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The General History

e The uterotrophic bioassay —
Need quantitative measure (not vaginal smear)
6 hour assay — Astwood — water imbibition, not
tissue growth
Bulbring & Burn (1935) J. Physiol. 85:320-33

e 1940s/50s — pharmaceutical use

* 1960s — ER discovery, /n vitro assay precedes
PHS — large scale estrogen screen

e 1970s — coadministration antagonists
¢ 1990s — ED issues, weaker compounds, knock-outs

e Today — linkage with ER and toxicogenomics is
emerging



The EPA and OECD History & Timeline

¢ 1996-98 — Weybridge, EDSTAC other workshops
recommend uterotrophic

e 1998 — OECD EDTA selects as one of top 3 priorities

e 1999 — Tokyo protocol meeting

e 2000 — Phase-1 completed

e 2002 — Phase-2 completed

e early 2003 — reports and statistical analyses
completed

e April/May 2003 — VMG and EDTA agree complete
agree on peer review process

e Sept 2003 — peer review begins

e April 2004 — first peer review draft

e July 2004 - final peer review draft



The Current Status

o Peer review panel is badly fractured — no
common, consensus position possible:

> Some agree validation is complete

» Others desire more than one negative,
maybe more than one antagonist

> Still others, state it was not a validation
program, only a pre-validation exercise

o EDTA-8 reviewed; agreed consensus was
unlikely, recommended:
> Complete peer review report
> Proceed with draft test guideline

Those saying it was only pre-validation, clearly upset
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Review of the Uterotrophic Validation

. Purpose.

. The assay and its biological basis.
Protocol overview.

Chemical selection.
Reproducibility.

Statistical approach.

Prediction model and performance.
Dietary issues.

Other Points.
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Intended Purpose — Screen — TS1

Toxicological Information Desired
from a Screen

1. Identify Potential Hazard — Ideally, Mechanistic Basis

2. ldentify NOEL and LOEL Doses — Dose Response
that will reflect (predict) results in chronic test
with laboratory animals for that mechanism

Uterotrophic — Estrogens and antiestrogens

Hershberger — Androgens and antiandrogens



Point 2 - The Uterotrophic Bioassay

and Its Biological Basis



Estrogen Receptors
as Toxicological Targets for In Vivo Screen

ER(a and (3) are vertebrate transcription factors
Controlled largely by ligand binding
Endogenous ligand is 173-Estradiol

Rapid, predictive assays are needed

Rationale is to use primary target tissues for E
Uterotrophic assay has been used for 70 years
— primarily in pharmaceuticals

4. Are these assays applicable to and reliable for
weak ligands, commercial chems & foodstuffs?

e

Hence, the OECD Validation Program



Basics of the Bioassay

Mechanistic Support & Target Tissues

. Mice without ERa (knock outs) — uteri are refractory
(do not respond) to estrogens

. Antagonists to receptor block biological responses
. Uterus is native E target, relevant

. Estrus cycle ~4 days, rapid
4 to 5-fold weight increase in ~2-3 days

. Uterus can be quantitatively weighed (vs vaginal smear)

. Low endogenous ligand levels gives sensitivity:
use — sexually immature or castrate animals



Basics of the DIP or PM - 2

Screen Test
NOEL uterotrophic =~ NOAEL

estrogen adverse effects

LOEL uterotrophic =~ LOAEL

estrogen adverse effects

* Only estrogen related effects; not other toxicities

« Assumes ER type mechanism and similar
metabolism for screen & test (admin route)

« Estrogen-related effects in chronic reproduction-
developmental studies (examples):
- precocious puberty (accelerated vaginal opening)
- estrous cycle
- implantations
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Immature Rat Uterus 1 ng/kg/d EE in Corn oil sc
Cross section

Corn oil vehicle sc




Mechanism Overview Step-1

Mechanism in Target Tissue
Basis for Prediction Model

Serum

Cytoplasm

[ Ligand ] ==—p | Ligand] ER

[ Ligand-Conjugate 1 Jinw)

[ Ligand-Conjugate 2 ] aw:

Genes Transcribed/
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Mechanism Step-2

Metabolism and Route of Administration

Systemic
Circulation

[ Ligand ] Target

Tissue

[ Ligand-
Conjugate ]
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Point 3 - The Uterotrophic Bioassay

Protocol Development and
Process during the Validation
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The Protocols — Development History

GLP Protocols from contract labs were the starting
point to develop the validation protocol.

Draft underwent review by expert with 30+ years
experience with uterotrophic.

Vetted among participating labs and outside
reproductive toxicology experts (and the VMG and
EDTA members/observers).

Comments also received from ICCVAM.

Conclusion: Protocols were reviewed by appropriate
experts and others in a fully transparent and thorough
manner and are technically adequate.
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Development and Review
of the Uterotrophic "Protocol”

In addition to the written procedures, due to the
concern that laboratory technicians might not speak
or be fluent in English —

Videotapes were made for both
e The ovariectomy procedure
e The uterine dissection, blotting, weighing

And these tapes were sent to participating labs
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Dissection Instructions
in the Uterotrophic Model Protocol

Ovariectomy Uterine Removal / Dissection

Tissue for
Uterine Wit

L

-
‘\I - j\ /
NCISION \ﬂull Einininin I\I_ULI:/_

\/
Mesometrium, vasculature

Detachment of vagina
and uterus for removal

and fat pad not shown




The Protocols — Perspective

The Uterotrophic protocols
are similar to the validated LLNA

« Many LLNA protocol details were not fully
standardized either in the validation studies or
the recommended protocol (written by
ICCVAM post hoc — after the validation study).

« Both ECVAM and ICCVAM found these protocol
variations in the LLNA acceptable and have
declared the LLNA to be valid.

