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Only anout marmrnalian experimental species as surrgate of
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chemicals with weak estrogenic activity nave identified.
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pharmacological doses of E2 and DES turned out to be negative by
regular one-gen, two-gen studies.
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oeta had just been cloned, impressing toxicologists that we do not
Knovv rmuchn apout ER system at all
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receptors react non-rmonotonously, whereas toxicology does not.
OERFEBHMNE R T, ABRLATICHBRHERZERICEROoNEIE
the earliest ER expression is found in brain of ermbryo. Whnat for??
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piological plausinility made us to study this issue furtner.

(not enougn data to pose immediate actions on weakly
estrogenic cnemicals)
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Minisiry of Environrment

— I_'I_' ) C. = , .
> SPeEeD'Y8 (67 selected chemicals)
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I[ JmoJf all results for rmamrmalian targets turned out to

— No pig surprise!
— That is why no action ever taken under the name of EDC yet
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OECD EDTAG®G

OECD Conceptual Framework for the Testing and Assessment of Endocrine Disrupting Chemicals

Level 1
Sorting & prioritization based
upon existing information

- physical & chemical properties, e.g., MW, reactivity, volatility, biodegradability,
- human & environmental exposure, e.g., production volume, release, use patterns
- hazard, e.g., available toxicological data

g

Level 2
In vitro assays providing
mechanistic data

- ER, AR, TR receptor binding affinity -High Through Put Prescreens
- Transcriptional activation - Thyroid function

- Aromatase and steroidogenesis in vitro - Fish hepatocyte VTG assay

- Aryl hydrocarbon receptor recognition/binding - Others (as appropriate)

- QSARs

Level 3
In vivo assays providing data
about single endocrine
mechanisms

- Uterotrophic assay (estrogenic related)
- Hershberger assay (androgenic related) - Fish VTG (vitellogenin) assay
- Non -receptor mediated hormone function (estrogenic related)

- Others (e.g. thyroid)

Level 4
In vivo assays providing data
about multiple endocrine
mechanisms

- enhanced OECD 407 (endpoints based on
endocrine mechanisms) - Fish gonadal histopathology assay

- male and female pubertal assays - Frog metamorphosis assay

- adult intact male assay

Level 5
In vivo assays providing adverse
effects data from endocrine &
other mechanisms for RA

- l-generation assay (TG415 enhanced)!

- 2-generation assay (TG416 enhanced)! - Partial and full life cycle assays
- reproductive screening test (TG421 enhanced)’ in fish, birds, amphibians &
- combined 28 day/reproduction screening test invertebrates (developmental and

= . I :
(TG 422 enhanced) reproduction)

1 Potential enhancements will be considered by VMG mamm
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Endocrine Disruptor Issue is Receptor Mediated Toxicity

o RILEVEIEIEEY) = Hormonally Active Chemicals (HACS)
=RIVEVZBARZEHN L= E

Hormone receptor-mediated effects

o N MH<ELIEZYIE endocrine Disrupting Chemicals (EDCs)

= HACSTEEHZ "I 1D

HACs that show adverse effects

% ?é_\l‘ M: % 'IE % 'li Receptor-Mediated Toxicity
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Receptor Mediated Toxicity

e Examples:
— TCDD : AnR KO* mice — virtually no toxic symptom.

> But, Wild type mice die of TCDD
— J/morom; are the results of gene expression through AnR

« Wild type mice die of their own gene products!

. ERKO mice — no DES effect.
No uterotrophlc response.

> Analogy to TCDD/ANR: receptor mediated toxicity
> Difference from TCDD/ANR
= Intrinsic ligand (estradiol) is present for physiological function.
> Difficulty for Toxicology: how to draw Jme netween,,,
Physiological responses <> adverse effects
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Traditional Toxicity

Toxic
Substance(®)

Receptor-Mediated Toxicity

Toxic

substance (M) Receptor

2007-12-10 1t EZYE DRI IIZE T BEB RS Oh @ XEY=vI>T71 jk

Target Sites

Normal function
*Proteins(Enzyme)
*Membrane
*EtcC.

