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Overview of U.S. EPA’s

Endocrine Disruptor Screening Program (EDSP)

Statutes & Organization

Congress passed the Food Quality Protection Act in 1996, which
required EPA to screen pesticide chemicals for endocrine activity.
In 2020, EDSP was integrated into the pesticide program.

Chemical Lists
List of substances covered by the program and
status on screening lists.

Enhancing Efficiencies

EDSP is enhancing efficiencies through use
of artificial intelligence, machine learning,
natural language processing.
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Tiered Testing

EDSP uses a tiered approach to screen chemical. Tier 1 involves
in vitro and in vivo screens for potential activity. Chemicals that
move to Tier 2 are screened for adverse endocrine effects.

Alternative Methods

Cutting-edge technologies are used to prioritize chemicals and
reduce, refine, or replace vertebrate animal testing. These are
needed to increase the pace of chemical screening and testing.
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Statutes

Federal Food, Drug and Federal Insecticide, Safe Drinking Water Act
Cosmetic Act (FFDCA) Fungicide, and Rodenticide (SDWA)
Section 408(p) Act (FIFRA) Section 1457

| amended by |

U.S. Food Quality Protection Act (FQPA)

Legislative Mandate (Priority):

» Requires EPA to screen pesticide chemicals for their potential for estrogenic effects in humans

Discretionary Authority:

» Authorizes EPA to include other endocrine effects similar to an estrogen effect
(expanded to androgen and thyroid)

+ Addresses human health (expanded to include aquatic and terrestrial vertebrate wildlife)

» Authorizes EPA to screen any other substances similar to a pesticide chemical SEPA
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Statutes

Legislative Mandate — Food Quality Protection Act of 1996

* FQPA mandates that EPA “develop a screening program, using appropriate
validated test systems and other scientifically relevant information [OSRI],
to determine whether certain substances may have an effect in humans that
is similar to an effect produced by a naturally occurring estrogen”
Sec. 408(p)(1)

* Requires EPA to screen all pesticide chemicals for their potential for

estrogenic effects in humans using validated test systems. Sec. 408(p)(3)(A)
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2002 World Health Organization (WHO)
definition of “endocrine disruptor”

An endocrine disruptor is an exogenous substance or
mixture that alters function(s) of the endocrine system and
consequently causes adverse health effects in an intact
organism, or its progeny, or (sub)populations.

http://www.who.int/ipcs/publications/new issues/endocrine disruptors/en/
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Office of Pesticide Programs
Edward Messina, Director —
Michael Goodis, Deputy Director, Programs

Endocrine Disruptor
Screening Program

Antimicrobials Division —

- Health Effects Division O rga n |Zat|o na |
Structure

Biopesticides and Pollution

Prevention Division —  Environmental Fate and Effects Division

Registration Division —

— Biological and Economic Analysis Division

Pesticide Re-evaluation Division|—
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US Pesticide Legislation

* Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
* Registration/Licensing, registration review
* Federal Food, Drug, and Cosmetic Act (FFDCA)
* Tolerances/maximum residue levels (MRLs) for residues in food
Food Quality Protection Act (FQPA)
Primarily amended FFDCA by establishing new standard
Pesticide Registration Improvement Act (PRIA)
Amended FIFRA by adding registration fees and decision review periods

Endangered Species Act
Protect endangered wildlife and plants
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Tiered Testing

EDSP’s tiered approach to screen chemicals includes a EDSP Tier 1 Battery Type T AR
Tier 1 battery of assays and Tier 2 tests. — .
Estrogen Receptor (ER) Binding In vitro OCSPP 890.1250
Estrogen Receptor Transactivation (ERTA)  In vitro OCSPP 890.1300
Tier 1: Uterotrophic (UT) In vivo OCSPP 890.1600
. . . Androgen Receptor (AR) Binding In vitro OCSPP 890.1150
* Slnvitro and 6 in V.IVO SCI'eeI:'IS . Aromatase In vitro OCSPP 890.1200
 Detect potential to interact with endocrine system __J Steroidogenesis (STR) In vitro OCSPP 890.1550
Hershberger In vivo OCSPP 890.1400
Female Rat Pubertal In vivo OCSPP 890.1450
Male Rat Pubertal In vivo OCSPP 890.1500
Fish Short Term Reproduction (FSTRA) In vivo OCSPP 890.1350
Tier 2: Amphibian Metamorphosis (AMA) In vivo OCSPP 890.1100
« Called in only after Weight of Evidence (WoE) .
. . EDSP Tier 2 Tests Type Tier 2 Test Guideline
review of Tier 1 data
o  Multi-life stage/generational studies covering a Rat 2-generation Reproduction In vivo OCSPP 870.3800
broad range Of taxa Rat Extended 1-Gen Reproduction In vivo OECD TG 443
R Determine adverse apical outcomes from Medaka Extended 1-Gen Reproduction In vivo OCSPP 890.2200
Larval Amphibian Growth &
endocrine effects Development In vivo OCSPP 890.2300
Avian Multi-Generation Reproduction In vivo OCSPP 890.2100
8 SEPA
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Universe of Chemicals

EDSP published a Universe of Chemicals list in 2012.