Conclusions: the issues raised do not conform with
either expert toxicologists or precedent in other
validation studies. Link for
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The Protocols — Point 3
The Process to Laboratory Specific Protocols

Draft
Model Protocol Participating — Laboratory

in Annex Laboratory Specific
Protocol

Secretariat Participating
Laboratory

So the assays were performed under Laboratory
detailed (in most cases GLP-compliant) Specific
protocols — using the model protocol Protocol

where major factors were standardized
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The Protocols — Point 4

Standardized

Allowed to Vary

Age of animals

Rat strain (Wistar or S-D)

Acclimatization

Animal supplier

Ovariectomy & recovery

Type of cage

Body weight range

Bedding

Group randomization

Diet (+ phyto analyses)

Route of administration

Vehicle

Volume of vehicle

# and time of injections

Clinical signs

Time of necropsy

Dissection procedures

Wet and blotted weights

Reporting
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Standardized Excel Data Spreadsheet - 1

105

Diet Supplier
Imm ature Rats
Name
Address
City
Country
Batch or lot number of diet

For oral gavage
Yehicles Used
¥ehicle 1

Yehicle 1 Supplier

Name

Address

City

FPostal Code

Country

Batch number of vehicle used
For subcutaneous injection
Yehicles Used

Yehicle 1

Yehicle 1 Supplier
Name
Address
City
FPostal Code
Country

Batch number of
vehicle used

Special Oiet Services Ltd

‘witham

Ezzen

LIk

FiiM13: batch 16320

Fifale1l: batches G455 & 6731

Peanut il [arachis ail]

SIGMA Chemical Ca.

Foole

Darset

EHIZ 4G0H

Uk

29H 0162

Feanut il [arachis ail]

SIGMA Chemical Coa.

Foole

Darset

LIk

NEH 1037

Animal Arrival, Acclimation, and Conditions

If there was more than one arrival of animals, please copy the appropriate cells to the right and enter da

Imm ature Animals

Date of arrival

Age at Arrival [dags])

With or without Dam
or Foster Dam?

Adult Animals For O¥X

Date of arrival

Age at O¥E [dags])

Acclimatisation after
O¥¥ before use

Describe method of

u]

Adult O¥X [if different)
MName
Address
City
Country
Batch number of diet

If other vehicles used
Yehicle 2

Yehicle 2 Supplier
MName
Address
City
Postal Code
Country
Batch number of vehicle used

IF other vehicles used
Yehicle 2

Yehicle 2 Supplier
Mame
Address
City
Postal Code
Country

Batch number of
vehicle used

niok different

Fiih3: batch 15320

Fiixll: batchies G455 & 6731

3-uul-00

10-Jul-00

17-Jul-00

18-19 day=

18-19 days

18-19 days

withiout

wikhiout

wikhiouk

without

without

without

3-dul-00

10-Jul-00

42-56 days

42-8E days

14-21day=

14-21 days=

Ear punchitail mark.

4 4 » M/ Dose Response - BISPHENOL 4 Dose Response - NONYLPHENOL % Background/ Randomization of Body Weight /




Standardized Excel Data Spreadsheet - 2

o e | c | O | E | F | & | H | I
Section 1: Immature Animals - Compounds administered by Oral Gavage
Protocol A

Date gavage begun [e.g.. & Sep., 1999] 4-Jul-00

Date of necropsy ¥-dul-00

Group 1: Vehicle Treated Controls Enter groups for which this was a control Imultichem study groups A8-8H
Animal I Animal Weights [0.1 q) ¥Yolume of ¥YehiclelDosag] Urerine Wt [0_1Img]
Code Day 1 Day 2 Day 3 Day 4 Dag 1 Day 2 Day 3 Wet EBlotted Animal observations during treatment or at necropsy
422 142 155 471 0.21 0.22 0.23 24.0 19.7] Vagina closed at necropsy
411 115 443 471 0.21 0.21 0.22 6.4 24.2] Vagina closed at necropsy
40.3 4 434 156 0.2 0.21 0.22 21.3 20.5) vagina closed at necropsy
388 393 40.9 45 0.13 0.2 0.2 2149 20.5) vagina closed at necropsy
4.8 37 383 413 0.13 0.13 0.13 17.3 16.0] agina closed at necropsy
35 365 374 41.3 012 012 0.19 21.0 13.1] Vagina closed at necropsy
Mean 388 399 4HE .7 220 200
Std. Dew. 320 .92 326 254 3.06 265
C¥ L -4 13.95< 13,23
WBW 00492 00452

Section 2: Immature Animals - Compounds administered by Subcutaneous Injection
Protocol B
Date injection begun [e.g.. 6 Sep_ 199%  11-Jul-00

Date of necropsy 14-Jul-00
Group 1: Vehicle Treated Controls Enter groups for which this was a control |mu|tichem study groups BA-EH
Animal I Animal Weights [0.1 q) ¥Yolume of ¥YehiclelDosag] Urerine Wt [0_1Img]
Code Day 1 Day 2 Day 3 Day 4 Dag 1 Day 2 Day 3 Wet EBlotted Animal observations during treatment or at necropsy
49.4 521 529 535 0.2 0.21 0.21 26.0 22.7) Vagina closed at necropsy
45.9 5.4 514 5.1 012 0.2 0.21 37 36.0) Wagina closed at necropsy
441 4175 419.6 533 0.13 0.19 0.2 25.3 23] vagina closed at necropsy
43.2 45,2 47 515 017 0.13 0.13 26.3 24.1] Vagina closed at necropsy
41.4 45.4 L] 528 017 0.13 0.13 26.9 2:3.9) Vagina closed at necropsy
34 4 45 5.2 016 016 012 26.2 23] Wagina closed at necropsy
138 469 189 541 275 253
3 61 3.99 .95 3 45 4 75 4 77
= 6.4% 7.3 18.9%
00513 0047

