HR BRI e &

t R O UZBIREGIC L AL - HibilERYE %
#H9 % BGlLue ER TA i%

ER264E 1 H

=
DRI
A
o
i
il
B
HF
=
ot
Elu_k



HREERIE IR R

TR 26451 H 20 A
No. 2013-02

b hT R b URBEEEIC L DIEHL - FHERWE 27 % BGlLuc ER TA i
BT EE

SRR 25 AE 6 H 11 B HURC, [E N7 [ 3K A ST ZE B ST AT IS C B S - B s B 5 (G
R 2 JaCVAM FHi23E) ICBWTLA FTOREN SN,

BREANS & b= X b e UEZREESICE 2EML - BHEAMELRIET
BGl1Luc ER TA 1%, fhOBELRERE L RBREIC, TR EAARRETH D,

Z OFEFEEIL, OECD (Organisation for Economic Co-operation and Development) Test Guideline
OECD Test Guideline (TG) 457 ¥ J TNCCVAM (Interagency Coordinating Committee on the
Validation of Alternative Methods) Test Method Evaluation Report, The LUMI-CELL® ER (BG1Luc
ER TA) Test Method: An In Vitro Assay for Identifying Human Estrogen Receptor Agonist and Antagonist
Activity of ChemicalsZz & & 12, WM< ELABRFHTEZE R IC LV F LN EEHNT
JaCVAM%Wﬂﬂ%%aﬁﬁWﬂﬁ% X U\*ﬂéﬁﬂ“ L7z, ZOFMAMDNHER SN2 Z b ERk S vz,

UEOBHBIC LY | TECYROLZ 2L GEE LT Te h= X ba U JIKREEIC X 5%
PEAE - i‘t?ﬂ’ﬁﬁﬁ% T2 M+ %5 BGlLuc ERTA 4] O EZRET 26D TH D,

s S

PERKEE

RS

JaCVAM ifffiig &k JaCVAM #EEZHE ZAR



i1

EEEES
KHF
Tt BB
—R
PN
/NP SRR
BiE 5
ILE T
HHEF
[EPIEFAQES
BeoR—
e
Hi P&
A A A
HHE 6k
ELEE)
PR — A

JaCVAM AT 23

(BAFMESR)  ER

(A ABRBIA BT FR)

(ESZ R i f AN TR AT R A 525

(AR LT EmE) *

(BERAERS) *

(SATBOEN R AR RS B )

(A AE RRAEIETER)

(BAA LB THHE A=

(SATBOEN - R RS O
(ENZER R F NIRRT et AeREiiEe v 2 —)
(AASER TS

(BERAHERS)

(SZATBOEN BRI AR ) *
(AARBET Lv ¥ — « SEfFRFR)
(ESZEFE SR E NIRRT Lert ARttt o 2 —  JREE)
(BERAERS)

(AAREE T 3R 2)

81 : PRk 244 A1 B~F 2643 A 31 H
* R 254 H 1 H~Rk 26 4E 3 H 31 H



VE K
JUVE it
ANV ==
B
AFER
TR
(S NIYIN
BBt 7
AR AL,

JEHEA 2

ENENE
S 2 Rk
HIAE —
NG B

JaCVAM J#E = E B &
(ESZER SRS EEZER LAt 4 —)  ZEE
([ ST = 38 5 L R AR BF 22 )
([ SZE SR SR S A Ze i et ARzt o 2 —  JRELER)
([ N7 SR SR S e Ze i et Bzt o 2 —  FMEER)

(EAETEE EEEnR LFWEZERE) *
(SZATEOEN R SRR S HRAE)
(EAETEE EEEnR AP WEZERE)

(1 37 = it e i fer A A5
Can B n AR AE

([ESTESE
i F =)
([ESTE3E

7o)

([ 37 = it e i fer A A5

Can B n AR AR

(249rE ERRRR  FAEER)
(EAETEE EEENR P WEZERE) *

([ 7 = it e i e A A5

B BRI =)

it AR o 2 —  SKEER)
AT LA YRR 2 — PR
AT ZEMAYRBRITE Y ¥ —  RE A
At eV 2 —  BRERE)
At EetAEwREBRIE s ¥ —  FKEL

¥R 254FE 8 H1 HED

11






JaCVAM statement
on BG1Luc Estrogen Receptor Transactivation Test Method for Identifying
Estrogen Receptor Agonists and Antagonists

At the meeting concerning the above method, held on 11 June 2013 at the National Institute
of Health Sciences (NIHS), Tokyo, Japan, the members of the Japanese Center for the
Validation of Alternative Methods (JaCVAM) Regulatory Acceptance Board unanimously
endorsed the following statement:

BG1Luc Estrogen Receptor Transactivation Test Method for Identifying Estrogen
Receptor Agonists and Antagonists is considered to be useful as a screening of
endocrine disrupter substances as well as similar test methods for regulatory use.

Following the review of the results of OECD (Organisation for Economic Co-operation and
Development) Test Guideline OECD Test Guideline (TG) 457 and ICCVAM (Interagency
Coordinating Committee on the Validation of Alternative Methods) Test Method Evaluation
Report, The LUMI-CELL® ER (BG1Luc ER TA) Test Method: An In Vitro Assay for Identifying
Human Estrogen Receptor Agonist and Antagonist Activity of Chemicals, it is concluded that
BGI1Luc Estrogen Receptor Transactivation Test Method for Identifying Estrogen Receptor Agonists
and Antagonists such as screening of endocrine disrupter substances are clearly beneficial.

The JaCVAM Regulatory Acceptance Board has been regularly kept informed of the
progress of the study, and this endorsement is based on an assessment of various documents,
including, in particular, the evaluation report prepared by the JaACVAM ad hoc peer review
panel for endocrine disrupter testing.

; R I
E‘- - II --.- e, I -.: f - I. -
Takemi Yoshida Akiyoshi Nishikawa
Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

20 January, 2014
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The JaCVAM Regulatory Acceptance Board was established by the JaACVAM Steering
Committee, and is composed of nominees from the industry and academia.

This statement was endorsed by the following members of the JaCVAM Regulatory
Acceptance Board:

Mr.
Mr.
. Tsutomu Ichiki (Japan Chemical Industry Association)*

. Yoshiaki Ikarashi (National Institute of Health Sciences: NIHS)

. Tsutomu Miki Kurosawa (Japanese Society for Animal Experimentation)
. Eiji Maki (Japanese Society of Immunotoxicology)

. Mitsuteru Masuda (nominee by Chairperson)

. Akiyoshi Nishikawa (NIHS)

. Yasuo Ohno (nominee by Chairperson)*

. Hiroshi Onodera (Pharmaceuticals and Medical Devices Agency)

. Mariko Sugiyama (Japan Cosmetic Industry Association)

. Tomoko Tanita (Pharmaceuticals and Medical Devices Agency)*

. Takashi Yamada (National Institute of Technology and Evaluation)*

. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact

Ms.
Mr.
Mr.

Takemi Yoshida (Japanese Society of Toxicology): Chairperson
Norihide Asano (Japanese Environmental Mutagen Society)

Dermatitis)

Midori Yoshida (NIHS)

Isao Yoshimura (nominee by Chairperson)

Kazuto Watanabe (Japan Pharmaceutical Manufacturers Association)

Term: From 1st April 2012 to 31st March 2014
*: From 1st April 2013 to 31st March 2014



This statement was endorsed by the following members of the JaACVAM steering Committee
after receiving the report from JaCVAM Regulatory Acceptance Board:

Mr.
Mr.
. Masamitsu Honma (Division of Genetics and Mutagenesis, BSRC, NIHS)

. Jun Kanno (Division of Cellular and Molecular Toxicology, BSRC, NIHS)

. Toru Kawanishi (NIHS)

. Kenji Kuramochi (Ministry of Health, Labour and Welfare)*

. Toshinari Mitsuoka (Ministry of Health, Labour and Welfare)

. Kumiko Ogawa (Division of Pathology, BSRC, NIHS)

. Kazuyuki Saito (Pharmaceutical & Medical Devices Agency)

. Masahiro Sasaki (Ministry of Health, Labour and Welfare)

. Yuko Sekino (Division of Pharmacology, BSRC, NIHS)

. Atsuya Takagi (Animal Management Section of the Division of Cellular and

Akiyoshi Nishikawa (BSRC, NIHS): Chairperson
Akihiko Hirose (Division of Risk Assessment, BSRC, NIHS)

Molecular Toxicology, BSRC, NIHS)

. Junji Yamamoto (Ministry of Health, Labour and Welfare)*
. Hajime Kojima (Section for the Evaluation of Novel Methods, Division of

Pharmacology, BSRC, NIHS): Secretary

* Arrival at post day: 1st August 2013
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WNWMEELME N RERMEE oo T MEDO= A s a7 URRERZBIET 2 in vitro 3R
HEOBIREMESCERD 5N TE 7, BGILucER TA # (LLF MY4a%iBaik)) (X, Z ot
ISR TR SNIZRBRIEO—2 T, (LFWEN b b= X b7 2Kk (ER) 1ITx L TE
MEWE (agonist) & 2 WITIEHUMEYE (antagonist) THHZ &ML T, =X ha U i5EdH
HUNTIEGUEN 2 R TN WAHBELE D PRI S D & LTIREEN- DO TH S Y, YRt
BRIEICXT U CIERRBRIE L S 2D L DITHENL L T ey, Lav L., WoOMWIEELME: 2 e+ 2 3k
RN LAEPTEMEIC DWW TEEZH TR E STV RN % S TEB Y . ICCVAM O “In
vitro ER and AR binding and TA reference substances list”” TiZ, ORI Z A L TR WEELIE
MEEFEL TS,

KETIE 2012 4EI2 ICCVAM 23 M 3%aBRiE ORI 2 5 LT\ 5 Y, OECD 128\ Th
2012 4E 10 A 2 BIZZnEHTA RIA > TG45T I[ZHY AR TW5S ¥ Zhick LTHATI,
JaCVAM DFHZE B 203 Y% BRE O FM 21T\ . R 24 4 11 AICRERE2HME L5 Y, L
T RTOIE, ZOHEICHES N TaCVAM SIS #EOFHIRE R TH 5,

I SUREEBRIEL, CoX 5 RERBEBRIELZRBET L2000, £t L0 X5 REELZFED
BVIETHRIT S DD,

ICFEWE DA b7 AEEEZRIEH L LD &35 in vivo DFERRBRIES LTIE, TowE%
AW FERRREBR DS H 5, (CFWEOT A ha 7 AEHEZRIE L LD &35 in viro ORERE
LT, = A b T UmRIRRaERRE . B P X b e J v R RLEEAMIE A VD
R GG ML (Stably Transfected Human Estrogen Receptor-a Transcriptional Activation Assay; ER-a
STTA; OECD TG455) Md %, HikilBiEIZZ 6 LHELORENHHEEIN TN DL LD TH D,

2. UEKHRBRIE L HERRBRIEOMIZED X 5 BB OLRN Y BH 5D,

BIERAEIZ B2 508, = A ha U R s iE 2 B & 95 L v ) R TL MakaBrik
ORFHIA T = AL E, T oW EIERRR & LB TH 5,

FRIORERETH D ER-a STTA 1EIL, IEHEWEN ER LHEGTHZLICL-oTHEEND
DNA HEBIEMAL % L AR —4% —i8{n 7 (Luciferase) OIEMALIZ LD luciferin DR EZFEEEE LT
METHHDOTHY, YZlREOFEIT N ILETH 5,

Bl ORBIETH DL 2 a7 U /ISR, HRWE L ER L oEAMEEZIIET D
LOTHDLN, FEELEWED ER 2HIET 2000 F2 RICHERT 2003 HBITE 0w =
AW YR & Bir o T D,

3. UEEBRELZTOT—F13, B ML R FRRHME 2 31T TV 505,

EU (ECVAM) & HA (JaCVAM) % {8 T ICCVAM 23 L 72 = ZBS0OEHO F T, 3
ABhex  (CK[E D Xenobiotic Detection Systems, Inc., ECVAM Joint Research Centre, HA® H £k
Kath) Tk 2MEERBRS Ehi Sz, B E X, ICCVAM A=A tu BT v Fae s
BT B invitro RBRIEOFRC NS ~EWHE & LT 2003 EICHELE 78 WETHD Y,
HEIZHLE R ESHBRAEONT, =X ha gt - ko F B HER#ECH - 72 7
WVE D, Z ORGERBROMHT « Rl SRS SN2 2 ik, BitalBiEoRHIC S > THET
REXZELTHAS,



Z ORBRIZIIT D ML BRE O IEMEMEIL. ERTEM: 35 WEIZBWT, BEEDS 96% (27/28) ., %F
FLEES 100% (7/7) T, —BeRIT 97% (34/35) Th-o7-, ER #EHitE 25 WEIZRB W TiE, BE
25100% (3/3) . PSS 100% (22/22) T, —HEHRIL 100% (25/25) Thol,

Z ORBRFE B OV T OEBRAIE ZF THIIC B O T, MikalBRIEIL. ER IHMER L OV ER ok
T D inviro RBEL L THIERLDTHD EINTND

o T, YHRBRIE L ZOT — X TEWH UL R ERRIM 22 T T b EE XD,

4. HBERABREIX, ERRBREORBFIEL LT, LX) WEE LIRS EZTMT L%
e LTWBh,
RRFFT _REHBRIETEL ST RV, MEZRBRIEOFHMIIR S & 72 2 01k, B3, B H
I, B, EEMEWEETH D, 7L, REEWE R X OB S5 T 5 R T
JNEIIfENE S TR0,

5. YUHRABEIX, NT—FHEiHZ2WVIX) A7FHEDO EL BICERTH 50N

WHRBR LI, BIFES T3y — FHMlIlCERTH 5,

B, YHRBRIEIL, WBRYEORE IR CIEEOREN TR TH L0 0, U A7 FEfIC
MTEDAMREMEIEH D0, EEMAEDRITOR TV RNWO T, FHMEEIARHTH .

6. UHRBRIEIZ, B L TH2ME E- IR OBM LM TE 50, TOHE. UikABRED
HHSRESAREIZ R > TV D0
MEHGRBRIE I, EFEWE O ERIEHEB KO ER HPUE 202 2 LN TE 5, Yekalbrikid, &
ARy 7 m han & LT, BRWE % DMSO (2 L CiEM L TH Y . DMSO ICREDOWE R L
OHERMEMEICEHA TE 2082 00%, BER 2SN TW RO TRIATH 5,

7. YBERREITITm AL OBAREEICK L TEREETH 50

@ﬂﬁ% IS LTz 3 fiigk T O Rax N BRI 12 R E 2DV T 100% Td - 72, ER IEMEY
B Hhuak BT 67% (8/12) . ER #EHUMEME Tolusx MBS 100% (12/12) TH

ok@f\%éﬁgwﬁ@@ﬁﬁﬁf%éo

8. é&ﬁﬁ&®&ﬁ§ X, BYRIRERE TV SHLEE L >TELRLDTH D0,
DFER TR B2 BARIE, Brgfie 2 W 2 alBRIE — i O Bdfrds LU O3t 2 E§ 5 %
fircd v, WHURIIZ L > TELBICERFTE LD TH 5,

9. YUHRBRIEIX., TEKRBRIE & WA TRBMRENICENL TV D5,

UERBIED 7o OIZ LT e 13, W OMIEE R ICE T 2 EE 01T, MR LORE I
WAHNREFITHY . EfliZz b O TIiEAe, RBRICET SR, BHERAE S 7o 2 flfig L <
HHES D DI 48~72 W, PBRAHRFHUTHIN Z2 757 L T & 51T 48~72 FFfH], SRBRWE & #fih =
T Luciferase {EMEL 275595 DIZ 19~24 B 2 BT 503, Z O ITMIE 2 @lfE S & TRtz
HEL, T— X 2L T 0L TH D, IS OMEEIZEST BRI D in vitro $ALEERTE
k%b%@wo



10. YERAREL, BWELOBRERUOBRZNEMNE, BT 2WE IR EOBELFT

T KRB L LT, FBERIAT 5 2 &L,
U BRI LA % FH N B in vitro SRERIE T V) | MO BEILRABRIE 17 U RIS, 78 EF

MATRETH %,

235 3k

1)

2)

3)

4)

ICCVAM Test Method Evaluation Report. The LUMI-CELL® ER (BG1Luc ER TA) Test
Method: An In Vitro Assay for Identifying Human Estrogen Receptor Agonist and
Antagonist Activity of Chemicals. (NIH Publication No. 11-7814; 2011)

ICCVAM Evaluation of In wvitro Test Methods for Detecting Potential Endocrine
Disruptors: Estrogen Receptor and Androgen Receptor Binding and Transcriptional
Activation Assays. (NIH Publication No: 03-4503; 2003)

OECD TG457 : BG1Luc Estrogen Receptor Transactivation Test Method for Identifying
Estrogen Receptor Agonists and Antagonists. (2012)

BG1LucER TA (LUMI-CELL ER) % : in vitro & b ™A b 1 7 U 52 RARIGVEW R R BRIE D
AffiE PRk 24 45 11 1)
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False negative rate : {A[2 43

False positive rate : {25435

Federal Register : CK[E) HHE#

Independent International Scientific Peer Review Panel : [EIFS55 =& B E M ZE B

Interagency Committee on the Validation of Alternative Methods (ICCVAM) : K[EREVERMG A T H 8
ZE=

Inter-laboratory validation study : Jii &% il # Al

Intra-laboratory validation study : fifi 7% PNARRIE

Japanese Center for Validation of Alternative Methods (JaCVAM) : H AL & % —
National Institute of Health (NIH) : > [E [E 2540 78 AT

National Toxicology Program Interagency Center for the Validation of Alternative Methods (NICEATM) :
A E R AR BRIAREE S TR o 7 —
Reliability : 15 #A M

Transcription activation (TA) : BEIEMEAL

US Environmental Protection Agency (US EPA) : K[EEREI(RE)T

Uterotrop(h)ic assay : &= fE KGR

Organisation for Economic Co-operation and Development (OECD) : #% 3% i /) BH 7 A
Xenobiotic Detection Systems, Inc. (XDS) : XDS i

Validation study : fF R

Validation study management team : FRAEFERIE = Z 55
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1. ARBIEORFHZ YL BHERRIEL L ToR Y%