The updated list of chemical substances covered by
the EDSP include:
~ 1,200 pesticide active ingredients,
. . . . Statutory Required: FFDCA§408(p)(3)(A)
~ 2,500 pesticide inert ingredients,
~ 6,000 drinking water contaminants,} Discretionary Authority: SDWA§1457

with some overlap between these lists.

9 https://www.epa.gov/endocrine-disruption/universe-chemicals-potential-endocrine-disruptor-screening-and-testing
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Lists of Chemicals

EDSP screens pesticides, chemicals, and environmental contaminants for their potential
effect on estrogen, androgen, and thyroid hormone systems. Designation on List 1 or List 2
does not mean a chemical will affect the endocrine system.

First List of Chemicals for Tier 1 Screening Second List of Chemicals for Tier 1 Screening
(List 1) announced in 2009 (List 2) announced in 2013
« High exposure potential * ldentified via EPA’s drinking water and

« Pesticide active ingredients pesticide programs

« High Production Volume (HPV) chemicals used as * Excluded biologic agents, naturally-occurring

pesticidal inert ingredients chemicals, and hormones

* 67 chemicals on original list + 107 chemicals
« 15 chemicals were not supported by industry + Approximately 60 chemicals are not pesticide

) o chemicals
» 52 chemicals were tested in Tier 1 battery
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@ Need for Alternative Methods

Goal: Thousands of chemicals to be screened as quickly and accurately as possible.

New Approach Methods (NAMs) are being developed for enhancing efficiencies.
High-Throughput (HTP) Assays for :
* Estrogen Receptor, Androgen Receptor, Steroidogenesis, Thyroid Pathway

Other tools and approaches:

* SegAPASS, Systematic Reviews, In Vitro to In Vivo Extrapolation (IVIVE), and
Bioactivity Exposure Ratio (BER)

Action: EPA published a white paper outlining the availability of NAMs for EDSP.

https://www.regulations.gov/document/EPA-HQ-OPP-2021-0756-0002
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@ Validated Alternatives

Full ER and AR Pathway Models

The Estrogen Receptor (ER) pathway model based on the full 18 in vitro assay
ToxCast/Tox21 battery may be used as an alternative to performing three current
EDSP Tier 1 screening assays:

* ER binding in vitro assay (OCSPP 890.1250)

* ER transcriptional activation (ERTA) in vitro assay (OCSPP 890.1300)

* In vivo Uterotrophic assay (rat) (OCSPP 890.1600)

The Androgen Receptor (AR) pathway model based on the full 11 in vitro assay
ToxCast/Tox21 battery may be used as an alternative for one current EDSP Tier 1
screening assay:

* AR binding in vitro assay (OCSPP 890.1150)
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ER Pathway Model

Use multiple assays (18) for pathway coverage
Different technologies
Different points in pathway

No assay is perfect
Assay Interference

High Throughput and

Computational Methods
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US EPA. 2014. FIFRA SAP “Integrated Endocrine
Bioactivity and Exposure-Based Prioritization and
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High Throughput and

Computational Methods

AR Pathway Model

AR Reference Chemical
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High Throughput and

Computational Methods

* The full ER and AR pathway models evaluated >1,800 chemicals.

* Of the >1,800 chemicals assessed in the full ER and AR pathway models, ~1,460 are in
the EDSP Universe of Chemicals (UoC - EPA, 2012).

* Of the ~1,460 chemicals in the EDSP UoC with ER and AR data, ~300 are pesticide
actives and ~200 are pesticide inerts

* Of the ~1,460 chemicals in the EDSP UoC with ER and AR data, ~1,200 are listed in
the CCL Universe with ~60 on the CCL3 list
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EDSP’s Evolution:

New Approach Methods (NAMs)

« Rapidly screen chemicals in the EDSP Uist 1

EDSP Universe for endocrine
bioactivity

’ EDSP List 2

* Provide alternative data for specific
endpoints in the EDSP Tier 1 battery
of assays

+ Contribute to the weight of evidence ToxCast®
screening level determination of a Invento
chemical’s potential bioactivity EE

Chemicals

* ToxCast is the Toxicity Forecaster developed by US EPA
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Tiered Testing