M 4 » » Vehicle Controls-Multiple Chem / Multiple Chemical Experiments 4  Vehicle Controls-Dose Response £ EE Doses - Dose Response £ |4 |




Standardized Excel Data Spreadsheet - 3

A =]

[

] E

DOSE RESPONSE EXPERIMENTS
There are three sections For the animals administered GENISTEIN

Section 1: Immature Animals - Compounds administered by Oral Gavage

—

=

Group 2: 20 micrograms/kg Genistein

Animal 1
Code

Day 1

Animal Weights [0.1 g)
Dlay 2 Dlay 3 Dlay 4

Yolume of ¥ehiclelDosag
Diay 1 Day 2 Day 2

Urerine Wt [0.1mq)
Wet Blotted

Animal observations during treatment or at necropsy

1
2
3
4
5 |Protocol A
8
7
2
3

E1

34

363 394 396

017 .18 0.2

270 253

vagina closed at necropsy

B2

40.6

44.7 47.5 43

0.2 0,22 0.24

237 23

waging closed at necropsy

3]

266

282 40.4 40.3

012 0.13 0.2

4.3 223

wagina closed at necropsy

64

232

44 284 269

017 017 .13

274 25.2

waging closed at necropsy

3]

361

6.8 40.2 40.5

.18 .18 0.2

270 4.8

wagina closed at necropsy

EE

2.7

346 383 3TE

016 017 0.13

12.3 17

Mean
Std. Dew.
C¥

354
289
8.2

75 108 408
180 1.56 134
101 8.7% 1063

248 229

vagina closed at necropsy

3.61 116
14632 138

Group 3: 60 microgram/kg Genistein

Animal 1IQ
Code

Day 1

Animal Weights [0.1 g)
Dlay 2 Diay 3 Diay 4

Yolume of ¥ehiclelDosag
Diay 1 Day 2 Day 3

Uterine Wt [0.1mg)
Wet Blotted

Animal observations during treatment or at necropsy

57

40.4

43 44.3 43

0.z 022 022

3.5 29.7

wagina closed at necropsy

3]

283

40.5 41.2 4E

.13 0.2 0.21

86 JE.3

wagina closed at necropsy

3]

2491

417 435 43

0.2 0.21 0.22

47 436

vagina closed at necropsy

il

8.7

364 41.6 433

0.13 0.13 0.21

326 303

wagina closed at necropsy

71

336

306 av.8 384

017 012 0.13

308 28.7

wagina closed at necropsy

72

4.8

244 277 28R

017 017 .13

IET 4.7

Mean
Std. Dew.
C¥

75
267
T 1%

1 411 440
342 2.93 443
882 T 1% 1023

362 ELN

vagina closed at necropsy

611 562
1693 1652

Group 4: 120 microgram/kg Genistein

Animal 10
Code

Day 1

Animal Weights [0.1 g)
Day 2 Diay 3 Diay 4

Yolume of ¥ehiclelDosag
Day 1 Day 2 Day 3

Uterine Wt [D.1mqg)
wWet Blotted

Animal observations during treatment or at necropsy

]

438

447 404 52.1

0.22 0.22 0.24

hil.1 47.8

wagina closed at necropsy

T4

38

8.7 41.8 45

.13 0.2 0.21

013 it

vagina closed at necropsy

il

308

6.3 410 422

.18 .18 0.2

456 44

wagina closed at necropsy

TE

8.8

40.2 41.1 444

0.13 0.z 0.21

586 555

wagina closed at necropsy

77

262

282 40.2 434

.12 .13 0.2

506 475

waging closed at necropsy

M 4 ¢ M

Vehicle Controls-Dose Response  / EE Doses - Dose Response % Dose Response - GENISTEIN /  Dose Response - BISPHENOL £ Dose | 1 |




Point 4 - The Uterotrophic Bioassay

Chemical Selection

24



Chemical Selection
Outline of Rationale

Classic Reference Compound (EE)
Phase 1 prevalidation — replication in Phase 2

Weak Agonists — Positive in in vitro assays
(3 or more orders of magnitude)
Dose response and coded dose - replication

Positive in uterotrophic

Negative — Also sometimes positive in vitro
(structurally similar to positives)

Chronic studies available to assess if estrogen-
related effects are elicited and at what dose
Is the screen predictive of test results?
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Chemical Selection
ER Binding Data — Weak Agonists ~103 < 173-Estradiol

O MeanICy (W:SEM. o)  Roa
17B-Estradiol (E2) 8.99 x 1019+ 0.27 x 101  100.00 2.00
Ethinyl Estradiol (EE) 4.73x 1010+ 0.60 x 10-1©  190.06 2.28
Genistein (GN) 2.00x 107+ 0.21 x 107  0.443 -0.35
Di(*l‘_ly:;‘é’)‘ymeth°xy°h'°r 3.55x107+0.15x 107  0.253 -0.60
Methoxychlor (MX) 1.44 x 104 + 0.66 x 10-4 0.001 -3.20
4-Nonylphenol (NP) 3.05x10¢+0.15x 106 0.029 -1.53
Bisphenol A (BPA) 117 x 105+ 0.64 x 105  0.008  -2.11
0,p’-DDT 6.43x105+0.89x 105  0.001 -2.85

Blair et al. (2000) 7ox. Sci. 54:138-153.

