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The Problem

Alzheimer disease is a devastating and costly disorder. There is no cure, and scarcely any therapies to treat symptoms or slow the progression of the disease. The social impact is enormous, because patients often become profoundly disabled and require long-term care.  There are currently some 5-6 million Americans suffering from neurodegenerative diseases. Because these are predominantly diseases of aging, the number of suffers is expected to balloon to 10 million over the next few decades.

Over the past 20 years, neurodegenerative disease research has expanded rapidly, fueled by perhaps $2 billion per year in federal and private sector funding.  Some 10,000 peer-reviewed articles on Alzheimer’s disease are published each year, spanning a diversity of disciplines:  neuropathology and neurophysiology, genetics, epidemiology, molecular and cell biology, biochemistry, protein structure, animal models, biomarkers, pharmacology, clinical trials and so forth.

Despite the abundance of effort and data, the cause of Alzheimer disease has not been found. Numerous biological mechanisms have been proposed to account for the disease, including genes, environmental risk factors, early alterations in axonal transport and synaptic function, calcium signaling, DNA damage, abnormal expression of cell cycle genes, accumulation of misfiled proteins, proteasomal dysfunction, excitotoxicity, apoptosis, immune responses, cerebrovascular aging, lipid metabolism, energy metabolism, oxidative stress and reduced regenerative capacity.   

The very quantity and complexity of data poses a challenge to efforts to develop insights that can lead to new treatments.  Information management tools are urgently needed to assist researchers in handling, navigating and integrating research findings. 

The Vision

Many public and private databases and tools have been or are being developed for medical literature, genes, proteins, gene expression data, compounds, etc. For researchers working on specific diseases, these resources are too generic.  Data and information need to be embedded in a disease context, via data structures that reflect the organization of biological systems that are relevant to the disease. In the case of Alzheimer disease, there are multiple levels of systems involved, from the neuropsychological and clinical to neural systems and cellular and molecular mechanisms.  To advance our goal of supporting the discovery and validation of drug targets, we propose a knowledge management initiative focusing on biological signaling pathways hypothesized to play critical roles in Alzheimer disease. This system would support the following goals:

1) Enable discovery of novel pathways and targets

2) Help researchers generate and test hypotheses

3) Support efforts to prioritize research and avoid wasteful duplication

4) Facilitate meta-analyses

5) Manage information on a community-wide scale and free up individual creativity


We propose to implement part of this vision using semantic web technology (with emphasis upon LSID, RDF and OWL) as a key part of constructing a pilot system. This will be more than a mere proof of principle and could evolve into a working system that can add immediate value to existing disease research efforts. Parts of this system already exist, and other parts will need to be built.

What exists:

1) The Alzheimer Research Forum web site (www.alzforum.org), a free, openly accessible platform /portal that is actively used by some 3,000 researchers worldwide

2) An abundance of canonical information in the public domain, including PubMed abstracts, gene and protein databases, some very well understood biochemical and protein-protein interactions, biomedical ontologies, etc.

3) A body of carefully researched and annotated disease hypotheses in the form of review articles, PowerPoint lectures, and so forth

What we need to build:

1) A data framework to deconstruct published findings (e.g. enzyme A cleaves protein B at site C) and thereby enable flexible, dynamic linkage of findings into pathways. The deconstruction/curation of findings would be conducted through a supervised editorial process

2) A software framework to model pathways dynamically from the deconstructed data and to link individual parts of the pathway to original sources, annotation and other canonical objects.

3) A framework to enter disease hypotheses (labeled as such) so that hypothesized pathways can be compared against experimentally established pathways

4) An approach to visualizing pathways  and hypotheses

5) An ontology suitable to representing interactome data.

Proposed pilot project

The first phase of this project will focus on a limited, cutting-edge area of inquiry. This will help ensure that the task is manageable in size and yet will immediately attract an active  and influential user community. More specifically, we will identify a collection of published papers relating to a key signaling network (such as amyloid precursor protein catabolism and the fate of APP cleavage products) and deconstruct the data into a common framework. 


For example, we might start with a recent review article on the chosen topic, deconstruct the primary hypothesis and the referenced articles and hot-link each footnoted assertion in the review article text to the supporting data. The framework would automatically link together related data extracted from the referenced articles. We can validate the framework by checking to see whether pathways that emerge dynamically from the deconstructed papers correspond to the hypothesis described in the review article. We can also examine the pathways for consistency with other hypotheses and for novel connections. 


Once this initial data set is curated into our framework, we will continue to curate in other related findings, new publications, reviews, commentaries and so forth. Working with the Alzheimer Research Forum’s user community, we will engage researchers actively in a tight feedback loop so that we can rapidly evolve the software and content. 


One other important component, which may or may not be included in the initial phase of the project, is a desktop knowledge management tool that individual scientists can use to manage and model their personal data set. We would like to establish ontologies and data standards that would allow these personal data sets and models to be imported and integrated seamlessly into the public/community resource.  


For this project we intend to use a modified evolutionary prototyping approach. We have identified several leading researchers in Alzheimers at Harvard affiliated teaching hospitals, who have agreed to participate in this project as design partners. They will work with us throughout the envisioning and evolution of the software and be its first trial users.  This “binding” of scientific users to software developers and knowledge curators as design partners is, in our experience, absolutely critical to the development of truly useful software in the biosciences.

We think that this combined approach of using Semantic Web technology to empower individual researchers and maintaining a community knowledge base would be a compelling and powerful new way to organize and drive scientific research.  It could make a very real contribution to the search for a cure for Alzheimer Disease – in fact, this would be the real test of its utility.  And, it would provide absolutely critical grounding in a real biomedical problem space for development of Semantic Web approaches in the Life Sciences.
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