EDSP’s tiered approach to screen chemicals
includes a Tier 1 battery of assays and Tier 2 tests. EDSRALIETBatte ) [i=igliEatenyBlenatives
Estrogen Receptor (ER) Binding In vitro ER Model (Alternative)
Estrogen Receptor Transactivation (ERTA)  In vitro ER Model (Alternative)
Tier 1: Uterotrophic (UT) In vivo ER Model (Alternative)
. 5] it d6i . Androgen Receptor (AR) Binding In vitro AR Model (Alternative)
nvitro an . n V_IVO screeps . Aromatase In vitro STR Model (Future)
» Detect potential to interact with endocrine — Steroidogenesis (STR) In vitro STR Model (Future)
System Hershberger In vivo AR/STR Model (Future)
Female Rat Pubertal In vivo ER, STR, THY Models (Future)
Male Rat Pubertal In vivo AR, STR, THY Models (Future)
Tier 2: Fish Short Term Reproduction (FSTRA) In vivo ER, AR, STR Models (Future)
. . . Amphibian Met: hosis (AMA In vi THY Model (Fut
+ Called in only after Weight of Evidence - - Amphibian Metamorphosts (AMA) At odel {Puture)
(WOE) review Of Tier 1 data EDSP Tier 2 Tests Type Tier 2 Test Alternatives
. i li H H | Rat 2-generation Reproduction In vivo ER, AR, STR, THY (Future)
MUItI !Ife Stage/generatlonal StUdIeS Rat Extended 1-Gen Reproduction In vivo ER, AR, STR, THY (Future)
covering a broad range of taxa _ Medaka Extended 1-Gen Reproduction In vivo ER, AR, STR (Future)
» Determine adverse apical outcomes from Larval ‘;";s:t:):ei?wth & In vivo THY (Future)
endocrine effects Avian Multi-Generation Reproduction In vivo ER, AR, STR, THY (Future)
o
7 7 wEPA
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@ Other NAMs Covered in Whitepaper

The following NAMs may be used for priority setting or as Other Scientifically
Relevant Information (OSRI) in WoE evaluations:

* Reduced assay subset (4-7 assays) ER & AR pathway models

* QSAR models for ER and AR

* SegAPASS - Sequence Alignment to Predict Across Species Susceptibility tool
* IVIVE —In Vitro to In Vivo Extrapolation

* iBER —integrated Bioactivity and Exposure Ratio

Tools for Future Development
* Steroidogenesis HT assay
* Thyroid Adverse Outcome Pathway Network
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@ ER and AR Subset Models

* The full ToxCast ER and AR pathway models are proposed as
alternatives to Tier 1 assays

* However, these models would be very expensive to run and some of
the assays are no longer commercially available

* Assay subsets were assessed, and 4 to 7 assays provided equivalent
performance (e.g., balanced accuracy) to the full pathway models

* The goal now is to validate assay subsets (4 - 5 assays per pathway)
using reference chemicals and a set of ‘validation’ chemicals

* Once the subset models are validated, then screening of pesticide
chemicals will begin
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@ ER Subset Models

1 receptor binding bovine bovine w Receptor (Direct
human Molecular Interaction)
2 receptor binding human Bi . mouse o
inding O P
3 receptor bindiny mouse
P 8 ER Receptor ER Receptor G L]
4 receptor dimerization human Binding () Blndinﬁ
(Antagonist) T Y (Agonist)
5 receptor dimerization human H H v ER agonist pathway
6 receptor dimerization human v ER antagonist pathway
7 receptor dimerization human Dl me rization Dimerization (1) Di iony U Pseud ptor pathway
8 receptor dimerization human H i
H H
i H
9 receptor dimerization human Cofactor Cofactor
o Recruitment Recruitment
10 DNA binding human i H
11 DNA binding human DNA N3 ONA ATG TRANS
Binding ATG CIS
12 transcriptional activity human T t, t. H i
ransactivation i v
13 transcriptional activity human E T R N4
i - ranscription Tox21 BLA
14 gene expression human % Antagon OT Chromatin H Tox21 LUC
@ gonist Binding i b
15 gene expression human A g Transcription Protein  gai H
Suppression Production
H
16 cell proliferation human H R
- Tox21 BLA _ ACEA
17 gene expression human . . Tox21 LUC ER-induced
20 - Proliferation Proliferation
18 gene expression human A6,

ZDATA FIE, EROEBBETIVICEAT IHEBERLTLET, EAIIZ18EHED Y
ARFTT, ERDY Ty FETFIFZZICERAINES, ZLTEERFDLZLDTT A,
CHNIZTDWNWTIXFEERTHEZLET,

BEIELTIEX, ZYyEADFILZEADDF—A R b, ThHhE, ZRARDHEE. =
ERE. BEEEMHILEHMBIBHEEZNRETHIILELRTY FT,
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@ AR Subset Validation Strategy

Divide AR agonist, antagonist and negative chemicals each into 3 sampling
strata using evenly spaced breaks across the appropriate range of AUC values

Chemicals will be randomly selected by strata

Ensures full range of activity is adequately sampled

Any reference chemicals not in random selections will be added separately

| |ARAgonist___[ARAntagonist ___|AR Negative ______
AUC type Agonist Antagonist Max Interference

