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Overview

* Brief history of the endocrine disruption issue
* EDSTAC and development of EDSP in US

* Ecotoxicity assays in EDSP

* Initial EDSP screening results

* Future directions
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Endocrine Disruption Issue Emerges

* Evidence that synthetic chemicals can mimic or otherwise interfere
with natural hormones has existed for half a century (Bitman et al.
1968; Bitman and Cecil 1970; Nelson et al. 1978; McLachlan 1980;
Hertz 1985).

* Early attention was given to estrogen mimics, but it became apparent
that the homeostatic function of the endocrine system can be
disrupted at many points.
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Key Characteristics of Endocrine Disrupting Chemicals
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Great Lakes

In 1972, the U.S. and Canada created the first “Great Lakes Water Qualicy

Agreement

Quality Agreement” pledging to clean up and protect the
Great Lakes Ecosystem.

In the late 1980’s after evidence of human and wildlife health
impacts emerged, the Canada/US International Joint
Commission (1JC) requested a report on the state of the
environment of the entire Great Lakes ecosystem i+ .
which brought a new investigator to the issue

— Theo Colborn.
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Adverse health effects reported in fish and wildlife in the Great Lakes

* Obvious reproductive impairment or loss of fertility in many taxa;
* Eggshell thinning in birds, a disturbance of endocrine-controlled calcium metabolism;

* Metabolic changes that led to wasting and early death even before chicks hatched or fry could
swim up;

* Obvious birth defects such as crossed bills and clubbed feet;
* Abnormal thyroid and male and female sex glands in almost all animals examined;
* Abnormal thyroid hormone production in all fish and birds studied;

* Behavioral changes in birds, such as lack of parenting, nest inattentiveness, males forming
fraternities rather than establishing territories and attempting to mate, and female/female
pairing;

* Immune suppression, evidenced by increased rates of internal and external parasitism; and

* Transgenerational exposure, where the maternal animals were passing the persistent
organochlorine chemicals in their bodies to their offspring before they were born, through their
blood in utero in mammals, or with fish and birds through the liver to their eggs before they were
laid.
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A Little Bit of History

1991 Wingspread Conference --
Chemically-Induced Alterations
in Sexual Development: The
Wildlife/Human Connection

1994 National Academy of Science
forms Endocrine Modulators
Panel

1996 “Our Stolen Future” published
by Theo Colborn and
colleagues to sensitize the
general public
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A Little More History

1996 Endocrine Disruptors Screening and Testing
Advisory Committee (EDSTAC)

1996 Weybridge workshop, report on impact of
ED on human health and the environment

1998 EDSTAC Committee issues its Final Report
(August) and validation begins

1999 NAS releases report “Hormonally Active agents in e bl
H 7 ﬁﬂ IN THE
the Environment” (August) ENVIRONMENT

2009 ECETOC publishes guidance for evaluating ED
effects and weight of evidence approaches

2009 Initial list of 67 chemicals for screening in US
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Wildlife - Human Connection
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EPA’s Statutory Authority

Food Quality Protection Act (FQPA) August 3, 1996
Amended the Federal Food, Drug, and Cosmetic Act (FFDCA)

Requires EPA to develop a screening program (EDSP)

“develop a screening f)rogram, using appropriate validated test systems
and other scientifically relevant information, to determine whether
certain substances may have an effect in humans that is similar to an
effect produced by a naturally occurring estrogen, or other such
endocrine effect as the Administrator may designate.”
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EPA’s Statutory Authority

Amendments to the Safe Drinking Water Act (SDWA)

“the Administrator may provide for testing under the screening program
... any other substance that may be found in sources of drinking water if
the Administrator determines that a substantial population may be
exposed to such substance.”
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EDSTAC describes an endocrine disruptor as

“an exogenous chemical substance or mixture that alters the
structure or function(s) of the endocrine system and causes
adverse effects at the level of the organism, its progeny, the
populations, or subpopulations of organisms, based on scientific
principles, data, weight-of-evidence, and the precautionary
principle.”
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Screening battery considerations

Given the complex interactive nature of the endocrine system, it is clear
that chemicals should be screened for their apical activity (e.g., the
ability to alter growth, development or reproductive processes) rather
than just for their sex steroid activity in in vitro assays if the objective is
to effectively detect their potential to disrupt endocrine regulated
processes.
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Endocrine Disruptor Screening Program

Established following recommendations of:

The Endocrine Disruptor Screening and Testing Advisory
Committee (EDSTAC) of 1996-1998

Findings:

Include androgen and thyroid hormone systems, in addition to
estrogen.

