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Based on an ICCVAM recommendation, NICEATM, ECVAM, and JaCVAM initiated a four-phase
validation study to evaluate the LUMI-CELL® ER assay. The LUMI-CELL® ER transcriptional
activation (TA) assay uses the BG-1 cell line, a human ovarian carcinoma cell line with an
endogenously expressed estrogen receptor (ER) and a stably transfected luciferase reporter
gene to screen for substances that may induce or inhibit ER-mediated transcription. The validated
assay will be used to support the EPA EDSP Tier 1 screening program, and to develop an OECD
test guideline with performance standards that can be used to validate mechanistically and
functionally similar ER TA test methods. Three laboratories (one each in the United States,
Europe, and Japan) tested 53 reference substances recommended by ICCVAM for validation of in
vitro ER test methods. Phase 1 was the laboratory evaluation phase where each laboratory tested
reference standards and controls 10 times to demonstrate iniial proficiency, and to establish

criteria for phases. In Phase 2, 12 agonist and
antagonlsi substances from the ICCVAM minimunn list covering the range of activities (i.e., strong,
moderate, weak, negative, agonists and/or antagonists) were tested in two stages (4 in Phase 2a,
8in Phase 2b). Protocol refinements made during Phase 2 were incorporated into the final
optimized protocols used for all subsequent testing. Phase 3 provided the data necessary to
evaluate inter-laboratory reproducibility and accuracy of the optimized protocols by testing the
remaining 41 substances from the minimum list at least once at each laboratory. In Phase 4 the
lead laboratory tested 25 additional substances from the ICCVAM list of 78 recommended
substances. Results from Phases 2a and 2b underscore the importance of a phased study design
to allow for necessary protocol refinements. Results from Phases 3 and 4 are being evaluated
and will form the basis for a standardized protocol to be included in a new OECD test guideline.
Supported by ECVAM, JaCVAM, and NIEHS Contract NO1-ES-35504.

"This abstract has been modified from the version presented in the SOT 2010 booklet.

The LUMI-CELL® ER assay is a TA test method developed to detect ER agonists and
antagonists

~ There are currently no adequately validated in vitro test methods for identifying

estrogen antagonists
= The LUMI-CELL® ER assay will provide the first validated screening method for
estrogen antagonists
+ The test method is based upon an immortalized ovarian cel line, the BG-1 cell, rather
than the more commonly used MCF-7 breast cell line.

Both cell lines have similar affinities for estradiol. However, BG-1 cells have
approximately twice the number of ERs as MCF-7 cells, thereby providing an
excellent model for evaluating estrogen responsiveness (Baldwin et al. 2007).

BG-1 cells are also more tolerant of dimethy! suifoxide (DMSO) than MCF-7 cells,
tolerating DMSO concentrations of 1%, which allows for the testing of higher
concentrations of test substance
The National Toxicology Program Interagency Center for the Evaluation of Alterative
Toxicological Methods (NICEATM), the European Centre for the Validation of Alternative
Methods (ECVAM), and the Japanese Center for the Evaluation of Alternative Methods
(JaCVAM) have conducted an interational multi-laboratory validation study to evaluate
accuracy and reliability in three laboratories:

~ Xenobiotic Detection Systems, Inc. (XDS) (Durham, USA)

~ ECVAM (Ispra, ltaly)

~ Hiyoshi Corp., (Omihachiman, Japan)
The study was conducted in four phases (Figure 1)
The study evaluated the 78 reference
Coordination Committee on the Validation of Alternative Methods (\CCVAM) for validation
of in vitro ER test methods (ICCVAM 2006)

Figure 1: Phases of the LUMI-CELL® ER TA Validation
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PHASE 2b: LABORATORY QUALIFICATION PHASE

«Further refine protocols and re-test if necessary to achieve
acceptable reproducibility

«Finalize optimized protocol for Phase 3

+Testing of 8 coded chemicals in 3 replicate tests

PHASE 3: LABORATORY TESTING PHASE
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protocol

«Testing of 41 coded chemicals in 1-3 replicates
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Phase 1 Testing

+  Reference standards and controls were tested at least 10 times in all 3 laboratories

Table 1: Substances Tested in Phase 2*

(Figures 2 and 3)
+ Intra-laboratory reproducibility evaluated
+ Established initial quality controls for testing of coded reference substances

+ Coded agonist and antagonist substances were tested (Table 1)
+ Accuracy and intra- and inter-laboratory reproducibility were evaluated against the

ICCVAM reference data published in 2006 (ICCVAM 2006)
+ InPhase 2a, three of four test substances were positive for agonism, and four of four
test substances were positive for antagonism (Table 2).