Min AUC 0.102 0.101 0.000

Max AUC 1.290 1.00 1.060
Stratum 1 range 0.100 - 0.496 0.10-0.40 0.000 - 0.354
Stratum 2 range 0.496 - 0.892 0.40-0.70 0.354-0.709
Stratum 3 range 0.892-1.290 0.70-1.00 0.709 - 1.06
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ARIZDWVTIX, ARPI=ZR b, ZFUAI=ZR b, FNHhSEMIELEHNETTMN. Fh
EFNIDDYUTYUITBIZREILTWEYT, ZOEBEICOETELTIE. ROEBYT
To TNTADEA TOIEEYMEICOWT, COKSERFFEITLVELEZ, LT,
DEDHEIFRIFTLT. TNbDAUC, HIRTEEDEYGEHEST TRY £ DT,
ZLTIEEYMEICODEFEL TR, BIEICS VA LIZERSINET, TOL T, BBYIC
BREEDT=-OIZH T o TRThnTd Il &, 2EENT T v TEhTWSE I E
DIEZEIVBELITYET,

Ff-. —EOEZELEYELAHYFELT. ChDPEFEATIHERINATLVEWNEGSEIC
DEFLTIE., AIERICEMEINET, cOTOELRATTA, TR AT UZAEK (ER)
EELKBEAETEHYFETA, FEIR MO VIZDODEFELTEHT7ZIZR MEEEY
BOHZDWTHYTY VI ThNET, LEzN->T, EROGEEEFY Ty FETIL
7RI RMEIAYEEA,



High Throughput and

Computational Methods

H295R cell
i cholesterol
- . Steroidogenesis
pregnenoclone — > 17a-hydroxypregnenolone r—j
: 1 = | .
i |[Hsp3e1 = A key difference between
1 = 1 the HT-H295R assay and
progesterone — > 17a-hydroxyprogesterone — testosterone i
; ] — I the LT-H295R assay is the
L [orarne . | # of steroid hormone
~ ~
deoxycorticosterone 11-deoxycortisol analytes measured
i 1 L
{ |[crpiaBa |
1L i
corticosterone cortisol

US EPA. 2017. FIFRA SAP “Continuing Development of Alternative
Legend | progestagens | _ High-Throughput Screens to Determine Endocrine Bioactivity,

I AT ‘ | corticosteroids | _ Focusing on Androgen Receptor, Steroidogenesis, and Thyroid
22 Pathways”

FTNTIE, RORTOA REEIZEZEDTT, EPARRAELI=NARAIL—TY LD
AT04 FEEDHBAHY T3, FHONTULNDDIEH295ROMIB¥KTHY I A, =
DR C#fakZO—XIIL—TFy FOREBRICEHLFEHLONATUVET, TierlIZZELIEE TN
THYFEFT L. OECDDREEL Z b5 MfEHLNTLET,

NAZANN—Ty rOZOHRBTIMN., CCTAELTWLWADIE, 1SOELGBIHDTY,
CCTRILVEVDEAZRATOA FEEARRTRIILTVWET, ChITDOEFFELTIE.
E7LEa—»m2017FIZfThNE Lz, —EOSEYENCORAERICEWTIEFEHLNT
WET, LALENS, EPARSH LN RIL—T v B, X704 FEZIZDW
TRk EFE - DE. SERERTHFETT, LHLAGLAL, TELTHIDIC
HADIE, TAMRTAVEIR S OA—ILDATY, sHMAEIEBELTIEREL, B—
ANN—Ty FOFHBERLCFMERENZEINTVET, TLTNS RIL—T v FikER
[2DOWT, CHIFBRGZITT IV ERTEIREAZLELTTRAMNRTAVEIR NS D
F—ILDREAIITHNE T,

=BlE, CORBAETZLEA—DXHICES T CHRRINDIZEFHFLTLDS
;;73’6 LT. FD&N\YT—3, RIEICAN > TROEENTTHOHNBZ EIZHY



High Throughput and

Computational Methods

Adverse Outcome Pathway (AOP)
Thyroid Network

| N
Thyroid Rat thyroid
S hyperplasia l tumors

Receptor-ligand
interactions —— Neurological and
Neurodevelopmental cognitive

3 /
TR b\ndmg: alterations impalrments
transactivation

US EPA. 2017. FIFRA

SAP “Continuing

e — Develop.ment. of

developmental Alternative High-
alterations 5,

Throughput Screens to

Determine Endocrine

Y
s|ewwepy

+ Setrn:'a . L T4 and/or
concentration: T3 in target

gene expression
of T4 and/or le—ry e
T3

modifications

-~

| Amphibian
1 metamorphosis

| | ¥  Bioactivity, Focusing
alterations >_§’
g on Androgen Receptor,
| @  Steroidogenesis, and
Population .
{ tajectory [ Thyroid Pathways”
declines
\ AT3in
cells and
tissues =
TH catabolism and A Teleost Young of year Bl

swim bladder survival

/I TH transport + Biliary
into liver excretion of TH, inflation reductions
TH-glucuronides,
r) I I
flihasc2 TH-sulfates