LUMI-Cell ER #B#{%£ 972905 BGI1LucER TA 75 (F¢ L <I& [BGILuc4E2 #iffdz V2 =X ks
VA (ER) ERETEMAL (TA) BR)) 13 WEO= R ba ZF AGEERIET 2 in vitro sRERIED
— DT, WHWREMEROT-OIZHBR RO N TETL b D TH LS, ARBRIEIX, KIE North
Carolina /| Durham {Z & % Xenobiotic Detection Systems, Inc. (XDS) #: TR SN -6 DT, b MY
J B SRR BG1 (2 L AR — & —3#{n T~ & L T Luciferase responsive element % & ¢ plasmid % %N =
Z b a7 o ROSEE (ERE) O P2 ERNIEA Lzfilaz vy, Z OMIKICNIET 2 ER OFE
LI X > TR AZBETEMER L THRHLZNZ EEMICHIET 2B TH 5, Interagency
Committee on the Validation of Alternative Methods (ICCVAM) |% Z D iR BRVE D iEakBR (Validation study)
IS FHI 24TV, Z DA 23D, US Environmental Protection Agency (US EPA) X O
Organisation for Economic Co-operation and Development (OECD) ZFRBRIEHT A KT A > & U TEIRNT
HEImE LI,

NI ISR IC BB 5 A IS 2 BT D EIT BV E VO RIROERYE DIEDE UL E
IZHEZEAOEND KO oTeh ZDOIEMEOFE L FEIZHOWTRREDOWENZ WV, 29 LY
BDHH KEOREFEIZ K > TEERONSIWERER L O & Bk LI AR AR I EL KIET b
O (NDWMREE L MHEND) THDHZ ENBEIND LORH Y, BIE, PEOFELHERT D
AREREDBR DB RD I TNWD, o, ZOMROKNG LR DMEDOEBERL LD THDLHTI-D, )
RWRA T V== T &AT ) RBRIEDRRE L EMERRDOENTEIL, A7 ) == 7 OEIEL LT
HEARMEE W E OWNWIEIENR S O B DR L ZRR L OREATEE T2 ITN D WS RE O TR
{LZERET D HENERBIN TS, =& a7 AEEICET 23 BELE LT, 9T in vivo iR
Brif & UC TR A D 13 IERERER ) 3N S 4, MGERIER 21T o 7o L CEBEAIZR3BRE T A
K74 (OECD TG) & 72> TW A2, & v flifE Tl 2 JEEh ekl & L ChsEMia % 2 in vitro
AREREDBRFE B ED HIL TV D,

WE D ER & DFEEMEZ in vitro TRERT 5 J71121E, AR £ 72382 HHhH L7- ER IS4
HACEIE OBAFEEISOMENRH Y, 72 21X v hFENLMHELEZER ZHWS T9 v R 7
HT R Ma SRR ERER) BT N5, THUTEMRORBERR TH Y | R R
JIGRARZ MR TE . MEO ER B ZTERE, 7L XA M T VA —)L & g L CEEICR
ETEDLHDTHD, LML, ERICK L TIZFEAHDE LD ThAETHE LR H D
DT, WMFOXHB R, EDOXBIOT-HIZIX, WE L ER & OFEE D Z T AW PRI R 2 1
WTLOMERHY | FEFEREIEL LTERICHERINDLIZ X b Tl U RERIET S in vivo iR

(72 21 X7 v b FEIRREER) 2ZFH I TWD, Inviro TH ., ER NEMEWE LS L0 bIT
HIBN TR Z 2EE BN BETE R, A M F U RE2MRTE S, IHEWE L iEE LIZilaN
ER %, EN® ERE & OfEG %@ L CHENE Y 2 — N 2851 (DNA) OEFEZEZT, Z0
RO RBIR T 20T DINE L E B 2 RFF T 2 MBI B W TIRA T 5 Z L ITEEN D D,



BGILucER TA k(X =X b7 U AGHWEIC X% ER fG OO & L TRELEE T OERGH3
FEIND L EBETLHETH D, MIICITIEGEEMLZT R 572010, YH#Is L L
A (M) ICREFBELL T A TEE | BRI T 5 K 0 EEE2 Nz T
HbH, ZOX) M E LTIX, 7 CIC HeLa fifidic e bR b7 25K o (hERa) & FEIEEESR

(Luciferase) A5 1 & MLAIA A TZHII B SN TR Y . Z DML % 72 538k75 ThERa-HeLa-9903
AR Z D 228 8 AR GG E{EFBR Stably Transfected Human Estrogen Receptor-o Transcriptional
Activation Assay (hERa-HeLa STTA) | 23, US EPA OiERE & L TR S 41 (OPPTS 890.1300, 2009) .
F72 OECD JBRIEHT A R A I S T%  (OECD TG 455, 2009)

hERo-HeLa STTA 7% & A BG1LucER TA EDOFEIL, (1) Fii#& 2 hERa % HeLa MR AGA AT
DT DHDITxE L, AUEIL BGL MIIZHNIET 5 ER Z#FIHT 5. (2) Al TITAAIA N2 FERIE
ERa TH 573, AK{ED BG1 #flE ERa & ERB O T %# B2 TW\Wb, (3) AiEILHE D ER filWME (7
A=A R) ORERZAT O, AETIE, EREVWE (T2 3= 1) oiFkzllET 571 =
LMHHEISNLTWS, Z&Tho,

2004 4 ICCVAM (X, XDS #1:2>H 24 X417 BGILucER TA 75 % 3l L, ik RREERER 2 FF L C
ZOHRMEER LS HERTHIET 2L DO THD ERDT-, i %51} T National Toxicology Program
Interagency Center for the Validation of Alternative Methods (NICEATM) 73 ] B fiti 5% W R RE Rl B 2 4 ]
984T L 7=, Japanese Centerre for Validation of Alternative Methods (JaCVAM) %5 J2 U8 European Centre for
Validation of Alternative Methods (ECVAM) & ZAUIZ W /1 U CRRAEREGE = & B 2 /A% U7z, #5k
fiigx & LT, oKE D XDS #t, AARDKKASH A & 38 L OB O ECVAM 78 Z OREGERBR IS L |
BGILucER TA {EIZ K > TWHE® ER 7 F = A MEMI IOER 7 o & I =2 MEMEO R 2 FEhii L |
ZDOT —HIZEESOTRRBRIEORBIEGE D EftE L EEMEZ M T 2 720 OMGEE 1T - 12,

(Fig.1-1)

RGERBR O 1 BEfEClIL, ER 7 =X, ER7 ¥ A= N 10 WEORERZITV, SH0ER
MR DB OFMZIT 72, 624 BFETIX, v bVl L B 2>, in vitro ER T
A=A T Z A= FRBOBGEHIHN D NEZPWE L LT ICCVAM 25&E L Tz 78 ME
DR AT > T2,

11



12

Figure 1-1 NICEATMVECVAM/JaCVAM Validation Study Phases

PHASE 1: LABORATORY EVALUATION PHASE
(ALL LABS)
» Demonstrate initial laboratory proficiency, and establish

test plate acceptance critena for future assays
*Refine protocols as necessary
» Test reference standards and controls m 10 replicate

(Le., repeat) tests

—
&
-

PHASE I: LABORATORY PROFICIENCY PHASE
(ALLL ABS 1]
*FRefine prutocn]_, and repeat, 1f necessary, until reproducible
resulfs are a
+Tast 12 coded chemicals in three replicate (1.e., repeat) tests
each

PHASF 3: LABORATORY TESTING PHASE (ALL
LABS)

» Complete interlaboratory studies in three laboratonies usmg
optimized protocols
»Test each of 41 coded chemicals one time

PHASE 4: ADDITIONAL SUBSTANCES TESTING
PHASE (XDS ONLY)

*Test each of 25 coded chemicals cne time

FREERBR OFE R, 3 BB DT — 2 1Tm W —8BE %2R L7z, ICCVAM SRWE DA (G - k2
M) & 3BT — 2 O —EHE LEN LD Th o7, o> T, BGILucER TA VEIX, WE D in vitro
ER 7 F =2 MEMZ EMRICHRHT 2B TH Y . BEFO ER TA % (hERo-HeLa STTA) & [A]% O

BEA L, ETWED inviro ER 7 % I =2 MEMZ IEfEICHRHTE 53 BRIETH D, & ifmm S
oo RBRIEDOEFMEIC DWW TIE, SRBRIEM RN FREE, MR EEEME S b ICB R TH Y | Bl
Bintt, UL OEENEICRBIE R < | B E OMIIR R ERO MR & BILOPTHEERME 2 T
L BRI RIS R EE 2255 & 22V o0 T ATECRUHIRER & 325 2 M3 v D, BGlLuc Mfidix
California K% Davis £ ? Research Technology Transfer Services 7> 5, & 5 \W\M\E XDS 4E B AT 5 2
ENHKR D,

Z ORGEERER O T, NICEATM & ICCVAM %, 2011 4% 1 H | Independent International Scientific
Peer Review Panel : UL Panel) % #if#% L C Peer Review & &g L 7=, Panel TRl DEFR#HAIT
S 7%, 2011 43 A 29—31 H Maryland /| Bethesda ¢ National Institute of Health (NIH) THEAE:
ZRAMEL. 5 AICHEEERRH Lz, Zhud, 2011 4 5 A 18 H @ Federal Register |23 % S iz,

Z ORI, A4 OECD ITHRFR 4, TG455 ITHAAIL D~ N4 EICE RIEREE S Th
%o RO X 512, 97 TIZ TG455 &£ LT hERa-HeLa STTA 23U# STV 5723, FELHE X OWRE
AN AR MERBIZ DWW e akBRiE & LT, [WU TG455 12 ANNEX3 & LTz 52 & 3nTnd

(ERa-HeLa cell 1% ANNEX 2 &£ 72%),

RRBIEDOAS B OMBER E LT, MIICNET % 2 FEOT X b7 V%% K ERa & ERB OHIE
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FERICHT DB G OLEEH BT 5 2 L SHE L LTHo TV 5, ZHUE, WAL %
ha ARSI S &0 5 BERISH T, ERa & ERB OB FORIEAHERT 5 &1 5 BEH
BTh2, ZONMMEROMRATEAL, WEOTA ka7 RO RN T2 Y
= DRI OGE L AW E R KOS ERT 5 L % 2 b5,

2. REREOZYM
2-1  RERIE O

1) BRY LM

ZZTHY B A RBIEIINDWMREIE D 5 b A ha S U CBEET 2{EEWE A WE L, E O
AR, BRI T 28ELZRET 2 2 L2 B E L TR S/, AL, BGILucER TA iEixZ O —
DOTHEEKD ERIZHES L, 7= MEH, 5 WET7 ¥ =2 MERZRI(\LEWEE AT ) —
=27 WET 5729 ER 2% 25880 ER INEMEDONL Y 7 = T —VPilfa & LR — 4 —
BARTF L LCHEA - ZEFRBESE, b P WE L HE UGS SE ek, vy 7 =7 —81%
PEDELE Ly 72U rd) BRICEVHETEZ DRI LEZLDOTH D,

2) FRYERIE SR
ROBICBET DUHERD D,

a.  BEESMIG OMERE P BE R AR LA THEELRRE CTHLY ] 5 WEENR D 5, MR BFE DB )N D |
96 U x/b - T L— NIORBRIZED E T, MR 7T 2 a0 = VN TH—REBEITR D5
(ZHERF SN2 IER B 720y, ICCVAM S FHICIRGS S/ 7' w k2L (Appendix B) 1284
DIGHANS & DEIZTFD L, MIREDOFR LR EHE T, BEMROENG 2R
> TRBNZFIZ 2 T TR BLERH 5,

b. AEHERMORE  WEMIZE THMME THERT 5D T 178-= A b T V4 —/L (E2) D) 7s
REZEIZFE—0D96 U=/ 7L— b ETHEEL LTHIE L, 21U 2MHxHE S LTF
B

c. HERILEW : FUSHMEDILTFWE & R IC2EO B bR 52 L. SHIZ ER T
Z A=A MEH O & 2L FWE DMK S FRFICRER T 5 Z LN EETH D,

2-2 FHMEORES

1) #ABIMFT : BGILucER TA JED KL L 72 2/, BG1 1L RKIRD ER #%EL L CTHY, ER 7 =2
REBXWER 7o & = Ol N HERTRER in vitro 2 Th 5, WELZEMEFEE (DMSO %
DAL H D) IeIRE R E RIS T & 2 TR ICMIEA EV, 7272 L ERa BB Al
{LFWE & OFREERENENDOABMERZI R X OZ ORI A+ I S TRV TED
FUTRHINZFER FTRE 72 % & OB N E EN D,

HERAIILE DG

ER 7 =R MEMIBIWRER 7 ¥ T =2 MEHO & 2L WEIZ X 5 ERa & /B AU %95 B
7
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ROMERTIER IEEZIE TE D, in vitro T TEH LD, A FTT v A ThDHIZOKIEHK,
BRI O MERFE BRSRE RSB A BT T AT RBME TG E TE 2RV, 200 Z L3R m BT3Bl e
BRAE RO BN DR D AREME R E OO THSICIEBR R LETH 5,

HE R LRSS -

m@%

a. FEFMIG : BGILucER TA {ETiT b MUNELE i RIMIL, BGL Mild2s ER ZFBLL T\ 5 =
CEBCT v A REMEL TV D, —RICE PO TR AEKDOIFER X 0D R
HEBHECHTDZ RO TS, TOFETER ORBUCLHIRER ST EXT
HEND, BUEDL ZAZ D LIERAKREFZ S FRITMbA T W, €-T, ER @
BUOF = v 7 BFESRWE ORI L > THICEITTIMLERS D,

b. VAR—F—#aT : ZOT vEARTIELVR—F —#\zTEEAL, ER [ZLV LR—F—
ZHEBIED, E PO ERIZIT o E PRNFEL, TOME~DT A=A /T o2 Ad=
A MEGRZ OIEMACIZ X 2 ABMEH OEN T+ I I T2y, LarLle b
ERa & ERBD cDNA [FBEIC HEfE S LTV D D T OREREMIAILTVVEERIA S 725 Z &
DHIFF SIS, ZHAUH D cDNA Z[Rl—F 7230 x OMIUZEA LTV AR—F2— T vEA %
(HeLa-9903) HEEICHE S TWD, RIETHZORRZRMIIEZ W2 RORERS & DL
B2 T REThH D,

c. WHMHEMEOREITE MIHT 22 b U AARWEICR 72 2 & T3z, fix ok
VEARME N E ORI BT HIER EOARERIC S AR EE KEFL TS 2 LiE KL<
HMONTND, ZOBLENHE b ER 7Ty AROIMIE T v Fabf Uik (AR) &
MW7 v RaF U EWECEET 5 RVE VBEWED A ) —= 78 L UM o £ 9T
2% T B AR DO RIEIE DO BIRCZ L 6 L HERET 2 B I AN D MR B 5.

REBREEAE EOBEN D

a. YER B 4 5 0 1o B A A N O M BE O FHEE, FR ISR 2 — IR T & TV D E 9 )
DF =y 7 INETH S,

b. MR AZENBMEECT = v 7 THRICERERE T = v VT ONLERD D,

2-3 BGILucER TA %0 [ A

1) T A TAT A

LIFD XS 72808 5,
a.  EFESZEMIICOWT : BGL Mt b ERa & ERB ZFHILL TV 5D, L LEDIEHIFRE
MEDERETH D), FIMEE —EITHERT 2 E B IEOTEA T, B N ERal ERB
? cDNA BRI AFATREARERMEIC B D, MORBFERIC LD LT A=A T2 I=R
~ OFEXEIZ & > T, ERa & ERP & TRUGMED B2 DA E N ER I STV 5, ITV
K ERo & ERB O AEFEERE-CHBUAMAL OV EAH BT 72 D ATREME S K E W, fiE> TH

8



W RN T DM EZ R 2 \ZHETE D REMLT NI TH D,

b. ARETIET v EARERBICADRNCHIILY = 7/ — Ly RRGHEHITHEZESh, Ly
7= U RIS DB A RN DT BRI G T v B A B EN D, 2O L
TS R 2720 4 A TRFECELSEND 7 =/ =L by FRZDOMOFIZ K
HEBEOHNT LT T 2 ) URBRINTWNWDEDT, V72T —8 - T vt A %%
AT ) Uinh ZHUCEZ ORIV E DS, FHlllt DMEM IZfi—3_& Th 2,

c. WRILAMD 5 HERNED %\ T DMSO REHE OB SV T I 2 Al BhA (i
it ) ZAEHT 20, BORBRIELZS BRI XETH D,

d 96 V=L FL— DUz LHOMBOBMETEZ T — X IR T2 5B RV, JHIED
BHEEOCTF = v Z7ITFHTE 5,

3. BEERBRIC AN D5 E L 24

Figure 1-1 (/R X 9512, MEERBRD 2~4 EiBET, 22 12, 41, 25 WE. At 78 WE 1R
ik E iz, FNHDO—E A Table 11277, THHIZERTI=X h, T ¥ A= NOHHDFE
AW BT, AT aA K, GiER. RALKTE e EIRRLR TRk & 72 SOGTRE OYE H3FIH &
NTW5, RBIEOREZFMT 5720, BHEMEITK 25%% 5O T 0, @INHEITRY T
b5 EHWENTND

4. RBREOT—2 LEEROA R

ICCVAM (2 K V& IXN T 18 ME OFRERI G Bk, BarE & RIS N D WE DD EMEMED
FHmIZAE 04172 ER 7 3 =& b OFHli Tld, Fad Table 2 1733 42 W'E (51 33 W& Fat: 9 W) |

ER 7 v 2 A= s OFHI Tl Table 3 1R $ 25 WH (B3 WE. B2 WE) Tho, SbHIC
ER7 A=A MIBLTITXL2WED > b TFICRT TWENRT v A OEMMEZLZRD 250 5 RIS
i, ZOBMIX, 77— DIEMZHEETICIIAR 5 Thotolod, BIED R OHIWT IS IR ) &
SN &I & D, 2L, MBS NTWEEZ D, invivo iR (FEIEREER) OFER1TS
HILTWDLEIT D720,

* Clomiphene citrate

* p,p-DDE

* Sa-Dihydrotestosterone
* Flutamide

* Procymidone

* Resveratrol

+ Tamoxifen

Table 2 Tl. Bt 33/42, [0 9/42 TH DN, FERZFHE L A D L. 3HBEOREERNZ S - THME
7eDIE 22/33 T, 11733 1% 1~2 ORI THMETIT AW EHE SN TS, SHIZEED S H 2/9 1% 3
KB DFE RN F A5 TV, ZOF—RIZAZ IV —=2 T HOBEL L THIELWEIZE X0,

9
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KIZ Table 3IZOWTHLH &, ERT VX F=X MEHOH L H D (5 ; POS)325 D5 H 1 Dl
IHEBIDOTRER N Z 5o TRy, [t (NEG) 1925 @ 9 H o 1 > TidbtE (POS) OFERN™E LT
WD, ZNHIXER T 2 =2 MEMZH LI 28BRIEL LTHA TRV E 2R L TWD,