Target Sites

*Protein Expression
*Normal Timing
*Right Kind
*Right Amount
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Traditional Toxicity

Toxic
Substance(®)

Target Sites

*Normal function
— *Proteins(Enzyme)

— *Membrane

Receptor-Mediated Toxicity

Toxic
substance ()

____— Receptor
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— oE{C.

Target Sites

*Protein Expression
*Normal Timing
*Right Kind
*Right Amount
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Traditional Toxicity

Toxic
Substance(®)

Target Sites

—@Proteins(Enzyme)

—@Membrane

Receptor-Mediated Toxicity

Toxic
substance ()

_____——MReceptor
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— @ELtC.

Target Sites

*Protein Expression
*Normal Timing
*Right Kind
*Right Amount
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Traditional Toxicity

Toxic
Substance(®)

Target Sites

Malfunction

»@Proteigs(Enzyie)

—@Membr

Receptor-Mediated Toxicity

Toxic
substance ()

_____—MReceptor
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—@ELC.

Adverse Effects

Target Sites

Adverse Effects
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Traditional Toxicity

Toxic

Target Sites

*Malfunction
»@Proteigs(Enzyie)

Substance(@) | ————

—@Membr

Receptor-Mediated Toxicity

Toxic
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substance (H) ____—MReceptor ==""

gunnt®®
\/\/roru
Signal

— @ELtC.

Adverse Effects

Target Sites

*WWrong Protein Expression
*Wrong Time
*Wrong Kind
*Wrong Arnount

Adverse Effects
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Receptor Mediated Toxicity

> Redundancy
— Ligand binding characteristics

« Common effect
» Specific effects (SERM)

— Receptor Subtypes (family, subunits)
» Signaling systern — often works as Amplification system

— Dose Response Curve

— Signal Cross-talk: additive / synergistic

> Spatiotemporal Expression
— leferent effects in different sites at different stages of
development, maturation, and aging
The Fetal “ Sensitive Window”
<< early exposure - late effect >>

2007-12-10 1t EZYE DRI IIZE T BEB RS Oh @ XEY=vI>T71 jk
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A Paradigm-Shift in Toxicology

Traditional (Regular) Receptor-Mediated

Toxicology (using animals Toxicology Dose-Range
with strong homeostatic regulation)
Regular Toxicity
(Membrane damage,
Enzyme damage, etc.)
AR system 6 r
EJNOEL Of Trad TOX =E=pE=== (antagonist) =E==FE= =3 10 = 10 I\/I E =
ER system
SE=SE=SSSSSSSSSSSSSSSSSS=SsSsS[ESESEE (ag0n|St) E===E= 10-9 - 10-10 M =

(P=1.0mg/tab EE=0.035mg/tab)

Reference : Oral contraceptive -- EE = ca. 0.5ug/kg/day
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Sensitive time window and adverse effects
(Target is the immature homeostatic network)

Endocrine Disruptors

.
R4 N I 3 s_ e \s
F'add A A RN TN

Development

homeostasis homeostasis

-
m@m
b
- Formation of neural network nervoussystem
fetal-neonatal
(immature)

adult
(mature)
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ot MHLW Scheme for ED screening and testing

®in silico _
Screening @in vitro

and others Screening

Prioritized

List* ®In vivo
Screening

Definitive
Testings

Hazard
Identification
Exposure =
Assessment
Risk
ssessmen

Risk Hold

(No further analysis

Management at this moment)
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Developing priority list DB

Compound Reporter gene assay In silico SPR assay Uterotropic Assay

| CAS [ Name 'ERaEC50(pMﬁ ERaEffect ERbEC50(pM| ERbEffect SPRERaE | SPRERaL | Uterotropic Assay|

000057-63-6  Estradiol,ethynyl 6 P 10 P 0.995 0.854 H H ++

000050-28-2  Estradiol,17b o'n 2047900 N 0.928 1.225 H H ++

000057-91-0  Estradiol,17a Reporter assay data 1.183 0.805 H H ++

026538-44-3 a-Zearalanol (2,4-Di 40 UU.004U0 | -0.071 -0.098 H H

000084-19-5 3,4-Bis(4-acetoxypt 53.7 P 50.7 P 0.3329

000056-53-1  Diethylstilbestrol 82 P 27.77682 P 0.719 0.759 H H ++

000053-16-7  Estrone 831 P 15.22533 P 0.534 0.542 H L

000531-95-3  Equol 37000 P 3548.825 P AL ooz

001478-61-1  4,4'-(HEXAFLUORO 80200 P 10264.73 P In silico screening N

001478-61-1  4,4'-(HEXAFLUORO 80200 P 10264.73 P N

000479-13-0  Coumestrol 104000 P 9445.462 P score data

007507-01-9  3,4-Bis(4-Hydroxypl 139000 P 2467.847 P -0.158 0.348 H H

000446-72-0  Genistein 144000 P 695.7919 P -0.315 0.291 L N

000068-22-4  Norethrindrone 171000 P 2264595 P -0.449 0.268 L L

000077-40-7  Bisphenol B 196000 P 62940.04 P -0.122 -0.117 ¥ ad

059517-19-0  3,3'-Dimethyl-4,4'~E 231000 P 66935.05 P -0.425 -0244 SPR assay data