Include fish and other wildlife, in addition to human health.

Include commercial chemicals, and other environmental
contaminants, in addition to pesticides.
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Proposed screening battery

* Designed to ensure detection of EAT hormonal systems interaction
* Fulfills EDSTAC recommendation that a range of taxonomic groups be included

* Includes sufficient diversity of endpoints to maximize sensitivity and minimize
false negatives

* Emphasizes apical assays to provide more comprehensive assessment

* Meets overall objective of detecting potential endocrine-mediated effects
regardless of MOA
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FIFRA Scientific Advisory Panel review of the recommended Tier 1
screening battery (3/2008): Conclusions

* Chemicals testing positive in the Tier 1 battery would be identified as
potential E, A, and T active substances

* The ability to identify EAS is enhanced because the battery provides
adequate replication and redundancy

* The inclusion of the amphibian metamorphosis assay and fish short-
term reproduction assay are important to detect EAS that may
operate by mechanisms yet to be discovered

* The 15-day adult male assay is not an appropriate substitute for the
rat pubertal assays
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* Multiple assays required to comprehensively screen E, A, and T
hormone systems

* In vitro assays good for well understood mechanisms (e.g., receptor
binding)

* In vivo assays with intact HPG/HPT axes good for efficiently screening
complex processes

* Multiple taxa and MOA endpoints provide range of metabolism and
needed corroboration

* Complete battery needed to support WOE finding of low or no
potential for EAT activity
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Endocrine Disruptor Screening Program

Uses a Tiered Approach

Tier 1

In vitro and in vivo screens to detect the potential to interact with
endocrine system

Tier 2

Definitive organism tests to provide information for hazard
assessment
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Tier 1 —What it is

“The goal of T1S is to detect chemical substances or
mixtures capable of interacting with estrogen, androgen, or
thyroid (EAT) hormone systems.”

(EDSTAC 1998)
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Tier 1 —What itis not

“The objective of T1S is not to determine dose-response
relationships, confirm the mechanism of action, or determine
the adversity of the chemicals’ effect on reproduction and/or

development...”

(EDSTAC 1998)
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US EPA Tier 1 Screening Battery

http://www.epa.gov/ocspp/pubs/frs/publications/Test_Guidelines/series890.htm

Estrogen Receptor
Binding

Estrogen Receptor
Transactivation

Androgen Receptor
Binding

Aromatase
Steroidogenesis
Uterotrophic
Hershberger

Male Pubertal
Female Pubertal

Fish Short-Term
Reproduction
Amphibian
Metamorphosis

890.1250

890.1300/0OECD 455

890.1150

890.1200
890.1550/0ECD 456
890.1600/0ECD 440
890.1400/0ECD 441
890.1500
890.1450
890.1350/0ECD 229

890.1100/0OECD 231
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Possible Modes of Action Evaluated by the
Screens

Modes of Action

Screening Assays Receptor = = HPT?

HPG® Axis .
Axis

E2 Anti-E A? Anti-A E2 A
In vitro
ER Binding* " nt
ERa Transcriptional Activation =
AR Binding* n n
Steroidogenesis H295R n "
Aromatase Recombinant [
In vivo
Uterotrophic n
Hershberger " » »
Pubertal Male " u " u u
Pubertal Female [ [ [ [ ] n
Amphibian Metamorphosis v n

Fish Short-term Reproduction . 4
(male & female)
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Modalities

HPG

* Male pubertal
* Female pubertal

* Fish reproduction

Thyroid/HPT

Male pubertal
Female pubertal
Amphibian metamorphosis

Estrogen

ER binding
ERTA
Uterotrophic
Female pubertal

Fish
reproduction

Androgen Steroidogenesis
= AR binding = Aromatase
= Hershberger = H295R

Male pubertal
Fish reproduction

= Male pubertal
=  Female pubertal

= Fish reproduction
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Fish Short-term Reproduction Assay

Endocrine-related endpoints

Fecundity (egg production)
Fertilization success

Secondary sex characteristics
— number, size, and location of nuptial tubercles
— coloring, pattern, body shape