LB OREEIZ L D08 (A7 uA ME, XUBUVHERS) bRLETBRBWESXbND, £
oo NUTFT—var b LTEBTANSAEMEE LT, BRT7T VX AR AT RETHD, 15
LTI FMEDOE F ERa & ERB DISMEL R LT FMBWTHA 9,

5. PBRIED EfEN

BGI1LucER TA ¥ED IEfelt % 7F4fi3 5 72, ICCVAM M3 & g L=, ER 7 2= % s OFFix
3SWME ZEHWTER I L7z, Table 4 1ZR7 T K 912, 3 ek D IEMEMED —E=1X 97% (34/35)TH Y |
Z DD BRI 96% (27/28) . FREEEIE 100% (7/7) Th oz, AT < BREERIT 4% (1/28)
Tholz, ZORRIL, FHXOFRENPOMEBNEE LGS THREEkTH -T2,

ER 7 v &% A= FOFHlIZOWTIE, 25 WEEZ AW THEM S 7z, Table 51277 X 912, 3 fiix
DO IEMEMED—FRIT 100% (2525) THY . ZD 5 BT 100% (3/3). FFEEIT 100% (22/22)
Tholo, BEMELBRMED 2o Te, ZORRIT, ik Z & ORRTHLRBETH ST,

ER G357 — % & BGILucER TA 75D Il Tld, — 1% 97% (33/34) T YV . medroxyprogesterone
acetate 75 BGILucER TA TIEGtE L 72 . —E L2 o7, [AERIC, invivo T EIERGAER & DR T
I, —ERIZ 92% (12/13) T&H Y | butylbenzyl phthalate 75 BG1LucER TA 5Tkt & 720 . —%& L
ol

6. WERIEOE RN

TiEE NN, BEERBR CORMER DT R TO T L — b DEMEWE S L O BEROFER, 725
T, 2B D 3 KR 5 3 EOFEERTRD HILZE 2 BeEORE RN S RD 7=, Table 6 127 F
EIICER 7 T=A MR Tl HEHEME T 5 17B-estradiol (E2) @ EC50 fEIE 8~11X10"°M TH
STz, HHiEZ D 3 BOFERIT 100% B L7223, 12WED H H < O OFEEEIT sk ¢ —8 L
-7,

Table 7 \Z" T K 9IZER 7 v & =2 MR Tl IEEMHE Th 5 raloxifene D IC50 I 1.1~1.3
X10°M Th o7, KM 3 [FOFETIE 100% —F L7223, 12 WED 5 B\ Do ORI i
T—& Lot

fEEk BN DWW T, TR N FELE & [FERIC 12 B O 3 gk DFBIT 2 3 BIOFERTRD biu
7255 2 BEBE DORERD B RO T, Table 8 IZ/R" T L 9T ER 7 T =R M35 LR SN2 DX 67%(8/12)
ThV, ER7VZ A=A RFTIL100% (12/12) T o7z, Table 9 IR L HIT, 41 WEZEZHNTZEH
3EPEDOFERTIX, 2D HDOSWHED ER 7 I =X MIREE /2T — & T TE ooz, D
< EH 2 HERRIZBWT, &Y 36 ME ORI 100% —E L7z, ER 7 ¥ T=Z MEMEIZOWTIT,

93% (38/41) N—F L7z,
10



7. T—H2DH

PR CIRRRE A 20Dy Rl A FIZ L D & XDS & ECVAM (L GLP A K1
(ZHEHL U TR 2 550 L7, MRSt B & IIIMEERBRIZSE L . OECD @ GLP AAHEIZHI - 7277 A
B AL EEWE LT, SR E O QC (quality control) & ARAEJT 11X 1SO9000 2 OF 1SO2000 (Z 3
# 172, QA (quality assurance) 1$3 T Dfisx Tidi bz Ehi <7,

8. RBEOFAM, RABLIVRS

) ER 7o ¥ = MZ X DR : BGILucER TA JEIFIFELDOIE TH IR ARZARICHIC T v X A =2 |
& ER L OFEICIEE ST T =X M OTEEMBIIRZ BN TE 2 BN TV D, flOFREED
AERIE DRGSR & DO—E | BGILucER TA {ED RS, Frirh, AR - 3Rt ORI R 477058
RERLT,

2) REBRGEND RIRER  oORBIEICH LT I=A b, T ¥ T=A FOREMN 1/100 THHET
XHOTERYEMRTHY ., BN - BEEEDE T 2 aTREMIE D 720,

3) BG1LucER TA JEIZ L bW ED ER 7 =X MEM-ER 7 o Z A=A MEWMD R 7 ) —=
TRERIZ, = A M S UEEORRICHO O BEFOMR (NEEOE B ER 2FHT 5
MCF-7 #ifie, t b ERa 2% EMNCHAIAA TS Hela Hif) 7 & L g LT, AR
OHANIRIFCTH D, £lo, (WEWEOZA Fa F U EE LY 7 2 ) UKL BT D
23, MCF-7 Mz e~ TG R o b | BRERIF I YT S 4L, 2RO HBEO AT ) —=

WV TN D,

4) ERa & ERP Dl 5 & NTERNZFE L TV D 7= DLFEME DO = A a7 AEHZ R E LTt Al
HETH D, ER 2 LIALFEWE O X ha 5 AEN 2 —IRA 7 V) —= 0 74 D3R 72 iR
Thb, — 7. BIRLZWED ERa & 5% ERB ICFERIITHES L TERT 200 EH~_57-9
i, EBH 6000 ER 7 XA TEBB S TR E AW IR A7 ) —= 0 TR L
2%,

5) BG1 #ifad D NTERI 72 ERo & ERB DAFTELLDSHIBE ORERIZ K> TEL L RN T LA RFEL T 2
ERMETHD, TNEND ER IZRTHT A=A, ToHXIA=A MITREINTWVDHDT,
I OMEEMNWTREEE TR TEBL ZEBRETHA D,

6) ERABIA (AL & LT DMSO AW 53TV 2 A3, DMSO IZHE T IZ S WEIC DWW T,
oA H 72 mBE] (FTREAD ZREt L. £ BGl MRS E LW 2 L2 RiET 2 L ER H
Do

7) ALZEE OB A O ATRENE DM ST & TV 5 A%, BGILucER TA % W THEEROW'E % [F]
BRICIRE L2 5 A8 OBAERORFHI T T\ e, 4%, HABRBEORMNBLETH D,

8) B CIHFEEMEME OW Y PN HOWTHIfERES IR BV L b s, A% ORI EIR S
Do

9) fR# SN THbT X b X ANEHZRTWEOFEIZ >V T H, BGILucER TA M2 W T YD &
11
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AT V== T T L0DORFNRMLETH D,

10) BGI1LucER TA 5% EHN AL E R & D X 5 IZRHT 2 2N ToMmRt S 4% ORE T
b5,

11) RIETIET v A BERICADRNSHIRIZ Y = 7 — v by RAREETRE I, Lo
HLT7 vEARNCRIND, 48 TR LELSHND 7 =/ — L by RRZEDOMOIEMIZ X

LRBOMBRVRIE (T ok 72 V) BREEINLTWDHED ZhEFATIET7 = —L
Ly REFOFIIIMEIZZR 5/, LavL, §HIiZ DMEM 12— _& TH 5,

12) ARBIEDOFEH EOEE LT, MBRROZEMORENRERMEL L 5, —RICEEFEEAL
TR, REMEALIIE S OO, MM S ICEBTRIUCIEZDOEBPE S 120, KM
(275 TR CRUSMEE RO Z L I3IFRF T & 220y, BGl AR DWW T H, MR RO RO B
B NTR AR A 2 Bl S A EIGREIRAE LCL BRI 2 19 ZediEnEE L < M2 & Toakiist
BtOMSICBT DBERNMETH D, e &b, T 23 BR O W E 3T 5 SO
ZRBROEZ LITHERT D2 ENMETH D,

13) FLER 722 s BR B E O ERENE & PRFET 2 2 & BT, BRI 2 Z DM R O I T T 5 =
EM BN LRDOEND, RBEMOBEIC, BEERTOMBORELAHRAL, V=L ITED
MBS T D 2 & 2 RAET D & O 7eftdk, 7o & ZITBMBE COMREIITT D £ 5 Bk
DEFE LU,

9. ZOMDORERITVEDF I 72t
NOWREIERIC SRR 2 B2 Hivd ERICBE L ToORBE L LTiX, MEE T 2WEOZ K
~OFEGERNETREIND, MEFERTIMEEWE L OMAEENRES L7105 15 | ZREHRK
FICEH L TWAZ ENZEE LW, 20 BRI 2 iE U722 IR (cell-free) NAFITH
D, EEE, ZORTOMAEERIIUAE VTN TWD, ZREEMEERZRTHEL LTL, 7
A=A RET A= MG BMIRHEESERTIIWEOXBNNETH L, =612, MR
TORERITAR & —F LRV &) i &2 < CHIBINICRAA DRSS & HIE 3 5 K1 O FEER R
ENTWVWS, EoT, MAEEOEZEKE OHE/EMCHOWTITMIZOFHANEE LU,
HIRLR COME D ER ~OfEA L, NWIEHREEEIEEOMMEZ B T5Z LIcky, 73=2
MEFHORIEZHETE D, ZOLIRVE—F— T vAix, BAO @R ZERZ DT,
BeRE, €77 7 4 v v 2 IFMilatk, HepG2, HeLa, CV-172 EFfi 4 DAL TITHOIL T 5.
UboZ &i3EE LTRIZERAINZ o BOZHFME (ERo) IZHOWTOFERTH 2525, ERIZIFZZ
EEHNT B (ERB) MMEIET %, ERa. ERP DM IZH AN AHRMENR B 508, 22— R4 5i&
BFIERR->TBY . EERNTORBEOHBMICLZRRH D, £z, WHWHELFE N ER 24T
THEZKFT L LTHZEOETH ERE NMRBETFOBEOEMICEELR T 5 L C 2121
BRHY, P27 4 v (genetic ; BISTHY) REBTEOEMTIERL, BBOZEY 2 RT 4 v/

(epigenetic ; t2 k) ZRAIEIIZ DWW THBENMZ 5N TWD, WTNIZLTH, ERa, ERB Difisz
12



BENHEBLLTRBY, V=T 4 v 7 REELBIEL 5 2MIR0FIHICE L T\ 5,

ERa. ERPIEE b ICHEML S X RIS K W HSE AT STV D, ZOREFR LY. ERa, ERp D=
2 bu s B L OHENE O EIZ OV TORFREENRRINTND, ZHITMZ., {LFWED
ERK%#%E%%%E#@%&i@&ﬂ)%ﬁ&%hfwéﬁ\ﬁﬁ@&:%%%@%%&%@%
PFrOBEMEIZIEE > TRY, BFEBROMRIFITEL TTWRW,

LR oREED 5> B, HeLa Mili Ty 7 =27 —8E LAR—%—L L7z ER iEHALT v B A 1T
hERa-HeLa STTA & LC OECD ORBRIET A R7 A4 VB SN TWDH R, Zhicxtd 5
BGI1LucER TA IEDEMNEIZ DWW T, 1 OARRBRIEORFRIZ S M & BIHIEERTE & Loz M
ICRESN TV D, ORBIEIC OV T, REEE LTOER., HDWIE, HEHEO T4 -7
EIEE AT YHRGEERBR X T TRV, Ko T, ERa, ERB DM FIEZE I3 5 Ak~ D g8
&) /T, BGILucER TA BRIED S B OWIEDORENEEN D,

0. f&im

BGILucER TA {£i%. LZEWE D in vitro TO ER 7 T =A MNEMEB I WER 7o % =2 MNEMEE
BT DAY —=2 7RBRIETH Y | 2 OREMEREDO A FANEZ HERR T 2 Rk BRI L E R 3 35k
MR L FERRBRIC K-> THRT LT D, ARBRIEIL, (LFEWEO ER IIX§ D a4 i 2 3BRiE & 13
RI2Y | ZTOREDORRIZE D DNA OEGEMHRILE THL Z LAk, 612, ER 73=X K&
T B A=A NOIEEE ST TRET S Z LK D, 2 ORERIE L L CORVAINZ Y & BT
B L TORYPEZOWT, ICCVAM DOFRE L7z 78 FEO S BWE % F\  CRGERBR M Tz,
FEDOFER. ICCVAM ORI S E Tk Z ORBRIED Effet: & EHEEZ R <FHMI L TR0 . 1TBOHH)
O BRIELE LTH, BEFD ER TA 75 (hERo-HeLa STTA : OECD TG455) & [A%TH 5 L8 T\ 5,

7272 U, ARBRIE TIIGERBRIC I W T, BRI I & 2 B DR ROMEN RO TN D, £
D& RGE. FRBREIT O 72 8 LT, BRI HT 5B EE LORBEOF SOV TH 5
TRETholz, o, ZRWEL L TR TBWEBEE SN TV, £DOETIZOWTEBINE
Bl DT — & BEBRET SN o bl Cldie oo, —EOWEIL, KGN AP TH S & L TR
MBI EN TS, ZOBEBIZONWTRATRETHo T,

AR, B MINEOE ORARAORE BGL Mifa 4 IR & LTl v | ERITMIIICNIET 5 b O & FIH
LTWAHDT & FEROKIGHHIFENICH DN EE THETE LI ENHAE SN TS, L,
Z OMIFAIZIE ERo & ERB OB ITBFIE L, T HRRBRICE D TA KUSD EORRE T D& #H - T
HPBRHATH D, Ziut, ICCVAM HEZEIZ BB THDL LB, 4% D, L LERAOHER
BETH D,
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Table 1. Reference Substaces Tested for ER TA Activity
Substance CASEN lleSHlChe’mlr_nl Product Class® Pm:.m- Manufacturer
Class (%)
12-0- - Hydrocarbon Laboratory .
Tetradecanoylphorbol- 16561-29-8 AP 7 =005 LC Laboratories
(Cyclic) Chemieal
13-acetate
17a-Estradiol 57-01-0 Steroid Pharmaceufical. | g9 5 Sigma-Aldrich
Veterinary Agent Corporation
17a-Ethinyl estradiol 57-63-6 Steroid Pharmaceufical. | _qg Sigma-Aldrich
Veterinary Agent Corporation
178-Estradiol 50-28-2 Steroid Phammaceutical. | g 5 Sigma-Aldrich
Veterinary Agent Corporation
. . Spectrum Chemicals
178-Trenbolone 10161-33-8 Steroid Pharmaceutical 06.6 & T aboratory Prodacts
. - Pharmaceutical, Toronto Research
] g g N
19-Nortestosterone 434-22-0 Steroid Veterinary Agent 980 Chemicals, Inc. (TRC)
Chemical
- Intermediate, Sigma-Aldrich
I _ser-Butv 77
2-sec-Butylphenol 80-72-5 Phenol Pesticide 08.0 Cosporation
Intermediate

20
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Substance CASEN HeSH_('lu:mjca] Product Class® Pu1:ir}' Manufacturer
Class (%a)
245 51 Aldrich
Trichlorophenoxyacetic | 93-765 | Carboxylic Acid Herbicide 003 1gma-A e
acid Corporation
Sigma-Aldrich
4-Androstenedione 63-05-8 Steroid Pharmaceutical | 086 | COrPoration/Hiyoshi-
: ’ ‘ ‘ o International
Laboratory USA
L Chemical Sigma-Aldrich
4-Cumylphenol 500-64-4 Phenol Infermediate 0oo Corporation
4 Hydroxytamoxifen | 68047-06-3 H"{dcffgﬁ"“ Phanmaccutical | 995 E’E?“m‘aﬁgggh
4- o . Sigma-Aldrich
Hydroxyandrostenedione 566-48-3 Steroid Pharmaceutical 006 Corporation
Chenucal
) . Intermediate, -
4-tert-Octylphenol 140-66-9 Phenol Pharmaceutical 003 Chem Service, Inc.
Intermediate
Sq-Dihydrotestosterone | 521-18-6 Steroid Pharmaceutical | 207.5 Siema-Aldach
orporation
Heterocvelic Laboratory
P - - Compound, Chemical, . .
Actinomycin D 50-76-0 Polyeyclic Pharmaceutical. 007 USB Corporation
Compound Veterinary Agent
Industrial
. . Chemical, . .
Ammonium perchlorate | 7790-08-9 | Afmine Onium Labaratory 100.0 Sigma-Aldnich
ompoTL Chemical. orporation
Pharmaceutical
Drye, Natural
- - Heterocvelic Product, . Sigma-Aldrich
! M-36- 2 -
Apigenin 220-36-3 Compound Pharmaceutical 900 Corporation
Intermediate
; . - Heterocyclic Pharmaceutical, Sigma-Aldrich
Apomorphine )8-00-4 Compound Veterinary Agent 938 Corporation
. Heterocyclic .. )
Atrazine 1912-24-0 . o Herbicide 08.0 Chem Service, Inc.
Compound
Bicalutamide 90357-06-5 Amide Pharmacentical | 005 | DT TLabomtones
Chemical
. - Intermediate, Sigma-Aldrich
Bisphenol A 80-05-7 Phenol Flame Retardant. 070 Corporation
Fungicide
Chemical
. Intermediate, - . .
Bisphenol B T7-40-7 Phenel Flame Retardant. 074 City Chemical LLC
Fungicide

21
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Substance CASEN lleSH_Che’mlml Product Class® Pul}t}.‘ Manufacturer
Class (%)
Carboxylic Acid, Plasticizer, Sioma-Aldrich
Butylbenzy! phthalate 85-68-7 Ester. Phthalic Industrial 98.0 : é:)n s
Acid Chemical PO
Flavonoid, . )
Chrysin 430400 | Heterocyclic | NaturalProduct | 99.8 Sigma-Aldnch
Compound ofporation
- . Carboxylic Acid, . Sigma-Aldrich
Clomiphene citrate 50-41-9 Heterocyclic Pharmaceutical 100.0 Corporation
Compound
Corticosterone 50226 Steroid Pharmaceutical | 99.0 Sigma-Aldrich
Corporation
Coumestrol 79130 | Feeooelic | Nomelprogoct | 980 BIOMOL
ompound International, Inc.
. Fungicide, coia .
Cycloheximide 66-81-9 I?;Z“?uﬁc Pharmaceutical. 99.0 S‘é;” ‘2&;‘511
P Veterinary Agent PO
Cyproterone acefate 427-51-0 Steroid Pharmaceutical 099.6 S1gm:1—A1d_.ﬂch
Corporation
Flavonoid,
Daidzein 486-66-3 Heterocyclic Natural Product =075 Alfa Aesar GmbH
Compound
Dexamethasone 50-02-2 Steroid Pharmaceutical. | o Sigma-Aldrich
Veterinary Agent Corporation
Cosmetic
! . Ingredient.
Di-n-butyl phthalate 84-74-2 E"‘“ﬂﬁhﬁ lie Industrial 2980 | City Chemical LLC
) Chemical,
Plasticizer
Polycyclic Laboratory
Dibenzo[a./ii]anthracene 53-70-3 ey Chemical Natural 000 Supelco Analytical
Compound
Product
Hydrocarbon
Dicofol 115-322 H@Oﬁ:ﬁm Pesticide 980 | Chem Service. Inc
{Halogenated)
Pesticide
Diethrylhexyl phthalate 117-81-7 Phthalic Acid Intermediate, 98.0 Alfa Aesar GmbH
Plasticizer
P - Hydrocarbon Pharmaceutical, ) Sigma-Aldrich
Diethrylstilbestrol 56-53-1 (Cyclic) Vetesimary Agent =000 Cosporation
Estrone 53-16-7 Steroid Pharmaceutical, | g9 Sigma-Aldrich
Veterinary Agent Corporation
Ethyl paraben 120-47-3 Carboxylic Acid, Pha:rrmcm‘gi(_:al. 000 S1gma—.ﬂsqu1ch
b Phenol Preservative Corporation