000486-66-8 Diadzein(4’,7-Dihydr 268000 P 2411757 P -0.209 -0.135 L L

000131-55-5 2,2’ .4,4'-Tetrahydrox 328000 P 506320.7 P -0.303 -0.22 H H

052222-87-4 6-BENZOYL-2-NAF 342000 P 659548.2 P -0.134 0.006 K L

000341-58-2  2,2'-Bis(Trifluorome: 346000 P 880156.1 P -0.91 -0.441 H L .

000140-66-9 4-Octylphenol(tert) 391000 P 41614.38 P -0.33 -0.069 K N UterOtrOpIC data
Stanolone 475000 P 20463.19 P 0.49 0.601 L L

000521-18-6

Other data

Rearrangement of a priority list by a combination of accumulated data

2007-12-10 1L EZYE DRI IIZE T BEB RS Oh @ XEV/=vo>T1 jk



Definitive testing end points:

» Multi-generation study endpoints are not sensitive to
known estrogens such as DES and 17beta-estradiol

o “Low-dose effects” = Early Exposure - Late Effect
— non-reprotox endocrine endpoints

— Neurological endpoints, Immunological endpoints
— may look like ageing-related phenotypes

2007-12-10 1L ZYE DIELE Y I T BEE R ThL @ XEV=vIs 71 jk
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October 10-12, 2000

Sheraton Imperial Hotel and Convention Center

Research Triangle Park, North Carolina

Peer Review

Organized by the
National Institute of Environmental Health Sciences, NIH
National Toxicology Program

g&i NTP é} NIEHS

Sponsored by the
U.S. Environmental Protection Agency

and the

National Institute of Environmental Health Sciences, NTH
National Toxicology Program

EiED=EZELH. Dr. John Ashbyis EProf. Fred vom
SaalbDfE THARGEmaENMTHNT=H ., TDHIZIIEHE
X EREFE X R D BEA H o=,

argurnent about postive/ negative control

—DfEREIEL:

O EEDAES MR CIIBOMIEREICEFNSIIR
FADIUEMNEMREREGSIENBAIEITTREINT-T-H
ZHAEMEDDESIFHELY, %*LJ:U:E)EEL\IZI*D:)I/
EEETIMEDOZEL, REFEABRTERY KA
LW EMTRENT=,

—HEb e EERMBETECELOMENEVHEREZTHS
pharmacuetical doses of E2/DES were nega‘t]ve

// No concept of positive control in rmulti-gen studies

Q> T IO ENCEYD/RNIZEFHDEEZEILD
WWENHLHEI RSN,

very precise control on animal handling is important for
nandling stucdies on signal toxicity

D2RAICENNSEERZIREL TS,
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200610 A IZNIEHS D Jerry Heindelo A E#ET 3
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nurnan exposure to BPA is within the range that
Is predicted to be biologically active in over 95%

Q)
l—|

of people sampled. The wide range of acdverse
effects of low doses of BPA in laboratory animals
d L

poth during developrment and in
lis a greu cause Ur concern vv]"rh

Sheraton Chapel Hill
November 28-29, 2006

1 ) o) o
In nurnans.
Reproductive Toxicology. in press, 2007

Chapel Hill Bisphenol A Expert Panel Consensus Statement:
Integration of Mechanisms, Effects in Animals and Potential to Impact Human Health at

Current Levels of Exposure

Sponsors
NIEHS Frede;‘jck S. vom Saal'”, Benson T. Akjngbemiz, Scott M. Belcher®, Linda S. Birnbaum®*, D. Anch'ew
NlDCR = gy ey Crain’, Marcus Eriksen®, Louis J. Guillette’, Russ Hauser®, Jerrold J. Heindel’, Shuk-Mei Ho'®, Taisen
. Iouclu Susan Jobling". Jun Kanno®, Rurh A. Keri*, Karen E. Knudsen®, Gerald A. LeBlanc',
US-EPA e Mlchele Marcus'’, John A. McLachlan'®, J. Peterson Myers"”. Angel Nadal’, Retha R. Newbold™,

