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Making scientific evidence available for EU policy

The European Union Reference Laboratory
for Alternatives to Animal Testing
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New technologies and tools

N "Progress in science depends on new
techniques, new discoveries and new
ideas, probably in that order !
Sydney Brenner
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Knowledge and understanding

€ unpr ec eabilgyracelldct data about nature

but thereis now a crisis developing in biology : é
we can't talk to each other € unst r umformatiend
doesnotenhance under standing e"

"We need a framework to put all of this knowledge and
dat a i drivieg to&vard that framework is really
the big challenge."

E Sydney Brenner. Molecular Biologist andanodesie -
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https://www.ted.com/talks/tom_wujec_got_a_wicked_problem_first_tell_me_how_you_make_toast
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A novel approach
to manage

biological and

toxicological
knowledge

Key Attributes
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Exploiting
knowledge

Stakeholder
Appeal
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Adverse Outcome Pathways (AOP)

Adverse Outcome (AO)
=& Key Event (KE) '
— Key Event Relationship (KER)
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Increasing level of biological organization

Tissue
responses

Organ
responses

Cellular
responses

Organelle
responses

™
Anchor 1
\/Iolecu.llzlsé ':lt'nitiatir g Key Events (KEs) T{f\g:;g
(MIE) Outcome
(AO)
Key Event Relationships (KERs)
KE up e KE down
>
AOP document structure
AOP Page MIE Page KE Pages AO Page

| chemical initiatorts) | * Description
o

Section 1 « Title

* Descoption * Description * Measurement/
Section 2 ~ Authors * Moasuroment/ * Measurement/ detection
Section 3 - Status detection detection * Taxonomic
LR | * Taxonomic
Saction 4 ~ Abatract ’:":;r" ":l'" applicabliity applicability
Background (Optional) appiica Y * Requlatory relevance
o * Evidence for
Section Sa ~ Summary of the AOP chemical initiation
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H
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[ AD — Pessscsssesscsssssssccssasssacssssshessessssnssassscrssssnsnsssstsasssssssassssasscsssssss

Linkage table

Section 6 ~ Scientificevidence supporting the linkages in the AOP

Key Event Relationships r---o--------‘ KER Pages L.
N
Applicabliity d. irifs) of the AOP E Loy i 1
pplical vy domalni(s) o o 3 * Doscription T
l"“}"'j“i” : * Biological plausibility Users HandbOOk I
l.axun:-mp Sevnnnnnndened | Empirical support (Su |ement to
* Inconsistencies and pp

Section 7 = Ovarall Assesamant of the AOP :}':f::::‘::::i’ g u I dance on AO F)

I Modified Bradford Hill Considerations ] understanding development and
Section 8 = € id lons for P, inl Appl i of the AOP L T evaluation)
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B -

x AOPsare NOTchemicalspecific

x AOPsare MODULAR

x AOPs are a pragmatic functional uoftdevelopmentand evaluation
x AOP networks are the functionahit of prediction

x AOPs are living documents

B

-

AOPs thrive because of the interactivignd
multidisciplinarity of the crowd

R -
S - -

12



16-4-2018

Collection andorganisationof various types ofinformation

Level of Biological Organisation I\

4 e -~

Molecular Organelle Cellular Organ Organism Population
! J
\ J ! { J
in vitro Y \ ]
in silico in vivo T
in chemico field and epidemiological
studies
| Types of information l
OECD(2&7), Guidance document for the A€EPsfidevelopinghTA, - 3 é:::vpr::;on

Serie®n Testing & Assessment No. 260,

> - 3 European
Commission
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Q:Where to start?

A TopdownAOP development

A Bottom-up AOP development

A Middle-out AOP development

|- -

Q:What is the minimum number of elements that can constitute an AOP?
A: Three.

Q: What is the maximum number of KEs that cae included in an AOP?
A: In theory, there is no maximum number of KEs.

Q:How many KEs should be included in an AOP?
A: It depends

Convention:

A OneMIE

A Desirably, one KE at each level of biological organization
A One AO (AOPs can have more than one AO)

o

/
/

16-4-2018
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MIE:

U Typically one per AOP
U Can link to any number of separate AOPs

(rare) exception:
Two events MUST occur to trigger the downstream KE

KE1 and KE2wust occur for KE3 to occur

not

KE1 or KEgust occur for KE3 to occur

|- -,

AO:

U Potentially more than one per AGH they represent
a single progression of injury

EEONIDID

Multiple AOs in a single, sequential progression = single AOP

i Xy - - > 3
e

Branching = two AOPs

16-4-2018
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Acceptable branching: —_— ——
- additive actions KE KE -
- one MIE and one AO

B - - H

Not acceptable branching:
- independent actions
- more than one MIE and AO

Key Event Relationships

B
Key BEvent Relationship

adirectedrelationship

Functional unit ofnference/extrapolation

A Description

A Biological plausibility
A Empirical support

A Taxonomiapplicability

A Quantitative understanding inconsistencieanduncertainties

16



Developing f KE

organis

Adult
organism
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Male KE

-
Female

In liver

In brain

Adjacent/non-adjacent KERs

non-adjacent KER

non-adjacent KER

adjacent
KER

-

adjacent
KER

adjacent adjacen
KER KER

non-adjacent KER
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Quantitative Understanding of KERs

C D
KE, KER,., KE, KE, KERy.,

U Known feedback/feedforward loops influencing KER

Quantitative Understanding of KERs

How much changeriig,, and/or for howlong iisneeded
to evokessome unit ofichange Kk, ?

’

| — s A

’

Nature of the
responseresponse
relationship

- European |
Commission |
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B0 .

AOPs are livinglocuments

PUTATIVE

y

QUALITATIVE

¥

QUANTITATIVE

A quantitative AOP i&NO UAlo a computer model

QuantitativeKER descriptions support the developmehtomputational
models aligned with an AOP

A gAOPmModel can be described as a statistical or mathematical construct th
models one or more of thKERS.

The choice of thenodelingmethod is dependent othe addressedjuestion
andthe available data

- Cominiss
Commission
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’ Ontologies

Ontology ¢
akind of controlled vocabulary — =:==_

BRENDA tssue /

of well-defined terms with specifie _ ’""*] 1» Phenctype

. . Sequonce Pathways Anatomy
relationships between thoseerms, | , | | ,
capableof interpretation Genstype L Pranotype
by both humans and computers. Guesoieis: Tuciet  Cotwe,  Obswens. Taevofm

National Center for Biomedical Ontology (NCBO)

CourtotM, EMBLEBI,, fromhttps://www.slideshare.net/mcourtot/ontologiedor-life-sciencesexamplesfrom-the-
geneontology

Why add ontology terms in the AOP Wiki 2"

\O/Provides moreflexibility in creating new KEs
=

: Facilitatesreuse of KEs or KERs amdlucesredundancy

Supports building o AOP networks

20



Event component(s)

Process

Object

Action

Context

(Cell or Organ term)

Ontology terms

IVes et al, Creating Structured AOP KnowledgebaseQ@i#tologyBased AnnotationsApplied In VitrdToxicology (under Press)

Event: 97

Key Event Title °
Alkylation, DNA

Snort name @
Asopason. DA

Biological Context @

Level of Biological Orgamizaton
Mot umar

el term 9

wuharyetic coll
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Key Event Components 9
Process

DNA alkylation

Object Action

deoxyribonucieic ackl Increased

https://aopwiki.org/events/97
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B T T

What are AOPs good for?

AOPs

repository clear presentation

MIE KE ? ? ? AO
alternative tests
understanding

+  biomarker

= mixtures
vy further research
X e

e terminology

- Comentast
Commissson
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