catabolic activity

excretion

KA RLTWADIE, IRAEDFIKRIREHDAdverse Outcome Pathway (AOP, HEERRZ
) EMEENDEDTY, COEBICHIREFLGRY Y AMNRLTLSDOH KR, e
HBEWEIUIR— AV FELTRRIBOEBRICEELEHSERLTUVET, 2D
RYVRATRLTWADIE, BFITKYIBEDIA R MNOFREA N2 k: MIE,
Molecular Initial Event)Z &R L TWVE T, #kDZTHEH >7=MIE (L. EPAE L TERICEASE. H
KLE-HBZRLTWET, METHENADLTWLWS1DF. MIEE L TORERIX., §1R
ERREPTHD. HBOAIWEFELLARINTOWENWI EEZRLTUVET,

KEDRY I XE, COAOPDEELRLAARUITY, ZLTHERIX. EEDAdverse
Outcome (AFEER) #XLTVWEYT, FETH-L-TWLWBHDIE, TV FRIV FEXL
T&EY. invivoDEDSP, Tier 1, Tier 2RERICH T HRENTHONI=LDTY, EPALSE
ERFZLTWARY Y —Z0 57 70—FIE, BEFEMIZZORRIEOEE. » < EL.
NFEFHDIVWEHFEEYTRIZRTIONEHALMNILELS ELTVET,



SeqAPASS: The Basics

Level 1[ Primary Amino Acid Sequence Alignments ]

@99 FTYERRPQSQAYIPKDEGDFYYLGGFFGG 272

coo- FTYERRPQSQAYIPKDEGDFYYMGAFFGG 272
FTYERRPQSQAYIPKDEGDFYYLGRFFGG 272
FTYERRPQSQAYIPKDEGDFYYLGAFFGG 272

Level 2 [ Conserved Functional Domain Alignments ]

DNA-Binding
Domain Ligand Binding
Transactivation Domain = Domain

A/B Cc D E F

FTYERRPQSQAYIPKDEGDFYYLGGFFGG 272
FTYERRPQSQAYIPKDEGDFYYMGAFFGG 272
FTYERRPQSQAYIPKDEGDFYYLGRFFGG 277
24 FTYERRPQSQAYIPKDEGDFYYLGAFFGG 272

Percent Similarity
|:> Conserved

YES or NO

SeqAPASSEREEN TS, A U/NVEBDO7 I/ BEIOMELEZFA L THipEDR
ZHEEFATE. AELBAVSA VDRI )= G Y=L HYET, THREEH S
WEAEENEEDERICOVWTHRRALGE Y —VICE=A>THETEELSICLEED
T9 . 32OLRLLAHY., FFT12BDOLALIK. ChIZERD7 I/ BOEHZLH
RT, BUHOLREZTVET, 22BDOLARLIFK., ThITELM 24T DA FEE
[CDOWTHELET, 3D2EBDLANLIE, BL2D7I/BOBRREELERET, 2019
BOHEERICEELT7 I/ BRENGREGYET,
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Broad

— : Estrogen receptor a Predicion L ovel | | Algaments and
1 receptor binding bovine (ESI'I) Ortholog Identification |
2 receptor binding human Feoral

- SquPASS Level 2 Domain
8 receptor binding mouse Alignments et .
4 receptor dimerization human Tier T T = ,{; T Fewer resources

R 1 Level 3 | AminoAcid % Less certainty
5 receptor dimerization human Spacias Spacih g @)\ ,ff{ I

Predictions — ,
6 receptor dimerization human l
7 receptor dimerization human = ,
8 receptor dimerization human Functional Conservation (Cellular Response ,'
9 receptor dimerization human Tier ° WD sCt:r‘iI::titive MiTimesTs ,
- 2 .
10 DNA binding human SVStematlc * Transcripti ion assays ,'
11 DNA binding human therature - l
12 transcriptional activity human Review Comparative Analyses (Organism Response I
+ * Invivo studies ’
13 transcriptional activity human Tier . N .
: 3 Apical r:sp:nses to chemicals More resources
14 gene expression human and adverse outcomes Greater certainty
15 gene expression human
16 cell proliferation human
17| gene expression human [ Confidence in Pathway Conservation ]
18 i h )
25 e uman Adapted from Ankley et al. 2016 \"’EPA

C MDSeqAPASSIZT R FOSF U ZAKa (ERa) IZEATEET, CODIEHIL. Ankley

HM2016FIZHKERLELz. IOERIZERKABED ) A FT, EDQOKSHEAH/N—ZN
TWBANERLTWVWET, CNIZTDONWTIX, FEERD IRV A ETFILOHRTIES
BREENEEEFENTULWAEWNI EMD, thDBITH L TELERTEDZIDTHLINES
MZOWTIE, SEDEENDLETT,

