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Bitman et al. Science 1970, 168(3931): 594

Biochemistry
bird carbonate dehydratase
+ several other mechanisms

N In situ: bioaccumulation
-> bird population decline
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Contribution of DDT to population declines in sensitive bird populations

Perhaps the most well known incident in wildlife ecotoxicology

Helped spark the environmentai movement, and in part the mission of EPA




Introduction

A central challenge for regulatory toxicology
How do we identify the other chemicals that may cause similar adverse effects

Before we see impacts on human health or wildlife populations

Traditional Approach

Avian reproduction study
(OPPTS 850.2300; OECD 206)

$>250,000
>30 weeks to perform




Introduction

If we understand HOW chemicals cause adverse outcomes
And...biological activities that lead to/are associated with progression toward those AOs

Creates opportunities to use new types of data for hazard id and/or risk-based decision-

making
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Toxicity Testing in the 215t Century
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215 Century Toxicity Testing is here....

We can rapidly and cost effectively

generate pathway-based data

*Activity of 1000s of chemicals in

100s of pathways.

Conceivable that majority of
chemicals in commerce could be
“tested” within the decade.
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. *Can we expect this
perturbation lead to an
adverse outcome?
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Adverse Outcome Pathways ... are new

An Adverse Outcome Pathway (AOP) is a conceptual framework
that portrays existing knowledge concerning the linkage between
a direct molecular initiating event and an adverse outcome, at a
level of biological organization relevant to risk assessment.
(Ankley et al. 2010. Environ. Toxicol. Chem., 29(3): 730-741.)

Macro-

Toxicant Molecular Cellular Organ Organism Population
Interactions Responses Responses Responses Responses

Gene Altered Lethality Structure
Receptor/Ligand activation physiology Imbaired

Chemic‘al Interaction Protein Disrupted Development Recruitment
Properties DNA Binding production homeostasis Impaired Extincti
xtinction

Protein Oxidation Altered Altered tissue Reproduction
signaling development/
7 function

L 9 2.0
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* Helps us organize what we know
* And utilize that knowledge to support risk-based decision-making
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A set of chemicals for which there may be reason expect egg-shell thinning
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( 4 \ * Alternative tests: Suggests informative endpoints
, we may be able to measure more rapidly and cost-
¥ s effectively in laboratory toxicity tests.
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iy in animals from the environment — early warning;
diagnostic

albumen added

* Particularly if we can translate into a quantitative
prediction of probability or severity of AO.

i * Diagnostic potential: Suggests an etiology for
enrers oviduc observed patterns of biological response — may help
trace back to causative agents and/or sources.




215t Century Regulatory Decision-Making

The data are there....

We have entire libraries of scientific
publications available at our fingertips.....

Scientific challenge of the 21°t C....

How do we make effective use of those
data and our wealth of existing scientific

o100
SRR RSl knowledge to support regulatory
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decision-making?

AOPs are part of the
solution.




Mode of Action (MOA) Concept in HH

Criscal Reviews in Tavicolegy, 36:781-792 2006 2
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IPCS Framework for Analyzing the Relevance
of a Cancer Mode of Action for Humans

AI an R. Boobis

Critical Reviews m Toxicology, 35:57-5%, 2008
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IPCS Framework for Analyzing the Relevance
of a Noncancer Mode of Action for Humans

Alan R. Boobis
Section of Experimental Medicine and Taxicology, Division of Medicine, Imperial College Londen,

Aoplied {Toxicology

Review Article

Necowed 148 Semt.

enbe 2013, Acepted: 19 Septenbe 2073

Publishad enline in Wiley Osline Libeary: 25 October 2013

(wileyonlindibrarycom) DOI 10.1002/jat. 2949

New developments in the evolution and
application of the WHO/IPCS framework on
mode of action/species concordance analysis’

