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Introduction & Purpose of Development - m

PFOA

- Inrecent 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 (PPARQ) activity in multiple
PFAS

- As aresult, development of an adverse outcome pathway
relating to PPARa agonism became of interest.

F FFFF FF F

_-OH

F5C

N
ERERER J
PFOS



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

What is PPARQ?

- Ligand-activated nuclear receptor that
dimerizes with Retinoid X Receptor

- When heterodimerized, the complex
binds to regions of DNA known as
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Early Development Stages/Strategy O/D%D/x

. . . Clofibrate
- Fibrates drug studies on fish were

used to develop AOP

- Lack of studies involving PFAS and /C( 0O

model organisms

- Fibrates are a class of drugs designed OA/%OH
to activate PPARa which lowers Gemfibrozil

cholesterol

O
N 0 O%OH
- Initial development work also Q)LN,\/@
H
Cl

included
- Genes regulated by PPARa in fish
- Sources via google scholar searches
and ECOTOX queries

Bezafibrate




AOP323 Draft
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Developed by

AOP323 Proposed Pathway John Hoang
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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 )
o  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 /\

e AO:
e KE 1758: Impaired, Decreased,
Spermatogenesis Reproduction



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

Literature Search & Other Sources

e Search Engine: Google Scholar
o Search Terms: Impaired spermatogenesis male infertility & ISMI in Fish
m 41600 Search Results but looked at the first page only to gain familiarity with
spermatogenesis
e Search Engine: AbstractSifter
o Search Terms: Spermatogenesis AND Fish
m 1587 Initial Results — 9 when filtered with male, infertility, and reduced
m 11 papers with 1 overlap when filtered with male, infertility, and impaired
o Search Terms: Spermatogenesis AND Zebrafish
m 192 Initial Results — 25 papers with 4 overlap when filtered with male and
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Other Sources & Example of Initial Organization

e Additional sources were used

towards the creation of the weight
of evidence for this KER including:

(@)

@)

Papers recommended by colleagues
“Breadcrumb” papers

e Reasons for this included:

@)

Papers to provide more information
regarding spermatogenesis

Lack of papers involving chemical
stressors

Spermatogenesis Effect
Fertility Effect
Red Text - Red Flog

Fpermatogenesis Summary Table(Reduced)

Paper

Exposurs/What tests

Effects

Uhrin et al. 2000
Disruption

-mPCI gene forgeted by embryonic
stem cells using @ pPNT vector fo
disrupt gene function

-Used F1 generotion of
heterozygeus mice fo create F2

-in vitro fertilizotion test

Knackout male mice were infertle: no pregnancy despite narmal sexual activity s revealed by # of
copulation plugs
More than 95% of fr idi i
degenerated, and some also had malformed heads
12.5 motile sperm vs 50.5% and 51.5 % motilit
Reduced ferfility from in vivo ferfilization experiments, 2 pocyles out of 416 (0.5%) recovered from
wild-type females were fertilized

- 92% n=415) and 94% (n=420} d from normal ond I
In vitro fertilization experiments in PCL-/- animals are sufficient to explain infertility, even w/o possible
additional effects caused by absence of PC from secrefion of sexual glands
Female knockauts reproduced normally and exhibited normal ovories
Fossibly due to abnormal spermatogenesis due to destruction of Serfali cell barrier, perhaps due to
unopposed proteslytic activity
This maffunction er lack of function of Serfoli cells would lead to partially apopiatic spermatocyfes.

abnormal: most lacked tails and

-sexual hormone assay
- normal breeding test
-PAS staining

which in tum would lead sperm ing in the loules and inthe
epididymal duct
Wang etal. 2015 ~CrefloxP fip/FRT recombination Causes a compl of ot step 13 of i ik wh g wi
Knockout systems fo exons 3 and 4 of BRDT periodic acid-schiff staining
-bresding assay post meiotic of elongati i disrupted and charocterized by abnormal
-sperm counts in round (51-8) and i (59-11) (Fig. 44), and massive

degeneration was abserved in candensing (S12-13) and condensed spermatids
abnormal spermatids are characterized by an ireqular head shape in the CS and CDS, an absent or
deformed acrosome
Tock sperm froi i #mafile sperm in ) ffered from
spermatogenesis amest and found @ lack of BRD? present.
When mated KO male mice with WT, no pups were produced or were there any signs of pregnancy
Mo epididymal sperm was cbserved in KO mice
Increased proportions of abnormal spermatids
Downregulation of various markers for condensing and cendensed spematids

of male infertilify resufing from BRD7 i with human idiopathic azeospermia

where collected 56 samples from azoospermia patients and 35 normal; BRD? associated in primary