Substance CASEN Me SH.Che,m"ca] Product Class® Pm:":}- Manufacturer
Class (%a)
Heterocyclic
Fenarimol 60168-88-9 Compound. Fungicide 995 Chem Service, Inc.
Pyrimidine
Finasteride 98319267 Steroid Pharmaceutical | ~99.0 Stgma-Aldrich
Corporation
Flavonoid, - .
Flavone 525826 | Heterocyclic | —awealProduct g Sigma-Aldrich
. " Pharmaceutical Corporation
Compound
Industrial
) Chemical, ) _
Fluoranthene 206-44-0 Polycyclic Laboratory 09.6 Stgma-Aldrich
Compound Chemical, Corporation
Pharmaceutical
Intermediate
Fluoxymestrone 76-43-7 Steroid Phamaceutical | -99.0 Sigma-Aldrich
- Corporation
Flutamide 13311847 Amide Phammaceutical. |4 Sigma-Aldrich
Veterinary Agent Corporation
Flavonoid, - .
Genistein 446720 | Beterocyclic | —yawralProduct | g0 Sigma-Aldrich
. - Pharmacenutical Corporation
Compound
Haloperidol 52-86-8 Ketone Phammaceutical, | _gq Sigma-Aldrich
Veterinary Agent Corporation
Hydroxyflutamide 52806-53-8 Amide Pharmaceutical | 094 | T Tbomtores
Flavonoid, )
Kaempferol 520-183 | Hetrocyclic | NamralProduct | 9000 | TNDOTINE Chemical
C d ompany, Inc.
OMPOLL
- - Hydrocarbon - - .
Kepone 143-50-0 (Halogenated) Pesticide =000 Supelco Analytical
Ketoconazole 65277421 | Beteroeyelic | oy aceutical | -99.0 Sigma-Aldrich
Compound Corporation
L Thyroxine 51480 Amino Acid Pharmaceutical, | gg Stgma-Aldrich
’ Veterinary Agent Corporation
Linuron 330-55-2 Urea Herbicide 005 Chem Service, Inc.
Medroxyprogesterone - - ) Sigma-Aldrich
acetate 71-58-2 Steroid Pharmaceutical Qo0 Corporation
meso-Hexestrol 84-16-2 Steroid Phammaceutical. | o9 3 |y Chemieal LLC
- Veterinary Agent o /
Methyl testosterone 58-18-4 Steroid Phammaceutical. | = gg Sigma-Aldrich
- Veterinary Agent Corporation
Mifepristone 84371-65-3 Steroid Pharmaceutical | 99.1 Sigma-Aldnch
orporation

23



Substance CASEN I‘l[e.‘:']%_]li I::,mlml Product Class® PE';[:;" i Manufacturer
Flavonoid. D}EU:;EEHI
Morin 480-16-0 Heterocyclic Phu‘maceuﬁcal 953 TCT America
Compouad Intermediate
Heterocyclic . .
Nilutamide 63612-50-0 |  Compound. Pharmaceutical | 100.0 Sigma-Aldrich
Imidazole POl
Norethynodrel 68-23-5 Steroid Pharmaceutical =050 Research Plus Inc.
o,pDDT 780-02-6 aﬂ;gﬁgfﬂﬁ’g& Pesticide 08.0 Chem Service, Inc.
- Heterocyclic Pharmaceutical, Sigma-Aldrich
Oxazepam 604-75-1 Compound Veterinary Agent 993 Corporation
Chemical
p-n-Nonylphenol 104-40-5 Phenol Intermediate 00.6 Alfa Aesar GmbH
. - Hydrocarbon Pesticide, N
- N T ¥ - s
p.p’- Methoxychlor T72-43-5 (Ealogenated) Vetesinary Agent 001 Chem Service, Inc.
. - Hvdrocarbon Pesticide Sigma-Aldrich
- WSS - =
pp-DDE 72359 {Halogenated) Intermediate 990 Corporation
Heterocyclic . . .
Phenobarbital 50-06-6 Compound, | rammacewtical. | g9 | Spectum Chemical
Pyrimidine ALY Ag : £ Lorp.
. Carboxylic Acid, Dye, Laboratory - Sigma-Aldrich
Phenolpthalin §1-90-3 Phenol Chemical 9.0 Corporation
Pimozide 2062-784 | Ticterocyclic Pharmaceutical | ~99.0 Sigma-Aldrich
Compound Corporation
Procymidone 32809-16-8 Polycyclic Fungicide 99.0 Chem Service, Inc.
b Compound =
Progesterone 57-83-0 Steroid xﬂﬂ;@g;& 209.0 Sg“;;gg;ﬁh
Heterocyclic . . )
Progylfhiouracil 51-52-5 Compound, xlf;a‘m’mcfugcgr 100.0 Sg’l““gﬁﬁh
Pyrimidine Ay Ag PO
Raloxifene HCI 82640-04-g | Thdrocarbon | o aceutical | 100.0 Sigma-Aldrich
(Cyclic) Corporation
Heterocyclic . . :
Reserpine 50-55-5 Compound, | poomacewiedl | ggg Sigma Alfoch
Indole AT A2 PO
Resveratrol 501360 | Tdrocabon | i Product | 2900 Sigma-Aldrich
(Cyclic) Corporation
Chemical
4 ) Azide, Salt Intermediate, Sigma-Aldrich
N P =
Sodium azide 20628-22-8 (Inorganic) Fungicide, 97 Corporation

Herbicide




Substance CASEN HGSH_ C'llean:uca] Product Class® Pm:]q- Manufacturer
Class (%)
Spironolactone 52-01-7 Lactone, Steroid Pharmaceutical Qo7 Slc,m: 'qudl
orporation
Tamoxifen 10540-20-1 Hydi?m.rbm Pharmaceutical =000 Sigma-Aldrich
(Celic) Corporation
Testosterone 58220 Steroid Phammaceutical. | g9 Sigma-Aldrich
Veterinary Agent Corporation
Vinclozolin s047144g | Feterocyelc Fungicide 995 | Chem Service Inc
ompound

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); MeSH = Medical Subject Headings (U.S.
National Library of Medicine).

* Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject
Headings (MeSH). an internationally recognized standardized classification scheme (available at
http-/'www.nlm mh gov/mesh).

® Substances were assigned to one or more product classes using the U.S. National Library of Medicine's Hazardous
Substances Data Bank (available at http:/toxnet nlm nih gov/cgi-bin/sis/htmlgen?HSDB).



Table 2. 42 ICCVAM-Recommended Substances Used to Evaluate ER Agonist Accuracy

Classification”
Substance CASRN ;‘;ﬁ;;& B_GHI—:': H: XDS ECVAM | Hiyoshi
Consensus

L7 Estradiol 57910 POS POS | POS(1/1) | POS(33) | POS(22)
;:;E:imyl 57-63-6 POS POS POS (3/3) | POS(3/3) | POS (3/3)
17B-Estradiol 50-28-2 POS POS POS (1/1) | POS(1/1) | POS(1/1)
19-Nortestosterone 434-22-0 POS POS POS (1/1) NT NT
4-Cumylphenol 599-64-4 POS POS POS (1/1) | POS(1/1) | POS(1/1)
4-tert-Octylphenol 140-66-9 POS POS 1(1/1) POS (1/1) | POS (2/2)
;:m drotesostcrone | 321186 POS I 1(1/1) 1(1/1) POS (1/1)
Apigenin 520-36-5 POS POS POS (1/1) | POS(1/1) | POS(1/1)
Atrazine 1912-24-9 NEG NEG NEG (3/3) | POS (3/3) | NEG (3/3)
Bicalutamide 90357-06-5 NEG NEG NEG (1/1) NT NT
Bisphenol A 80-05-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Bisphenol B 77-40-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
E:‘:l;li?f‘l 85-68-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Chrysin 480-40-0 POS POS POS (2/2 NT NT
Clomiphene citrate 50-41-9 POS I I(1/1) | NEG(1/1) | POS(1/1)
Corticosterone 50-22-6 NEG NEG NEG (3/3) | POS (3/3) | NEG (4/4)
Coumestrol 479-13-0 POS POS POS (1/1) | POS(1/1) | POS(1/1)
Daidzein 486-66-8 POS POS POS (1/1) | POS(1/1) | POS(1/1)
Dicofol 115-32-2 POS POS POS (1/1) | NEG(1/1) | POS (1/1)
Diethylstilbestrol 56-53-1 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Estrone 53-16-7 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Ethyl paraben 120-47-8 POS POS I(1) POS (1/1) POS (1/1)
Fenarimol 60168-88-9 POS POS POS (1/1) NT NT
Flutamide 13311-84-7 NEG I I(1) NT NT
Genistein 446-72-0 POS POS POS (3/3) | POS(3/3) | POS (4/4)
Hydroxyflutamide | 52806-53-8 NEG NEG NEG (1/1) | NEG(1/1) | NEG (1/1)
Kaempferol 520-18-3 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Kepone 143-50-0 POS POS POS (1/1) | POS(1/1) | POS (1/1)
L-Thyroxine 51-48-9 POS NEG NEG (1/1) NT NT
Linuron 330-55-2 NEG NEG NEG (1/1) NT NT
meso-Hexestrol 84-16-2 POS POS POS (1/1) | POS (1/1) POS (1/1)
Methyl testosterone 58-18-4 POS POS POS (3/3) | POS (1/1) POS (2/2)




Classification”
subsiance | CASRN | teevant | PR g | pcvant | o
Consensus
Norethynodrel 68-23-5 POS POS POS (2/2) | POS(1/1) | POS(2/2)
0p"-DDT 789-02-6 POS POS POS (3/3) | POS(3/3) | POS (3/3)
p-n-Nonylphenol 104-40-5 POS POS POS (3/3) | POS(3/3) POS (3/3)
pp°-DDE 72-55-9 POS I 1(1/1) 1(1/1) NEG (1/1)
p.p- Methoxychlor | 72-43-5 POS POS POS (1/1) | POS(1/1) | POS(2/2)
Phenobarbital 50-06-6 NEG NEG NEG(1/1) | NEG (1/1) NT
Procymidone 32809-16-8 NEG I I(1/1) NT NT
Fesveratrol 501-36-0 POS I POS (1/1) I(1/1) NEG (2/3)
Spironolactone 52-01-7 NEG NEG NEG (1/1) NT NT
Tamoxifen 10540-29-1 POS I 1(1/1) 1(1/1) POS (1/1)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASEN = CAS Registry Number
(American Chemical Society); ECVAM = Furopean Centre for the Validation of Alternative Methods;

I = inadequate (positive of negative classification could not be determined because of poor-quality data):

NEG = negative; NT = not tested; POS = posifive, XDS = Xenobiotic Detection Systems, Inc.
*  Number in parentheses represents test results (POS, NEG, or I) over the total number of trials that met test plate

acceptance criteria.

® BGI1Luc ER TA consensus classification represents the majority classification among the three validation

laboratories.
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Table 3. 25 ICCVAM-Recommended Substances Used to Evaluate ER Antagonist Accuracy

Classification”
Substance CASRN - BGILuc
ICCVAM ERTA
Consensus Consensus® XDs ECVAM Hivoshi

17a-Ethinyl estradiol 57-63-6 NEG NEG NEG (1/1) | NEG(1/1) NEG (1/1)
4-Hydroxytamoxifen 68047-06-3 POS POS POS (1/1) I{2/2) POS (1/1)
Sa-Dihvdrotestosterone 521-18-6 NEG NEG NEG (1/1) | NEG(1/1) NEG (1/1)
Apigenin 520-36-5 NEG NEG NEG (3/3) | NEG(3/3) NEG (4/4)
Bisphenol A 80-05-7 NEG NEG NEG(1/1) | NEG(1/1) NEG (1/1)
Butylbenzyl phthalate 85-68-7 NEG NEG NEG (3/3) | NEG(3/3) NEG (4/4)
Chrysin 480-40-0 NEG NEG NEG (1/1) NT NT
Coumestrol 478-13-0 NEG NEG NEG (1/1) | NEG(1/1) NEG (1/1)
Daidzein 486-66-8 NEG NEG NEG(1/1) | NEG(1/1) NEG (1/1)
Di-n-butyl phthalate 84-74-2 NEG NEG NEG (22 NEG (1/1) NEG (1/1)
Dicofol 115-32-2 NEG NEG NEG (1/1) | NEG(1/1) NEG (1/1)
Diethylhexyl phthalate 117-81-7 NEG NEG NEG (1/1) | NEG(2/2) NEG (1/1)
Diethylstilbestrol 56-53-1 NEG NEG NEG (1/1) | NEG(1/1) POS (1/1)
Genistein 446-72-0 NEG NEG NEG (3/3) | NEG(3/3) NEG (3/3)
Kaempferol 520-18-3 NEG NEG NEG (1/1) | NEG(1/1) NEG (1/1)
Kepone 143-50-0 NEG NEG NEG (1/1) | NEG(1/1) NEG (1/1)
Mifepristone 84371-65-3 NEG NEG NEG (1/1) NT NT
Norethynodrel 68-23-5 NEG NEG NEG(1/1) | NEG(1/1) NEG (1/1)
o.p-DDT 780-02-6 NEG NEG NEG (3/3) | NEG(3/3) NEG (4/4)
p-n-Nonylphenol 104-40-5 NEG NEG NEG (3/3) | NEG(3/3) NEG (3/3)
p.p-DDE 72-55-9 NEG NEG NEG(1/1) | NEG(1/1) NEG (1/1)
Progesterone 57-83-0 NEG NEG NEG (3/3) | NEG(3/3) NEG (3/3)
Raloxifene HCI 82640-04-8 POS POS POS (1/1) POS (1/1) POS (1/1)
Resveratrol 501-36-0 NEG NEG NEG (3/3) | NEG(3/3) NEG (3/3)
Tamoxifen 10540-29-1 POS POS POS (4/4) POS (3/3) POS (3/3)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER. TA test method; CASRIN = CAS Registry Number
{American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods;

I =madequate (positive or negative classification could not be deternuned because of poor-quality data):

NEG = negative; NT = not tested; POS = positive; DS = Xenobiotic Detection Systems, Inc.

Number in parentheses represents test results (POS, NEG. or ) over the total number of frials that met test plate
acceptance criteria.

BGlLuc ER TA consensus classification represents the majority classification among the three validation
laboratories.



Table 4. Accuracy of the BG1LucER TA agonist Data

False False
Laboratory N Accuracy Sensitivity Specificity Positive Rate | Negative Rate
] _ 97% 96% 100% 0% 4%
Combined 350 ) ) ) )
(34/35) (27/28) (7'7) (0/7) (1/28)
XDS - 97% 96% 100% 0% 4%
' i (33/34) (27/28) (6/6) (0/6) (1/28)
86% 92% 50% 50% 8%
ECVAM 29 ) ~ . , .
(25/29) (23/25) (2/4) (2/4) (2/25)
. ) 94% 93% 100% 0% 7%
Hiyoshi 32 . ) ) )
(30/32) (27/29) (3/3) (0/3) (2/29)

Abbrewviations: ECVAM = European Centre for the Validation of Alternative Methods; N = mumber; XDS = Xenobiotic

Detection Systems, Inc.
A total of 42 substances were evaluated in the BG1Luc ER TA agonist test method. Seven substances did not

produce a consensus classification and were onutted. leaving 35 substances for analysis.

Table 5. Accuracy of the BG1LucER TA antagonist Data

False Positive False
Laboratory N Accuracy Sensitivity Specificity Rate Negative Rate
. 100% 100% 100% 0% 0%
Combined 25 ) ) ) )
(25/25) (3/3) (22/22 (0/22 (0/3)
— ) 100% 100% 100% 0% 0%
' B (25/25) (3/3) (22/22) (0/22 (0/3)
100% 100% 100% 0% 0%
ECVAM 23 } ) )
(23/23) (3/3) (20/20) (0/20) (0/3)
) ) 96% 100% 95% 5% 0%
Hivoshi 23 . ) )
(22/23) (3/3) (19/20) (1/20) (0/3)

Abbreviations: ECVAM = European Cenfre for the Validation of Alternative Methods: N = mumber; XD5 = Xenobiotic

Detection Systems, Inc.

Table 6. Agonist E2 EC50 Control Values

Laboratory Mean sD N
E2 Reference Standard ECz (M)

XDS 1.1x 10" 6.7 x 1072 03

ECVAM 1.1x 10" 1.9 x 10 60

Hiyoshi 8.0 x 107 2.8 x 107 65
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Table 7. Antagonist Raloxifene EC50 Control Values

Laboratory Mean SD N
Raloxifene Reference Standard ICz; (M)

XDS 1.1x 107 5.6 x 107 79

ECVAM 1.3 x 107 5.6 x 107 62

Hiyoshi 1.2 x 107 2.9 x 1071 53

Table 8. Interlaboratory Agreement for phase 2 Test Substances

30

Results Among
Laboratories

Agonist Testing

Antagonist Testing

Agreement Among

8/12 (67%)

12/12 (100%)

Laboratories
e 8/12 2/12
__ 0/12 10/12
Discordance ;—"Immng 4112 (33%) 0/12 (0%)
Laboratories ’
T 1/12 0/12
+— 3/12 0/12

+ denotes a positive test result.

- denotes a negative test resulf.

+++ indicates that the substance was classified as positive at all three laboratornies.

--- indicates that the substance was classified as negative at all three laboratories.

++- indicates that a test substance was classified as positive in two of thres laboratories. The substance was classified as

negative in the third laboratory.
+-- indicates that the test substance was classified as positive i one of three laboratories.




