidate gene, we set X to a disease of interest and Z should be of the semantic type Gene or Genome. As an additional constrain, we can require that X and Z occur at the same chromosomal location and/or have the same expression/manifestation location if the location information is available both for X and Z.

Our discovery support system is interactive, that is the user of the system can interactively guide the discovery process by selecting concepts and relations of interest. The system also allows the possibility of showing the Medline documents relevant to the concepts of interest as well as the related proteins and nucleotides. Because in Medline each concept can be associated with many other concepts, the possible number of X ( Z combinations can be extremely large. In order to deal with this combinatorial problem, the algorithm incorporates filtering (limiting) and ordering capabilities. The related concepts can be limited by the semantic type to which they belong. We take the semantic type from the National Library of Medicine’s UMLS (Unified Medical Language System). The final possibility for limiting the number of related concepts is by setting thresholds on the support and confidence measures of the association rules. The goal of the ordering is to present best candidates first to make human review as easy as possible. Currently the default ordering is by the decreasing association rule confidence, but it is also possible to order by support or semantic type.    

Although our system is usable for biomedical discovery support in general, we think it is especially useful for finding new relations between diseases and genes. This is a consequence of the integration of background knowledge and is a unique feature not present in other literature based discovery support systems. There are several new possible application scenarios of our system. In the first, we can start with a genetic disease for which the global chromosomal region is known, but not the exact gene. Through intermediate concept (e.g. pathological or cell function) we can try to find a gene within the same region and/or expression location. The intermediate concept should reveal something about the mechanisms of the influence of the gene on the disease. In the second one, we can start with a known gene and search for a disease that might be caused or affected by that gene with a similar intermediate concept as above. In the third scenario, both the disease and gene are known to be related as a result of association or linkage study, but the nature of their relationship is not known. Here we concentrate on the intermediate concepts, which should give us an idea about the relationship. 

Summary

We extend and enhance an existing interactive literature-based biomedical discovery support system (BITOLA). The system can be used as a research idea generator or as an alternative method of searching Medline. To decrease the number of candidate relations and to make the system more suitable for disease candidate gene discovery, we include background knowledge about the chromosomal and manifestation locations of the starting disease as well as the chromosomal and expression location of the candidate genes.

References

1. Swanson, D.R.: Fish oil, Raynaud's syndrome, and undiscovered public knowledge. Perspect Biol Med. 1986 Autumn;30(1):7-18.

2. Hristovski D, Stare J, Peterlin B, Dzeroski S. Supporting discovery in medicine by association rule mining in Medline and UMLS. Medinfo. 2001;10(Pt 2):1344-8.

3. Agrawal, R. et al: Fast discovery of association rules. In U. Fayyad et al, editors, Advances in Knowledge Discovery and Data Mining. MIT Press, Cambridge, MA. (1996)

