
 AOPs 101: THE HOW AND WHY OF 
DEVELOPMENT AND USE  

10:00 Welcome  
  Why are AOPs important, and how can they be useful?  
           Catherine Willett, HSUS/HTPC  
10:15:  The OECD program on AOPs     Anne Gourmelon, OECD  
10:45:  Practical experience using the AOP Wiki  Kristie Sullivan, PCRM  
11:00:  Introduction to Effectopedia     Hristo Aladjov, OECD  
11:10:  Two example AOPs (15 min each)  

• Application of AOP in the Bayesian network ITS framework to  
assess skin sensitization      Joanna Jaworska, P&G  
• Constructing AOPs for Developmental Toxicities  

          Nicole Kleinstreuer, ILS/NICEATM  
11:40:  Additional questions and discussion  
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Why are AOPs important, and how can they be useful? 

Catherine Willett, PhD 
Director, Regulatory Testing 
Risk Assessment and Alternatives 
The Humane Society of the United States 
kwillett@humanesociety.org 
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Outline 

• Why do we need a new approach to toxicology? 
• Precedents for pathway-based approaches 
• Potential uses 
• Requirements for different uses 
• AOP projects 
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The need 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 
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 Capitalize on advances in chemistry, biology, 
and engineering (since ~1970) 

 Fully utilize all existing knowledge  

 Increase assessment capacity (“throughput”) 

 Increase efficiency (benefit/cost) 

 Increase relevance to humans/species of 
concern 

 Increase predictivity 

 

The opportunity for a new approach 

Decrease uncertainty in hazard and risk assessment 
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1. Dose-response modeling  
• Using pharmacokinetic and mechanistic information 

2. IPCS/WHO mode of action frameworks 
• Human relevance of rodent cancer findings 
• Extrapolated to non-cancer endpoints 

3. Mode of action pathways in drug and product development  
• Drug and target-specific 

4. National Research Council in 2007 Report, Toxicity testing in the 21st 
century: A vision and a strategy: 

“envisions a new toxicity-testing system that evaluates biologically significant 
perturbations in key toxicity pathways by using new methods in computational 

biology and a comprehensive array of in vitro tests based on human biology” 

Precedents for pathway-based toxicology 

Presenter
Presentation Notes
International Program on Chemical Safety  The idea of incorporating mechanistic biochemical information into toxicological assessment is not new; it began with dose-response modeling efforts (e.g. ) and mode of action frameworks, such as those developed by the International Program on Chemical Safety (IPCS) to determine human relevance of modes-of-action of pesticides and industrial chemicals leading to carcinogenicity and non-carcinogenic2 (references 2 and 6 attached) toxicity, and the creation of mode of action pathways commonly used in drug development (e.g. and applied to human disease (e.g. ).  The notion of toxicity pathways as articulated by the National Research Council in 2007 takes this concept a bit further by envisioning a system-wide network of pathways that leads to a predictive, hypothesis-driven assessment paradigm for toxicity in general.  The goals of this new approach are to improve the efficiency and decrease uncertainty in risk and hazard evaluations.  Recently, this concept has been further formalized for toxicological assessment for both human health and ecological endpoints as the Adverse Outcome Pathway (AOP) and has been taken up by the Test Guidelines Program at the Organization for Economic Cooperation and Development (OECD). Clewell, HJ, Gentry, PR, Gearheart, JM, Allen, BC , Andersen, ME (1995). Considering pharmacokinetic and mechanistic information in cancer risk assessments for environmental contaminants: examples with vinyl chloride and trichloroethylene.  Chemosphere 31 (1): 2561-2578. Boobis AR, Cohen, SM, Dellarco, V, McGregor, D, Meek, ME, Vickers, C, Willcocks, D, Farland, W (2006). IPCS framework for analyzing the relevance of a cancer mode of action for humans. Crit Rev Toxicol. 36(), 781-792.Iorio F, Bosotti R, Scacheri E, Belcastro V, Mithbaokar P, Ferriero R, Murino L, Tagliaferri R, Brunetti-Pierri N, Isacchi A, di Bernardo D (2010). Discovery of drug mode of action and drug repositioning from transcriptional responses.  Proc Natl Acad Sci U S A. 107(33): 14621-142626.Schadt, EE, Lum, PY (2006). Reverse engineering gene networks to identify key drivers of complex disease phenotypes.  J. Lipid Res. 47:2601-2613.
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• A chemical and biological description of what occurs when a 
substance interacts with a living organism and results in an 
adverse reaction 

• A biological map from the molecular initiating event through 
the resulting adverse outcome that describes both mechanism 
and mode of action.  

Adverse Outcome “Pathway” 

From: Ankley et al. Environ.Toxicol.Chem. 2010. 29 (3): 730–741. 

