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Introduction & Purpose of Development

- In recent days, per- and polyfluoroalkyl substances (PFAS) has led to 
widespread concern due to their increasing prevalence within the environment 
and humans

- PFAS - class of man-made chemicals used in a variety of industries and daily use
- One of EPA’s focuses is to better understand the biological effects and 

targets that PFAS have
- https://www.epa.gov/system/files/documents/2021-10/pfas-roadmap_final-508.pdf

- Recent high-throughput screening of over 140 PFAS demonstrated 
peroxisome proliferator-activated receptor alpha (PPARα) activity in multiple 
PFAS 

- As a result, development of an adverse outcome pathway 
relating to PPARα agonism became of interest. 

https://www.epa.gov/system/files/documents/2021-10/pfas-roadmap_final-508.pdf


What is PPARα?
- Ligand-activated nuclear receptor that 

dimerizes with Retinoid X Receptor
- When heterodimerized, the complex 

binds to regions of DNA known as 
peroxisome proliferator response 
elements (PPRE)

- Promotes transcription of Fatty Acid β-
oxidation genes 

- Endogenous fatty acids are primary 
ligands 

- Located in peroxisomes, 
mitochondria



Early Development Stages/Strategy 
- Fibrates drug studies on fish were 

used to develop AOP
- Lack of studies involving PFAS and 

model organisms 
- Fibrates are a class of drugs designed 

to activate PPARα which lowers 
cholesterol

- Initial development work also 
included

- Genes regulated by PPARα in fish
- Sources via google scholar searches 

and ECOTOX queries

Clofibrate
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KER by KER Development Strategy Taken 

● Google Scholar search for initial background information/key terms curation
● Literature Search via Abstract Sifter (https://doi.org/10.12688/f1000research.12865.1 )

○ Objectivity

● Initial scan of abstracts to determine relevance 
● Thorough read of relevant papers
● Organized relevant papers into concordance tables 
● Evaluated by 3rd party 
● Uploaded to AOP wiki

https://doi.org/10.12688/f1000research.12865.1


Literature Search & Other Sources
● Search Engine: Google Scholar

○ Search Terms: Impaired spermatogenesis male infertility & ISMI in Fish
■ 41600 Search Results but looked at the first page only to gain familiarity with 

spermatogenesis
● Search Engine: AbstractSifter

○ Search Terms: Spermatogenesis AND Fish
■ 1587 Initial Results → 9 when filtered with male, infertility, and reduced
■ 11 papers with 1 overlap when filtered with male, infertility, and impaired 

○ Search Terms: Spermatogenesis AND Zebrafish
■ 192 Initial Results → 25 papers with 4 overlap when filtered  with male and 

infertil



Other Sources & Example of Initial Organization

● Additional sources were used 
towards the creation of the weight 
of evidence for this KER including: 
○ Papers recommended by colleagues
○ “Breadcrumb” papers

● Reasons for this included:
○ Papers to provide more information 

regarding spermatogenesis
○ Lack of papers involving chemical 

stressors 



Concordance Table 



Types of Support Found
● Empirical evidence

○ Dose concordance 
■ KEupstream impacted @ doses equal to or lower than KEdownstream

○ Temporal Concordance 
■ KEupstream observed earlier in a time-course than KEdownstream

● Quantitative Understanding
○ Response-response Relationship 

■ Information regarding response-response relationship between the two KEs. 
○ Time-scale 

■ approximate time-scale changes of KEdownstream from KEupstream changes.
○ Known modulating factors 

■ factors that alter the shape of the response-response function 



Example of Dose Concordance
● Example: When exposed to 50 mg DEHP kg-1 via intraperitoneal injection for 10 days, zebrafish 

(Danio rerio) experienced a reduction in the proportion of spermatozoa present compared to 
controls. However, the zebrafish did not experience a significant impact in fertilization success. 
Whereas when exposed to 5000 mg of DEHP kg-1 the same method, they experienced both a 
reduction in spermatozoa and fertilization success (Uren-Webster et al., 2010).

● Fertilization Graph Key: Black - olive oil; white - 0.5 mg/kg; hatched - 50 mg/kg; 5000 mg/kg



Conclusions

● Despite a lack of chemical stressors papers extracted, this approach was 
effective in establishing strong weight of evidence for the relevant key event 
relationship while remaining objective.

● Overall, a KER by KER approach taken here was effective for collaborative 
AOP development

● AOP323 is now under review by the Organisation for Economic Co-operation 
and Development(OECD) for a KER by KER approach case study.
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Thank you! 
Any questions, comments, 
or concerns, please email 
me @ hoang.john@epa.gov
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