AREIOEIE, XXV DRFIZODVTOHAELTY FF, SeqAPASSD Y —ILH
CTHELNALTWET, REMBXBMLEL—Z1T5 2 &IT& > T, invitroDFRERFER
FBHLMIZL., FlinvivoDRBERLBELMNZLET, RWLWT, WEOIR FOS Y
FHEERBZEDT., TNIXERD/INRD A ETILTHLNZIHE =1 DEDLEEZETL
T, REMIZIE, EEEZE->T. COBRBIMMREINTWS I EAERTETET,
Flz. RARDIAETINOHBONBERT—A2ZEFHALT, hDFE, HIZIE, HELE
25 L COREDITAET .
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Species Extrapolation Method

EDSP Tier 1 Battery Tier 1 Battery Alternatives
Androgen Receptor Pathway Model
g P y Estrogen Receptor (ER) Binding In vitro ER Model (Alternative)
N ﬁ Estrogen Receptor Transactivation (ERTA) In vitro ER Model (Alternative)

{} = ﬂ Uterotrophic (UT) In vivo ER Model (Alternative)

(O vey Eventiiose 4r Binding () ﬁ Androgen Receptor (AR) Binding In vitro AR Model (Alternative)
a o Aromatase In vitro STR Model (Future)

‘agonist pat an
senitpatineay Steroidogenesis (STR) In vitro STR Model (Future)
AR antagonist pathway .

w @ Hershberger In vivo AR/STR Model (Future)
erference ﬁ Female Rat Pubertal In vivo ER, STR, THY Models (Future)
(assawlur)nnderspzdfic J Male Rat Pubertal In vivo AR, STR, THY Models (Future)
ST R hactor. o Fish Short Term Reproduction (FSTRA) In vivo ER, AR, STR Models (Future)

Amphibian Metamorphosis (AMA) In vivo THY Model (Future)
T A EDSP Tier 2 Tests Type Tier 2 Test Alternatives
Transcription ¥
_ ) Rat 2-generation Reproduction In vivo ER, AR, STR, THY (Future)
e ion e (@ {ur} Rat Extended 1-Gen Reproduction In vivo ER, AR, STR, THY (Future)
@ Medaka Extended 1-Gen Reproduction In vivo ER, AR, STR (Future)
a Larval Amphibian Growth & Development In vive THY (Future)
R2 (N1,N2/N3) V RL(N1-Na) U Avian Multi-Generation Reproduction In vivo ER, AR, STR, THY (Future)
AR antagonist AR agonist
26 pathway pathway

EReEB L7 F7O—F %, ARDBBETILICHLEALTWWEYT., ZOARDIERMSMEE
[X. EiL. Environmental Toxicology and ChemistrylZ2¥ & FE L1=, (Laloneetal,
Environ Toxicol Chem., 42, 463-474, 2023.)
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Case Study:
Cross-Species Extrapolation of the Androgen Receptor

27

[ ] Vertebrates Invertebrates
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Based on SegAPASS predictions, in vitro and in vivo data,
chemicals that bind and activate AR in mammalian-based assays,
are likely to interfere with AR in other vertebrate species

A Fish B Reptiles
4 4

§3 §3

3 2 2 2

g g1

S 0 o 0

3. 2.

87 e

w -3 w3
-4 -4

4 3 210 1 2 3 4
Human AC50 (log pM)

C Birds D Amphibians
4 4
=3 =3
32 32
b -
=] o 0
2 2
Q- Q-
<, <.
g5 8-
-4 -4

4 32101 2 3 4
Human AC50 (log pM)

0 1 2 3 4

4 3 2 4
Human AC50 (log pM)

Vliet et al. 2023. Submitted for publication.

CORZA FTHEW-FLUWTWLDF. TOHRHBERO—ETY ., EADOHIE. &
EMEDCT Y RO URBAROT 2/ BEIIOFELHEDEIEEZR-10DTYT, ARIDOK
[%. SeqAPASS D FBIM 5. invitro R Winvivo T—R IZE DL &, HIBYDARIZEES
TEMET HEEMEX. thOBEHEMIED AR ICT ST LN HSIEERLT
WET, CORIIZDOVTIE., Chhd 1~2hARICIEARINZEHFLTLET,
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Species extrapolation
ERa - Ankley et al 2016
AR — Vliet et al 2023

In vitro
bioactivity data
(e.g., ToxCast)

In Vitro to In Vivo Extrapolation
(IVIVE)