Hevond 7~ F_a_L: @ £ o
Har<o , U, rotaxkis , >. miunn,

ABSTRALT: The Wodd Health O ization/Intemational Progranme on Chemical Safety mode of acion/human relevance
Immrk has been updata‘l to reflact the experience acquired in its application and extend its utility to emerging areas in

ing and non hods. The undedying prindples have not changed, but the framewo k’s scope has been
extanded to enable intagration , of infomation at different levals of biological organization and reflact evolving experence in a
much broader range of potential applcations. Mode of action/s pecies oncordance analysis can also inform hypothesis-based data
generation and nsea‘dlprbrliesln upport of risk The modified framework is incorporated within a road map, with
feedboack loops ging < refs t of fit-for-purpose testing strategies and risk assessment. Impertent in this
construd is consideration of d ose-response relationships and species concardance analysis in weight of evidence, The modified
Bradford Hil considerations have been updlted and additionally articubted to reflect increasing experience in application for
caseswhere the toxicological of chemi isknown.Th dified framework can be usedas originally intended,

*In many respects synonymous
with AOP concept.

*Only major difference was the
dominant applications to which
they were applied.

*Strong focus on systematic
documentation of WoE
(Bradford-Hill considerations).
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*When can you trust that the relationships depicted provide a
sound/defensible foundation for regulatory decision-support?

*What is the biological/toxicological applicability domain?
*Taxa, life stage, target organ(s), route of exposure

*How do we present in a systematic and transparent manner?




Trainings on AOPs

AOPW:iki - Training courses + Handbook
https://aopwiki.org/training/wiki/

Greetings Contents

It's June!
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Build an AOP with a friend.
1. Greetings

2. AOP Welcome
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(AOP-Wiki)

AOP Welcome
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1. Before you start
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Handbook released

o Aodverse Ak 4. Wiki 2.0 Upgrade
16 FL;lactzﬂgy 0 )) 1. User Account Migration
v 2. Confirm AOP Information
saro  WIKI OECD B Following Migration

3. Notable Changes for Authors



AOP Wiki Course

Welcome...
to the Adverse Outcome Pathway (AOP)
AOP-Wi rse

-
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> 1. Intro and Review

~
1.2. AOP Content ‘

This course works best on Google Chrome, Safari or Internet Explorer

1.3. Review of the ADP Histo...
1.4. AOP-KB

1.5. Why is an Online AOP-K...
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1.7. AOP-KB - A Collaborativ...
1.8.e.AOPPortal
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1.12 The AOP-Wiki Support...
1.13: AOP: Organizational Fr...
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1.16. AOP: Reguiatory Conte...
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1.18. Additional Bensfits of a...
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1.20. AOP development has ...
1.21. Formalizing the AOP Fr...
1.22. Evolution of the OECD ...
1.23. Five Principles of AOP ...
1.24. Principle 1. AOPs aren...




AOP Training committee
eSubgroup of OECD/EAGMST
eEstablished to share recent developments and solicit input

from potential developers and users of AOPs
eStarted in 2014

Training group members

Dan Villeneuve, Bette Meek, Steve Edwards, Kristie Sullivan,
Brigitte Landesmann, Magdalini Sachana, Sharon Munn, Kate

Willett, Kate Goyak, Sabina Halappanavar, Hristo Aladjov &
Mirjam Luijten (chair)



Principles of AOP Development

1. AOPs are not chemical-specific

* Not trying to describe what a single chemical does

* Trying to describe what ANY chemical that perturbs the MIE with sufficient potency and
duration is likely to do- Biological motifs of failure

* Describing AOP does not require chemical-specific information.

* Applying those motifs in a predictive context requires understanding chemical-specific
properties (e.g., potency, ADME) that dictate the magnitude and duration of perturbation
at the MIE.

AChE ' Aceytocholine in | Ataxia, paralysis, Respiratory
inhibition synapses, induced distress,
_ accumulation increased

-

Volz et al. 2011. Toxicol. Sci. 123: 349-358
Russom et al. 2014. Environ. Toxicol. Chem. 33: 2157-2169



Principles of AOP Development
2. AOPs are Modular

Increasing level of biological organization

stressor
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N Key event relationship
(KER)



Principles of AOP Development

Two Primary Building Blocks

stressor

g —  — )y —  —

Functional unit of observation/verification

Key Fvents *Observable A biological state (measurable)
(KEs)

*Essential (but not necessarily sufficient)

Description
*Methods for observing/measuring
*Taxonomic applicability



Principles of AOP Development
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Molecular initiating event (MIE) — A specialized type

of KE that represents the initial point of chemical

interaction, on the molecular level, within an C]
organism, that results in a perturbation that starts

the AOP.