Table 9. Interlaboratory Agreement for phase 3 substances Tested Once at Each Laboratory

Rf ;Eg;::;;’::g Agonist Testing Antagonist Testing
Agreement Almong 30/36 (83%) 38/41 (93%)
Laboratories ’ ‘
+++ 18/36 21
__ 4/36 33/41
++1 2/36 /41
I 6/36 2/41
Discordance 31nong 6/36 (17%) 3/41 (7%)
Laboratories S
- 3/36 0/41
+—— 0/36 1/41
+-1 3/36 2/41

Abbreviations: I = inadequate data.

Only those substances that produced a definitive result 1 at least two of the three laboratories were used in this evaluation.
Five substances that produced an inadequate result in two laboratories during agonist testing were not included in this

table.
+ denotes a positive test result.
- denotes a negative test result.

+++ indicates that the substance was classified as positive at all three laboratories.

--- indicates that the substance was classified as negative at all three laboratories.
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS

BG1Luc Estrogen Receptor Transactivation Test Method for Identifving Estrogen Receptor
Agonists and Antagonists

INTRODUCTION

1. In 1998, the Organisation for Economic Co-operation and Development (OECD) initiated the
revision of existing and the development of new Test Guidelines for the screening and testing of
Endocrine Disrupting Chemicals. Since that time, several potential assays have been developed into Test
Guidelines (TG), with additional assays still under development. These assays are contained within the
“OECD Conceptual Framework for Testing and Assessment of Endocrine Disrupters” (CF), which was
revised in 2012. The original and revised CFs are included as Annexes in the Guidance Document on
Standardised Test Guidelines for Evaluating Chemicals for Endocrine Disruption (1). The revised CF
comprises five levels, each level corresponding to a difference level of biological complexity (1). The
BGI1Luc Estrogen Receptor Transactivation (BG1Luc ER TA) Test Method for Identifying Estrogen
Receptor Agonists and Antagonists is included in level 2 for "in vitro assays providing data about
selected endocrine mechanism(s)/pathway(s) (Mammalian and non mammalian methods)" (1).

2. In vitro TA assays are based upon the production of a reporter gene product induced by a
chemical, following binding of the chemical to a specific receptor and subsequent downstream
transactivation. TA assays using activation of reporter genes are screening assays that have long been
used to evaluate the specific gene expression regulated by specific nuclear receptors, such as the estrogen
receptors (ERs) (2) (3) (4) (5). They have been proposed for detection of estrogenic transactivation
regulated by the ER (6) (7) (8).

3. In vertebrate species, there are at least two major subtypes of nuclear ERs, a and 3, which are
encoded by distinct genes. The respective proteins have different biological functions as well as different
tissue distributions and ligand binding affinities (9) (10) (11). Nuclear ERo mediates the classic
estrogenic response (12) (13) (14) (15), and therefore, most models currently being developed to measure
ER activation are specific to ERa. The BG1Luc cell lines predominantly express endogenous ERa and a
minor amount of endogenous ERP (27) (28) (29). This method is being proposed for screening and
prioritisation purposes, but can also provide mechanistic information that can be used in a weight of
evidence approach.

4. The BG1Luc ER TA test method has been validated by the National Toxicology Program
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM), and the
Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM) (16). It
utilizes a stably transfected ER responsive luciferase reporter gene in the human ovarian adenocarcinoma
cell line, BG-1, to provide concentration-response data for substances with in vitro ER agonist or
antagonist activity (17). Performance Standards are available to facilitate the development and validation

© OECD, (2012)
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of similar test methods [(31) for the agonist part, and (32) for the antagonist part]. The Mutual
Acceptance of Data will only be guaranteed for test methods, developed according to the Performance
Standards, if they have been reviewed and adopted by OECD.

5. Definitions and abbreviations used in this TG are described in Appendix 1.
INITIAL CONSIDERATIONS AND LIMITATIONS

6. The interaction of estrogens with ERs can affect transcription of estrogen-controlled genes,
which could lead to the initiation or inhibition of cellular processes, including those necessary for cell
proliferation, normal fetal development, and adult homeostasis (18) (19) (20). Perturbation of normal
estrogenic systems may have the potential to trigger adverse health effects.

7. This TG describes an assay that uses the BG1Luc4E2 cell line to evaluate TA mediated by both
ERa and ERB. TA mediated by the ERs is considered one of the key mechanisms of endocrine disruption
(ED), although there are other mechanisms through which ED can occur, including (i) interactions of
other receptor and enzymatic systems with the endocrine system, (ii) metabolic activation and/or
inactivation of hormones, (iii) distribution of hormones to tissues, and (iv) clearance of hormones from
the body. This test method addresses TA induced by chemical binding to the ERs as indicated by the
production of luciferase in an in vitro system. Thus, results should not be directly extrapolated to the
complex signalling and regulation of the intact endocrine system in vivo.

8. This TG is applicable to a wide range of substances, provided they can be dissolved in dimethyl
sulfoxide (DMSO; CASRN 67-68-5), do not react with DMSO or the cell culture medium, and are not
cytotoxic at the concentrations being tested. If use of DMSO is not possible, another vehicle such as
ethanol or water may be used (see paragraph 20). The demonstrated performance of the BG1Luc ER TA
(ant)agonist test method suggests that data generated with this test method may inform upon ER mediated
mechanisms of action, and could be considered for prioritization of substances for further testing.

9. This test method is specifically designed to detect hERa and hERB-mediated TA by measuring
chemiluminescence as the endpoint. Chemiluminescence use in bioassays is widespread because
luminescence has a high signal-to-background ratio (21). However, the activity of firefly luciferase in
cell-based assays can be confounded by compounds that inhibit the luciferase enzyme, causing both
apparent inhibition or increased luminescence due to protein stabilization (21). In addition, in some
luciferase-based ER reporter gene assays, non-receptor-mediated luminescence signals have been
reported at phytoestrogen concentrations higher than 1 uM due to the over-activation of the luciferase
reporter gene (2) (22). While the dose-response curve indicates that true activation of the ER system
occurs at lower concentrations, luciferase expression obtained at high concentrations of phytoestrogens or
similar compounds suspected of producing phytoestrogen-like over-activation of the luciferase reporter
gene needs to be examined carefully in stably transfected ER TA assay systems (23).

PRINCIPLE OF THE TEST

10. In vitro TA assays using a reporter gene provide mechanistic data. The assay is used to indicate
ER ligand binding, followed by translocation of the receptor-ligand complex to the nucleus. In the
nucleus, the receptor-ligand complex binds to specific DNA response elements and transactivates the
reporter gene (/uc), resulting in the production of luciferase and the subsequent emission of light, which
can be quantified using a luminometer. Luciferase activity can be quickly and inexpensively evaluated
with a number of commercially available kits.

© OECD, (2012)
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11. The BG1Luc ER TA utilizes an ER responsive human ovarian adenocarcinoma cell line, BG-1,
which has been stably transfected with a firefly /uc reporter construct under control of four estrogen
response elements placed upstream of the mouse mammary tumor virus promoter (MMTYV), to detect
substances with in vitro ER agonist or antagonist activity. This MMTV promoter exhibits only minor
cross-reactivity with other steroid and non-steroid hormones (17). The protocols (agonist and antagonist)
for this TG incorporate essential test method components for in vitro ER TA assays that were
recommended by ICCVAM (8).

12. Criteria for data interpretation are described in detail in paragraphs 51 through 53. Briefly, a
positive response is identified by a concentration-response curve containing at least three points with
nonoverlapping error bars (mean + SD), as well as a change in amplitude (normalized relative light unit
[RLU]) of at least 20% of the maximal value for the reference substance (17B-estradiol [E2; CASRN
50-28-2] for the agonist assay, raloxifene HCI [Ral; CASRN 84449-90-1]/E2 for the antagonist assay).

PROCEDURE
Cell Line

13. The stably transfected BG1Luc4E2 cell line is used for the assay. The cell line is available with
a technical licensing agreement from the University of California, Davis, California, USA', and from
Xenobiotic Detection Systems Inc., Durham, North Carolina, USA®.

Stability of the Cell Line

14. To maintain the stability and integrity of the cell line, the cells should be grown for more than
one passage from the frozen stock in cell maintenance media (paragraph 16). Cells should not be cultured
for more than 30 passages. For the BG1Luc4E2 cell line, 30 passages will be approximately three months.

Cell Culture and Plating Conditions

15. Procedures specified in the Guidance on Good Cell Culture Practice (24) (25) should be
followed to assure the quality of all materials and methods in order to maintain the integrity, validity, and
reproducibility of any work conducted.

16. BGI1Luc4E2 cells are maintained in RPMI 1640 medium supplemented with 0.9% Pen-Strep
and 8.0% fetal bovine serum (FBS) in a dedicated tissue culture incubator at 37°C = 1°C, 90% + 5%
humidity, and 5.0% £ 1% COy/air.

17. Upon reaching ~80% confluence, BG1Luc4E2 cells are subcultured and conditioned to an
estrogen-free environment for 48 hours prior to plating the cells in 96-well plates for exposure to test
substances and analysis of estrogen dependent induction of luciferase activity. The estrogen-free medium
(EFM) contains Dulbecco’s Modification of Eagle’s Medium (DMEM) without phenol red, supplemented

Michael S. Denison, Ph.D. Professor, Dept. of Environmental Toxicology, 4241 Meyer Hall, One Shields Ave,
University of California, Davis, CA 95616, E: msdenison@ucdavis.edu, (530) 754-8649

% Xenobiotic Detection Systems Inc. 1601 East Geer Street, Suite S, Durham NC, 27704 USA, email:
info@dioxins.com, Telephone: 919-688-4804, Fax: 919-688-4404
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with 4.5% charcoal/dextran-treated FBS, 1.9% L-glutamine, and 0.9% Pen-Strep. All plasticware should
be free of estrogenic activity.

Acceptability Criteria

18. Acceptance or rejection of a test is based on the evaluation of reference standard and control
results from each experiment conducted on a 96-well plate. Each reference standard is tested in multiple
concentrations and there are multiple samples of each reference and control concentration. Results are
compared to quality controls (QC) for these parameters that were derived from the agonist and antagonist
historical databases generated by each laboratory during the demonstration of proficiency. The historical
databases are updated with reference standard and control values on a continuous basis. Changes in
equipment or laboratory conditions may necessitate generation of updated historical databases.

Agonist Test

Range Finder Test

e Induction: Plate induction is measured by dividing the average highest E2 reference standard
relative light unit (RLU) value by the average DMSO control RLU value. Five-fold induction
is usually achieved, but for the purposes of acceptance, induction should be greater than or
equal to four-fold.

e DMSO control results: Solvent control RLU values should be within 2.5 times the standard
deviation of the historical solvent control mean RLU value.

e An experiment that fails either acceptance criterion will be discarded and repeated.

Comprehensive Test

It includes acceptance criteria from the agonist range finder test and the following:

e Reference standard results: The E2 reference standard concentration-response curve should
be sigmoidal in shape and have at least three values within the linear portion of the
concentration-response curve.

o Positive control results: Methoxychlor control RLU values should be greater than the DMSO
mean plus three times the standard deviation from the DMSO mean.

e An experiment that fails any single acceptance criterion will be discarded and repeated.

Antagonist Test

Range Finder Test

e Reduction: Plate reduction is measured by dividing the average highest Ral/E2 reference
standard RLU value by the average DMSO control RLU value. Five-fold reduction is usually
achieved, but for the purposes of acceptance, reduction should be greater than or equal to
three-fold.

e E2 control results: E2 control RLU values should be within 2.5 times the standard deviation
of the historical E2 control mean RLU value.

e DMSO control results: DMSO control RLU values should be within 2.5 times the standard
deviation of the historical solvent control mean RLU value.

e An experiment that fails any single acceptance criterion will be discarded and repeated.

Comprehensive Test

© OECD, (2012)
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It includes acceptance criteria from the antagonist range finder test and the following:

e Reference standard results: The Ral/E2 reference standard concentration-response curve
should be sigmoidal in shape and have at least three values within the linear portion of the
concentration-response curve.

e Positive control results: Tamoxifen/E2 control RLU values should be less than the E2 control
mean minus three times the standard deviation from the E2 control mean.

e An experiment that fails any single acceptance criterion will be discarded and repeated.

Reference Standards, Positive, and Vehicle Controls
19. Reference standards and controls are listed in paragraphs 20 through 29.

Vehicle Control (Agonist and Antagonist Assays)

20. The vehicle that is used to dissolve the test substances should be tested as a vehicle control. The
vehicle used during the validation of the BG1Luc method was 1% v/v dimethyl sulfoxide (DMSO,
(CASRN 67-68-5)) (see paragraph 33). If a vehicle other than DMSO is used, all reference standards,
controls, and test substances should be tested in the same vehicle, if appropriate.

Reference Standard (Agonist Range Finder)

21. The reference standard is E2 (CASRN 50-28-2). For range finder testing the reference standard
is comprised of a serial dilution of four concentrations of E2 (1.84 x 10, 4.59 x 10", 1.15 x 10™", and
2.87 x 10"*M), with each concentration tested in duplicate wells.

Reference Standard (Agonist Comprehensive)

22. E2 for comprehensive testing is comprised of a 1:2 serial dilution consisting of
11 concentrations (ranging from 3.67 x 10"% to 3.59 x 10"°M) of E2 in duplicate wells.

Reference Standard (Antagonist Range Finder)

23. The reference standard is a combination of Ral (CASRN 84449-90-1) and E2 (CASRN 50-28-
2). Ral/E2 for range finder testing is comprised of a serial dilution of three concentrations of Ral
(3.06 x 10°, 7.67x 10", and 1.92 x 10"'°M) plus a fixed concentration (9.18 x 10" M) of E2 in
duplicate wells.

Reference Standard (Antagonist Comprehensive)

24, Ral/E2 for comprehensive testing is comprised of a 1:2 serial dilution of Ral (ranging from
2.45%x 10" to 9.57x 10"'"M) plus a fixed concentration (9.18 x 10" M) of E2 consisting of nine
concentrations of Ral/E2 in duplicate wells.

Weak Positive Control (Agonist)

25. The weak positive control is 9.06 x 10° M p,p-methoxychlor (methoxychlor; CASRN 72-43-5)
in EFM.

Weak Positive Control (Antagonist)

26. The weak positive control consists of tamoxifen (CASRN 10540-29-1) 3.36 x 10° M with
9.18 x 10" M E2 in EFM.

E2 Control (Antagonist Assay Only)
27. The E2 control is 9.18 x 10" M E2 in EFM and used as a base line negative control.

5
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Fold-Induction (Agonist)

28. The induction of luciferase activity of the reference standard (E2) is measured by dividing the
average highest E2 reference standard RLU value by the average DMSO control RLU value, and the
result should be greater than four-fold.

Fold-Reduction (Antagonist)

29. The mean luciferase activity of the reference standard (Ral/E2) is measured by dividing the
average highest Ral/E2 reference standard RLU value by the average DMSO control RLU value and
should be greater than three-fold.

© OECD, (2012)
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Demonstration of Laboratory Proficiency

30. To demonstrate proficiency with the BG1Luc ER TA test method, a laboratory should compile
agonist and antagonist historical databases with reference standard and control data generated from at
least 10 independent agonist and 10 independent antagonist experiments, conducted on different days.
These experiments are the foundation for reference standards and the historical controls. Future
acceptable results should be added to enlarge the database. A successful demonstration of proficiency will
be achieved by producing values that are no more than 2.5 standard deviations of the historical controls
(see paragraph 18).

31. Once the historical databases are compiled, the agonist and antagonist proficiency substances
listed in Tables 1 and 2, respectively, should be tested. ECsy and ICs, values reported in Tables 1 and 2
are provided for information. Laboratories should obtain ECs, and ICsy values approximating those
reported here.

Table 1: Agonist Substances for Demonstration of Laboratory Proficiency

BGl1Luc MeSH
Expected ERTA . ¢
Substance CASRN a Chemical Product Class
Response” | Mean ECs d
(V)" Class
5 Carboxylic Pharmaceutical,
Ethyl paraben 120-47-8 POS 2.48 x 10 Acid, Phenol Preservative
Flavonoid,
Kaempferol 520-18-3 POS 3.99 x 10° | Heterocyclic Natural Product
Compound
Butvlbenzyl Carboxylic Plasticizer,
ol 85-68-7 POS | 1.98x10° | Acid, Ester, Industrial
phthatate Phthalic Acid Chemical
Dye, Natural
. 6 | Heterocyclic Product,
Apigenin 520-36-5 POS 1.60 x 10 Compound Pharmaceutical
Intermediate
Flavonoid,
Daidzein 486-66-8 POS 7.95x 107 | Heterocyclic Natural Product
Compound
Chemical
) P Intermediate,
Bisphenol A 80-05-7 POS 5.33 %10 Phenol Flame Retardant,
Fungicide
Flavonoid,
Genistein 446720 | POS | 2.71x107 | Heterocyclic | Natural Product
Pharmaceutical
Compound
Coumestrol 479-13-0 | POS | 132107 | Feteroeyelic e product
Compound
7
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BG1Luc MeSH
Expected ERTA . e
Substance CASRN a Chemical Product Class
Response” | Mean ECs d
(V)" Class
170c-Estradiol 57-91-0 POS 1.40 x 10 Steroid Pharmaceutical,
Veterinary Agent
Estrone 53-16-7 POS | 234x10"° Steroid Pharmaceutical,
Veterinary Agent
. . 11 | Hydrocarbon Pharmaceutical,
Diethylstilbestrol 56-53-1 POS 3.34 x 10 (Cyclic) Veterinary Agent
17oc-Ethinyl 57-63-6 POS 731 x 102 Steroid Pharmaceutical,
estradiol ' Veterinary Agent
Atrazine 1912249 | NEG - Heterocyclic Herbicide
Compound
Corticosterone 50-22-6 NEG - Steroid Pharmaceutical
Linuron 330-55-2 NEG - Urea Herbicide
Spironolactone 52-01-7 NEG - Lactor}e, Pharmaceutical
Steroid

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; ECsy = half maximal effective
concentration of a test substance; MeSH = U.S. National Library of Medicine’s Medical Subject Headings; NEG =
negative; POS = positive.

ICCVAM consensus data compiled and reported in Independent Scientific Peer Review Panel Report: Evaluation of
the LUMI-CELL® ER (BG1Luc ER TA) Test Method (16).

®Mean ECs, calculated from values reported by the laboratories of the BG1Luc ER TA validation study (26).
“Table is sorted in the order of expected ECsy (M) of response in the BG1Luc assay.

Substances were assigned into one or more chemical classes using the U.S. National Library of Medicine’s Medical
Subject Headings (MeSH), an internationally recognized standardized classification scheme (available at:

http://www.nlm.nih.gov/mesh).