’ Species and chemical specific ‘

Plasma Protein Metabolic Convert in vitro high throughput screening
Binding Clearance bioactive concentrations (bioactive _
concentrations = nM to uM) to predicted Tier 1 Assay
real world in vivo doses Data (in vivo)

e.g., mg/kg/day = oral mammalian
mg/L or ppm = aquatic inhalation

In vivo testing

Physiologically-Based ToxicoKineticw . .
(PBTK) modeling J Tier 2 Test Data

Other Scientific Relevant Information (OSRI)/Systematic literature review

28

<EPA

CHBELDATA RIX, invitroh invivo~DMWMEZERL TUWET, El[EXToxCastD &
AEET—2 T3, ChIFEEBZMLE XX KTV IETIOITZITVET, 6
ZIXEYRERVIEEMEICHRELMBLAXCERESHL VIRBOI VTS VR LG ESE
RT. ZhiZ& > Tinvitro, N RAI—Ty r RO ) —Z 5 DEYEHREZIREN
[Zinvivolt 5 2IZZE# L. ZL TTier IDFBERICENEZEBLL TS HIFTT, /(X
W—TY bR Y=V T DNAMsDT—REES 2 LITRYFET,
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Scoping, Problem Systematic reviews to enhance efficiencies:
Formulation, Protocol « Comprehensive review of the data and literature

29

@ Systematic Reviews

I + Identification of reference chemicals and benchmarks
+ Ex: FSTRA systemic review
+ Goal: To identify high quality, guideline-like studies
L Title/Abstract equivalent to the EDSP FSTRA
Screening

» Title/abstract screening: 202 papers identified as
Methodological

relevant
Evaluation (Full Text
Screening)

L Data Extraction

L Data Evaluation/
Synthesis a
wEPA

ARRMLENXELE2—H 1 DOFEICEELRY—ILT, CORY)—=UJ%ERT
5ET, THOLENETALTERIZEETY, KRMALEL—LWSDIE. BEM
BT—ARUXEBOLEL—%FERLET, TLT. ZELELEYPEORVFI—VERE
BEZRELEY., BOIE, SeqAPASSHE EERTET S EICEWLNET A, 1 D061 &
LT. ARMHELE1—% ZDFSTRA (AEEHIEIET v 4, 0ECDTG229) [Z* L THT
5EVNS3EDTY, TOEHEELTIL, ESPEFSTRARZENDERELHA K54 U DHER
FRIETHEWNSIZETT,

NHIERWEXBMLE 2 —DRNICHEYETMN, FTXEHKRE. REEERY
;;;/7~%LT%%%E?—Qmm\?—Qwﬂﬁ-ﬁétu5$5t§ﬁotu
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Sci Total Environ. 2010 Dec 15;409(2):326-33. doi: 10.1016] scitotenv.2010.10.017. Epub 2010 Nov 5.

Short-term exposure to the environmentally relevant estrogenic mycotoxin zearalenone impairs
reproduction in fish.

Author information

Abstract

[ Zearalenone (ZON) fis one of the woridwide most common mycotoxins and exhibits estrogenic activity in the range of natural steroid
estrogens such as 17g-estradiol (E2). The occurrence of ZON has been reported in drainage water, soil, wastewater effluents and rivers, but
its ecotoxicological effects on fish have hardly been investigated. In this study the estrogenic potency of the ZON was compared to E2 ina
recombinant yeast estrogen screen (rYES) and the effects of waterborne ZON exposure on reproduction, physiology and morphology of

| Zebrafish (Danio rerio) |were investigated in a 42-day reproduction experiment. E2 as well as ZON evoked a sigmoid concentration-response
curve in the rYES with a mean EC(50) of 2 and 500 pg/L, respectively, resulting in an E2:ZON EC(50) ratio of 1:250| Exposure to ZON for 21

[days]reauced relative spawning frequency at 1000 and 3200 ngiL to 38.9 and 37.6%, respectively, and [elative fecundity lat 100, 320, 1000
and 3200 ng/L to 74.2, 41.7, 43.8 and 16.7%, respectively, in relation to the 21-day pre-exposure period. A 4.4 and 8.1 fold induction of

|plasma vitellogenin (VTG) was observed in male zebrafish at 1000 and 3200 ng/L ZON, respectively. Exposure to ZON did not affect fertility,
hatch, embryo survival and gonad morphology of zebrafish. The results of this study demonstrate that although ZON possesses a moderate
estrogenic potency in vitro, it exhibits a comparably strong effect on induction of VTG and reproduction in vivo. This indicates that ZON might

30 confribute to the overall estragenic activity in the environment and could therefore pose a risk for wild fish in their natural habitat.

CHELDATA RTIE, TDREEOEPIZGYFTIN, EOKSIGRAENNASAF
EINBEDM, RI)—=0ENBDM,. TNITIFAL, I 0F—ZUTHAHWNIBEREE
BEDAREEFALTLWET, BOBEMBHSIWEIBELANIL, HAHIVFT U FRIUk
BE, BE, BREALGELEVWSLDOAF—T—FELTEYI Ty TENRTWET,
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Systematic Reviews

Abbreviations:

EDSP Systematic Review Ontology Pipeline Qc = Quality Control
MedCat = Medical Concept Annotation Tool
ML = Machine Learning Model

