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Overview

FELS test and need for an alternative strategy
Focus and output of 2010 and 2012 workshops
Research strategy for FELS AOP development
Stimulation of RFPs within Europe and the US
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Fish early life-stage (FELS) test
I

Introduced >30 years ago as an alternative to FFLC
O OECD TG 210 or OCSPP Guideline No. 850.1400

Primary guideline test for estimating chronic toxicity

Frequently used to support ERAs and chemical
management programs around the world

FRESHWATER SALTWATER

© Noel M. Burkhead

Fathead minnow Rainbow trout Sheepshead minnow
(Pimephales promelas) (Oncorhynchus mykiss) (Cyprinodon variegatus)



Need for an alternative testing strategy

I
FELS test design is labor and resource intensive
O Study duration is one to three months
O Requires at least 360 fish, but usually >700 fish
O Typical CRO cost per test is 50-125K USD

FELS test endpoints provide little MOA information

O Narrow focus on gross morphologic endpoints

i.e., survival, percent hatch, body length, etc.

O Chronic NOEC and/or EC, 4 thresholds not helpful for
categorizing chemicals by MOA



Adverse outcomes following toxicant exposure
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Focus of 2010 workshop
.

Overall objective

O Identify research gaps and strategies related to
development of alternatives for chronic fish and
amphibian toxicity testing

First half of workshop focused on the FELS test

O Explored potential alternatives to a representative,
commonly used chronic (long-term) ecotoxicity test
O Two session topics
FELS data availability and endpoint evaluation

Use of FELS-specific AOPs to identify potential assays
for an alternative tiered testing strategy



Key findings and recommendations from 2010
I
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Case Study #1:
TCDD-induced
cardiotoxicity

Case Study #2:
CPFO-induced

neurotoxicity

Case Study #3:
LAS-induced
gill toxicity

Source: Volz et al. (2011)

Predictive linkages based on biologically-based dose-response models
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Three-tiered testing strategy proposed in 2011
I
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Focus of follow-up workshop in 2012
I

Key conclusion from our 2011 paper

O Initial screening tier must be expanded to a broad
range, or battery, of toxicologically relevant AOPs

Entire workshop focused on FELS AOPs

O Primary obijective

|dentify and discuss the scope and breadth of potential
AOPs during early fish development

O Expected outcome

Provide the first critical step for development of an
alternative testing strategy for the FELS test



Key findings and recommendations from 2012
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lterate as needed

Research strategy for FELS AOP development

Step 1: Define scope and purpose of FELS AOP effort

e Al Step 2: Build conceptual model and identify key events

Step 3: Prioritize which FELS AOPs should be developed

m Al Step 4: Construct high-priority FELS AOPs using existing data

el Step 5: Identify and fill gaps with additional testing and data

Step 6: Evaluate and catalog FELS AOPs in knowledge-base




Step 2.1 — Build conceptual model

Zebrafish
embryogenesis

CELL DIVISION
AND MIGRATION

Zygote Cleavage Blastula Gastrula Segmentation Pharyngula Hatching
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I iRNA-mediated maternal transcript degradation
I Genome remethylation by DNA methyltransferases
I Zy gotic genome activation by transcription factors
I C el cycle (mitotic) regulation by Cdks/cyclins
I Cell migration by F-actin polymerization and yolk cell microtubule towing
| Intracellular calcium signaling via ER release

SOMITE AND MYOTOME Somite formation by Delta/Notch, Wnt, FGF, and retinoid signaling I

FORMATION

NEUROGENESIS

CARDIOVASCULAR
SYSTEM DEVELOPMENT

RELEASE OF HATCHING
ENZYMES AND PIGMENT FORMATION

PANCREATIC
MORPHOGENESIS
NEPHROGENESIS
Source:
Villeneuve et al.  HEPATOGENESIS

INNATE IMMUNE
SYSTEM DEVELOPMENT

(2014)

Myotome formation by Sonic hedgehog signaling I
Primary neurogenesis and axon pathfinding I
Secondary neurogenesis and axon pathfinding |
Heart tube assembly (heartbeat commences at 24 hpf) I
Heart tube looping I
Vasculogenesis (circulation commences at 30 hpf) I
Angiogenesis by VEGF/Notch signaling I
Release of hatching enzymes by glands within pericardial region I
Pigment formation 1
Differentiation of endocrine pancreatic bud by pdx7 I
Differentiation of exocrine pancreatic bud by ptf1a I
Fusion of endocrine and exocrine pancreatic buds I
Pronephric duct formation I
Pronephric tubule and glomeruli formation I
Pronephros vascularization I
Hepatic budding I
Hepatic outgrowth I

Thymus formation I



Step 2.2 — Identify key biological events

Criteria for identification of a ‘key event’ (e.g., cardiac looping)

Criterion #1: Criterion #2:
Observable and measurable Required for normal growth and survival
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Step 3 — Prioritize FELS AOPs

* Screen with OFET (e.g., HCS assay)
* Low priority for AOP development

Adverse outcome directly
observable in FET?