Vitellogenin
Gonadal/somatic index (gonad/body weight)
Gonadal histology

(Estradiol and testosterone recommended)
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Amphibian Metamorphosis Assay

* Detect chemicals interfering with thyroid hormone (HPT) axis

* Not a frog assay rather a thyroid assay

* Initiated with tadpoles at onset
thyroid function

* 21 days exposure

* Major endpoints:
* developmental stage
* thyroid histology
* hind limb length
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Endocrine Disruptor Screening Program
Initial List (EDSP List 1)

67 Chemicals Selected for Initial Screening
58 Pesticide Active Ingredients
9 High Production Volume (HPV) Chemicals that were also Pesticide Inerts
FR Notice April 15, 2009

Not a list of “known” or “likely” endocrine disruptors

Based on potential human exposure

Pesticide Active Ingredients with food, water, residential, occupational exposure, or
exposure through multiple routes

HPV Pesticide Inerts
Human and eco biomonitoring
Water and air monitoring
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Endocrine Disruptor Screening Program
Initial List (EDSP List 1)

* Approximately 750 Test Orders issued to:
Registrants of the 58 pesticide active ingredients
Manufacturers and importers of the 9 inert ingredients

15 of the 67 chemicals voluntarily canceled their pesticide
registrations (actives) or opted out of pesticide market (inerts)

» Approximately 500 studies were received and reviewed for the 52
chemicals remaining in List 1
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Endocrine Disruptor Screening Program (EDSP)
Tier 1 Assessments

* Of the 52 chemicals evaluated, there was no evidence for potential
interaction with any of the endocrine pathways for 20 chemicals

* For 14 chemicals that showed potential interaction with one or more
pathways, EPA determined it has enough information to conclude
that they do not pose risks.

* Of the remaining 18 chemicals, all 18 showed potential interaction
with the thyroid pathway, 17 of them with the androgen pathway,
and 14 also potentially interacted with the estrogen pathway.
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Endocrine Disruptor Screening Program (EDSP) Tier
1 Assessments: Additional (Tier 2 assays) Required

* A comparative thyroid assay on four chemicals that showed
interaction with the thyroid pathway in mammals.

* A medaka one-generation reproductive test (MEOGRT) on 13
chemicals that showed interaction with the estrogen and/or
androgen pathways in wildlife.

* Alarval amphibian growth and development assay (LAGDA) on
five chemicals that showed interaction with the thyroid pathway in
wildlife.

57

NN EIEEMBERI)—=205T 075 A
(EDSP) Tier 1 5%{ffi: ;810 (Tier 251E8) &3K

BIIEOFRIBEBEA~DEANT S NF4ME SOV TIE, HE
ATRETS AR IRELER,

cFAEEYDOIR FOTURWIRIET 2 FOT UERADERA
ReENT=13EICDOWNTIE A F Hhik 1 A EGEER
(MEOGRT) ,

 BEEYOFIRERBEADERANTEINE=5EIZDOLNTIEHE
HATE £ fE R R FZESER (LAGDA),

58




Tier 1 Screening
Gatekeeper Assays

Fathead minnow
Primary assay for SIS, E, A

+ Responses in Gatekeepers

Pubertal male - Primary assay forT, A anti-A

FH and PM Negative

Altered Ow 4, 9 E2, ¢ 0" ,r Q Altered T, PPS, Sex Altered T4, T3, TSH,
T, KT or E2 Vitellogenin | Vitellogenin Male Traits Accessory Glands or LH thyroid histology
] l l
% ER binding H2g95R
g ERTA Aromatase
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T AR Binding
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Frog Assay
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EDSP List 2 Chemicals

134 Chemicals proposed

SDWA Priority Chemicals

Chemicals regulated with a national primary drinking water regulation
(NPDWR) (aka Six Year Review List)

Contaminants listed on Third Contaminant Candidate List (CCL 3)

After a public comment period, EPA announced in a Federal
Register Notice a revised list containing 109 chemicals

Test Orders ON HOLD
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EDSP Tier 2 Test Methods

* Rat: Two-generation rat reproduction test (OECD TG
416)
* Rat: Extended F1-Generation (OECD TG 443)

* Bird: Japanese Quail Two-generation Test (EPA
890.2100)

* Frog: Larval Amphibian Growth and Reproduction
Assay (LAGDA) (EPA 890.2300)