Adverse Outcome (AO) — A specialized type of KE that
is generally accepted as being of regulatory
significance on the basis of correspondence to an
established protection goal or equivalence to an
apical endpoint in an accepted regulatory guideline
toxicity test.




Principles of AOP Development

Two Primary Building Blocks

“HoTTH

KE

upstream

KEdownstream

Key Event Relationships (KERs):
Functional unit of inference/extrapolation

*Define a directed relationship
* Describes the conditions and likelihood KE  will trigger KE,,,,-
* State of KE,, provides some ability to predict or infer state of Kk,

*Supported by plausibility and evidence
*Quantitative understanding




Principles of AOP Development

3. AOPs are a pragmatic functional unit of
development and evaluation

Aromatase
Inhibition

* By convention AOP consists of a
single sequence of key events
connecting an MIE to AO (no
branches)

Granulosa Plasma [ Hepatocyte Ovary
Reduced E2 Reduced ' Reduced VTG Impaired

synthesis circulating E2 © | production Oocyte Dev.

* AOP is a pragmatic simplification of
complex biology

* For a “pure ligand” — functional unit
of prediction

align Genler

One set of directions from point A to point B, not the map of all
possible routes



Principles of AOP Development

4. For most real-world applications, AOP networks
are the functional unit of prediction

Key events shared by multiple AOPs KERs shared by

N / multiple AOPs

AR Hypothalamic Theca/ Plasma & epatocyte Ovary
Agonism o) Neurons Granulosa Reduced Reduced ‘ Impaired
(-) Feedback Reduced T & circulating VTG - Oocyte

: nthesi production’ LDe

Granulosa Plasma
Reduced E2 Reduced
synthesis circulating E2

Ovary
Impaired
Oocyte
. o

Hepatocyte
Reduced
VTG
production

Theca/Granulosa Plasma epatocyte - Ovary
Reduced T & E2 Reduced Reduced Impaired

Synthesis circulating E2 Oocyte

VTG

epatocyte
Reduced
VTG

Ovary
Impaired
- Oocyte




Principles of AOP Development

Neurons
(-) Feedback

AR
Agonism )

Granulosa
Reduced E2
synthesis

Plasma
Reduced
circulating E2

Ovary
Impaired
Oocyte Dev.

Reduced
VTG

[Hegatoc_yt e
production

* By building modular AOPs, we gradually describe the complexity of
potential interactions.

* AOPs meet systems biology



Principles of AOP Development

AR Hypothalamic Reduced Osteo-
Agonism e Neurons bone density: perosis
(-) Feedback

Granulosa Plasma Hepatocyte Ovary
Reduced E2 Reduced Reduced Impaired
synthesis circulating E2 VTG Oocyte Dev
production

E4 e
=]

Corpora Allata | Hemolymph - FatBody
Reduced JH Reduced JH Reduced VTG
synthesis concentrations production

AOP networks also a way to represent conservation and divergence of
toxicological responses across taxa, life stages, etc.




Principles of AOP Development

5. AOPs are living documents

AOPs are a way of organizing existing knowledge

As methods for observing biology evolve:
New possibilities for KEs
Ability to measure KEs with greater precision/accuracy
As new experiments are published:
Weight of evidence supporting (or rejecting) KERs grows
New AOPs and new branches in AOP networks discovered

There is no objective “complete”



Principles of AOP Development
5. AOPs are living documents

Operationally-defined “stages” of AOP development

: Hypothesized set of KEs and KERs primarily supported b .
Putative AOPs: s s T e —" y Depth of
biological plausibility and/or statistical inference evidence
Include assembly and evaluation of the supporting weight of /understanding
Formal AOPs: evidence — developed in AOP knowledgebase in accordance « Transparency
with internationally-harmonized OECD guidance /defensibility
Supported by quantitative relationships and/or —
s computational models that allow quantitative translation of Hantitative
Quantitative AOPs: . : - precision
key event measurements into predicted probability or | I
severity of adverse outcome o Cost
* Data needs

* Time
* All stages have potential utility
* Level of development desired/required depends on the application
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