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Using AOPs: how certain do you need to be?
The AOPs currently under development differ in
detail and complexity and are yet incomplete;
nevertheless, they all have utility to improve the
hazard and risk assessment process. The level
of certainty and completion necessary depends
on the intended use of the AOP (Figure 4). For
example, to use an AOP for building Quantitative
Structure Activity Relationships (QSARs) of
MIEs, there must be some solid evidence that
the MIE is linked to the AO of interest, but the
main focus of certainty would be the chemical
and molecular characterization of the MIE itself.
To use an AOP for hazard identification or
prioritization of chemicals for further testing,
strong evidence of the MIE-AO linkage is
required, along with substantiation of one or
more intermediate events.

Overview
Pathway based approaches to the assessment of chemical toxicity are based
on the understanding of the molecular interactions that occur – from the
initial interaction with a living system (the molecular initiating event) through a sequential progression of events, to the in vivo toxicity, or adverse
outcome. This description, which has variously been described as “mode-ofaction,” “toxicity pathway” or “adverse outcome pathway” is a useful
framework for organizing information and can assist in a number of
toxicological assessments, including: informing chemical category formation
and structure–activity relationships, increasing the certainty of interpretation
of both existing and new information, and allowing the design of hypothesisbased assessment strategies.
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The applicability of a particular pathway to different aspects of hazard and
risk assessment is proportional to the depth and certainty of information that
supports it. For example, to use an AOP for building Quantitative Structure
Activity Relationships (QSARs) of MIEs, there must be some solid evidence
that the MIE is linked to the AO of interest, but the main focus of certainty
would be the chemical and molecular characterization of the MIE itself. To
use an AOP for hazard identification or prioritization of chemicals for
further testing, strong evidence of the MIE-AO linkage is required, along with
substantiation of one or more intermediate events.
Once a number of pathways have been described in sufficient detail, it will
also be possible to use them to identify key events for which tests can be
developed; the tests would necessarily address a number of critical steps,
thereby ensuring that all possible outcomes are adequately covered. Finally,
as quantitative information is added to relationships between intermediate
events, early events in an AOP can be used directly for risk assessment,
without the need to assess the later steps pathway. At this stage, chemical
assessment will be streamlined and toxicology transformed from a purely
empirical to a predictive science.
The AOPs being developed for skin sensitization and estrogen receptor
binding-related reproductive impairment illustrate the current state of
pathway development and use.

The Argument for a New Approach
Pharmaceuticals:
o
92% of drug candidates fail in clinical studies
o
“The average drug developed by a major pharmaceutical company
costs at least $4 billion, and it can be as much as $11 billion” (Forbes
2012)
o
Need to assess novel chemistries (i.e. nanomaterials)
Industrial chemicals:
o
Growing concern over lack of data (> 10K chemicals worldwide)
o
Large-scale regulatory programs: REACH (EU, China, S. Korea)

Pesticides:
o Registration requires the use of approximately 10,000 animals,
millions of USD, and many years (decades)
o Need to identify “greener” chemistries
Cosmetics:
o
European Cosmetics Directives ban on animal testing
o
Consumer concern over safety and animal testing worldwide

The Opportunity for a New Approach
o Capitalize on advances in chemistry, biology, and engineering (since
~1970)
o Fully utilize all existing knowledge
o Increase relevance to humans
o Increase assessment capacity (“throughput”)
o Increase efficiency (benefit/cost)
o Increase predictivity
Decrease uncertainty in hazard and risk assessment

Once a number of pathways have been described
in sufficient detail, it will also be possible to use
them to identifying key events for which tests
can be developed; the tests would necessarily
address a number of critical steps, thereby
ensuring that all possible outcomes are
adequately covered. As quantitative information
is added to relationships between intermediate
events, early events in an AOP can be used
directly for risk assessment, without the need to
assess the later steps pathway. At this stage,
chemical assessment will be streamlined and
toxicology transformed from a purely empirical
to a predictive science.
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Adverse Outcome Pathways
The Adverse Outcome Pathway concept came from the field of ecotoxicology as a way of addressing uncertainty in risk
assessment required by new legislation for an increasing number of chemicals and endpoints.