* Fish: Medaka Extended One-generation
Reproduction Test (MEOGRT) (EPA 890.2200)
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Avian two generation Tier 2 test

* Detect chemical disruption of hormonally controlled
sexual differentiation in birds

* Oviparity in birds affects retention and transfer of
chemicals

* Test designed to determine long-term effects of
maternal transfer and in ovo exposure

* Japanese quail
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Larval Amphibian Growth and
Development Assay (LAGDA)

* Xenopus laevis

* Detect life cycle effects
on amphibians

* Major endpoints:
*genotype, histology
*growth, metamorphosis
*hormones, VTG
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Multigeneration fish Tier 2 assays

* Test methods developed for freshwater (MEOGRT)
and estuarine (SHMTG) species

 Standard test species, short life cycle
 Short-term and life cycle tests developed

* Survival, growth

* Reproduction (fecundity, fertility, hatch, behavior)
 Pathology, hormones, genomics

Medaka Sheepshead minnow

female

male
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Invertebrate life-cycle/two generation Tier 2 assay

* Assess chemicals disrupting hormonal activity in
invertebrates
* Major endpoints (FO, F1):
* survival, growth
* reproduction (#young)
* maturation time. brood release
* sex ratio
* population growth rate A

* Test species selection — mysid or copepod
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EDSP Future
Use of new High Throughput Screening Tools

EPA is working to develop and refine high
throughput screening (HTS) tools to:

Support prioritization of testing

Build confidence in HTS tools to increase
efficiency through prioritization for Tier 1
Screening.

Near term goal

Prioritized list of chemicals for screening
through EDSP Tier 1 Assay Battery

Longer term goal
Enhance or replace current Tier 1 assays.
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Efforts to Reduce Animal Testing at EPA

= Y UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
2 ¢ WASHINGTON, D.C. 20450
Py m“"‘"

September 10, 2019

THE aowsesTRATOR

SUBJECT:  Direwtive to Prioritize Efforts 1o Regyce
\
FROM: Andrew R. Wheeler M ( JJ

Administrator

TO: Associate Deputy Adminisrator
General Counsel
Assistant Administrators
Inspector General

Associate Administrators
Regional Administrators

“uriﬂ" my March 2019 ‘lII luuub address. [ reiterated the U.S. Environmental Protection
We are alcady making fcant
replace and refine our animal testing requirements under both statutory and
strategic directives. For example, the Toxic Subsiances Comrol Act, amended June 22, 2016, by
the Frank R. Lautenberg C) al Safety for the 21 Cenlury Act, requires the II’;\ 1o reduce
reliance on animal testin; dlm, lth:».llu 33 of the FY 20182022 US. EP4 Stravegic Flan
outlines a commitment to further reduce the reliance on animal testing within five years. More
than 200,000 laboratory animals have been saved in recent years as a result of these collective
efforts.

Scientific advancements exist today that allow us to better prediet potential hazards for risk
assessment purposes without the use of traditional methods that rely on anirmal usun; These new
approach methods (NAMs), i hodok
thereof that can be used 1o provide information on chemical hazard and potential hum.m exposure
that can ar significantly reduee the use of on animals. The benefits of NAMs are
exiensive. not only allowing us to decrease animals “used while potentially evaluating more
chemicals across a broader range of potential biological effects, but in a shorler timeframe with
fewer resources while ofien achieving equal or greater biological predicti
models.

y than current animal

I Addesm URL) - 1 e gov
", vagatatia Process -

The memorandum calls for the agency to:

* reduce its requests for, and funding of,
mammal studies by 30 percent by 2025,
and

* eliminate all mammal study requests
and funding by 2035.
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!? g UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

v WASHINGTON, D.C. 20450
Hyy 4 .
- Sepiember 10, 2019
THE ACURESTRATOR
MORAND!

