
Considering a new paradigm for Alzheimer’s
disease research – a response

Martin Hofmann‐Apitius
Department of Bioinformatics
Fraunhofer Institute for Algorithms and Scientific 
Computing (SCAI)

BioMed 21 Workshop, “A human pathways approach 
to disease research”  Brussels, Dec 8‐9,  2015 



Seite 2

A Human Pathways Approach to Disease Research: 

the AETIONOMY Project



In 2011, Kola and 
Bell published a 
remarkable paper in 
Nature Reviews 
Drug Discovery. 
With their  “Call to 
reform the 
taxonomy of 
human disease” 
they proposed a 
new, mechanism‐
based classification 
of human disease.

Kola, I., & Bell, J. (2011). A call to reform the taxonomy of human 
disease. Nature Reviews Drug Discovery, 10(9), 641‐642.
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Cartoon kindly provided by
Reinhard Schneider, LCSB



Preparatory Work: The Parkinson´s Disease Map

PD Disease Map
generated in 
CellDesigner

Contributed by
AETIONOMY partner
LCSB (Luxembourg)

Fujita, et al., (2014). 
Integrating pathways of
Parkinson's disease in a 
molecular interaction
map. Molecular
neurobiology, 49(1), 88‐
102.



Capturing Knowledge on Causes and Effects: OpenBEL

a(CHEBI:corticosteroid) -| bp(NCI:”Tissue Damage”)

The abundance of molecules 
designated by the name 
“corticosteroid” in the CHEBI 
namespace.

The biological process 
designated by the name 
“Tissue Damage” in the NCI 
namespace.
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OpenBEL: Capturing of Knowledge and “encoding” of data

BEL Functions Namespace Identifires Entity Definitions

Phosphorylation of glycogen synthase kinase 3beta at  Threonine, 668 increases
the degradation of Amyloid precursor protein.



BEL forms Graphs 
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• Subject‐predicate‐object “triples”
• Object of one triple can be subject of another
• Putting them together makes arbitrarily large 

knowledge graphs
• Reasoning over causal relationships becomes a 

graph traversal



Preparatory Work: Causal Relationship Models for Alzheimer´s

Kodamullil, et al.  Alzheimer's & Dementia, 2015



OpenBEL – based Mechanism‐Identification

OpenBEL model‐model 
comparison results in the
first mechanism‐
hypothesis generated in 
AETIONOMY: a possible
involvement of the NGF‐
NGFR‐BDNF pathway in 
early decision‐making of
the neuron on Neuron 
Survival vs. Apoptosis.
Note the integration of
genetic variance
information in OpenBEL

Taken from: Kodamullil et al., Alzheimer´s & Dementia, 2015



OpenBEL – based Mechanism‐Identification

Mining of co‐morbidity
information results in 
the second mechanism‐
hypothesis generated in 
AETIONOMY: a possible
link between insulin
receptor pathway, 
mTOR‐induced
autophagy and APP 
peptide clearance
Supportive evidence
from SNPs that are
shared by AD and T2DM



Systematic Comparison of
shared mechanisms
between mouse and man 
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Where all this takes place :
The AETIONOMY 
knowledge base



The AETIONOMY Knowledge Base: Organising Data, Models and 
Knowledge to make them amenable for modelling and mining

clinical trial data and clinical genomics data

In the tranSMART component



The AETIONOMY Knowledge Base: Model Store supports querying

OpenBEL model for Alzheimer´s Disease CellDesigner model for Parkinson´s Disease



The AETIONOMY Knowledge Base: Semantic Framework

Disease‐specific ontologies for PD, AD, and MS NDD Clinical Trial Ontology



• Freely available for everybody

• http://aetionomy.scai.fraunhofer.de/

The AETIONOMY Knowledge Base



Why do we need model‐
driven mining?
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Why “model‐driven mining”?

• Enhanced data mining and data interpretation capabilities
• Establishing a “computable knowledge layer” representing indications 

(diseases, syndromes, any sort of pathobiology)
• Reasoning over functional context (e.g. assessment of biological impact of 

SNPs or mutations in a mechanistic context)
• MSigDB is an example for functional context represented in GO or KEGG 

or signatures
• Advanced model‐validation algorithms such as “reverse causal reasoning” 

allow to test for concordance between knowledge and data