Branham et al. (2002) J. Nutr. 132:658-664. -6



Chemical Selection

Butyl parabens weakly active sc at 600-800 mg/kg/d
Di and mono butyl phthalate inactive oral to 1000 mg/kg/d

Yo

5 &rboxyl
Hydroxyl

Butyl parabens Mono butyl phthalate




Chemical Selection

Bisphenol A — 3 gen study Tyl et al. (2002) 7oxicol. Sci. 68:121-146

Nonylphenol — two multi gens Chapin et al. (1999) Toxicol. Sci. 52:
80-91 and Nagao et al. (2001) Repro. Toxicol. 15:293-315

Methoxychlor — in utero development Chapin et al. (1997)
Fund. Appl. Toxicol. 40:138-157

Genistein — in utero development Casanova et al. (1999) 7Toxicol.
Sci. 51:236-244 & Newbold et al. (2002) Cancer Res. 61:
4325-4328

o,p’-DDT — in utero & neonatal development Clement and Okey
(1972) Can. J. Physiol. Pharmacol. 50:971-975; Wrenn et al.
(1970) Bull. Environ. Contam. Toxicol. 5:61-66 and (1971)
Bull. Environ. Contam. Toxicol. 6:471-480

Dibutylphthalate — in utero development Mylchreest et al. (1998)
Toxicol. Sci. 43:47-60 (+ 2 multigens with butylbenzylphthalate)
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Additional Points

Statistics
Route Comparison
Topline Results

29



Statistical Approaches

Indep. statisticians — Dr. Joe Haseman, NIEHS
Dr. Shyamal Peddada, UVir

Dunnett’s — multiple groups, overall error
(as compared to simple t-test slightly
more conservative in finding significance)

p < 0.05 (sets acceptable error)

ANCOVA - body weight
- no difference, no adjustment
- adjustment to degree any BW difference exists
- can use both linear and non-linear models
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BPA Immature Uterotrophic
Impact of Metabolism and Route of Administration

4

Relative Increase in Uterine Weight
N

1 10 100 1000
BPA Dose (mg/kg/d)

Kanno et al. EHP 111:1530-1549 (2003) 31



Methoxychlor Immature Uterotrophic
Impact of Metabolism and Route of Administration

s
O
D
= 3
Q
£
o
D p.
=

Q

(7))

(4+]

© 1
(&)
£

Q
>
E 0
o 10 100 1000

Methoxychlor Dose (mg/kg/d)

Kanno etal. EHP 111:1530-1549 (2003)
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Following Five Data Slides

1. Protocol A, EE, Phase-1
Note — the “"width” of the range is about
0.5 log on the dose scale

2. Phase-2 weak agonist data — all Protocols:

A — immature - po — 3 day admin
B — immature — sc — 3 day admin
C—-O0VX—sc—3day admin

C'or D—-OVX—sc—7 day admin
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Uterotrophic Protocol Transferable/Reproducible

Blotted Weight of Uterus
160

140 Protocol A — immature model,
oral gavage

Uterine weight (mg)
A © ® o P

N
o

o

00 001 003 0.1 0.3 1.0 3.0 10.0
Ethinyl Estradiol ug/kg/d

Kanno et al. EHP 109:785-794 (2001) 34




Bisphenol A

4
——Lab 2 —<—Lab2 4 Lab13
— E —+—Lab6 —X-Lab15
3 —8-Lab7 4 - Lab7 —* Lab18
h 3 —o—Lab 12 ——Lab8 -®-Lab20
i ~-Lab 12 * Lab 21
c —A—Lab 13 3
O 2
o p
—
wid
N ,
Q 1
hd
4
wd 0
; 0 200 400 600 800 1000 1200 (1] 100 200 300 400 500 600 700 800 900
Q mg/kg/day mg/kg/day
c
- ——Lab2 —e—Lab7 —4Lab12
q, —+—Lab6 —&Lab 8
whd
-
(Th
(@)
O
hd
¥
0 200 400 600 800 1000 0 200 400 600 800 1000
mg/kg/day mg/kg/day



Ratio of uterine wt (test/control)

Genistein

—{—Lab 1

—{1—Lab 1 —&—Lab 8

—8&—Lab9
—o—Lab 12

—4&—Lab 8
—@®—Lab9

—®—Lab 12

100 200 300 400 500 600 0 20 40 60 80 100
mg/kg/day mg/kg/day

—{1+—Lab1
—®—Lab 9
—0—Lab 12

mg/kg/day mg/kg/day



Ratio of uterine wt (test/control)

Methoxychlor

4

—{1Lab 1

——Lab1 2 —O—Lab 3
—0—Lab 3 ——Lab 12
—e—Lab 12 —<—Lab 14

o 1 _
0

0

100 200 300 400 500 600 0 200 400 600 800 1000
mg/kg/day mg/kg/day

—{—Lab 1
—O—Lab 3
—— Lab 12

200 400 600 800 1000 0 200 400 600 800 1000
mg/kg/day mg/kg/day



Ratio of uterine wt (test/control)

~—-Lab 4 E ——Lab4 —¥—Lab15
—-o-Lab7 —+—Lab6 —9—Lab18
—-0-Lab 9 —@—Lab7 ——Lab20
—9—Lab 12 ——Lab 8 Lab 21
—@®—Lab9
—— Lab 12

50 100 150 200 250 300 350 400 0 20 40 60 80 100 120
mg/kg/day mg/kg/day

—+—Lab 6
—o—Lab7
—4A—Lab 8
—0—Lab9
—o— Lab 12

20 40 60 80 100 120 0 20 40 60 80 100 120
mg/kg/day mg/kg/day
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Ratio of uterine wt (test/control)