SUBJECT:  Dircetive to Priaritize Ffforts 10 Regyce e
FROM:  Androw R. Wheeler MCL@J
Adinistrator

TO: Associate Deputy Administrator
General Counsel

Assistant Admin
Inspector General
Chief Financial Officer
Chief of Stafl’

Associate Administrators
Regional Administrators

During my March 2019 all-hands address, 1 reiterated the U.S. Environmental Protection
Ageney’s commitment to move away from animal testing. We arc already making s
efforts 1o reduce, replace and refine our animal testing requircments under both statutory and
strategic directives. For example, the Toxic Substances Conrrol Aci, amended June 22, 2016, by
the Frank R. Lautenberg Chemical Safety for the 21" Century Act, requires the EPA to reduce
reliance on animal testing. Also, Objective 3.3 of the F¥ 2018-2022 US EPA Straregic Plan
outlines a commitment to further reduce the reliance on animal testing within five years. More
than 200,000 Iaboratory animals have been saved in recent years as a result of these collective
efforts

Scientific advancements exist today that allow us to better predict poteniial hazards for risk
assessment pusposes without the use of traditional methods that rely on arimal testing, These new
approach

thereof that can be used lupnmdclr\ummlmn on chemical hazard and potential human exposure
void or significantly reduce the use of testing on animals. The benefits of NAMs are
not anly allowing us to decrease animals used while potentially evaluating more
chemicals across a broader range of potential biological effects, but in a shorter timeframe with
fewer resources while often achieving equal or greater biological predictivity than current animal
maodels.
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Challenges

* Large number of chemicals with many possible adverse
outcomes.

* Finite resources and time.

* Public expectations for scientific soundness,
transparency, and timeliness.

* Science increasingly complex and changing.

* New risk assessment and management challenges always
arise.
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Use of In Silico Computational Models and In
Vitro High Throughput Assays in the Endocrine
Disruptor Screening Program (EDSP):

Prioritization and Screening

EDSP21 Work Plan

Executive Summary and Tasks
Part of Comprehensive Management Plan for EDSP
In Response to OIG Recommendations.
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Objective

* Maximize use of existing data.
* Targeted in vivo toxicity testing.

* Use a variety of tools in a tiered testing and assessment
framework.

 Systematically add new approach methodologies (NAMs).

* Advance understanding of key events in toxicity
pathways.
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EDSP21 Status

* ER model to replace Estrogen Receptor
Binding Assay, Estrogen Receptor

Transactivation Assay, and Uterotrophic Assay |

* AR model development to replace Androgen
Receptor Binding Assay and Hershberger
Assay

* Efforts underway to further develop
Steroidogenisis model and Thyroid model

, CurrentEDSP Tierl
ke battery of assays

. Alternative high throughput assays and computational
" model for EDSP Tier 1 battery

Estrogen Receptor (ER)

Binding
|

ERModel (alternative)

Estrogen Receplor

Transactivation (ERTA)

ERModel (alternative)

Uterotrophic

ER Model (alternative)

Female Rat Pubertal

ER, STR, and thyroid (THY) Models (Future,

Male Rat Pubertal

AR, 5TR, and THY Models (Future}.

And o gen Receptor (AR)
Binding

AR Model {Future)

Hershberger

AR Mode (Future)

Aromatase

STR Model (Future)

Steroldogenesis (STR)

STRModel (Future)

Fish Short Term

Reproduction

ER, AR, and STR Mod els (Future)

Am phiblan Metamorphosis

THY Model (Future)
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, CurrentEDSP Tierl
ke battery of assays

. Alternative high throughput assays and computational
" model for EDSP Tier 1 battery

Estrogen Receptor (ER)

Binding
|

ERModel (alternative)

Estrogen Receplor

Transactivation (ERTA)

ERModel (alternative)

Uterotrophic

ER Model (alternative)

Female Rat Pubertal

ER, STR, and thyroid (THY) Models (Future,

Male Rat Pubertal

AR, 5TR, and THY Models (Future}.

And o gen Receptor (AR)
Binding

AR Model {Future)

Hershberger

AR Mode (Future)

Aromatase

STR Model (Future)

Steroldogenesis (STR)

STRModel (Future)

Fish Short Term

Reproduction

ER, AR, and STR Mod els (Future)

Am phiblan Metamorphosis

THY Model (Future)

84




How to Reconcile with
EU Regulatory Criteria for EDCs

Based on WHO definition of an endocrine disruptor and of an adverse effect, a
relevant substance will be identified and therefore regulated as an endocrine
disruptor if it meets all of the following criteria:

* An adverse effect is observed in an intact organism and

* An endocrine mode of action is identified and <\, ///\Ij

* The adverse effect is a consequence of the mode of action  _ EEERE =

éll three conditions must be met to regulate a relevant substance as an endocrine
isruptor
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Thank you for your attention!
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