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Part 1:
- Introduction to AOPs
- AOP example “From research to AOPs”

Part 2:
- Introduction to the AOPwiki
- How to submit an AOPwiki
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AOP structure
P a r t  1 :  I n t r o d u c t i o n  t o  A O P s
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Molecular initiating event (MIE): A specialized type of key event that represents 
the initial point of chemical/stressor interaction at the molecular level within 
the organism that results in a perturbation that starts the AOP.

Key event (KE): A change in biological or physiological state that is both 
measurable and essential to the progression of a defined biological 
perturbation leading to a specific adverse outcome.
- Just because a particular KE is observed, does not mean the perturbation will 
necessarily progress all the way to the AO.

AOP structure
P a r t  1 :  I n t r o d u c t i o n  t o  A O P s
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Key event relationship (KER): A scientifically-based relationship that connects 
one key event to another.
KER defines a causal and predictive relationship between the upstream and 
downstream event.
This facilitates inference or extrapolation of the state of the downstream key 
event from the known, measured, or predicted state of the upstream key event.

Adverse outcome (AO): A specialized type of key event 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.

AOP structure
P a r t  1 :  I n t r o d u c t i o n  t o  A O P s
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AOP networks
P a r t  1 :  I n t r o d u c t i o n  t o  A O P s
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AOP networks
P a r t  1 :  I n t r o d u c t i o n  t o  A O P s
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Identification of KE nodes.

Provide focus points for in vitro 
assays.

Presentation Tuesday.
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What’s the story?

AOP #237: Secretion of inflammatory cytokines after cellular 
sensing of the stressor leading to plaque progression

P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”



GA No 953183 12
Internal

Direct link between mortality and concentration of fine particles (PM2.5) in the air. 

Inhalation of particles affect mortality:
Soot in the air and heart-related mortality per 1000 persons in the years before and 
after coal was banned in Dublin:

Inhalation of particles increases risk of cardiovascular disease
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Clancy et al. Lancet 
360: 1210–14, 2002

Ban

Soot: -70%

Ban

Heart-related
mortality: -10%
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Inhalation of nanomaterials induces the risk:

Effects are additive.

Could we possibly identify a molecular mechanism behind 
nanomaterial-induced increased risk of cardiovascular 
disease?

Inhalation of particles increases risk of cardiovascular disease
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Mikkelsen et al. Particle and Fibre Toxicology
2011, 8:32
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Molecular mechanism?
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Nanomaterials

Microarray

Global gene 
expression

Carbon black
TiO2
Carbon nanotubes
Graphene

Intratracheal
instillation
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All nanomaterials tested induced a pulmonary acute 
phase response.
- The most differentially regulated gene was Saa3.
- Dose response.
- Sustained response.

Close correlation between Saa3 and inflammation

Mice have 3 inducible SAA isogenes
(Saa1, Saa2, Saa3).

Increased SAA1/2 og SAA3 levels were
also identified in the blood after lung
exposure to nanomaterials.

We observed a significant correlation
between Saa3 mRNA levels and plasma
levels of SAA3 protein.

Global gene expression: Lung
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Increased SAA plasma levels also seen in humans.
- After ZnO inhalation, pulp and paper mills and 
welding fumes.
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The acute phase response is the systemic response to 
acute and chronic inflammatory states caused by eg. 
bacterial infection or trauma.

Conditions that induce acute phase response are 
associated with risk of cardiovascular disease.

It is traditionally considered a liver response.

SAA: an acute phase protein
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Gabay and Kushner 1999, NEJM
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SAA can replace ApoA-1 as the major HDL protein.

This inhibits HDLs role in reverse cholesterol transport.

SAA: an acute phase protein
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Modified from: Heinecke 2012, Nature
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SAA can replace ApoA-1 as the major HDL protein.

This inhibits HDLs role in reverse cholesterol transport.

SAA induces foam cell formation in macrophages. 

SAA: an acute phase protein
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Lee et al, 2013, BBRC



GA No 953183 19
Internal

SAA: an acute phase protein
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

 Overexpression of SAA1 protein 
accelerates plaque progression.

 Overexpression of SAA3 protein 
accelerates plaque progression.

 Knock out of all SAA isogenes
resulted in reduced plaque 
progression

Dong et al, 2011, Mol. Med

Thompson et al, 2018, 
Atherosclerosis
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Nurses’ Health 
Study

Ridker et al. 2000, 
NEJM 

Acute phase proteins CRP & SAA are associated with risk of CVD 
in prospective epidemiological studies

P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”
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AOP #237
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Largely undetermined.
T. Stöger lab: single-cell transcriptomics
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AOP #237
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”

Strongly induced in mice
- correlates with neutrophil influx
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AOP #237
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”
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AOP #237
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”
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AOP #237
P a r t  1 :  “ F r o m  r e s e a r c h  t o  A O P s ”
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“Tour the AOPwiki”
P a r t  2 :  “ I n t r o d u c t i o n  t o  t h e  A O P w i k i ”
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Fill in the form
P a r t  2 :  “ H o w  t o  s u b m i t  a n  A O P w i k i ”

https://www.oecd.org/chemicalsafety/t
esting/adverse-outcome-pathways-
molecular-screening-and-
toxicogenomics.htm

https://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-toxicogenomics.htm
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Important things to consider:

MIE should be unrelated to nano.
-Nanomaterials may be stressors.

Use existing KEs when possible.
-Many close to identical KEs in the wiki.

KEs and KERs should be described as discrete units without reference to a 
specific MIE, AO, or other KEs.

Construct your AOP
P a r t  2 :  “ H o w  t o  s u b m i t  a n  A O P w i k i ”
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Important things to consider:

When possible, try to include at least one KE at each major level of biological 
organization (molecular, cellular, tissue, organ, individual).

Favor KE that are more routinely measured.

Be specific!

Key Event Components
-Important, as they make AOPs interoperable as they connect AOPs and their 
KEs to ontologies useful in e.g. bioinformatics analyses.

Construct your AOP
P a r t  2 :  “ H o w  t o  s u b m i t  a n  A O P w i k i ”
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Important things to consider:

There will be an update of the whole AOPwiki in the beginning of July, which 
will include links to third party tools. These are valuable for exploring AOPs 
further. E.g. it will have links to the WikiPathways database, which presents 
bioinformatically employable AOPs. 

Construct your AOP
P a r t  2 :  “ H o w  t o  s u b m i t  a n  A O P w i k i ”
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To you!

Thanks to:
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www.harmless-project.eu

LinkedIn Twitter

FOLLOW US TO NEVER MISS A THING!

https://www.harmless-project.eu/
https://www.linkedin.com/company/project-harmless/
https://twitter.com/projectharmless
https://www.linkedin.com/company/project-harmless/
https://twitter.com/projectharmless
https://www.harmless-project.eu/
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