—O—Lab 3
—<—Lab5
—&— Lab 11
—&o— Lab 12

100 200 300 400 500 600 700

mg/kg/day

—O—Lab3
——Lab 12

50 100 150 200 250
mg/kg/day

—O—Lab 3
—x—Lab 5
—A—Lab 11
—o—Lab 12

100 150 200 250
mg/kg/day

100 150 200 250
mg/kg/day



Point 5 - Reproducibility

This is an essential validation question —
rationale for the overview

» Take into account that dose ranges were narrow

Understand statistical power and role of the
laboratory CV

Review absolute data

Review relative data

Review overall performance

Compare performance to in vitro assays
declared valid
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Assay Reproducibility — Dose Range

The Dose Ranges were Very Narrow

Protocol A —doses in mg/kg/d and by log ratio

1 2 3 4 5
_ 60 200 375 600 1000
Bisphenol A
0.0 0.52 0.80 1.00 1.22
10 50 125 300 600
o,p’-DDT
0.0 0.70 1.10 1.48 1.78
o 20 60 120 300 500
Genistein
0.0 0.48 0.78 1.18 1.40
20 50 120 300 500
Methoxychlor
0.0 0.40 0.78 1.18 1.40
15 75 125 250 350
Nonylphenol
0.0 0.70 0.92 1.22 1.37
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Relative Increase in Uterine Weight

Assay Reproducibility — Overview

Protocol A- Uterine Response to 5 Weak Agonists
3.5

——o— Bisphenol A

3.0 < -=-pDT
25 —&— Genistein
—>& Methoxychlor
2.0 ’ =X¥— Nonylphenol
1.5 V
W “] 50% increase
0.5
0.0
10 100 1000

Dose of Agonist (mg/kg/d)
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Statistical Power — distribution immature CVs

Cumulative Percent

100%

Immature Group CV - Cumulative Distribution

I = et XX 7YY
B o R R
Y
-/

90%
80%
70%
60%

-

- ,

- ‘----

c0o, -"----
- Median CV=14.67 --

40%

209, -!-----

20%

. /

o, TV AR N N N

0% 10% 20% 30% 40% 50% 60%

Group Coefficient of Variation

So power calculations cover the CV range
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Assay Reproducibility — Power 1

Variation in Power with CV and Response

“ﬂﬂﬁ I

Percent Increase in Uterus Welght (Response)

For Immature — Maximum uterine response approaches 500%

- 25
=30
80

44



Assay Reproducibility — Power 2

More proficient Labs — mean CV ~10

- 50% Increase I
100% +, 0% -

100 -

80

" l 98.2% +, 1.8% -
60 - 30% Increase -
98.2% +, 1.8% - cV
40 769%+ 23.1% - 10
! 20% nrease I-
20 1% +, 19. 9% -
0 i
) 60 70 8

10 20 30 40 5
Percent Increase in Uterus Weight (Response)

Power

Median CV For immature = 14.7%; For OVX = 12.2%

0
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Assay Reproducibility — Power 3

What about the Less Proficient Labs??

100 - | 86.9% +, 13.1% -
'.' 69.3% +, 30.7% -
80 54.4% +; 45.6%

38.3% +, 61.7% -
27.3% +,72.7% -
10 20 30 40 50 60 70 8
Percent Increase in Uterus Weight (Response)

0

95t Percentile CV For immature = 30.9%_; For OVX = 22.9%
46



Uterine Wt to Body Weight Comparison
Immature Vehicle Controls — Group Mean Blotted Wih.

~
o

Data quality issues — all Protocol B

(o))
o

a0
o

D
o

N
o

-
(=]

Uterine Weight - blotted (mgs)
w
(=

o

30 40 50 60 70
Body Weight (grams)
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Assay Reproducibility — Over Time
Protocol A — Weakest Agonist

Reproducible Dose Response over time

Bisphenol A (mg/kg/d) 60 200 | 375 | 600 | 1000
Dose Response + 0 0 2 3 3
total 3 4 4 4 3
% 0% 0% | 50% (| 75% ) 100%
Coded single dose + 7
total 10
% 70%
Combined + 10
total 14
% 71% |

Data for all Agonists and the Negative are in the Room Document
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Assay Reproducibility — Over Time

Protocol B and C — Weakest Agonist

Again reproducible dose response — C very good

Bisphenol A (mg/kg/d) 10 100 | 300 | 600 | 800
Dose Response B+ 1 4 6 7 6
C+ 0 5 5 5 3

B% | 17% | 57%"] 86% | 100% | 100%
C% | 0% |100%.|100% !100% | 100%

Coded single dose | B + 13
B % 100% |
C+ 7
C % | 100% |

Data for all Agonists and the Negative are in the Room Document
49



Protocol A - Immature, sc
CSD: DDT, GN, MX, NP
v

% of Labs Positive
N

o

X

|

(@)

wn

O

vy,

o
|||i

Dose: 1 p 3 4 5

—&— Bisphenol A —l- Genistein
¢ Bisphenol A CSD B Genistein - CSD —— Nonylphenol

—— o,p’-DDT —l—- Methoxychlor Nonylphenol - CSD
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Protocol B - Immature, po
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Protocol C - OVX, sc
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Assay Reproducibility — CV

Absolute Uterine Weight Coefficient of Variation

Protocol A — Across Laboratories

EE dose NT Veh | 0.01 | 0.03 | 0.1 0.3 1 3 10

24% | 21% | 21% | 23% | 27% | 25% [ 24% | 17% | 13%
Dose Resp | Veh 1 y 3 4 5
Bisphenol A | 18% | 12% | 13% | 13% | 19% | 9%
Genistein 31% | 41% | 28% | 19% | 11% | 19%
Methoxychlor | 41% | 20% | 28% | 19% | 26% | 32%
Nonylphenol | 16% | 12% | 4% | 14% | 5% | 10%
o,p-DDT 32% | 25% | 7% 12% | 17% | 14%

Average CVs across labs are relatively low = reproducibs!g




Role of Absolute Uterine Weights on CV

Prot. A — Genistein — Absolute Blotted Uterine Wt (mg)