‘Substances were assigned into one or more product classes using the U.S. National Library of Medicine’s
Hazardous Substances Database (available at: http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB)

Table 2: Antagonist Substances for Demonstration of Laboratory Proficiency

Fpe [ BT
Substance CASRN Chemical Product Class®
Respon | Mean ICs, Class®
se” (M)>*
. 7 Hydrocarbon .
Tamoxifen 10540-29-1 POS 8.17 x 10 . Pharmaceutical
(Cyclic)
8
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Expdecte l;(li(llfzc MeSH

Substance CASRN Chemical Product Class®
Respon | Mean ICs Class®

S ea (M)b,c

4-Hydroxytamoxifen | 68047-06-3 | POS | 2.08 x 107 | Hydrocarbon | o o ceutical
(Cyclic)

Raloxifene HCI 82640-04-8 | POS | 1.19x 10?0 | Hydrocarbon | by, aceutical
(Cyclic)

. Pharmaceutical,
17ec- Ethinyl 57-63-6 | NEG . Steroid Veterinary
estradiol

Agent
Dye, Natural
— Heterocyclic Product,
Apigenin 520-36-5 NEG i Compound Pharmaceutical
Intermediate
Flavonoid,
Chrysin 480-40-0 NEG - Heterocyclic Natural Product
Compound
Coumestrol 479-13-0 | NEG - Heterocyclic | \po1 ral Product
Compound
Flavonoid,
Genistein 446720 | NEG . Heterocyclic | Natural Product,
Pharmaceutical
Compound
Flavonoid,
Kaempferol 520-18-3 NEG - Heterocyclic Natural Product
Compound
Resveratrol 501-36-0 | NEG - Hydrocarbon | 1.0 vl Product
(Cyclic)

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; ICsy = half maximal inhibitory
concentration; MeSH = U.S. National Library of Medicine’s Medical Subject Headings; NEG = negative; POS =

positive.

*ICCVAM consensus data compiled and reported in Independent Scientific Peer Review Panel Report: Evaluation of

the LUMI-CELL® ER (BG1Luc ER TA) Test Method (16).

®Mean ICs, calculated from values reported by the laboratories of the BG1Luc ER TA validation study.

“Table is sorted in the order of expected ICs, (M) of response in the BG1Luc assay.

Substances were assigned into one or more chemical classes using the U.S. National Library of Medicine’s Medical
Subject Headings (MeSH), an internationally recognized standardized classification scheme (available at:
http://www.nlm.nih.gov/mesh).

“Substances were assigned into one or more product classes using the U.S. National Library of Medicine’s
Hazardous Substances Database (available at: http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB)

32. For each proficiency substance, starting concentrations should first be selected based on range
finder test results (paragraphs 42 and 43), and then at least two comprehensive tests conducted. Each

9
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comprehensive test should be conducted on a separate experimental day. If the results of the tests
contradict each other (e.g., one test is positive, the other negative), or if one of the tests is inadequate, a
third additional test should be conducted. Proficiency is demonstrated by correct classification
(positive/negative) of each proficiency substance (see Tables 1, 2, and 3). Proficiency testing should be
repeated by each technician learning the test methods.

Vehicle

33. Test substances should be dissolved in a solvent that solubilises that test substance and is
miscible with the cell medium. Water, ethanol (95% to 100% purity) and DMSO are suitable vehicles. If
DMSO is used, the level should not exceed 1.0% (v/v). For any vehicle, it should be demonstrated that
the maximum volume used is not cytotoxic and does not interfere with assay performance. Reference
standards and controls are dissolved in 100% solvent and then diluted down to appropriate concentrations
in EFM.

Preparation of Test Substances

34, Test substances are dissolved in 100% DMSO (or appropriate solvent), and then diluted down
to appropriate concentrations in EFM. All test substances should be allowed to equilibrate to room
temperature before being dissolved and diluted. Test substance solutions should be prepared fresh for
each experiment. Solutions should not have noticeable precipitate or cloudiness. Reference standard and
control stocks may be prepared in bulk however, final reference standard, control dilutions and test
substances should be freshly prepared for each experiment and used within 24 hours of preparation.

Solubility and Cytotoxicity: Considerations for Range Finding

35. Range finder testing consists of seven point, 1:10 serial dilutions run in duplicate. Initially, test
substances are tested up to the maximum concentration of 1 mg/ml (~1 mM) for agonist testing and 20
pg/mL (~10 uM) for antagonist testing.

36. Range finder experiments are used to determine the following:

o Test substance starting concentrations to be used during comprehensive testing
e Test substance dilutions (1:2 or 1:5) to be used during comprehensive testing

37. An assessment of cell viability/cytotoxicity is included in the agonist and antagonist test method
protocols and is incorporated into range finder and comprehensive testing. The cytotoxicity method that
was used to assess cell viability during the validation of the BG1Luc ER TA (16) was a scaled qualitative
visual observation method, however, a quantitative method for the determination of cytotoxicity can be
used (see protocol (30)). Data from test substance concentrations that cause more than 20% reduction in
viability cannot be used.

Test Substance Exposure and Assay Plate Organization
38. Cells are counted and plated into 96-well tissue culture plates (2 x 10 cells per well) in EFM

and incubated for 24 hours to allow the cells to attach to the plate. The EFM is removed and replaced
with test and reference chemicals in EFM and incubated for 19-24 hours.

10
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39. Special considerations will need to be applied to those compounds that are highly
volatile since nearby control wells may generate false positive results. In such cases, “plate sealers” may
help to effectively isolate individual wells during testing, and is therefore recommended in such cases.

Range Finder Tests

40. Range finder testing uses all wells of the 96-well plate to test up to six substances as seven point
1:10 serial dilutions in duplicate (see Figures 1 and 2).

e Agonist range finder testing uses four concentrations of E2 in duplicate as the reference
standard and four replicate wells for the DMSO control.

e Antagonist range finder testing uses three concentrations of Ral/E2 with 9.18 x 10" M E2 in
duplicate as the reference standard, with three replicate wells for the E2 and DMSO controls.

Figure 1: Agonist Range Finder Test 96-well Plate Layout

1 2 3 4 5 6 7 8 9 10 | 11 [ 12

A | TS1- [ TS1- [ TS2- [ TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
1 1 1 1 1 1 1 1 1 1 1 1

B | TS1- | TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
2 2 2 2 2 2 2 2 2 2 2 2

c | TS1- [ TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
3 3 3 3 3 3 3 3 3 3 3 3

p | TS1- | TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
4 4 4 4 4 4 4 4 4 4 4 4

E | TS1- [ TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
5 5 5 5 5 5 5 5 5 5 5 5

F | TS1- | TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
6 6 6 6 6 6 6 6 6 6 6 6
G | TS1- | TSI1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
7 7 7 7 7 7 7 7 7 7 7 7

Hlpog | E22 | E23 |E24 | VC VC VC VC E2-1 | E2-2 | E2-3 | E24

Abbreviations: E2-1 to E2-4 = concentrations of the E2 reference standard (from high to low); TS1-1 to
TS1-7 = concentrations (from high to low) of test substance 1 (TS1); TS2-1 to TS2-7 = concentrations
(from high to low) of test substance 2 (TS2); TS3-1 to TS3-7 = concentrations (from high to low) of test
substance 3 (TS3); TS4-1 to TS4-7 = concentrations (from high to low) of test substance 4 (TS4); TS5-1
to TS5-7 = concentrations (from high to low) of test substance 5 (TS5); TS6-1 to TS6-7 = concentrations
(from high to low) of test substance 6 (TS6); VC = vehicle control (DMSO [1% v/v EFM.]).

Figure 2: Antagonist Range Finder Test 96-well Plate Layout

1 2 3 4 5 6 7 8 9 10 11 12
A | TS1- | TSI- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
1 1 1 1 1 1 1 1 1 1 1 1
B | TSI- | TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
2 2 2 2 2 2 2 2 2 2 2 2
11
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c | TS1- [ TSI- [ TS2- [ TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
3 3 3 3 3 3 3 3 3 3 3 3
p | TS1- | TSI- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
4 4 4 4 4 4 4 4 4 4 4 4
E | TS1- | TSI- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
5 5 5 5 5 5 5 5 5 5 5 5
F | TS1- | TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
6 6 6 6 6 6 6 6 6 6 6 6
G | TS1- [ TS1- | TS2- | TS2- | TS3- | TS3- | TS4- | TS4- | TS5- | TS5- | TS6- | TS6-
7 7 7 7 7 7 7 7 7 7 7 7

H Ral-1 | Ral-2 | Ral-3 | VC VvC VC E2 E2 E2 Ral-1 | Ral-2 | Ral-3

Abbreviations: E2 = E2 control; Ral-1 to Ral-3 = concentrations of the Raloxifene/E2 reference standard
(from high to low); TS1-1 to TS1-7 = concentrations (from high to low) of test substance 1 (TS1); TS2-1
to TS2-7 = concentrations (from high to low) of test substance 2 (TS2); TS3-1 to TS3-7 = concentrations
(from high to low) of test substance 3 (TS3); TS4-1 to TS4-7 = concentrations (from high to low) of test
substance 4 (TS4); TS5-1 to TS5-7 = concentrations (from high to low) of test substance 5 (TS5); TS6-1
to TS6-7 = concentrations (from high to low) of test substance 6 (TS6); VC = vehicle control (DMSO
[1% v/v EFM.)]).

Note: All test compounds are tested in the presence of 9.18 x 10" M E2.

41. The recommended final volume of media required for each well is 200 puL. Only use test plates
in which the cells in all wells give a viability of 80% and above.

42. Determination of starting concentrations for comprehensive agonist testing is described in depth
in the agonist protocol (30). Briefly, the following criteria are used:

o If there are no points on the test substance concentration curve that are greater than the mean
plus three times the standard deviation of the DMSO control, comprehensive testing will be
conducted using an 11-point 1:2 serial dilution starting at the maximum soluble
concentration.

e If there are points on the test substance concentration curve that are greater than the mean
plus three times the standard deviation of the DMSO control, the starting concentration to be
used for the 11-point dilution scheme in comprehensive testing should be one log higher than
the concentration giving the highest adjusted RLU value in the range finder. The 11-point
dilution scheme will be based on either 1:2 or 1:5 dilutions according to the following
criteria:

An 11-point 1:2 serial dilution should be used if the resulting concentration range will
encompass the full range of responses based on the concentration response curve
generated in the range finder test. Otherwise 1:5 dilution should be used.

o If a substance exhibits a biphasic concentration response curve in the range finder test, both
phases should also be resolved in comprehensive testing.

43, Determination of starting concentrations for comprehensive antagonist testing is described in
depth in the antagonist protocol (30). Briefly, the following criteria are used:

o If there are no points on the test substance concentration curve that are less than the mean
minus three times the standard deviation of the E2, control comprehensive testing will be

12
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conducted using an 1l-point 1:2 serial dilution starting at the maximum soluble
concentration.

o If there are points on the test substance concentration curve that are less than the mean minus
three times the standard deviation of the E2 control, the starting concentration to be used for
the 11-point dilution scheme in comprehensive testing should be one of the following:

- The concentration giving the lowest adjusted RLU value in the range finder

- The maximum soluble concentration (See antagonist protocol (30), Figure 14-2)

- The lowest cytotoxic concentration (See antagonist protocol (30), Figure 14-3 for a
related example).

e The 11-point dilution scheme will be based on either a 1:2 or 1:5 serial or dilution according
to the following criteria:

An 11-point 1:2 serial dilution should be used if the resulting concentration range will
encompass the full range of responses based on the concentration response curve
generated in the range finder test. Otherwise a 1:5 dilution should be used.

Comprehensive Tests

44. Comprehensive testing consists of 11-point serial dilutions (either 1:2 or 1:5 serial dilutions
based on the starting concentration for comprehensive testing criteria) with each concentration tested in
triplicate wells of the 96-well plate (see Figures 3 and 4).

o Agonist comprehensive testing uses 11 concentrations of E2 in duplicate as the reference
standard. Four replicate wells for the DMSO control and four replicate wells for the
methoxychlor control (9.06 x 10 M) are included on each plate.

e Antagonist comprehensive testing uses nine concentrations of Ral/E2 with 9.18 x 10™"' M E2
in duplicate as the reference standard, with four replicate wells for the E2 9.18 x 10" M

control, four replicate wells for DMSO controls, and four replicate wells for tamoxifen
3.36 x 10°M.

Repeat comprehensive tests for the same chemical should be conducted on different days, to ensure
independence. At least two comprehensive tests should be conducted. If the results of the tests contradict
each other (e.g., one test is positive, the other negative), or if one of the tests is inadequate, a third
additional test should be conducted.

Figure 3: Agonist Comprehensive Test 96-well Plate Layout

1 2 3 4 5 6 7 8 9 10 11 12

A TS1- | TS1- | TSI1- | TS1- | TSI- | TS1- | TSI- | TS1- | TSI- | TS1- | TSI- oo
1 2 3 4 5 6 7 8 9 10 11

B TS1- | TS1- | TSI1- | TS1- | TSI- | TS1- | TSI- | TS1- | TSI- | TS1- | TSI- oo
1 2 3 4 5 6 7 8 9 10 11

C TS1- | TS1- | TSI1- | TS1- | TSI- | TS1- | TSI1- | TS1- | TS1- | TS1- | TSI- oo
1 2 3 4 5 6 7 8 9 10 11

D TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- e
1 2 3 4 5 6 7 8 9 10 11

13
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g | TS2- [ TS2- [ TS2- [ TS2- [ TS2- [ TS2- [ TS2- [ TS2- [ TS2- [ TS2- [ TS2- [,
] 2 3 4 5 6 7 8 9 10 | 11 €
p | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- [ TS2- | TS2- | TS2- |,
] 2 3 4 5 6 7 8 9 10 11 N
E2- | E2-
G| E2-1 | E22 | E2-3 | E24 | E25 | E2-6 | E2-7 | E2-8 | E2-9 | |0 | Meth
E2- | E2-
H | E2-1 | E22 | E2-3 | E24 | E25 | E2-6 | E2-7 | E2-8 | E2-9 | |0 | Meth

Abbreviations: TS11-1 to TS1-11 = concentrations (from high to low) of test substance 1; TS2-1 to TS2-
11 = concentrations (from high to low) of test substance 2; E2-1 to E2-11 = concentrations of the E2
reference standard (from high to low); Meth = p,p’ methoxychlor weak positive control; VC = DMSO
(1% v/v) EFM vehicle control

14
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Figure 4: Antagonist Comprehensive Test 96-well Plate Layout

1 2 3 4 5 6 7 8 9 10 11 12
A TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- Ve
1 2 3 4 5 6 7 8 9 10 11
B TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TS1- Ve
1 2 3 4 5 6 7 8 9 10 11
C TS1- | TS1- | TS1- | TS1- | TS1- | TS1- | TSI1- | TS1- | TS1- | TS1- | TS1- Nee
1 2 3 4 5 6 7 8 9 10 11
D TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- Ve
1 2 3 4 5 6 7 8 9 10 11
E TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- T
1 2 3 4 5 6 7 8 9 10 |11 am
F TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- | TS2- Tam
1 2 3 4 5 6 7 8 9 10 11
G | Ral-1 | Ral-2 | Ral-3 | Ral-4 | Ral-5 | Ral-6 | Ral-7 | Ral-8 | Ral-9 | E2 E2 Tam
H | Ral-1 | Ral-2 | Ral-3 | Ral-4 | Ral-5 | Ral-6 | Ral-7 | Ral-8 | Ral-9 | E2 E2 Tam

Abbreviations: E2 = E2 control; Ral-1 to Ral-9 = concentrations of the Raloxifene/E2 reference standard
(from high to low); Tam = Tamoxifen/E2 weak positive control; TS1-1 to TS1-11 = concentrations (from
high to low) of test substance 1 (TS1); TS2-1 to TS2-11 = concentrations (from high to low) of test
substance 2 (TS2); VC = vehicle control (DMSO [1% v/v EFM.]).

Note: As noted, all reference and test wells contain a fixed concentration of E2 (9.18 x 10™''M)

Measure of Luminescence

45. Luminescence is measured in the range of 300 to 650 nm, using an injecting luminometer and
with software that controls the injection volume and measurement interval (30). Light emission from each
well is expressed as RLU per well.

ANALYSIS OF DATA
EC;yICsy Determination

46. The ECs, value (half maximal effective concentration of a test substance [agonists]) and the ICs,
value (half maximal inhibitory concentration of a test substance [antagonists]) are determined from the
concentration-response data. For substances that are positive at one or more concentrations, the
concentration of test substance that causes a half-maximal response (ICsy or ECsp) is calculated using a
Hill function analysis or an appropriate alternative. The Hill function is a four-parameter logistic
mathematical model relating the substance concentration to the response (typically following a sigmoidal
curve) using the equation below:
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(Top — Bottom)

Y = Bottom + 1 + 1) (2EC30-X)HillSlope

where Y = response (i.e., RLUs); X = the logarithm of concentration; Bottom = the minimum response;
Top = the maximum response; g ECs, (or 1g ICsy) = the logarithm of X as the response midway between
Top and Bottom; and Hillslope describes the steepness of the curve. The model calculates the best fit for
the Top, Bottom, Hillslope, and ICsy and ECs, parameters. For the calculation of ECs, and ICs, values,
appropriate statistical software should be used (e.g. Graphpad Prism® statistical software).

Determination of Outliers

47. Good statistical judgment could be facilitated by including (but not limited to) the Q-test (see
agonist and antagonist protocols (30)), for determining “unusable” wells that will be excluded from the
data analysis.

48. For E2 reference standard replicates (sample size of two), any adjusted RLU value for a
replicate at a given concentration of E2 is considered an outlier if its value is more than 20% above or
below the adjusted RLU value for that concentration in the historical database.

Collection and Adjustment of Luminometer Data for Range Finder Testing

49. Raw data from the luminometer are transferred to a spreadsheet template designed for the test
method. It should be determined whether there are outlier data points that need to be removed. (See Test
Acceptance Criteria for parameters that are determined in the analyses). The following calculations are
performed:

Agonist

Step 1  Calculate the mean value for the DMSO vehicle control (VC).

Step 2 Subtract the mean value of the DMSO VC from each well value to normalize the data.
Step3  Calculate the mean fold induction for the reference standard (E2).

Step4  Calculate the mean ECs, value for the test substances.

Antagonist

Step 1 Calculate the mean value for the DMSO VC.

Step 2 Subtract the mean value of the DMSO VC from each well value to normalize the data.
Step3  Calculate the mean fold reduction for the reference standard (Ral/E2).

Step4  Calculate the mean value for the E2 reference standard.

Step 5 Calculate the mean ICs, value for the test substances.

Collection and Adjustment of Luminometer Data for Comprehensive Testing
50. Raw data from the luminometer are transferred to a spreadsheet template designed for the test
method. Determine whether there are outlier data points that need to be removed. (See Test Acceptance
Criteria for parameters that are determined in the analyses). The following calculations are performed:
Agonist

16
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Step 2
Step 3
Step 4
Step 5

Antagonist

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
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Calculate the mean value for the DMSO VC.

