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Where do I come from?  Fraunhofer Society 

  Founded 1949 

  Europe´s largest applied research organisation 

  60 Research Institutes (7 Institutes in the US) 

  17.000 Employees 

  Annual Budget about 1,5 Billion Euro 

  Financial model:  2/4 industry collaborations 
   1/4 public funding 

   1/4 institutional funding  

*Joseph von Fraunhofer (1787 – 1826 )    
Scientist, Inventor and Entrepreneur 
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The Fraunhofer Institute Center Schloss Birlinghoven 

  Largest research centre for informatics and applied mathematics in Germany 

  Around 700 employees, thereof 500 scientists, approx. 200 students and 
trainees 
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What science are we doing? 
SCAI Department of Bioinformatics: R&D in a nutshell 
Fraunhofer SCAI Department of Bioinformatics R&D activities:  

1.  Information extraction in the life sciences: 

I.  Text Mining - Recognition of named entities & relationships in text 

II.  Image Mining - Reconstruction of chemical information from 
chemical structure depictions   

2.  Disease modelling (focus on neurodegenerative diseases) 

3.  eScience, Grid-/Cloud- Computing and HPC (Cluster)  
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My Dream: Direct Usage of Unstructured 

Information Sources for Disease Modelling 

From Text Mining Technology  
to  
Modelling of Neurodegenerative Diseases  
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Why Modelling of Neurodegeneration? 

In 2009 the Federal Government of Germany decided to start a new research centre 

that focuses on translational research on neurodegenerative diseases. In fact, 

neurodegenerative diseases (Alzheimer, Parkinson, Multiple Sclerosis; Epilepsy; 

„rare“ NDDs) are a major societal challenge: 

The total costs of Alzheimer is estimated to exceed 20 trillion US$ in the US in the 

years between 2020 - 2050. (source: Alzheimer.org). Current costs / year in the 

US (according to Alzheimer.org): 183 billion US$  

The incidence rate of Alzheimer and other dementias is almost 50% in the population 

older than 85 years.  Next generation will regularly have a life span of >100 years. 
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-29 % 
-13 % -11 % -20 % 

+66 % 

Changes in  selected  causes of death in USA , 2000-20101 

1 www.alz.org 

Diseases  specific mortality rate 
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Non textual information – an example 
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Modelling Alzheimer´s Disease: Tools 
-  An ontology capturing relevant knowledge on Alzheimer´s Disease (ADO; 

Malhotra et al., “Alzheimer´s & Dementia”, in press) 

-  An ontology representing brain regions and cell types (BRCO) 

-  An excellent machinery for biomedical text mining (ProMiner – UIMA 
enabled) with top performing gene and protein name recognition  

-  A biomarker terminology that identifies biomarker candidates in the 

scientific literature (Younesi et al., BMC Med. Inf. Dec. Making  (2012)) 

-  A powerful formalism to capture knowledge and model it as a network of 

causal and correlative relationships: BEL (biological expression language) 
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Capturing Knowledge for Disease Models: BEL 



Biological	  Expression	  Language	  (BEL)	  

BEL	  is	  a	  language	  for	  represen1ng	  scien1fic	  findings	  
(e.g.	  what	  you	  would	  read	  in	  a	  journal	  ar1cle)	  in	  a	  
computable	  form	  

•  Captures	  qualita1ve	  causal	  and	  correla1ve	  
rela1onships	  in	  context	  
–  Biological	  &	  experimental	  system	  in	  which	  the	  
rela1onships	  were	  observed	  

–  Literature	  cited	  
–  Cura1on	  process	  

© 2012, Open BEL Community 11 



Advantages	  of	  BEL	  as	  a	  Language	  

•  Standard	  is	  small	  and	  easy	  to	  learn	  
•  Easy	  to	  read	  and	  use	  
•  Computable	  

–  Forms	  a	  graph-‐based	  knowledge	  base	  

•  Supports	  both	  causal	  and	  correla1ve	  rela1onships	  as	  well	  as	  
nega1ve	  rela1onships	  
–  Suitable	  for	  recording	  a	  variety	  of	  experimental	  and	  clinical	  findings	  

•  Can	  be	  used	  with	  almost	  any	  set	  of	  vocabularies	  and	  
ontologies	  
–  Highly	  adaptable	  and	  easy	  to	  adopt	  

•  Can	  be	  easily	  extended	  to	  annotate	  findings	  with	  use-‐specific	  
contexts	  such	  as	  experimental	  and	  clinical	  parameters	  

© 2012, Open BEL Community 12 



BEL	  Language	  Structure	  
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“PMA	  increases	  the	  kinase	  ac1vity	  of	  p38	  MAPKs”	  



BEL	  Forms	  Graphs	  
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subject	  

object/
subject	  

object	  

predicate	  

predicate	  

•  Subject-‐predicate-‐object	  “triples”	  
•  Object	  of	  one	  triple	  can	  be	  subject	  of	  another	  
•  PuRng	  them	  together	  makes	  arbitrarily	  large	  

knowledge	  graphs	  
•  Reasoning	  over	  causal	  rela1onships	  becomes	  a	  

graph	  traversal	  
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Example	  3	  