=1o) 20 60 120 K10[0 500 Veh

1 55.3 68.3 4.7 81.4 96.8 39.1

8 22.9 34.1 496 | 61.7 65.7 | 214

9 39.4 65.6 76.3 74.1 89.0 | 29.2
12 52.4 64.5 74.6 20.6

Prot. B — Methoxychlor — Absolute Blotted Uterine Wt (mg)

=1o) 20 100 205 500 800 Veh

1 40.9 | 48.0 68.0 86.3 93.5 | 352

3 45.1 81.0 | 1014 | 1074 | 132.2 | 31.5
12 62.3 76.2 72.0 22.4
14 178 | 27.7 | 443 | 61.8 60.2 16.3 |

Widest difference in starting uterine wt (and body wt)
lead to the greater CVs for the immature version54



The Use of Relative Increase Values

The lead independent statistician used
a relative percentage increase
approach for the range in immature
absolute uterine weight values.

This allows different body weights to be
accounted for (more later).
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Assay Reproducibility

Interlaboratory Relative Increase and CVs

Mean Increase and Mean CV

Mean Relative Increase [Coeff Var]

Chemical A =) C D
BPA 1.37[18] | 1.88[21] | 2.73 [12] | 3.72 [8]
DBP 0.95[5] | 0.97[21] | 1.04[17] | 0.99 [5]
DDT 3.55[14] | 1.27 [27] | 1.26 [17] | 1.18 [8]
GEN 2.72119] | 2.35[22] | 1.78 [10] | 2.19 [11]
MC 3.16 [9] | 2.84[24] | 2.15[23] | 2.74 [16]

NP 2.07[18] | 1.66 [27] | 1.40([7] | 1.79 [10]

Again, CVs are low = reproducible

Recall that Protocol B had the data quality issues
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Assay Reproducibility
Dose response data — Among Laboratories
Interlaboratory CVs

Mean and Median CVs

Coefficients of Variation [mean] [median]

Chemical A B C D
BPA [11]1 [11] | [19]1[20] | [12] [12] [5] [3]
DDT [21]1[25] | [12][12] | [11] [9] [8] [6]
GEN [18] [21] | [8] [9] [8] [8] | [13][13]
MC [26] [27] | [19][18] | [11] [8] | [11][10]

NP [14] [12] | [20] [18] | [9] [7] [7] [4]
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Overall Uterotrophic Performance

Measures of addressing both positive and

negative substances correctly

Protocol

A

B

C

Positive Predictivity

100%

91.7%

92.3%

100%

Negative Predictivity

100%

100%

100%

100%

Sensitivity

100%

100%

100%

100%

Specificity

100%

85.7%

85.7%

100%

Concordance

100%

94.4%

94.7%

100%
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Comparison with ECVAM In Vitro
Validation Programs

3 in vitro assays for developmental tox —
validation programs declared successful

 Briefly compare chemicals and design

* Briefly compare outcomes

 Briefly compare inter lab variability

Genschow et al Embryonic stem cell ATLA 32:209-244 (2004)
Spielmann et al Rat arm bud micromass ATLA 32:245-274 (2004)
Piersma et al Rat whole embryo ATLA 32:275-307 (2004)
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Comparison with In Vitro Performance

Result (Prediction)

Chem. | Studies

Non Weak Strong
Embryonic Stem Cell Test
Non-embryotoxic 5 37 75.7% 32.4% 0.0%
Weakly embryotoxic 5 37 18.9% 89.2% 0.0%
Strongly embryotoxic 4 28 14.3% 7.1% 75.7%
Micromass Test
Non-embryotoxic 5 40 80.0% 20.0% 0.0%
Weakly embryotoxic 5 40 40.0% 60.0% 0.0%
Strongly embryotoxic 4 31 25.8% 6.5% 67.7%
Whole-embryo Culture Test — Prediction Model 1
Non-embryotoxic 5 20 70.0% 10.0% 20.0%
Weakly embryotoxic 5 19 SYAN 47.4% 0.0%
Strongly embryotoxic 4 15 0.0% 6.7% 93.3%
Whole-embryo Culture Test — Prediction Model 2
Non-embryotoxic 5 20 80.0% 20.0% 0.0%
Weakly embryotoxic 5 18 38.9% 61.1% 0.0%
Strongly embryotoxic 4 14 0.0% 0.0% 100.0%

160




Comparison with In Vitro Performance

EST MM [(WEC-1|WEC-2
Pos. Predictivity Non 2% | 57% | 58% 70%
Pos. Predictivity Weak 713% | 71% 75% 73%
Pos. Predictivity Strong | 100% | 100% | 78% | 100%
Neg. Predictivity Non 6% | 80% | 70% 80%
Neg. Predictivity Weak 81% | 60% | 47% 61%
Neg. Predictivity Strong 9% | 68% | 93% | 100%
Concordance 8% | 69% | 70% 79%

ECVAM Validation Criteria

By Chance 33% | Good > 75%
Insufficient < 65%  Excellent > 85%_l
Sufficient > 65%

Genschow et al. ATLA 30:151-176 (2002)
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Cumulative %

Comparison of Interlaboratory CVs
Uterotrophic vs Limb Bud Micromass

- 'v
80%
60%
40%

—o— Immature Median: 18.5
20%
0% °

0% 50% 100% 150%
Coefficient of Variation

f —=— |C50 (ug/ml) Median: 47.7
—— ID50 (ug/ml) Median: 29.0

200%
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Point 6 — Statistical Approach
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Statistical Approaches

1. Different absolute change in uterus
(control range 16 to 45 mg)

2. Body weight covariable with uterine weight
o Compare data based on relative increase (a

percentage over the control — not absolute
milligrams)

e Use ANCOVA to adjust uterine weight
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Statistical Approaches