Subtract the mean value of the DMSO VC from each well value to normalize the data.
Calculate the mean fold induction for the reference standard (E2).

Calculate the mean ECs, value for E2 and the test substances.

Calculate the mean adjusted RLU value for methoxychlor.

Calculate the mean value for the DMSO VC.

Subtract the mean value of the DMSO VC from each well value to normalize the data.
Calculate the mean fold induction for the reference standard (Ral/E2).

Calculate the mean ICs, value for Ral/E2 and the test substances.

Calculate the mean adjusted RLU value for tamoxifen.

Calculate the mean value for the E2 reference standard.

Data Interpretation Criteria

51. The BG1Luc ER TA is intended as part of a weight of evidence approach to help prioritize
substances for ED testing in vivo. Part of this prioritization procedure will be the classification of the test
substance as positive or negative for either ER agonist or antagonist activity. The positive and negative
decision criteria used in the BG1Luc ER TA validation study are described in Table 3.

Table 3: Positive and Negative Decision Criteria

AGONIST ACTIVITY

Positive

— All test substances classified as positive for ER agonist activity should have a
concentration—response curve consisting of a baseline, followed by a positive
slope, and concluding in a plateau or peak. In some cases, only two of these
characteristics (baseline—slope or slope—peak) may be defined.

— The line defining the positive slope should contain at least three points with
non-overlapping error bars (mean = SD). Points forming the baseline are
excluded, but the linear portion of the curve may include the peak or first point
of the plateau.

— A positive classification requires a response amplitude, the difference between
baseline and peak, of at least 20% of the maximal value for the reference
substance, E2 (i.e., 2000 RLUs or more when the maximal response value of the
reference substance [E2] is adjusted to 10,000 RLUs).

— If possible, an ECs, value should be calculated for each positive substance.

Negative

The average adjusted RLU for a given concentration is at or below the mean
DMSO control RLU value plus three times the standard deviation of the DMSO
RLU.

Inadequate

Data that cannot be interpreted as valid for showing either the presence or absence
of activity because of major qualitative or quantitative limitations are considered
inadequate and cannot be used to determine whether the test substance is positive
or negative. Substance should be retested.
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ANTAGONIST ACTIVITY

Positive

— Test substance data produce a concentration-response curve consisting of a
baseline, which is followed by a negative slope.

— The line defining the negative slope should contain at least three points with
non-overlapping error bars; points forming the baseline are excluded but the
linear portion of the curve may include the first point of the plateau.

— There should be at least a 20% reduction in activity from the maximal value for
the reference substance, Ral/E2 (i.e., 8000 RLU or less when the maximal
response value of the reference substance [Ral/E2] is adjusted to 10,000 RLUs).

— The highest non-cytotoxic concentrations of the test substance should be less
than or equal to 1x10™ M.

— If possible, an ICs, value should be calculated for each positive substance.

Negative

All data points are above the EDg, value (80% of the E2 response, or 8000 RLUs),
at concentrations less than 1.0 x 10 M.

Inadequate

Data that cannot be interpreted as valid for showing either the presence or absence
of activity because of major qualitative or quantitative limitations are considered
inadequate and cannot be used to determine whether the test substance is positive
or negative. Substance should be retested.

52. Positive results will be characterized by both the magnitude of the effect and the concentration
at which the effect occurs, where possible. Examples of positive, negative, and inadequate data are shown

in Figures 5 and

6.

Figure 5: Agonist Examples of Positive, Negative and Inadequate Data

Positive Negative Inadequate
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Dashed line indicates 20% of E2 response, 2000 adjusted and normalized RLUSs.
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Figure 6: Antagonist Examples of Positive, Negative, and Inadequate Data

Positive Negative Inadequate
12000 14000 14000
3 D ) 0004
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Dashed line indicates 80% of Ral/E2 response, 8000 adjusted and normalized RLUs.

Solid line indicates 1.00 x 10 M. For a response to be considered positive, it should be below the 8000
RLU line, and at concentrations less than 1.00 x 10°M.
Asterixed concentrations in the meso-hexestrol graph indicate viability scores of "2" or greater.

The test results for meso-hexestrol are considered inadequate data because the only response that is below
8,000 RLU occurs at 1.00 x 10°M.

53. The calculations of ECsy and ICsy can be made using a four-parameter Hill Function (See
agonist protocol and antagonist protocol (30) for more details). Meeting the acceptability criteria
indicates the assay system is operating properly, but it does not ensure that any particular run will

produce accurate data. Duplicating the results of the first run is the best assurance that accurate data
were produced.

Test Report
54. The test report should contain the following information:

Test substance and control test substances:
— identification data (e.g. CAS number, if available; source; purity; known impurities; lot
number);

physical nature and physicochemical properties (e.g. volatility, stability, solubility);
— if mixture, composition and relative percentages of components.

Cells:

— source of cells;

— passage number of cells at thawing;

— number of cell passages (from thawing);
— methods for maintenance of cell cultures.

Test conditions:

— cytotoxicity data and solubility limitations;
— concentration of test substance;
— volume of vehicle and test substance added;
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— incubation temperature, humidity, and CO, concentration;
— duration of treatment;
— cell density during treatment.

Acceptability check (See agonist protocol and antagonist protocol (30) for more details):

For range finder tests:

DMSO control RLU values (mean, SD, CV);

fold inductions or reductions for each assay plate;

— E2 control values (antagonist assay only);

— did experiment pass or fail acceptance; if fail, what criteria were failed,;
For comprehensive experiments:

— DMSO control RLU values (mean, SD, CV);

— fold inductions or reductions for each assay plate;

— positive control results;

— reference standard results;

— E2 control results (antagonist assay only)

— did experiment pass or fail acceptance; if fail, what criteria were failed;

Results:

— raw and normalised data of luminescent signals;

— dilution (1:2 or 1:5) used for each test substance;

— were test substance results positive, negative, or inadequate;

— 1Cso/ECsq values, if appropriate;

— statistical analyses, if any, together with a measures of error and confidence (e.g., SEM, SD,
CV or 95% CI) and a description of how these values were obtained.

Discussion of results:

Conclusion:

20
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APPENDIX 1

DEFINITIONS AND ABBREVIATIONS

Acceptability criteria: Minimum standards for the performance of experimental controls and reference
standards. All acceptability criteria should be met for an experiment to be considered valid.

Accuracy: (a) The closeness of agreement between a test method result and an accepted reference value. (b)
The proportion of correct outcomes of a test method.

Agonist: A substance that produces a response, e.g., transcription, when it binds to a specific receptor.
Antagonist: A substance that inhibits a response, e.g., transcription, when it binds to a specific receptor.

BG-1: Immortalized human ovarian adenocarcinoma cells that endogenously express estrogen receptors
alpha and beta.

BG-1Luc4E2: The BG-1Luc4E2 cell line was derived from BG-1 immortalized adenocarcinoma cells that
endogenously express both forms of the estrogen receptor (ERa and ERP) and have been stably transfected
with the plasmid pGudLucERE. This plasmid contains four copies of a synthetic oligonucleotide
containing the estrogen response element upstream of the mouse mammary tumor viral (MMTV) promoter
and the firefly luciferase gene.

Cell morphology: The shape and appearance of cells grown in a monolayer in a single well of a tissue
culture plate. Cells that are dying often exhibit abnormal cell morphology.

CF: The OECD Conceptual Framework for the Testing and Assessment of Endocrine Disrupters.

Charcoal/dextran treatment: Treatment of serum used in cell culture. Treatment with charcoal/dextran
(often referred to as “stripping”) removes endogenous hormones and hormone-binding proteins.

Cytotoxicity: The adverse effects resulting from interference with structures and/or processes essential for
cell survival, proliferation, and/or function. For most substances, toxicity is a consequence of non-specific
alterations in “basal cell functions” (i.e., via mitochondria, plasma membrane integrity, etc.).

DMEM: Dulbecco’s Modification of Eagle’s Medium

DMSO: Dimethyl sulfoxide

E2: 17p-estradiol

ECs: The half maximal effective concentration of a test substance.
ED: Endocrine disruption

EE: 17a-ethynyl estradiol
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EFM: Estrogen-free medium. Dulbecco’s Modification of Eagle’s Medium (DMEM) supplemented with
4.5% charcoal/dextran-treated FBS, 1.9% L-glutamine, and 0.9% Pen-Strep.

ER: Estrogen receptor

ERE: Estrogen response element

FBS: Fetal bovine serum

hERa: Human estrogen receptor alpha

hERB: Human estrogen receptor beta

ICs: The half maximal effective concentration of an inhibitory test substance.

ICCVAM: The Interagency Coordinating Committee on the Validation of Alternative Methods
MMTV: Mouse Mammary Tumor Virus

Proficiency: The demonstrated ability to properly conduct a test method prior to testing unknown
substances.

Proficiency Chemicals: A list of substances that can be used by laboratories to demonstrate technical
competence with a standardized test method. Selection criteria for these substances typically include that
they represent the range of responses, are commercially available, and have high quality reference data
available.

Ral: raloxifene HCI

Ral/E2: The antagonist reference standard, which is a combination of raloxifene HCI (Ral) and 17f3-
estradiol (E2).

Reference standard: a reference substance used to demonstrate the adequacy of a test method. 17B-
estradiol is the estrogenic reference standard and Raloxifene HCI the anti-estrogenic reference standard for
the BG1Luc ER TA.

Reliability: A measure of the degree to which a test method can be performed reproducibly within and
among laboratories over time.

RLU: Relative Light Units

RNA: Ribonucleic Acid

RPMI: RPMI 1640 medium supplemented with 0.9% Pen-Strep and 8.0% fetal bovine serum (FBS)
SD: Standard deviation

Stable transfection: When DNA is transfected into cultured cells in such a way that it is stably integrated
into the cells genome, resulting in the stable expression of transfected genes. Clones of stably transfected
cells are selected by stable markers (e.g., resistance to G418).

TA: Transactivation

TG: Test Guideline
25
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Transcription: mRNA synthesis

Transactivation: The initiation of mRNA synthesis in response to a specific chemical signal, such as a
binding of an estrogen to the estrogen receptor.

Validation: The process by which the reliability and accuracy of a procedure are established for a specific
purpose.

VC: The vehicle (DMSO) that is used to dissolve test and control chemicals is tested solely as vehicle
without dissolved chemical.
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Preface

Endocrine-active compounds (EACs) are both naturally occurring and synthetic substances. Some
may, depending on the dose, interfere with the normal function of hormones in the endocrine
system. Public health concerns have resulted largely from studies indicating that animal
populations exposed to high levels of these substances, sometimes referred to as endocrine
disruptors (EDs), have an increased incidence of reproductive and developmental abnormalities
(EPA 1997; NRC 1999). In response to growing concerns about possible adverse health effects in
humans exposed to such substances, the U.S. Congress enacted relevant provisions to safeguard
public health in the Federal Food, Drug, and Cosmetic Act (21 U.S.C. 301 et seq.); the Food
Quality Protection Act (7 U.S.C. 136); and the 1996 Amendments to the Safe Drinking Water Act
(110 Stat 1613). The U.S. Environmental Protection Agency (EPA) was required to develop and
validate a screening and testing program to identify substances with endocrine-disrupting activity.
The EPA subsequently established the Endocrine Disruptor Screening Program (EDSP) and
initiated efforts to standardize and validate test methods for inclusion in the EDSP (66 FR 23022).
Validation is necessary to assess the usefulness and limitations of a test method for a specific
proposed purpose and to characterize the extent to which test methods are sufficiently accurate
and reproducible for their intended use (ICCVAM 1997).

In April 2000, the EPA nominated four types of in vitro test methods for detecting substances
with potential endocrine-disrupting activity for review by the Interagency Coordinating
Committee on the Validation of Alternative Methods (ICCVAM). These included in vitro
estrogen receptor (ER) and androgen receptor (AR) binding and ER and AR transcriptional
activation (TA) test methods. The EPA also asked ICCVAM to develop performance standards
that could be used to define acceptable in vitro ER and AR binding and TA assays. It was
envisioned that these standards would be based on the performance of adequately validated in
vitro ER- and AR-based assays.

In 2002, the National Toxicology Program (NTP) Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM) prepared background review documents (BRDs)
that included all available information on each of the four types of test methods (ICCVAM
2002d, 2002a, 2002¢, 2002b). In a public meeting, an independent international expert panel
(Panel) reviewed the information on the 137 assays described in the BRDs and concluded that
there were no adequately validated in vitro ER- or AR-based test methods (ICCVAM 2002¢).
Based on recommendations from the Panel, ICCVAM published the /ICCVAM Evaluation of In
Vitro Test Methods for Detecting Potential Endocrine Disruptors, which included a list of
reference substances that should be used to validate each of the four types of in vitro test methods
(ICCVAM 2003a). It also identified essential test method components that should be included in
each of the standardized test method protocols used for future validation studies. ICCVAM
recommended that future performance standards for these methods be based on test methods that
have undergone adequate validation studies using the recommended accuracy chemicals and
essential test method components.

In January 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated the LUMI-
CELL® BG1Luc4E2 ER TA test method (BG1Luc ER TA test method) for an interlaboratory
validation study. ICCVAM and the Scientific Advisory Committee on Alternative Toxicological
Methods (SACATM) recommended that the BG1Luc ER TA test method be considered a high
priority for interlaboratory validation studies due to the lack of adequately validated test methods
and the regulatory and public health need for such test methods. NICEATM subsequently led and
coordinated an international validation study with its counterparts in Japan (JaCVAM) and
Europe (ECVAM), using laboratories sponsored by each validation organization. NICEATM
organized a validation Study Management Team (SMT) to oversee the scientific aspects of the
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validation study and coordinate the day-to-day activities among the participating laboratories. A
representative from the recently established Korean Center for the Validation of Alternative
Methods (KoCVAM) joined the SMT in 2010.

ICCVAM reviewed the validation status of the BG1Luc ER TA test method for identification of
substances with ER agonist or antagonist activity. NICEATM and the ICCVAM Interagency
Endocrine Disruptor Working Group (EDWG) prepared a draft BRD that provided a
comprehensive description and the data from the validation study used to assess the accuracy and
reliability of the BG1Luc ER TA test method.

NICEATM convened an independent international scientific peer review panel (Panel) that met in
public on March 29-30, 2011. The Panel was charged with reviewing the draft BRD for
completeness, assessing the extent that established validation and acceptance criteria were
adequately addressed, and determining the extent to which the data and information supported
draft ICCVAM test method recommendations on the usefulness and limitations of the BG1Luc
ER TA test method. The Panel also evaluated the proposed performance standards. The Panel
included expert scientists nominated by ECVAM, JaCVAM, and KoCVAM.

ICCVAM considered the conclusions and recommendations of the Panel, along with comments
from the public and SACATM, and then finalized the BRD and test method recommendations,
which are provided in this test method evaluation report. As required by the [CCVAM
Authorization Act (42 U.S.C. 285/-3), ICCVAM forwarded this report and recommendations to
Federal agencies for their consideration and acceptance decisions where appropriate. The
BGI1Luc ER TA test method protocol and performance standards were also forwarded to the
Organisation for Economic Co-operation and Development (OECD) Test Guidelines Programme
for consideration and adoption as international testing guidelines.

We gratefully acknowledge the organizations and scientists who generated and provided data and
information for this document, especially the staff at the participating validation laboratories:
XDS, Inc., in Durham, North Carolina; Hiyoshi Corporation in Japan; and the In Vitro Methods
Unit at ECVAM in Italy. We would also like to recognize the efforts of the individuals who
contributed to its preparation, review, and revision. We thank Dr. David Hattan (U.S. Food and
Drug Administration) for serving as Chair of the EDWG, as well as the members of the EDWG
and ICCVAM representatives who subsequently reviewed and provided comments throughout the
process leading to this test method evaluation report. We also want to thank Dr. Warren Casey,
Deputy Director of NICEATM, for his excellent leadership and extensive efforts on this project.

Staff from the NICEATM support contractor, Integrated Laboratory Systems, Inc., are
acknowledged for their excellent scientific and operational support, including Drs. David Allen,
Jon Hamm, and Steven Morefield; Patricia Ceger, Frank Deal (until March 2011), Linda
Litchfield, Michael Paris, Catherine Sprankle, and Linda Wilson. Finally, we want to thank

Drs. Susanne Bremer and Elise Grignard, the EDWG liaisons from ECVAM, and Drs. Hajime
Kojima and Atsushi Ono, the EDWG liaisons from JaCVAM, for their participation and support.
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Executive Summary

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
has completed its evaluation of the validation status of the LUMI-CELL® BG1Luc4E2 estrogen
receptor (ER) transcriptional activation (TA) test method (hereafter BG1Luc ER TA test method)
as a screening test to identify substances with in vifro ER agonist and antagonist activity. The
BG1Luc ER TA test method uses BG-1 cells, a human ovarian adenocarcinoma cell line that is
stably transfected with an estrogen-responsive luminescence (luciferase reporter) gene, to
measure whether and how much a substance induces (agonist) or inhibits (antagonist) TA activity
via ER-mediated pathways. Such substances could interfere with the normal function of
hormones in the endocrine system (i.e., endocrine disruptors), which may lead to abnormal
growth, development, or reproduction.

This test method evaluation report provides ICCVAM’s recommendations for the BG1Luc ER
TA test method based on the results of an international validation study and the demonstrated
validity (usefulness and limitations). The report also includes (1) recommendations for future
studies, (2) performance standards to evaluate functionally and mechanistically similar test
methods, (3) protocols recommended by ICCVAM for future data collection and evaluation of the
BG1Luc ER TA test method, and (4) a final background review document (BRD) describing the
validation status of this test method.

In 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated the LUMI-CELL
ER test method to ICCVAM for an interlaboratory validation study. ICCVAM and the Scientific
Advisory Committee on Alternative Toxicological Methods (SACATM) recommended that the
BGI1Luc ER TA test method be considered a high priority for interlaboratory validation studies
based on the lack of adequately validated test methods and the regulatory and public health need
for such test methods.

When the BG1Luc ER TA validation study was initiated, no in vitro ER TA test methods were
considered adequately valid for regulatory use. Today, only one in vitro ER TA test method is
considered adequately validated by national and international agencies, the Organisation for
Economic Co-operation and Development (OECD) Stably Transfected Human Estrogen
Receptor-a Transcriptional Activation (STTA) Assay for the Detection of Estrogenic Agonist-
Activity, described in OECD Chemicals Test Guideline (TG) 455 (OECD 2009). Validated by the
Chemicals Evaluation and Research Institute (CERI, Japan), this method has been adopted by the
U.S. Environmental Protection Agency (EPA) as OPPTS 890.1300: Estrogen Receptor
Transcriptional Activation (Human Cell Line [HeLa-9903]) (EPA 2009).