Figure 2: Phase 1 Agonist Results  Figure 3: Phase 1 Antagonist Results

Agonist Test Substances

Antagonist Test Substances

Substance Name CASRN

Substance Name

CASRN

Bisphenol A (BPA)

80057

Dibenzo[a. anthracene (DBA)

53703

Bisphenol B (BPB)

77407

p-n-nonylphenol (NON)

104-40-5

Phase
2a

Corticosterone (CORT)

5022.6

Progesterone (PROG)

57.83.0

Diethylstilbestrol (DES)

56-53-1

‘Tamoxifen (TAM)

10540-29-1

Atrazine (ATR)

1912:24-9

Apigenin (API)

52036-5

Butylbenzyl phhalate (BBP)

85687

Atrazine (ATR)

1912-24-9

0.p-DDT (DDT)

789026

Butylbenzy phthalate (B8P)

85687

Phase

17-ct ethinyl estradiol (EE)

57-63.6

Corticosterone (CORT)

50226

Flavone (FLA)

525826

0,p-DDT (DDT)

789026

Genistein (GEN)

446720

Fiavone (FLA)

525.82.6

p-n-nonylphenol (NON)

104-40-5

Genistein (GEN)

44672:0

Vinclozolin (VIN)

50471-44-8

Resveratrol (RES)

501-36-0

Aborsiston: CASRN = Charmical Absracs Charica Ragity Nurber

Covas

Phase 2 Testing|(Continted))

Table 2: Results of Phase 2a Testing

‘Agonist Test AgonistTest | Antagonist Test “Antagonist Test
Substance LSRR esults® Substance CEIER)
TRD” osiive TRD” ositive
XDS ositive XDS ositve
G ECVAM osilive L ECVAM osilive
Hlvosi 7 Elvosn 7
IRD" osiive IRD" osiive
ositive XDS ieqative”
P8 ECVAM osiiive NoN ECVAM Positive
Hiyoshi ositive Hiyoshi Positive
TRD” Negative TRD” Negative
XDS Negative XDS Positive
SRy ECVAM Positive’ EROS) ECVAM Positive
Hlivosh egalive Elivosn ositive
IRD osilive IRD" osilive
XDS osiive XDS ositive
DEE ECVAM osiive TAM ECVAM osiive
Hivoshi osiiive Hivoshi osiiive

Abbreiatons: IRD = ICCUAM Refrence Data
“Resul i b are discordantfom GCVAN Referenco Data
IRD-ICCVAN eloence dat: fom ICGYAM (2006)

TBordoring posi rosus ha may have fesued fom contaminaton

Phase 2a Test Plate Acceptance Criteria

Agonist test plate acceptance criteria used in Phase 2a testing:
Plate induction >3-fold (averaged highest 17B—estradiol [E2] reference standard RLU

divided by the averaged DMSO RLU)

« E2ECy, 2.5 times the standard deviation (SD) of the historical database E2 ECy
+ DMSO RLU = 2.5 times the SD of the historical DMSO RLU
« Methoxychlor control (MET) RLU < 2.5 times the SD of the historical MET RLU
Amagomst test plate acceptance criteria used in Phase 2a testing:
Plate reduction > 3 fold (averaged highest Ral/E2 reference standard RLU divided by the
averaged lowest raloxifene HCI/E2 [ral/E2] reference standard RLU)

value

control value

Phase 2a Agonist and Antagonist Test Plate Failure Rates

substances, respectively.

DMSO RLU < 2.5 times the SD of the historical DMSO RLU
E2 control RLU must be < 2.5 times the SD of the historical E2 control
Flavone/E2 control (FLA/E2) RLU must be < 2.5 times the SD of the historical FLA/E2

RaloxifeneRal/E2 IC;, values < 2.5 times the SD of the historical database Ral/E2 ICg,

Overall failure rates were 61% (33/54) and 38% (13/34) for the agonist and antagonist

The relationship between test plate failures and the different test plate acceptance criteria

was evaluated to determine if changes to these criteria could reduce the failure rate without

affecting agonist of antagonist classifications.

~ Only changes to acceptance criteria for agonist E2 reference standard ECs, and MET, and

antagonist Ral/E2 reference standard ICy, and FLA/E2 values were considered for mot

fication.