Added Analysis for the Peer Review Panel

 Over 1000 treatment groups were reanalyzed

 Comparison of T-test vs Dunnett’s
(T-test should be slightly more liberal)
19 immature groups became significant with t-test
17 OVX groups became significant with t-test

 Comparison with and without ANCOVA
11 immature and 2 OVX results changed
11 became non-significant without ANCOVA
2 became significant without ANCOVA
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ANCOVA Example

Dunnett’s multiple comparison, p<0.05
Relative increase in uterine weight

BW Uterus No With

() (le)) ANCOVA ANCOVA
Control 46.6 25.4
BPA-60 48.0 25.7 1.018 0.984
BPA-200 47.7 29.0 1.155 1.125
BPA-375 42.5 29.4 1.149 1.274 *
BPA-600 44.3 35.8 1.413 * 1.497 *
BPA-1000 45.2 44.5 1.747 * 1.809 *

* Statistically significant
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Point 7 - Prediction
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Prediction — The Background

e One criteria for chemical selection was that
reference data from reproductive and
developmental studies with sensitive
oestrogen-mediated endpoints were
available.

e Most often the impacted endpoint was an

acceleration of the time of vaginal opening.

e Thus, the uterotrophic NOEL and LOELs
could be compared with reference data.
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Comparison of Uterotrophic Screen
and Repro-Developmental Test Results

mg/kg/d of Substance
Uterotrophic MED LOEL/LOAEL Effects

(oral gavage) (dietary)
Methoxychlor <20 5 (vaginal opening)
Genistein ~20 30-75 (vaginal opening)
50 (latent cancer)
Nonylphenol 15-75 50-68 (vaginal opening)
DDT 10-50 2.5-10 (vaginal opening)

Bisphenol A 400-600 50 (BW .) no estrogenic

White — endpoint apparently estrogen mediated
Yellow — other toxicity, not estrogenic
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Other Analyses

Benchmark Dose Comparisons A

Uterotrophic Validation Reproductive
Mean ED10 (mg/kg/day) /Developmental
[Coeff. Variation] Estrogen
Dose response data LOEL (mg/kg/d)
A B C (09

BPA 4445([17] 69.0([75] 7.7 [33] 11.7 [6] 500 — no effect
GEN 15.4[10] 49[73] 10.0[19] 6.4 [25] 30-75
NP 42.1 [14] 31.5[57] 50.1[16] 27.5][9] 50 - 68
DDT 11.2[53] 159.3[34] 101.7 [74] 103.0 [27] 25-10

MC 3.6 [45] 324 [34] 49.7[17] 59.3 [55] 5
DBP \Ja NA \Ja N2 750 — no effect

A The CVs also reflect the benchmark method and incomplete curves
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The Prediction

Screen Reference Test

112

NOEL uterotrophic NOAEL estrogen adverse effects

112

LOEL uterotrophic LOAEL estrogen adverse effects

« Only valid for estrogen related effects;
not other toxicities that may be the principal

effect as in the case of
Bisphenol A.

71



Uterotrophic Validation Summary: EE, 5 Weak
Agonists, and Negative —e— Ethinyl Estradiol
——o— Bisphenol A
—l— DDT

Genistein
—— Methoxychlor

5
4 —&— Nonylphenol
3.5 % Dibutyl phthalate
3
5

P

.

0
0.00001 0.001 0.1 10 1000

Oral Gavage Dosage (mg/kg/d)

Relative Increase in Uterine Weight
N

Owens and Koéter Env. Health Persp. 111:1527-1529 (2003) -,



Point 8 — Dietary Issues
(Phytoestrogens)
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Diet and Phytoestrogens 1

Problem Statement:
Dietary phytoestrogens may reduce uterotrophic

sensitivity

Response:
Sample and analyze diets in validation study
Calculate intake as genistein equivalents
(requires assumptions on additivity and
equivalents)
Assess possible impact with detection of two
weak agonists — BPA and NP
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Diet and Phytoestrogens 2

Need actual consumed dose — 2 major factors
Phytoestrogen content of diet is one factor

Food consumed per kg body weight is other factor
Immature rat consumes more on bw basis than OVX
Mouse consumes more than rat

Immature rat is more “vulnerable” than OVX
Mouse is more “"vulnerable” than rat to a given diet
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Diet and Phytoestrogens 3

26 lots of lab diet; 11 different diets were analyzed

All had genistein and daidzein, some coumestrol
low 72ppmGN 29ppmDZ 0.3CM
High 355ppm GN 127 ppm DZ 0.9 CM

Using coumestrol = 10 * genistein
daidzein = 0.8 * genistein
Calculate genistein equivalents

Using food consumption data (7 labs measured)
Calculate intake of genistein equivalents

Owens et al. Env. Health Persp. 111:1559-1567 (2003)
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Nonylphenol Oral Gavage
Intact, Immature Rats

250 mg/kg/d

Relative Increase in Uterine Weight

0
0 10 20 30 40 50 60
Estimated Genistein Equiv. Intake (mg/kg bw/d)

Owens et al. EHP 111:1559-1567 (2003) =



Bisphenol A Oral Gavage
Intact, Immature Rats

w

600 mg/kg/d

N

A

Relative Increase in Uterine Weight

o
(=

10 20 30 40 50 60
Estimated Genistein Equiv. Intake (mg/kg bw/d)

Owens et al. EHP 111:1559-1567 (2003)
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Diet — Conclusions & Other Data

A limit needs to be placed on the dietary level
of phytoestrogens as a precaution in order to
protect the sensitivity of the uterotrophic bioassay:

