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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.
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of human disease

Ismail Kola and John Bell

Many common human diseases are still diagnosed as if
they were homogenous entities, using criteria that have
hardly changed for more than a century. For example, a
person with a systolic blood pressure of 140 mm Hg or
greater and a diastolic blood pressure of 90 mm Hg
or greater is diagnosed with hypertension, irrespective
of the heterogeneous underlying molecular mechanisms
in different individuals. Furthermore, the treatment
approach for diseases that are diagnosed in this way is
generic, with empiricism as its cornerstone. Continuing
with the example of hypertension, the standard initial
treatment is dietary changes and exercise, and if these
do not lower blood pressure sufficiently, pharmaco-
therapy will usually be initiated with thiazide diuretics.

Kola, I., & Bell, J. (2011). A call to reform the taxonomy of human

A call to reform the taxonomy

A coordinated effort to incorporate advances in the understanding of the molecular and
genomic variations in common diseases, such as hypertension, into their diagnosis and
treatment could transform drug development and medicine.

based on the presence of a shared mutation and/or a
deregulated pathway, rather than on tumour location,
has not yet been initiated to our knowledge, but is an
approach that regulatory agencies may be comfortable
with in the future.

The lack of recognition of disease heterogeneity in
clinical development and medical practice has a num-
ber of well-known consequences. First, it will probably
reduce the likelihood of success of clinical trials, perhaps
more so for targeted therapies that have been pursued in
recent years. Indeed, if the pathway that is being targeted
is not responsible for disease in an unknown proportion
of patients enrolled in the trial of such a therapy, poten-
tially effective drugs may be mistakenly abandoned. In

disease. Nature Reviews Drug Discovery, 10(9), 641-642.
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Preparatory Work: The Parkinson’s Disease Map
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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.
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Capturing Knowledge on Causes and Effects: OpenBEL l@‘ s |
Vel
[ Term Expression ]—[ Relationship ]—[ Term Expression ] ——
Subject Predicate Object
decreases

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

'\ =" j
The abundance of molecules The biological process
designated by the name designated by the name
“corticosteroid” in the CHEBI “Tissue Damage” in the NCI
namespace. namespace.
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OpenBEL: Capturing of Knowledge and “encoding” of data

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

p (HGNC:GSK3B, pmod (P,T,668)) -> deg (p (HGNC:APP))

>

BEL Functions Namespace Identifires Entity Definitions
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BEL forms Graphs

object/sub

predicate e

subject

predicate

* Subject-predicate-object “triples”

e Object of one triple can be subject of another

e Putting them together makes arbitrarily large
knowledge graphs

e Reasoning over causal relationships becomes a
graph traversal
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Kodamullil, et al. Alzheimer's & Dementia, 2015
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OpenBEL — based Mechanism-Identification

OpenBEL model-model

comparison results in the

revren membrene T8 first mechanism-
i BDNF >1 act (BDNF) 7| BONF + NTRK2 E act(NTRK2) Neuron hypothesis generated in
' | development AETIONOMY: a possible
UCHL1 .
Neuron involvement of the NGF-

—l— homeostasis

EéAmyInid beta

NGFR-BDNF pathway in

Neuron death early decision-making of
:E >| NGFR + Amyloid beta =
the neuron on Neuron
T NGFR |::
Survival vs. Apoptosis.
‘; NGF + NGFR :>| NGFR(U) =1 NGFR + IKBKB # act(NFKB1) :Jl Neuron survival Note the integration of
wl' ] i genetic variance

information in OpenBEL
Taken from: Kodamullil et al., Alzheimer’s & Dementia, 2015
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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
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Systematic Comparison of
shared mechanisms

between mouse and man
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Where all this takes place :

The AETIONOMY

knowledge base
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The AETIONOMY Knowledge Base: Organising Data, Models and
Knowledge to make them amenable for modelling and mining
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Ontolegies & Terminologies
Literature mining

Analytics

Data collection

Disease maps

Multiscale anatomy & physiology
communication

Administration

clinical trial data and clinical genomics data

In the tranSMART component
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The AETIONOMY Knowledge Base: Model Store supports querying
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The AETIONOMY Knowledge Base: Semantic Framework