- Acceptance criteria based on DMSO control values, agonist E2 reference standard fold induction,
antagonist Ral/E2 reference standard fold reduction, and the antagonist E2 control were not
considered in this evaluation because they are essential for monitoring background activity,
assay performance, or determining test substance anti-estrogenic activiy.

Results indicate that test plate failures associated with reference standard ECyo and ICs

and/or positive control RLU values did not affect agonist or antagonist classifications (see

Tables 3, 4, and 5).

Table 3: Qualitative Evaluation of Agonist E2 Reference Standard ECs,
and Methoxychlor Control Test Plate Acceptance Criteria’

Aot Tent |y (Namberot| | Socire, | FatedE2ec | oo | Ecaana
Criteria Oniy
x08 7 3(1) 404 DN DN
BPA Ecvam 13 3() 7() 3() DNE
Hiyoshi 4 30 ONF 1) DNF
x08 7 3(1) 4(4) DN DN
BPB Ecvam 9 3() 4 DNE 2(1)
Hiyoshi 4 3() ONF 10 DNF
08 7 30) 40) DNF ONF
CORT Ecvam 13 3() 5() 3() DNE
Hiyoshi 4 40 ONF DNF DNF
08 7 3(1) 404 ONF ONF
DES EcvAM 9 35 4@ DNF 2(4)
Hiyoshi 4 3(0) ONF DNE DNE
Abtroiatons ONF
e e st
R o 5450 moan
Overie, 13 consdred ngate ()
Table 4: Q ion of Ral/E2
lcs,, and Flavone/E2 Positive Control Acceptance Criteria’
" Passed All " i Failed both RallE2
AntagoristTost| oy | Numberof Accomanca [oas : s:l./y Failed 2:::.‘-/52 i andFvone
xp$ 6 +(33) +(113) ONF ONF
oBA Ecvam 3 +(313) ONF ONF ONF
Hiyoshi 3 +(@13) ONF ONF DNF
XDS 6 T (05) +(03) ONF ONF
NON Ecvam 3 +@13) ONF ONF ONF
Hiyoshi 3 +(@13) ONF ONF DNF
X0S 6 + @13) +(03) ONF ONF
PROG Ecvam 3 +@13) ONF ONF ONF
Hiyoshi 3 +(@13) ONF ONF DNF
X0S 6 + @13) + @3) ONF DNF
TAM Ecvam 5 +@13) ONF +(172) ONF
Hiyoshi 3 +(@3) DNF ONF ONF
T osradot 10y

Rl raioxfone HCL

Othrwse, 1 considered negaive (.

Phase 2 Testing (Continuied))

Table 5: Comparison of Test Substance ECg, and IC5, Values from Plates
that Passed or Failed Agonist and Antagonist Reference
Standard and Positive Control Test Plate Acceptance Criteria

ooy | Ao ot pssea | POOELPE ot s 2
and All Acceptance Criteria o Methexychicy .
o P Value’
suance Mean EC, Mean EC.
“ " w0 "
Evaluated | N e sp N e D
XOSBPA | 3 | Baxi07 | 72x10° | 4 | 00x107 | taxi0r | 040
ECVAMBPA| 3 | 19x107 | 76x105 | 10 | 16x107 | 56x107 | o6
SBPE |3 | aox107 | 6ox107 | & | 43xi07 | t.1x107 | 06
EcvawerB| 3 | 42x107 | 13x102 | 4 | 7sx10° | t7x10% | 00
XDSIDES 14x10° | 50x10° | 4 | 26x10° | taxi0° | 020
e gonit latos that Passod A1l | ATIaGonIt Plates that did not Pass
T || T Ral/E2 IC,, andlor Flavone/E2
s ‘Acceptance Criteria P Value®
LEsEnes Wiean C; Mean IC;
w 5 = "
Evaluatod | N | MeaniC sp [ Moanic sp
s | s | rero [arxior o Teaxwr [ on

st
P20.05 dicatos hat EG o IC., valuos aro ol sigcany iforent
£ECyy and Gy, values are oxpessed i ygimt

Modifications to the Protocols

Modifications to Test Plate Acceptance Criteria

During Phase 2a, test plates that failed test plate acceptance due to failure of the E2 ECy,

Ral/E2 ICgy, MET or FLAJE2 controls did not alter the expected test substance results (Table 5).

Test plate acceptance criteria based on ECq, ICs,, MET and FLA/E2 values were removed from

the protocols.