For the immature version — 350 ppm GN equivalents
For the OVX — not necessary

Other Relevant References:

Yamasaki et al. Arch. Toxicol. 76:613-620 (2002)

Wade et al. Food Chem. Toxicol. 41:1517-1525 (2003)

Odum et al. Tox. Sci. 61:115-127 (2001)
Thigpen et al. Cancer Detect. Prev. 26:381-393 (2002)
Thipgen et al. Comp. Med. 53:607-615 (2003)
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Point 9 — Other Issues

Data Quality
Number of Laboratories

Toxicogenomics
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Limitations, Problematic Data, Other Work

e High control weights in 3 labs — all Protocol B
(>45 mg) Relative increases lower, dose
response shifted right, some did not achieve
statistical significance.

e Analyses done with and without statistical
outliers (little influence)

e Satellite experiments done in some labs —
Various histopathological correlates
Histopathology equivalent to statistically

significant increase in weight
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Distribution of vehicle control blotted uterine wts (mg)

To read: Column labeled 14 constitutes all observations from 14.0 to 15.9,

Number of Observations

© = N W A O O N O® O o
I B

16 constitutes all observations from 16.0 to 17.9, and so on.

remove > 40 include > 40
Avg 28.6 30.7
Med 29.5 29.7

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

Blotted uterine wt (mg)
Pools Protocols A and B
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Laboratory Numbers and Animals

Actual Number of Labs per Study

Immature ovX
A B C C-sat CX/D
po-3d | sc-3d | sc-3d | po-3d | sc-7d

Phase 1 - EE - Wistar 5 4 2 1
Phase 1 — EE Sprague 11 8 7 3
Phase 2 Coded Dose

Wistar 6 2 1

Sprague-Dawley 6 10 3
Phase 2 Dose Response

Bisphenol A 4 10 5 1 2

o,p’-DDT 4 4 3 (| 2

Genistein 4 4 3 1 2

Methoxychlor 4 4 3 1 2

Nonylphenol 4 10 5 1 2
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Toxicogenomics

Ashby Odum (2004) Tox. Sci. 82:455-467

Moggs et al. (2004) Env. Health Pers. 112:1137-1142
Moggs et al. (2004) Env. Health Pers. 112:1589-1606
Naciff et al. (2002) 7ox. Sci. 68:184-199

Naciff et al. (2003) 7ox. Sci. 72:314-330

Naciff et al. (2004) Env. Health Pers. 112:1519-1526
Odum et al. (2004) Env. Health Pers. 112:1472-1480
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Androgens — Point 1

Estrogens are produced FROM androgens.

Via the enzyme AROMATASE.

The site for systemic estrogen produced
from aromatase is the OVARY.

The immature version will then produce
Estrogen from administered androgen;
and this will cause a uterotrophic
response.
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Androgens — Point 2

The uterotrophic response by the immature
female to aromatizable androgens has been
known for 30 years and has been used by the
pharmaceutical industry for ~20 years as an
assay for the efficacy of aromatase inhibitors
coadministered with androgen.

Knudsen and Mahesh Endocrinol. 97:458-468 (1975)

Bhatnagar et al. Proc. Royal Soc. Edinburgh 95B:293-303 (1989)
Bhatnagar et al. J. Ster. Biochem. Mol. Biol. 37:363-367 (1990)
Bhatnagar et al. J. Ster. Biochem. Mol. Biol. 37:1021-1027 (1990)
Dukes et al. J. Ster. Biochem. Mol. Biol. 58:439-445 (1996)
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Conclusions

. The Uterotrophic Protocols were adequate.
. The Reproducibility was excellent.

. The Predictive Capacity for the uterotrophic
was assessed and is very good.

. Chemical number and selection.

- The selected chemicals challenge the assay, so
they are appropriate

- The need for other negatives should be discussed

. The statistical approach is appropriate and
functions well.

. Number of laboratories and animals used was
were generally reasonable and within the program
needs.

87



LLNA Protocols

Citations for Protocols’ History

Kimber & Basketter Fd. Chem. Toxicol. 30:165-169 (1992)
Gerberick et al. Fund. Appl. Toxicol. 19:438-445 (1992)

Kimber et al. 7oxicol/. 103:63-73 (1995)

Loveless et al. 7Toxicol/. 108:141-152 (1996)

Chamberlain & Basketter Fd. Chem. Toxicol. 34:999-1002 (1996)
Kimber et al. J. Toxicol. Environ. Health 53:563-579 (1998)

5 labs with modest protocol differences

or continue LLNA protocol details on next slide
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LLNA Protocols
Protocol Variables in Pooled Studies

Strain of Mouse — CBA/Ca, CBA/J, and CBA/Hsd
Group size — typically n=5, sometimes n=4
Vehicle - nine

Bedding, Cage, Caging, Diet — lab choice, lab choice,
group or individual, lab choice

Specific Activity of Labeled 3[H] Methyl Thymidine —
2-7 Ci/mmol

Second label and substance: 125I-Uridine

Pooled Group vs Individual Animal Lymph Nodes

or continue LLNA protocol details on next slide
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LLNA Protocols

Citations for Validation Peer Review

Sailstad et al. Regul. Toxicol. Pharm. 34:249-257 (2001)
Dean et al. Regul. Toxicol. Pharm. 34:258-273 (2001)
Haneke et al. Regul. Toxicol. Pharm. 34:274-286 (2001)

Balls & Hellsten A7LA 28:366-367 (2000)

In summary, for the LLNA, there were protocol
variations equal to or greater than the uterotrophic,
but both ICCVAM and ECVAM accepted these and
agreed the assay was valid

(this is final LLNA protocol slide)
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LLNA Example

Loveless et al. Toxicol. 108:141-153 (1996)
5 labs and 7 chemicals
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