SET	  Citation={"PubMed","Trends	  Neurosci.	  2008	  Sep;31(9):454-‐63.	  Epub	  2008	  Jul	  
31","18675468"}	  
SET	  Evidence	  =	  "In	  healthy	  neurons	  the	  axon	  contains	  relatively	  high	  amounts	  of	  
microtubules	  which	  are	  stabilized	  by	  the	  protein	  tau."	  
SET	  Cell	  =	  "Neurons"	  
SET	  CellStructure	  =	  "Axons"	  

•  Op1on	  1	  –	  Use	  associa1on	  to	  connect	  Tau	  and	  microtubules	  
–  p(HGNC:MAPT)	  -‐-‐	  a(MESHCL:Microtubules)	  

•  Op1on	  2	  –	  More	  detailed	  rela1onships,	  provide	  causal	  flow	  and	  binding	  
informa1on	  

–  p(HGNC:MAPT)	  =|	  bp(GO:"microtubule	  depolymerization")	  
–  bp(GO:"microtubule	  depolymerization")	  =|	  a(MESHCL:Microtubules)	  
–  complex(p(HGNC:MAPT),	  a(MESHCL:Microtubules))	  

15	  
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Example	  3	  	  

•  Op1on	  1	  –	  Use	  associa1on	  to	  connect	  Tau	  and	  microtubules	  
–  p(HGNC:MAPT)	  -‐-‐	  a(MESHCL:Microtubules)	  

•  Visualized	  in	  Cytoscape	  
with	  Phase	  III	  

•  Note	  expansion	  of	  
associa1on	  to	  include	  
reciprocal	  rela1onship	  

–  a(MESHCL:Microtubules)	  \	  
	  -‐-‐	  p(HGNC:MAPT)	  

•  Note	  gene	  ac1va1on	  
pathway	  

–  g(EG:4137)	  transcribedTo	  \	  r(EG:
4137)	  

–  r(EG:4137)	  translatedTo	  \	  p(EG:
4137)	  

16	  
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Example	  3	  

•  Visualized	  in	  Cytoscape	  with	  
Phase	  III	  

•  Note	  expansion	  of	  complex	  
with	  hasComponent	  
rela1onships	  

–  complex(p(HGNC:MAPT),	  \	  
a(MESHCL:Microtubules))	  \	  
hasComponent	  a(MESHCL:Microtubules)	  

–  complex(p(HGNC:MAPT),	  \	  
a(MESHCL:Microtubules))	  \	  
hasComponent	  p(HGNC:MAPT)	  

17	  

•  Op1on	  2	  –	  More	  detailed	  rela1onships	  provide	  causal	  flow	  and	  binding	  
informa1on	  

–  p(HGNC:MAPT)	  =|	  bp(GO:"microtubule	  depolymerization")	  
–  bp(GO:"microtubule	  depolymerization")	  =|	  a(MESHCL:Microtubules)	  
–  complex(p(HGNC:MAPT),	  a(MESHCL:Microtubules))	  
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An OpenBEL Model for APP Physiology 

-  Two models: 

-  Human APP “normal physiology“  

-  Human APP “Alzheimer Disease Condition” 

-  Modelling principles:  

-  No mixing of rodent and human physiology 

-  Only causal and correlative relationships 

-  Issues: integration of genetics and proteolytic processing 



© Fraunhofer SCAI  

APP Model Statistics: 

-  Human APP “normal physiology“  

-  8 modules representing defined pathway context 

-  965 BEL statements 

-  682 nodes and 1387 edges 

-  Human APP “Alzheimer Disease Condition” 

-  8 modules representing defined pathway context 

-  1035 BEL statements 

-  1301 nodes and 3116 edges 
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Screenshot of the APP openBEL Model 
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IMPROVER:  

An Industrial Initiative for the Verification of 

Systems Biology Models  
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IMPROVER: An Industrial Initiative for the Assessment of the 
Quality and   
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Automated Recognition and Extraction of Causal Statements 
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How do we Assess the Completeness and 

Correctness of Systems Biology Models?  
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Features for a Scoring Function   

  xxxxxxxxxxxxxxxxxxxxx 

  xxxxxxxxxxxxxxxxxxxxx 

  xxxxxxxxxxxxxxxxxxxxx 

  xxxxxxxxxxxxxxxxxxxxx 
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The Scoring Function at Work 

Picture deleted  ..... Sorry 

Results too recent to share them with a wider community 

We are willing and happy to share our results through a journal 
publication within the next year 
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Take Home Message 
  Text Mining Technology allows for direct usage of extracted information 

for systems biology models / disease models 

  The Biological Expression Language BEL is an easy-to-learn formalism 

ideally suited for capturing knowledge and knowledge – based modeling 

of complex diseases 

  The industrial IMPROVER challenge addresses the issue of systems 

biology model verification, SCAI contributes a BEL extraction engine 

  Fraunhofer SCAI has developed a complex scoring function to assess 

the completeness and correctness of disease models  