Test plate acceptance criteria were modified as follows:

«  Agonist Test Plate Acceptance Criteria:

— Agonist E2 reference standard curve should be sigmoidal in shape and have at least three values
within the linear portion of the curve
— Mean MET RLU > 3x SD of the mean DMSO RLU

+  Antagonist Test Plate Acceptance Criteria:

~ RallE2 standard curve should be sigmoidal in shape and have at least three values within the
linear portion of the curve

— Mean methoxychlor RLU > 3x SD of the mean DMSO RLU

~ Mean FLAE2 RLU < 3x SD of the mean DMSO RLU

— E2 control RLU must be < 2.5 times the standard deviation of the historical E2 control

Phase 2b Agonist and Antagonist Results

+ I Phase 2b, six of eight test substances were positive for agonism, and eight of eight test
substances were positive for antagonism (Table 6).

Phase 2b Agonist and Antagonist Test Plate Failure Rates

*  Overall failure rates were 16% (7/45) and 14% (6/44) for the agonist and antagonist
substances, respectively.

Protocol Test Solubility

« Initial protocols used for Phase 2b specified that substances were to be tested up to the
limit concentration of 1 mg/mL or to the limit of solubility in 1% DMSO/estrogen-free
medium (EFM) during range finder testing using seven point 1:10 serial dilutions.

«  Differences in the solubility of test substances in 1% DMSO/EFM were observed across
laboratories, resulting in differences in the maximum concentrations used for
comprehensive testing
~ For example:

+ Flavone and genistein were negative for antagonism when tested at Hiyoshi at 10 ug/mL.
= Flavone and genistein were positive for antagonism when tested at ECVAM and XDS at 100
pg/mL

+ Protocol prooedures for determining maximum solubility were modified to minimize
differences across laboratories
— Maximum concentrations for renge finder testing were determined by solubiity in 100% DMSO

(limit concentration of 100 mg/mL)

«  Flavone and genistein were positive when retested at Hiyoshi using the modified solubility

procedures

Table 6: Results of Phase 2b Testing

Phase 3 Testing

Coded agonist and antagonist substances were tested (Table 7)

Inter-laboratory reproducibility is being evaluated

+  Each substance was tested at least once in each laboratory

Accuracy and Reliabilty are being evaluated
Table 7: Substances Tested in Phase 3*

Phase 1
. Compleled in February 2008
. initia and established initial

quah«y controls for testing of coded relerence substances in Phase 2
Phase 2a (4 agonists, 4 antagonists)

‘Abbrevaton GASRN = Chemical Abstact Ghomncal Rogistry Number
E o

“HiyoshiCorp

Phase 4 Testing

Additional testing Phase. Testing was conducted at XDS, Inc.
Coded agonist and antagonist substances were tested (Table 8)
Each substance was tested at least once

Results of Phase 4 testing are being evaluated

Table 8: Substances Tested in Phase 41

Agonist

ind Antagonist Test
CASRN

Abtrviatons:IRD = IGGVAM Reference Data
“Resuls I boid are iscordntrom CCAM refrence data

HCCUAM eference data fom ICCYAM 2006

Fenens®

Substance Name Substance Name GASRN
v 7 v z “Ammonium perchiorate 7790989 | Lihyroxine 51489
AgonistTest AgonistTest | Antagonist Test Antagonist Test
Substance Laboratory osults® Laborstory osults® ‘Apomorphine. 56-00-4 | Mitepristone 84371655
TR egative TR ositive Bicalutamide 90357-06:5 71569
DS egative XDS osiive = T -
ATz e ot APl e ool 66810 | Niutamide 53612:500
e aa Eesh =i Chrysin 480400 434220
IRD” osiive IRD” gatie Cyproterone acetate 427510 | Hvdroxy 566.48-3
- XS osiive — XS ositive
ECVAN osiive ECVAN Positive Finasterde 98319-267 | Oxazepam 604751
Fivos osiive Fyosn Positive Fenarimol 60168-88-9 | Procymidons 32809-16:8
oy i T e Gaivou7 | pinese A
osiive
oot e oo B8P oo ostive 76437 | Reserpine 50555
oo o o ositie Haloperidol 52865 52017
IRD* ositive IRD* egative 65277-42-1 | 17p-trenbolone 1016133
XDS osiive XS ositive Linuron ¥
8 ECVAM ositive CORT ECVAM ositive
Fiyosn osiive Fivosn ositive
TRD- osiive TRD* e
DS osiive DS ve
S ECVANL osilve C ECVAIL ve
Finvosn osiive Fivosn ve
TRD* osiive TRD* ve
s
ECVAN osiive ECVAI ve
i
Negaive RD osiive LN,
. DS Negailve: . XDS osilve 5
ECVAM Positive ECVAW ositve é
Hivoshi Negative Hiyoshi ositive x'
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National