This AOP concept builds on the Mechanism and Mode of action concepts and includes the “toxicity pathways” as describe in
the 2007 NRC report, Toxicity testing in the 21st century, a vision and a strategy.

The AOP framework is a flexible approach allows for the integration of all types of information at different levels of biological
organization, from molecular to population level, to provide a rational, biologically based argument (or series of hypotheses)
to predict the outcome of an initiating event.

Not every step needs to be described in detail – rather the pathway is composed of a series of testable biological hypotheses
all of which may be more-or-less described,; the certainty of the relationships is related to the AOP’s applicability to hazard
and risk assessments.

The usefulness of the AOP concept in building a predictive toxicological framework manifests in several ways. Depending on
the detail and certainty, AOPs can inform:
o chemical grouping or categories and structure activity relationships,

o aid in increasing certainty of interpretation of both existing and new information,
o structure integrated testing strategies

o identify key events for which non-animal tests can be developed,

 Ultimately facilitating transparent, mechanism-based, predictive toxicological assessments with low uncertainty and high
human relevance
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OECD AOP Development and Reporting Guidance
Three basic elements:

1) MIE  2) intermediate events  3) Adverse Outcome

Begin from any of these elements

o MIE: molecular description of how the chemical interacts with the
initial biomolecule
o AO: specific and well-defined outcome, associated with OECD TG
endpoint
o IE: any one of a number of responsive steps

An AO results from a finite number of MIEs, and conversely an MIE
results in a finite number of AOs, but an AOP is limited to a single
MIE a single AO

 Information from different levels of biological organization are
integrated into a single description
Organization for Economic Cooperation and Development (OECD)(2013). Guidance Document on Developing and
Assessing Adverse Outcome Pathways. Series on Testing and Assessment No. 184.

Data summation:
o Assays that are fit for purpose, repeatable, reproducible,
and directly or indirectly linked to AO
o Evidence supported by Weight of Evidence

AOP assessment:

o Reliability and robustness

o Strength of understanding (Bradford-Hill criteria):
o strength of association

o consistency of the evidence

o specificity of the relationship

o consistent temporal relationships
o dose-response relationships
o biological plausibility

o coherence of the evidence

o and consideration of alternative explanations

Skin sensitization
Skin sensitization involves several cell types and tissues and is a good demonstration of AOP
development and use in constructing an integrated testing strategy.

Sensitization occurs in two phases: the first, the induction phase, is a result of initial contact with
an allergen and primes the system; the second, the elicitation phase, is in response to a
subsequent exposure and results in an allergic response. As with the Local Lymph Node Assay,
the sensitization AOP focuses on the induction phase.

The induction phase involves initial contact and penetration of the outer dermis of the skin by a
potential sensitizer. Metabolism in the skin can either activate or deactivate the chemical (or
have no effect); chemicals that are electrophilic after penetrating the skin are more potent
sensitizers than non-electrophiles. The electrophile then interacts irreversibly with nucleophilic
sites in proteins (e.g. cysteine and lysine residues) to form a hapten-protein complex in the
epidermis – this is the sensitization MIE. In both dendritic cells (antigen-processing cells in the
skin) and keratinocytes (the predominant epidermal skin cells), the presence of a hapten-protein
complex elicits the production of cytokines that in turn stimulate dendritic cells to migrate to
regional lymph nodes and activate T cells there. In the lymph node, hapten-protein fragments
are presented in complex with MHC molecules by dendritic cells to immature T cells, causing the
maturation of memory T cells and the acquisition of sensitivity – this is the key physiologic
response of the initiation phase.
The MIE is well described and can be used for chemical categories as well as hazard prediction;
subsequent intermediate events in keratinocytes, dendritic and T cells are also well described
and are being used to design assays to be used in an integrated assessment strategy. Currently,
potency assessment is performed at the organism level in vivo.
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