Concordance Table

Foncordcl nce Table

Experimental design Species Signs of Impaired Signs of Reduced IS, RR Citation MNotes
Spermatogenesis{Is) Reproduction(RR) observed? | cbserved?

-Disruption of Protein | Adult Mice | -morphologically abnormal -reduced in vitro fertilization Yas Yas Uhrin et al., -PCI - inhibitor of
C inhibitor (PCI) (Mus sperm rate (n=416 blastocysts) (0.3%) 2000 anticoogulant serine
through combining musculus) -reduced motility(12.5%) vs control (n= 420 blastocysts) protease activatred
mutant embryonic compared to conirol {(31.5%) [94%) protein C and a variefy
stem cells with swiss -apoptotic spermatocytes -infertile under standard of proteases
morula embryos fo breeding despite showing -PClis largely present
create mutants. signs of normal sexual activity in seminal plasma and
-F1 heterozygous is responsible for
mice were then bred inhibiting acrosin
to create an F2 that
was subsequently
used in the study.
Knackout of BRDT Adult Mice | -irregular head shape -infertile under standard ‘ez Yes Wang ef al., -BRDVisa
was done through [Mus -deformed acrosome bresding despite showing 2016 bromodomain gene
Cre/loxP and flp/FRT | musculus) | -post meiotic development of signs of normal sexual activity that inhibits cell
recombination and elongating spermatids growth and cell cycle
embryonic cells o disruption progression and isa
create a positive -increased proportion of co-factor for p33
clone that was then abnormal spermatids(49.95 = -BRD7 has high
used to create 713% of round sparmatids, 67.84 expression inmice
BRD7-deficient mice + 3.51% of elongating testes

spermatids, 80.65 = 5.8 % of

condensing spermatids and

100% of condensed spermatids)

-downregulation of various

spermatogenic markers
Targeted genetic Adult -reduced sperm count -infertile under standard Yas Yes Oakes st al., -fdx1b is an electron-
disruption of fdx1b Zebrafish compared to control breeding despite being able fo 2019 providing cofactor for
using a TALEN (Danic [p=0.0097%) cause spawning of eggs(0% steroidogenic




Types of Support Found

e Empirical evidence
o Dose concordance
m KEupstream impacted @ doses equal to or lower than KEdownstream
o Temporal Concordance
m KEupstream observed earlier in a time-course than KEdownstream

e (Quantitative Understanding
o Response-response Relationship
m Information regarding response-response relationship between the two KEs.
o Time-scale
m approximate time-scale changes of KEdownstream from KEupstream changes.
o Known modulating factors
m factors that alter the shape of the response-response function




Example of Dose Concordance
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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
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Conclusions

e 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.

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

e AOP323 is now under review by the Organisation for Economic Co-operation
and Development(OECD) for a KER by KER approach case study.

This research was supported in part by an appointment to the U.S. Environmental Protection Agency (EPA) Research Participation
Program administered by the Oak Ridge Institute for Science and Education (ORISE) through an interagency agreement between
the U.S. Department of Energy (DOE) and the U.S. Environmental Protection Agency. ORISE is managed by ORAU under DOE
contract number DE-SC0014664. All opinions expressed in this paper are the author's and do not necessarily reflect the policies
and views of US EPA, DOE, or ORAU/ORISE

Contents of this presentation neither constitute nor necessarily reflect US EPA policy.



Thank you!

Any questions, comments,
or concerns, please email

me (@ hoang.john@epa.gov
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