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AOPs Connect Toxicity Pathways to
Regulatory Endpoints

Toxicity Pathways
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Predictivity of measurement for AO decreases

Time between exposure and effect increases




Factors Determining Predictivity of Early Key Events

Toxicants - Ml\glif:rt?l;\r - - - Organism - Population
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Genetics, Disease, Prior Exposures, Subsequent Exposures, Sex, Life Stage, ...

* Evidence supporting the KERs between that KE and the AO
* Quantitative understanding of the downstream KERs
* Modifying factors that influence downstream KEs & KERsS
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AOP Title

Alkylation of DNA in male pre-meiotic germ cells leading to heritable mutations
Short name: Alkylation of DNA leading to heritable mutations

Chemical Molecular Cellular Organism
Structure & Initiating Response Response
Properties

Exposure to
monofunctional
alkylating agent

Insufficient
orincorrect Mutations Inherited
DNA repair mutations

Delivery to KE1 AOQ
testes - Offspring: mutationin all

tissues, increasing risk of

disease

Relationships Among Key Events and the Adverse Outcome

Weight of . Quantitative

# Description # Triggers i ¥ .
Evidence Understanding

CarOIe YaU k - DMA, Alkylation Directly Leads to Insufficient or incorrect DNA repair Strong Moderate

MN/A

https://aopwiki.org/aops/15 el of e DA o

N/A Directly Leads to | Mutations, Increase Strong Moderate

) Indirectly Leads i
DHA, Alkylation to Mutations, Increase Strong Moderate

] Indirectly Leads | Heritable mutations in offspring,
DNA, Alkylation Strong Moderate
to Increase

- } Heritable mutations in offspring,
Mutations. Increase Directly Leads to Increase Strong Moderate




AOP Provides Understanding & Scaffold for Data
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AQOP networks emerge as AOPs are entered into
the AOP-Wiki

Key Events Shared by Multiple AOPs
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AQOP Network as Stored in the AOP-WiKkI
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AQOP Title [edi

Aromatase inhibition leading to reproductive dysfunction (in fish)
Short name: Aromatase inhibition leading to reproductive dysfunction (in fish)

Dan Villeneuve —
https://aopwiki.org/aops/25




Factors Determining Predictivity of Early Key Events

Toxicants . thlzccrl:)l-ar . . . Organism . Population
Interactions Responses Responses

Time & Modifying Factors (Genetics, Disease, Prior Exposures, Subsequent Exposures, Sex, Life Stage, ...) >

* Evidence supporting the KERs between that KE and the AO

* Quantitative understanding of the downstream KERs
* Modifying factors that influence downstream KEs & KERS
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Can we automate this step?

Integration of reference and experimental data

Extracted cpAOP Bell et al. (2016)

subnetwork

Exproncion Toxicol. Sci., 150:510-520
‘Hig=_|h ro— | doi:10.1093/toxsci/kfw017
testing data

Ontologies

Oki & Edwards (2016)

integration associations

Ph%r;%tiype JJ” Data Annotated 4} ‘ - TOX|COIOgy, 350—35249—61
g

oo P2 \ doi:10.1016/].tox.2016.04.004

Global cpAOP
network

Oki et al. (2016)
Gue) () () () (re) (es) (o) Current Environmental
Other data Gy () (=) (=) (D ) & Health Reports,
Cuen) (] () () () (=) o) 3(1):53-63
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Adapted from Toxicol. Sci. (2016) 150 (2): 510-520.

Noffisat Oki, Shannon Bell



http://dx.doi.org/10.1093/toxsci/kfw017
http://dx.doi.org/10.1016/j.tox.2016.04.004
http://link.springer.com/article/10.1007/s40572-016-0079-y/fulltext.html?wt_mc=alerts.TOCjournals

Automating Extraction of Subnetworks

« Standardize lift values across datasets
« Community detection to approximate key events
— Currently using random walk to identify densely connected subgraphs

« Build out from an adverse outcome or molecular initiating
event of interest

Noffisat Oki



cpAOP network for Fatty Liver disease from ToxCast, CTD and TG-Gates data

alanine aminotransferase 1 phenotype
activated partial thromboplastin time 1 phenotype
aspartate aminatransferase 1 phenotype
chlorine 1 phenotype
hemoglobin 1 phenotype
hematocrit value 1 phenotype
inorganic phosphorus 1 phenotype
potassium 1 phenotype
lactate dehydrogenase 1 phenotype
neutrophil 1 phenotype
prothrombin time 1 phenotype
red blood cell count 1 phenotype
Single cell necrosis 1 phenotype
Nuclear signaling by ERBB4 1 Pathway
Ma+/Cl- dependent neurotransmitter transporters 1 Pathway
Alteration, nuclear 1 phenotype
blood urea nitrogen 1 phenotype
Change, eosinophilic 1 phenotype
mean corpuscular hemoglobin 1 phenotype
Vacuolization, cytoplasmic 1 phenotype
glucose 1 phenotype
sodium 1 phenotype
Scavenging by Class B Receptors 2 Pathway
Fatty acids 2 Pathway
Impaort of palmitoyl-Coa into the mitochondrial matrix 3 Pathway
Signaling by Retinoic Acid 3 Pathway
HSF1 activation 4  Pathway
Attenuation phase 4 Pathway
HSF1-dependent transactivation 4 Pathway
Autodegradation of the E3 ubiquitin ligase COP1 4 Pathway
TNFR2 non-canonical NF-kB pathway 4  Pathway
Formyl peptide receptors bind formyl peptides and many other ligands 5 Pathway
Advanced ghycosylation endproduct receptor signaling 5 Pathway
DEx/H-box helicases activate type | IFN and inflammatory cytokines production 5 Pathway
calcium 6 phenotype
total protein & phenotype
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cpAOP generated for Fatty Liver disease by
random walk community analysis

MIE/Cellular Tissue/Organ Adverse Outcome

Metabolic markers
(glucose & cholesterol regulation),

_ B early stress response Non-alcoholic
Fatty Liver

Inflammation, cell death,
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dysregulation &
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Fatty Liver
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Expert-derived Putative AOPs for Liver Steatosis

[P0 ER 1Esae|
HEL

— aTaL
r ABHDS
PLINA

* FA uptake

e rova i
| Steatosis
Ipogenesis increased )
FA & TAG
FA oxidation

Lipid efflux

Michelle Angrish et al.
Toxicol. Sci. (2016)

150 (2): 261-268
doi:10.1093/toxsci/kfw018

Biological Organization



https://aopwiki.org/wiki/index.php/Aop:36
https://aopwiki.org/wiki/index.php/Aop:57
https://aopwiki.org/wiki/index.php/Aop:58
https://aopwiki.org/wiki/index.php/Aop:59
https://aopwiki.org/wiki/index.php/Aop:60
https://aopwiki.org/wiki/index.php/Aop:61
https://aopwiki.org/wiki/index.php/Aop:62
https://aopwiki.org/wiki/index.php/Aop:72

Accelerating AOP Development

Associations
derived from public
data sources




OECD AOP-KB Working Group
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Chemical Safety for Sustainability cpAOP Team
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