Institutes of Health

Agonist Test Tost Completed in September 2008
el CASRN tanceNams| CASRN «  Alarge number of tests failed one or more test plate acceptance criteria
Aclnomycn D 50760 | Actnomyen 0 57.760 + Test plate acceptance crieria were revised prir to Phase 2b to consist of:
63-05-8 63-05-8 DMSO control values should be < 2.5 times the standard deviation of the historical DMSO control
“Apigenin 520-36-5 | Bisphenol A 80-05-7 — Reference standard curves should be sigmoidal in shape
Clomiphene citrate 50-41-9 | Bisphenol B. 77407 = Methoxychlor (agonist) and flavone/E2 (antagonist) controls should be positive
Coumestrol 479130 | Clomiphene citrate 50-41-9 - I: tf;e am‘zg;nis‘ ?s‘say‘ the E2 control RLU must be < 2.5 times the standard deviation of the
‘4-cumylphenol 599-64-4 | Coumesrol 479-13-0 istorical E2 control
Daidzein 486-66-8 | 4-cumylphenol 599-64-4 Phase 2b (8 agonists, § antagonists)
Dibenzolahanty 53703 | Daiozoin 455668 + Completed in March 2009
Di.rmbuty! phinalate 84742 | D1 - n-butyl phiratate ) « Test plate failure rates were significantly reduced compared to Phase 2a
72:559 | p.pDDE 72550 « Differences in the solubility of test substances in 1% DMSOJestrogen-free medium between
Diethyihexyl phiraate 717817 | Diethyiheryl prvatats 7817 the laboratories resulted in discordance in antagonist testing.
D 50022 | D 56531 — This discordance appeared to be due to differences in the maximum concentrations that were.
21160 | D 50022 being reported as soluble in 1% DMSO/EFM.
Sicotor T ETRIYS ~ To eliminate these differences, the laboratory that most often reported the lowest soluble
concentrations would retest the using the solubility in 100% DMSO.
170 osirafol 57.91:0 § Dicofol o822 +  Retested substances using the solubility in 100% DMSO eliminated the discordance.
17 estraciol £0:26-2 § 17a-Estradiol S7.910 + Protocols were updated prior to Phase 3 and 4 testing to require solubility determinations in
Ethyl paraben 120-47-8 | 178-estradiol 50-28-2 100% DMSO prior to testing.
Esirone 53167 | 17a- thiny estradiol 57636 Phase 3 (41 agonists, 41 antagonists)
Fluoranthens 206440 | Ethyl parabon 120478
mesohexestro 24162 | Estrone 3167 + Completed in December 2009
52806-53-8 | Fluoranthene 206-44-0 * Results and inter-laboratory reproducibility are being evaluated
Kepone 143500 | mesoherestra 80162 Phase 4 (25 agonists, 25 antagonists)
Kaempfero! 520183 52006538 + Completed in January 2010
o.p“methoxychlor 72435 | Kepone 143-50-0 «  Results are being evaluated
Morin 480-16-0 | Kaempferol 520-18-3
Methy testosterone 58-18-4 | p " 72435
68255 | Morn 280160
4-ertoctyphencl 140:66:9 | Mehy testosterons S804
58047.063 68235
Phenobarbital’ 50066 | 4-tertoctyiphenal 740669 Conclusions
Phenolphthain 51903 58047063
Progesterone 57-83-0 | Phenobarbital’ 50-06-6
51-52.5 | Phonolpninalin B0 + These results underscore the importance of a phased study design to allow for protocol
Raloxifene HCI 82640-04-8 51-505 refinements necessary to ensure a high level of interlaboratory reproducibility
Resveratrol '501-36-0 | Raloxifene HCI 82640-04-8 +  Final study results will be used to update the available in vitro data for the list of 78 ICCVAM
Sodium azide 26628.22.8 | Sodium azide 26628.22.8 recommended reference substances and to develop a final standardized protocol that will form
2-sec-bulyiphenol 8972:5 | 2-sec-butyiphenol 89725 the basis for:
Tamoxifen 10540201 | 2.4, T 93765 - Tes:hm:‘had performance standards to validate mechanistically and functionally similar ER TA test
id 93-76-5 | Testosterone 58-22-0 methods an
Testosterone 58220 12-0 tate 16561-29-8 ~ Anew OECD Test Guideline
76561268 | Vindlozoln 50471448
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