Screen with OFET (e.g., HCS assay)
High priority for AOP development
* Link observable key event to AO

Key event(s) directly
observable in FET?

FET = Fish Embryo Acute Toxicity Test (OECD TG 236)

* Screen with HTS in vitro assay OFET = Optimized FET

* High priority for AOP development

* Link in vitro key event to AO

Source: Villeneuve et al. (2014)



Step 4 — Construct FELS AOPs using existing data

FELS AOP for AHR activation
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Conserved signaling pathways during development

Early Organogenesis and  Larval and adult
embryogenesis cy'rodlfferen'rla'rlon physiology
SIGNALING PATHWAY I

Whnt

Transforming growth factor-f3
Hedgehog

Receptor tyrosine kinase
Notch-Delta

Cytokine receptor (STAT)

IL-1 /Toll receptor; NF-kappaB

Nuclear hormone receptor

Apoptosis

Receptor phosphotyrosine phosphatase

Receptor quanylate cyclase
Nitric oxide receptor
G-protein-coupled receptor
Integrin

Cadherin

Gap junction

Ligand-gated cation channel

Source: Villeneuve et al. (2014)



Step 5 — Identify /fill gaps with additional data
I

Hypothesized FELS AOPs

[ |

17 conserved Key events not Key events captured
signaling pathways captured in vivo in vivo using
during vertebrate using targeted high- targeted high-
development content zebrafish content zebrafish
(NRC, 2000) embryo assays embryo assays
High-throughput and high-content in vitro assays High-content embryo-
l Targeted receptor- or cell-based assays based in vivo assays ,

Integrated in vitro and in vivo battery of targeted assays

Source: Villeneuve et al. (2014)



Research strategy moving forward

Short-term (3-5 years)

1) Expand and disseminate a conceptual model of normal
fish development

2) ldentify ‘low-hanging fruit’ based on toxicological
relevance and immediate regulatory needs

3) Optimize targeted assays for these high-priority AOPs

4) Characterize Phase | /Il biotransformation in fish embryos
Long-term (5-10 years)

1)  Optimize targeted assays for lower-priority AOPs

2) Develop quantitative FELS AOPs using reference chemicals
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Ecological risk assessments also employ vertebrate tests for which alternative test methods and strategies are desired (e.g., Volz et al. 2011).
As noted earlier, structure-activity relationship-based approaches have long been utilized for predicting so called “baseline” acute and
chronic toxicity to aquatic organisms. However, for pathways of toxicity other than narcosis, ecological hazard assessment typically still
relies on vertebrate ecotoxicity tests to evaluate chemicals for specific chemical modes of action (e.g., neurotoxicity, immune modulations,
teratogenesis, endocrine disruption). Stinckens et al. (2018) recently showed the utility of cell-free biochemical assays, anchored to an AOP,
for predicting adverse effects on swim bladder development in fish. However, this is just one example of an alternative test method that
might be integrated into an overall strategy for refining and reducing the need for vertebrate ecotoxicity tests. Examples of tests for which
alternatives are lacking include; fish early life stage test (OECD TG 210), fish juvenile growth test (OECD TG 215), 21-d fish short term
reproduction assay (OECD TG 229), fish sexual development test (OECD TG 234), avian reproduction test (OECD TG 206), and avian dietary
test (OECD 205).
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Description:

Although the Tox21 directive has been in place for over a decade, toxicity assessment of aquatic pollutants, particularly for estuarine and
marine ecosystems, still requires large numbers of live fishes. A handful of in vitro assays have been developed for euryhaline species,
however, many are not in EPA-approved models. Further complicating euryhaline in vitro model development is the documented alteration
in uptake and bioavailability of many compounds at higher salinities, which is difficult to account for with cell lines.