Nicolas Olea™, Gail S. Prins™, Catherine A. Richter™, Beverly S. Rubj.n:s, Carlos Sonnenschein™,
Ana M. Soto”, Chris E. Talsness™. John G. Vandenbergh®, Laura N. Vandenberg™, Debby R.
Walser-Kuntz™, Cheryl S. Watson™, Wade V. Welshons®, Yelena Wetherill** and R. Thomas
Zoeller”

Commonweal
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45 National Toxicology Program
U.S. Department of Health and Human Services

CERHp

Center for the Evaluation of Risks
to Human Reproduction

—
e
—_—
—

-

2l

TP

NTP-CERHR EXPERT PANEL REPORT on the
REPRODUCTIVE and DEVELOPMENTAL
TOXICITY of BISPHENOL A

November 26, 2007
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e Selection by design (size), litter effect handling, statistics, route of exposure
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StrengthsWeaknesses: This study utihized a good choice of methods to examine functional disruptions 1n
sexually dimorphic behaviors. Weaknesses include a lack of clanty about the nature of disruption of
sexually dimorphic behavior patterns that was indicated in the authors™ conclusions, the somewhat small

sample size. the use of a single dose level. which was not confirmed. and the lack of clanty of the statistical
methods regarding litter.

Urtility (Adequacy) for CERHR Process: This paper 1s mnadequate for the evaluation process due to
statistical methodology.

Strengths'Weaknesses: A strength 1s the examination of effects on uterine indices in female offspring. A
slight weakness 1s the use of only 6 females per group: however, the panel noted that the results appeared to
be consistent across ammals and across endpoints. especially in the 50 mg/kg bw/day treatment group.

Utility (Adequacy) for CERHR Evaluation Process: This study 1s adequate and of high utility for the

evaluation process.

Strengths/Weaknesses: Endpoints are a strength. but inadequate methodological detail (1.e.. sample si1ze or
adequate control for litter effects) precludes any informed judgment of study quality.

Utility (Adeguacy) for CERHR Evaluation Process: This study 1s inadequate for the evaluation process
based on insufficient methodological details.

Strengths/Weaknesses: The strengths of this paper are the care taken to control for extraneous estrogenic
exposure, the delivery of BPA at 2 doses. both low. delivery from GD 1 to PND 16. the reasonable sample
sizes. and the inclusion as outcome measurements of behavior. anatomy. and an index of neurochemical
effects in the bramn. Significant weaknesses include the use of sc osmotic pumps, uncertamty about sample
size and whether litter effects were adequately controlled for.

Utility (Adeqguacy) for CERHRE Evaluation Process: This 1s mnadequate for the evaluation process due to
the combination of route of administration and statistical concerns.
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25 There are sufficient data to suggest that developmental exposure to Bisphenol A causes neural and

26  Dbehavioral alterations related to sexual dimorphism in rats and mice ( ca. 2.5 mg/kg/d, gestation and

27 lactation in rats. (326). LOEL 0.00002 mg/kg/d. fetal mice. (406): 0.0002 mg/kg/d. fetal mice. (404). 0.04
28  mg/kg/d. weaning to puberty. rats, (370); 0.1 mg/’kg/d. GD3 — PND 20. rats. (361): 0.2 mg/kg/d, GD3 —

20  PND20. mice. (435). 0.01 mg/kg/d. GD11-18. mice, (413). although other studies report no change in a

30  related measure. the size of the sexually dimorphic nucleus of the pre-optic area (SDN-POA) [300 pg/kg/d.
31 rats (372); NOEL of 320 mg/kg/d, rats, (342)].

1. For pregnant women and fetuses, the Expert Panel has different levels of
concern for the different developmental endpoints that may be
susceptible to bisphenol A disruption, as follows:

> For neural and behavioral effects, the Expert Panel has some
concern
2. For infants and children, the Expert Panel has the following levels of
concern for biological processes that might be altered by Bisphenol A,

as follows:
> some concern for neural and benavioral effects
> minimal concern for the effect of accelerated puberty

2007-12-10 1L EZYE DRI IIZE T BEB RS Oh @ XEV/=vo>T1 jk
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surnrmary
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(D)
(D)
-
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IS Receptor-Mediated Toxicity
Wrong Signal)

arget is Neuro-lmmuno-

m
ﬂ) ,
O

(common/snhar

J

Modification of NIE network at ermbryonic, perinatal and/or
infantile stages resulis in lrreversinle changes in the later
stages of life.

> Practical arguments on now to deal with the low dose issue
will begin shortly witn real low dose data

2007-12-10 1t EZYE DRI IIZE T BEB RS Oh @ XEY=vI>T71 jk



49

end
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