S 'Clinical aspects of Parkinson disease'
S 'Etiology of Parkinson disease’
©'Familial neurodegenerative disease'
& 'Idiopathic Parkinson disease’
©'Model of Parkinson disease’
© 'Neuropathology of Parkinson disease'
v ©'Parkinson-Plus syndrome'
© Corticobasal_degeneration
= Dementia_with_pallido-ponto-nigral_degeneration
2 'Frontotemporal dementia parkinsonism'
©'Guamanian parkinsonism-dementia-ALS'
& 'Lewy body dementia’
» ©'Multiple system atrophy'
S 'Pick's disease’
S 'Progressive pallidal atrophy’
© Progressive_supranuclear_palsy
v & Primary_parkinsonism
& Early-onset_Parkinson_s_disease_
& Inherited_Parkinson_s_disease
& Juvenile_Parkinson_s_disease
© Late-onset_Parkinson_s_disease
© Tremor-predominant_Parkinson_s_disease
v ©'Secondary parkinsonism’
S 'Acquired metabolic parkinsonism’
» @ Drug-induced_parkinsonism
© 'Hemiatrophy-hemiparkinsonism syndrome'
» © Hydrocephalus
& Machado-Joseph_disease
© Postencephalic_parkinsonism
© 'Posttraumatic parkinsonism'
© Rapid-onset_dystonia—parkinsonism
& 'Structural lesion-induced parkinsonism'
2 Syphilitic_parkinsonism
» @ 'Toxin-induced parkinsonism'
©Vascular_parkinsonism

v @ Parkinsonism
b
3
b
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Disease-specific ontologies for PD, AD, and MS

v ©@Clinical trial study'
v ©'Study type’
» ©'Analytical study’
» ©'Descriptive study’
v @’Longitudinal study'
@ 'Hybrid design'
v O 'Prospective study’
v @'Clinical trial'
» ©'Adverse event'
» @'Clinical trial methodology'
v @'Clinical trial outcome’
» ©'Biological outcome'
» ©'Cognitive outcome’
@ 'Disease outcome'
» ©'Molecular outcome'
» ©'Physical outcome’
v ©@'Clinical trial type'
@ 'Active control trial'
@ 'Bioavailability trial'
@ 'Bioequivalence trial’
©'Combination trial’
@ 'Community trial’
©'Dose-response trial'
@ Explanatory trial’
» ©'Multicenter trial *
@ 'N-of-1 dinical trial'
©'Parallel trial’
@ 'Sequential trial'
@ 'Superiority trial'
@ 'Unicenter trial'
» ©'Conduct of the study’
» ©'Phases of clinical trial’
» ©@'Structure of clinical trial'
@ 'Prospective observational cohort’
» ©'Retrospective study’

NDD Clinical Trial Ontology
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The AETIONOMY Knowledge Base

® Freely available for everybody

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

Knowledge

~ Information

= About Aetionomy KB

+ Documentation for ...

o developers

~ Knowledge
domains

~ Clinical data

~ Ontologies &
Terminologies

~ Literature
mining

~ Analytics
- Data collection
~ Disease maps

~ Multiscale
anatomy &

e
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KNOWLEDGE BASE

Data, disease modeling and reasoning.

The AETIONOMY concept foresees & primary role of the taxenomy in
i) describing and organising the indication-specific data in the data cube, in
i) linking the data to diseass models that are based on uusai and carralative nal.aﬂnnshfps and in

fiii} support of ing over the that is i P in related or knowledge-based disease models.,

The consortium has extensive and proven experience in the genuratnn of Gsam sper.'mr: ies for NDDs, as by the recent
publication of Iho “Alzheimer's D-sease Dnlorcu;y (ADO)", and th with pa from the ph ical industry, of
disease logl p g | parts of the knaMedge on Pari:lnson s Dissase, Multlple Sclerosis and Epllepsy.

AETIONOMY W|II nDt have the resources to validate the entire set of aet ies linked to the y in the given time and within the budgelary
limits. We ham |gn a vald; slrategy that will guido the final prospective clinical study meant to demonstrate the validity
aof the astiology-basad ium brings together four leading clinical centras with provan axpartisa in conducting such sor of

studies; addressing effectively lha nesd to validate the mechanism-based taxonomies for both, PD and AD. A dedicated AETIONOMY work package
on ethical and legal aspects has a clear European perspective and scope and is set up in a way that reaches out beyond the AETIONOMY project
and activaly seeks tha coardination with ather projects funded under the sama thama.

AETIONOMY makes axtansive use of developments made in and fundad by other IMI ar EU projects. In the area of knowledge and data
management, we build largely on the work done in OpenPHACTS: and we will re-use the entire data curation pipeline developed in the course of
oTRIKS. Modelling and mining principles learmed from VIPH projects will guide our work, leveraging on our involvement in other large EU research
initiatives. Finally, the substantial effort made on the side of clinical data intagration in the course of EMIF, the European Medical In tion
Framework, will be accessible to AETIONOMY.

[@ Z Fraunhofer efp’fa Im

SCAI

e

/. ~, | innovative

medicines
/ linitiative

AETIO%%



Why do we need model-

driven mining?
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Why “model-driven mining”?

* Enhanced data mining and data interpretation capabilities

e 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

Seite 21

\

~ Fraunhofer

SCAI