RAKE = Rapid Automatic Keyword Extraction
TIAB = Title and Abstract

UMLS = Unified Medical Language System

Manual Q
N\ of terms

hemlListem,
MedCat
Search | [ |

output/articles Annotated

uman Data
Extraction

Database
Search
Goal: To identify studies and
extract high quality data for use
in NAM validation and risk

assessments

<EPA
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CHELNDRATA FTIE, RRMLBELEA—¢ELTAY FOD—DAFRRIZHEY ET,
Y—FRAR)—=LIZKY T—EIR—XEZRELET, TLTEA ML, TTRAELSY F
A )—=2VFFWET, FELTILTFIR DRI )=, FLTE FOT—2 ZHH
LET, o1 DBRAGELTOELARHYET, ThiZk->T. ZOREBOHEFLY
ENCTDHENS., BHLHYET,

ZLT. @FEMNE, ARG LEL—%29 52 L2RIALET., TLTRLEOSL
TR EHRETIEVNS ZEMNBEIZH->TLET,
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Bioactivity Exposure Ratio

Bioactivity
Exposure Ratio
(BER)

Prioritization

Screening

US EPA. 2014. FIFRA SAP “Integrated Endocrine
Bioactivity and Exposure-Based Prioritization and
Screening” Testing

Exposure

e.g. ExpoCast

Some or All
EDSP Tier 1
Assays

Some or All
EDSP Tier 2
Assays

Cherica Rak by e Sided Upper 95% Credie Lint i Tota Demographc

<EPA

BENDRZRITIEMEEEBEDOLLICHY FTIH, EMEET—2EFE > T/ RI)L—
TYRDRFIOFRTAVIRBITLN, TLTEYEEEBEOLLEZRTIT ., ikt
FMEERY )T D=HIZBEIERZET1T. £ L THEMIZ(ETier iIDR Y 1) —

ZUTDORDYICEZDEIITHEAIE, EFBZTLET,
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@ Implementation

EDSP Tier 1 Battery of Assays Tier 1 Battery NAM Alternatives

Tool App“cation: Estrogen Receptor (ER) Binding In vitro ER Model (proposed)

. BloaCtIVIty Exposure Ratios (BERS) Estrogen Receptor Transactivation (ERTA)  In vitro ER Model (proposed)
can be used to prioritize Screening and Androgen Receptor (AR) Binding In vitro AR Model (proposed)
testing Aromatase In vitro STR Model (near future)

Steroidogenesis (STR) In vitro STR Model (near future)
. /' Uterotrophic In vivo ER Model (proposed)

‘ SquPASS can be app“ed to a” the Hershberger In vivo AR/STR Model (future)
molecular targets in the Tier 1 and Tier Female Rat Pubertal In vivo ER, STR, THY Models (future)
2 assays/tests Male Rat Pubertal In vivo AR, STR, THY Models (future)

Fish Short Term Reproduction In vivo ER, AR, STR Models (future)
In Vitro to In Vivo Extrapo|ation (|V|VE) _ Amphibian Metamorphosis In vivo THY Model (future)
can be applied for all in vivo assays/tests
EDSP Tier 2 Tests Tier 2 Battery NAM Alternatives
Rat 2-gen/EOGRT In vivo ER, AR, STR, THY (future)
Medaka Extended 1-Gen Reproduction In vivo ER, AR, STR (future)
Larval Amphibian Growth & Development  In vivo THY (future)
Avian Multi-Generation Reproduction In vivo ER, AR, STR, THY (future)

DYLRYETH., CHELHPBRBEAICHEYET, TAHNLERETT, BEREZFADD
D, BEWNVERRETDHIEDE LT, EROFES. ARDIFENEBITFONTVET, ChIIE
FIERLAFHIFIZCRAWSA Z EMNTEET, SeqgAPASSIEIRFA2—4 Y FIFERATEET L,
DEERDBFEEYELRET HENS ZENBMTT, £ L Tinvitroh Bin vivo~D
Ni&EX DD BinvivoD T vt A REBRIERANTESLDTY,
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* Publish the EDSP NAMs Whitepaper (January 19, 2023)
* Finalize a formal EDSP strategic plan
* Determine and publish need for List 1 Tier 2 data

* Publish List 2 action plan
* Evaluate inclusion of Tier 1 in Part 158 registration

* Initiate any List 1 Tier 2 test orders

EDSPIZIZE DDA —4F v FERLHBENHY 9. NAMsOBEEMH2023%F 1 A19H
[CAREIATVWET, BEMNLZ TS VERESNATVET, ChABELEaL—%3h
TWET, ZLT. —RUVRXA FDTienT—2DLERZHE L TAKRT HEWLS T LIS
O3y FLTWET, 204F(2, ZRYRMDT IV IVTSVERRFETT, ZL
TTier INDRABRESH T, Partls8DFERITH T H5MZE T H5E LS E T, ThiFET
DEFENBELBEFNIELESLTENEDTY, TLT—RY X MIEDTier 20 ER (L.
2025F ICE I RO INET,
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Thank you!

Questions?

It All Starts with Science SOZ A 3

Office of Pesticide Programs
35

THRBHYNESITTVEL, TEMIEFIETVET M,

<EPA
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