Presenter
Presentation Notes
The adverse outcome pathway approach is based on the concept that toxicity results from the chemical exposure by molecular interaction with a biomolecule – the Initiating Event, followed by a description of the sequential progression of events through to the in vivo outcome or Adverse Event, which is at the individual level for most human health endpoints or at the population level for environmental endpoints. The entry and exit points of an AOP are the “anchors” – an AOP can be built bottom-up or top-down from either anchor. Of course the term “pathway” is a bit misleading; in reality effects of molecular initiating events are unlikely to be strictly linear – as nothing in biology is strictly linear - and in fact “pathways” will be interlinked and form more of an adverse outcome network.  Never the less, the concept and term are useful.The adverse outcome pathway concept allows the integration of all information, from molecular to population level, to provide a rational framework (or series of hypotheses) to predict the outcome of an initiating event. This concept shares a kinship with mode of action frameworks – such as that developed by the International Program on Chemical Safety to determine human relevance of various pathways leading to tumor development in animals.  



SOT A ill  M ti  AOP  101 | M h 25  2014 | Ph i  AZ SOT A ill  M ti  AOP  101 | M h 25  2014 | Ph i  AZ 

Uses of AOPs 

Near-term use: 
– Inform chemical categories and structure activity relationships 
– Prioritization of chemicals for further assessment 
– Hazard identification 
– Increase certainty of interpretation of both existing and new 

information 
– Develop integrated testing strategies that maximize useful 

information gained from minimal testing 
Longer-term use: 

– Identify key events for which non-animal tests can be developed, 
thereby facilitating mechanism-based, non-animal chemical 
assessment 

– Create predictive toxicological assessments with low uncertainty 
and high human relevance 

– Eventually without the use of animals 

 
 

 
 
 

Presenter
Presentation Notes
Current AOPs under development differ in detail and complexity and are yet incomplete.  Nevertheless they all have utility to improve the hazard and risk assessment process.For example, in the near-term, these AOPs can be used to:Informing chemical categories and structure activity relationshipsIncreasing certainty of interpretation of both existing and new informationDeveloping integrated testing strategies that maximize useful information gained from minimal testingLonger-term:Identifying key events for which non-animal tests can be developed, thereby facilitating mechanism-based, non-animal chemical assessmentCreating predictive toxicological assessments with low uncertainty and high human relevanceAnd all of this without the use of animals (eventually)
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Predictive system for toxicology 

Presenter
Presentation Notes
Uses that require increased certainty require more (and more certain!) information and more thorough characterization of the linkages between events.
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Structure Activity Relationships 
Chemical categories 

Presenter
Presentation Notes
For informing SARs and chemical categories, the emphasis is on thorough characterization of the MIE or an IE near the MIE that is plausibly linked to the AO.
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Use ∝ strength/type of information 

Hazard identification 
Prioritization 

Assay 1 Assay 2 

Presenter
Presentation Notes
Hazard identification and prioritization requires that the event(s) being measured is linked to the AO with evidence.
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Integrated strategy design 

Assay 1 Assay 2 Assay 3 Assay n 

Presenter
Presentation Notes
To inform an integrated testing strategy that may be used in hazard or risk characterization, the links between the events being measured and the adverse outcome should be fairly well demonstrated.
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Risk assessment 

IE 2 IE… 
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f(MIE) f(IE 2) f(IE 1) f(IE 2) f(IE…) 

Presenter
Presentation Notes
To decrease uncertainty in risk assessment, there should be some quantitative understanding of the relationships between the events being measured and with the adverse outcome.  These relationships can be informed by toxicokinetics, dose-response relationships…and therefore therefor there is some predictability with respect to level of response (e.g. potency).
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Use ∝ strength/type of information 

Risk assessment with increased certainty of a particular AO 
Predictive toxicology 
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Presenter
Presentation Notes
As more information is gathered about the relationships between intersecting pathways (and potential feedback loops), the prediction of the level of response becomes less uncertain as does the specificity of prediction of a particular outcome (the likelihood of one outcome occurring vs another potential outcome).
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Predictive system for toxicology 
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Presenter
Presentation Notes
Finally, as a number of linked pathways become well understood kinetically, the system becomes increasingly accurate at predicting the likelihood, type and severity of any particular outcome vs another. 
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AOP Projects 

Organization for Economic Cooperation and Development 
• Guidance, Template, Handbook, Knowledge-bases (A. Gourmelon) 

European Commission/OECD/US EPA 
• Knowledge-bases (with EPA and OECD) (K Sullivan) 
• Effectopedia (H Aladjov) 

Case Studies: 
Industry 
– Safety assessment, e.g. skin sensitization (J Jaworska) 
National Institutes of Health 
– Constructing AOPs for Developmental Toxicities (N Kleinstreuer) 
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Thank You for Attending! 

Catherine Willett, PhD 
Human Toxicology Project Consortium 
Humane Society of the United States 
kwillett@humanesociety.org 

Kristie Sullivan, MPH 
Physicians Committee for Responsible 
Medicine 
ksullivan@pcrm.org 

Presenter
Presentation Notes
HSUS role
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