After recommendation by ICCVAM and SACATM, the National Toxicology Program
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM) led and
coordinated an international validation study with its counterparts in Europe (the European Centre
for the Validation of Alternative Methods [ECVAM]) and Japan (the Japanese Center for the
Evaluation of Alternative Methods [JaCVAM]) to assess the accuracy and reliability of the
BG1Luc ER TA test method for the qualitative detection of substances with in vitro ER agonist or
antagonist activity. The BG1Luc ER TA test method was evaluated using laboratories in the
United States (XDS), Europe (ECVAM), and Japan (Hiyoshi Corporation).

The validation study proceeded in four phases. During Phase 1, each of the three participating
centers (NICEATM, ECVAM, and JaCVAM) selected validation laboratories. The protocols
were reviewed, and the laboratories demonstrated proficiency with the test method by
successfully completing 10 replicate agonist and 10 replicate antagonist tests. In Phases 2
through 4, the protocols were evaluated and refined, and 78 ICCVAM reference substances that
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should be used to standardize and validate in vitro ER and androgen receptor binding and TA test
methods were tested.

After this study was completed, NICEATM, ICCVAM, and the ICCVAM Interagency Endocrine
Disruptor Working Group (EDWG) prepared a draft BRD and draft test method
recommendations. The drafts were provided to an independent international scientific peer review
panel (hereafter Panel) and to the public for comment. The Panel met in public session on

March 29-30, 2011, to discuss its peer review of the ICCVAM draft BRD and to provide
conclusions and recommendations regarding the validation status of the BG1Luc ER TA test
method. The Panel also reviewed how well the information contained in the draft BRD supported
ICCVAM’s draft test method recommendations.

In finalizing this test method evaluation report and the BRD, which is included here as an
appendix, ICCVAM considered (1) the conclusions and recommendations of the Panel,
(2) comments from SACATM, and (3) public comments.

ICCVAM Recommendations: Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the BG1Luc ER TA test method support its
use to screen substances for in vitro ER agonist and/or antagonist activity. This determination is based
on an evaluation of data from the validation study and the corresponding accuracy and reliability.
ICCVAM concludes that the accuracy of this assay is at least equivalent to that of the current ER TA
test method included in regulatory testing guidance (EPA OPPTS 890.1300) (EPA 2009).

ICCVAM Recommendations: BG1Luc ER TA Test Method Protocol

For use of the BG1Luc ER TA test method to screen substances for in vitro ER agonist and/or
antagonist activity, [CCVAM recommends using the [CCVAM BGI1Luc ER TA protocols
(included here as Appendices B1 and B2). All future studies intended to further characterize the
usefulness and limitations of the BG1Luc ER TA test method should use these protocols.

ICCVAM Recommendations: Future Studies

ICCVAM considers the BG1Luc ER TA test method to be valid as described. However,
ICCVAM recommends the following for interested parties to further characterize and potentially
improve the usefulness and applicability of the BG1Luc ER TA test method:

e Additional validation studies may be performed to determine whether the BG1Luc ER TA
test method or other similar assays could replace the rat uterine cytosol ER binding assay.

e Further work may be carried out to determine if the BG1Luc ER TA test method could be
combined with other methods (to include in vitro metabolic activation) in a weight-of-
evidence approach to replace the uterotrophic bioassay.

e Additional studies/evaluations may be conducted to more completely characterize the ratio
of ERa and ERP in the BG-1 cell line and the extent to which these receptor subtypes
contribute to the overall performance of the BG1Luc ER TA test method.

e Additional studies/evaluations may be conducted to determine the feasibility of testing
volatile substances using CO,-permeable plastic film or other methods to seal the test
plates.

e Additional studies/evaluations may be conducted to determine if substances that are not
soluble in dimethyl sulfoxide (DMSO) could be tested in another vehicle that would more
adequately dissolve the substance in culture media.

e Additional studies may be conducted to account for metabolic activation that could
expand the utility of this and other ER TA test methods.

e As ER antagonists are identified, additional studies/evaluations may be conducted to
expand the database of positive substances tested and thereby better characterize the
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usefulness and limitations of the BG1Luc ER TA test method as a screening test to
identify substances with ER antagonist activity.

ICCVAM encourages users to provide to ICCVAM all data that are generated from future
studies. These data could be used to further characterize the usefulness and limitations of the
BG1Luc ER TA test method as a screening test to identify substances with ER agonist or
antagonist activity.

Validation Status of the BG1Luc ER TA Test Method

ICCVAM evaluated the BG1Luc ER TA test method for its ability to correctly identify in vitro
ER agonists and antagonists. For this analysis, test substance classification (positive or negative
for ER agonist/antagonist activity) obtained during the validation study was compared to the
ICCVAM reference classification of the same substance, which was based on a preponderance of
available data.

The BG1Luc ER TA test method accuracy was evaluated based on several different analyses, but
the primary evaluation was based on two comparisons: (1) the extent to which the result of the
test method corresponds to the ICCVAM reference classification for each substance and (2) the
accuracy of the BG1Luc ER TA test method compared to that of the EPA OPPTS
890.1300/0ECD TG 455 (EPA 2009; OECD 2009)' assay.

Test Method Accuracy — Agonist Assay

Thirty-five substances (28 positive, 7 negative) were used to evaluate the accuracy of the
BG1Luc ER TA agonist assay. The consensus classification obtained from all BG1Luc ER TA
tests for these 35 substances yielded the following statistics: concordance of 97% (34/35),
sensitivity of 96% (27/28), specificity of 100% (7/7), a false positive rate of 0% (0/7), and a false
negative rate of 4% (1/28). Similar results were obtained when the results from each laboratory
were used instead of the consensus classification.

EPA OPPTS 890.1300/0ECD TG 455 is the only test guideline published by a U.S. regulatory
agency for generating ER TA data. Therefore, BG1Luc ER TA test method concordance with
EPA OPPTS 890.1300/0OECD TG 455 was also evaluated using the 26 reference substances for
which data are available from both BG1Luc ER TA and EPA OPPTS 890.1300/OECD TG 455
assays. Accuracy statistics for the two test methods were identical: concordance of 96% (25/26),
sensitivity of 95% (21/22), specificity of 100% (4/4), a false positive rate of 0% (0/4), and a false
negative rate of 5% (1/22).

Test Method Accuracy — Antagonist Assay

To evaluate the accuracy of the BG1Luc ER TA antagonist assay, 25 substances (3 positive,

22 negative) were used. The consensus classification obtained from all BG1Luc ER TA tests for
these 25 substances yielded the following statistics: concordance of 100% (25/25), sensitivity of
100% (3/3), specificity of 100% (22/22), a false positive rate of 0% (0/22), and a false negative
rate of 0% (0/3). Similar results were obtained when the results from each laboratory were used
instead of the consensus classification.

Because there currently is no valid EPA OPPTS 890.1300/0OECD TG 455 antagonist protocol, no
comparison with the BG1Luc ER TA antagonist results was conducted.

Concordance with Other Endocrine Disruptor Assays

Although the primary goal of the BG1Luc ER TA test method is to provide a qualitative
assessment of estrogenic/anti-estrogenic activity, quantitative measures of activity are usually
obtained for positive results. The values obtained from BG1Luc ER TA test results (half-maximal

' The EPA OPPTS 890.1300/OECD TG 455 (OECD 2009) assay uses the hERo-HeLa-9903 human
cervical cancer cell line to detect estrogen agonist activity mediated through human ER alpha (hERa).
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effective concentration [ECsy] and half-maximal inhibitory concentration [ICsy]), were compared
to median values from other ER TA test methods reported in the literature. This comparison
found a high correlation. There was 97% (33/34) concordance between the BG1Luc ER TA test
method and ER binding data. The only discordant substance (medroxyprogesterone acetate) was
positive in the BG1Luc ER TA test method and negative based on ER binding data. Similarly,
based on a comparison with available data in the in vivo uterotrophic assay, there was 92%
(12/13) concordance between the BG1Luc ER TA test method and ER binding data. The only
discordant substance (butylbenzyl phthalate) was positive in the BG1Luc ER TA test method and
negative based on uterotrophic data.

Test Method Reliability

Intralaboratory reproducibility (whether multiple tests of the same substance at a single laboratory
produce the same results) of the BG1Luc ER TA agonist and antagonist test methods was
assessed by comparing (1) reference standard and control results for all plates tested within each
laboratory during the course of the validation study and (2) results from Phase 2 testing, during
which 12 substances were tested in at least three independent experiments in each of the three
laboratories. Intralaboratory agreement for agonist and antagonist classification was determined
for the 12 substances that were tested at least three times at each laboratory.

In the agonist testing, mean induction in each laboratory ranged from 4.6 to 7.8 fold, and
17B-estradiol (E2) reference standard ECs, values ranged from 8.0 x 10"%t0 1.2 x 10" M. There
was 100% agreement within each laboratory for each of the three repeat tests, although the
agonist classifications for some of the 12 test substances differed among the different
laboratories.

In the antagonist testing, mean reduction ranged from 8.0 to 9.9 fold, and raloxifene reference
standard ICs, values ranged from 1.1 x 10° to 1.3 x 10" M. There was 100% agreement within
each laboratory for each of the three repeat tests, although the antagonist classifications for some
of the 12 test substances differed among the different laboratories.

Interlaboratory reproducibility (whether tests of a single substance run at different laboratories
produce the same results) of the BG1Luc ER TA agonist and antagonist test methods was
determined for the 12 substances that were tested at least three times for agonist and antagonist
activity during Phase 2 at each of the three laboratories. The three laboratories agreed on 67%
(8/12) of the substances tested for agonist activity and on 100% (12/12) of the substances tested
for antagonist activity.

Interlaboratory reproducibility was also determined for 41 substances that were tested once for
agonist and antagonist activity during Phase 3 testing at each of the three laboratories. Five of the
41 substances produced inadequate results for agonist activity and could not be considered in the
evaluation. Among the 36 remaining substances that produced a definitive test result in at least
two laboratories, there was 100% agreement. All 41 substances produced definitive results for
antagonist activity. The three laboratories agreed on 93% (38/41) of these substances.

ICCVAM Recommendations: Performance Standards

Based on the results of this study, NICEATM and the EDWG developed performance standards
applicable to methods that are functionally and mechanistically similar to the BG1Luc ER TA test
method. These performance standards can also be used by laboratories with no experience with
the BG1Luc ER TA test method to demonstrate technical proficiency.

XXi1



ICCVAM BG1Luc ER TA Evaluation Report

Essential Test Method Components

In order to be considered functionally and mechanistically similar to the BG1Luc ER TA test
method, a modified ER TA test method protocol must include the following components to
ensure that the same biological effect is being measured:

e The test method should be based on a cell line that endogenously expresses ER.

e Reference standards, controls, and test substances should be dissolved in a solvent that
mixes well with cell culture media at concentrations that are noncytotoxic and that do not
otherwise interfere with the test system.

e The maximum test substance concentration should be 1 mM for ER TA agonist testing
and 10 uM for ER TA antagonist testing unless otherwise limited by solubility,
cytotoxicity, or other mechanisms that interfere with assay performance.

e At least seven concentrations spaced at logarithmic (log;o) intervals, up to the limit
concentration, should be tested.

e An evaluation of cytotoxicity should be included, and only data from concentrations at or
above 80% viability should be used for data analyses.

e A reference estrogen and a reference anti-estrogen should be used to demonstrate the
adequacy of the test method for detecting ER TA agonist and antagonist activity.

e The ability of the reference estrogen to induce ER TA activity and the ability of the
reference anti-estrogen to inhibit ER TA activity should be demonstrated by generating a
full concentration—response curve in each experiment that provides a minimum threefold
estrogenic induction and a minimum threefold anti-estrogenic reduction.

e A set of concurrent controls should be included. For agonist assays, this would include
the vehicle control and a weak agonist. For antagonist assays, this would include the
vehicle control, weak antagonist, and reference estrogen.

e Test substances that are positive for ER agonist activity should have a concentration—
response curve consisting of a baseline, followed by a positive slope, with a response
peak of at least 20% of the average maximal value of the reference estrogen response.

e Test substances are negative for agonist activity if all data points are below 20% of the
average maximal value of the reference estrogen response.

e Test substances that are positive for ER antagonist activity should have a concentration—
response curve consisting of a baseline, followed by a negative slope, with a response
decrease to at least 80% of the average maximal value of the reference estrogen response.

e Test substances are negative for ER antagonist activity if all data points are above 80% of
the average maximal value of the reference estrogen response.

Test method protocols should incorporate the essential components listed above. Modifications
should be detailed and scientifically justified, and the modified test method should perform as
well as or better than the BG1Luc ER TA test method.

Reference Substances

ICCVAM recommends for test method validation a subset of those substances that were
definitively classified as positive or negative for ER TA activity in the scientific literature and
that were tested in the BG1Luc ER TA validation study. The reference substances include a range
of chemical and product classes commonly associated with endocrine disruption.

Test Method Accuracy and Reliability

When evaluated using this minimum list of recommended reference substances, a proposed ER

TA test method should have accuracy (i.e., sensitivity, specificity, false positive rates, and false

negative rates) and reliability characteristics equal to or better than those of the BG1Luc ER TA
test method. Any misclassified reference substances should be addressed in terms of the test
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method’s ability to accurately classify other substances with similar potencies and from the same
chemical/product classes.

Using the Performance Standards

Test method developers are encouraged to consult directly with ICCVAM before using these
performance standards to conduct a validation study for a proposed test method. Developers are
also encouraged to submit results of validation studies to ICCVAM for an evaluation of the
validation status. Upon completing its evaluation in accordance with the [CCVAM Authorization
Act (42 U.S.C. 285/-3), ICCVAM will forward recommendations to ICCVAM agencies
regarding the usefulness and limitations of the test method.

ICCVAM Consideration of the Independent Peer Review Panel Report and Other
Comments

The ICCVAM evaluation process incorporates scientific peer review and a high level of
transparency. The evaluation process for the BG1Luc ER TA test method included a public
review meeting by an independent scientific peer review panel, multiple opportunities for public
comments, and comments from SACATM. ICCVAM and the EDWG considered the Panel
report, SACATM comments, and all public comments before finalizing the ICCVAM test method
evaluation report and final BRD for the BG1Luc ER TA test method.
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1.0 Introduction

In vitro estrogen receptor (ER) transcriptional activation (TA) assays are designed to identify
agonist or antagonist substances that might interfere with estrogen activity in vivo. Unlike
receptor binding assays, TA assays can distinguish between agonist and antagonist activity. The
BGI1Luc ER TA test method utilizes an ER-responsive reporter gene (/uc) in the human ovarian
adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or antagonist
activity. ER-mediated transcription of the /uc gene results in the production of luciferase, the
activity of which is quantified using a luminometer. A concentration—response curve can be
established to provide qualitative and quantitative information regarding the in vitro estrogenic
activity of a test substance (Rogers and Denison 2000).

The Federal Food, Drug, and Cosmetic Act; the Food Quality Protection Act; and the Safe
Drinking Water Act all aim to identify potential endocrine disruptors and thereby protect humans
and animals (7 U.S.C. 136; 21 U.S.C. 301 et seq.; 110 Stat 1613). The U.S. Environmental
Protection Agency (EPA) was specifically required to “develop a screening program, using
appropriate validated test systems and other scientifically relevant information, to determine
whether certain substances may have an effect in humans that is similar to an effect produced by
a naturally occurring estrogen, or such other endocrine effect as the Administrator may designate”
(21 U.S.C. 346a[p][1]). In 1996, the EPA formed the Endocrine Disruptor Screening and Testing
Advisory Committee (EDSTAC), a committee of scientists and stakeholders that was charged by
the EPA to provide recommendations on how to implement its Endocrine Disruptor Screening
Program (EDSP). The EDSP is described in detail at http://www.epa.gov/scipoly/oscpendo/.

The EPA accepted EDSTAC’s recommendations for a two-tier screening program as proposed in
the Federal Register (63 FR 71542). The purpose of Tier 1, which consists of in vivo and in vitro
test methods, is to identify the potential of chemicals to interact with the estrogen, androgen, or
thyroid hormonal systems. Tier 1 currently includes EPA OPPTS 890.1300: Estrogen Receptor
Transcriptional Activation (Human Cell Line [HeLa-9903]) (EPA 2009). EPA OPPTS 890.1300
is an ER TA test method validated for the detection of in vifro ER agonists.

In 2004, Xenobiotic Detection Systems, Inc. (XDS), nominated their LUMI-CELL®ER test
method (hereafter BG1Luc ER TA test method) to the Interagency Coordinating Committee on
the Validation of Alternative Methods (ICCVAM) for validation. ICCVAM and the Scientific
Advisory Committee on Alternative Toxicological Methods (SACATM) recommended that the
BG1Luc ER TA test method should be considered a high priority for interlaboratory validation
studies based on the lack of adequately validated test methods and the regulatory and public
health need for such test methods.

The National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) led and coordinated an international validation study with
its counterparts in Europe (the European Centre for the Validation of Alternative Methods
[ECVAM]) and Japan (the Japanese Center for the Evaluation of Alternative Methods
[JaCVAMY]) using laboratories sponsored by each validation organization. NICEATM organized
a Study Management Team (SMT) to oversee the scientific aspects of the validation study and
coordinate the day-to-day activities among the participating laboratories (XDS, ECVAM, and
Hiyoshi). A representative from the recently established Korean Center for the Validation of
Alternative Methods (KoCVAM) joined the SMT in 2010.

The validation study proceeded in four phases. During Phase 1, each of the three participating
centers (ICCVAM, ECVAM, and JaCVAM) selected validation laboratories. The protocols were
reviewed, and the laboratories demonstrated proficiency with the test method by successfully
completing 10 replicate agonist and 10 replicate antagonist tests. In Phases 2 through 4, the
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protocols were evaluated and refined, and 78 ICCVAM reference substances that should be used
to standardize and validate in vitro ER and AR binding and TA test methods were tested.

Based on the results of this study, ICCVAM reviewed the validation status of the BG1Luc ER TA
test method for identification of substances with in vitro ER agonist or antagonist activity.
NICEATM and the ICCVAM Interagency Endocrine Disruptor Working Group (EDWG)
prepared a draft background review document (BRD) that provides a comprehensive description
and the data from the validation study used to assess the accuracy and reliability of the BG1Luc
ER TA test method.

On January 24, 2011, ICCVAM announced the availability of the draft BRD to the public and a
public Panel meeting to review the validation status of the BG1Luc ER TA test method as a
screening test to identify in vitro ER agonists and antagonists (76 FR 41137). All of the
information provided to the Panel, including the draft BRD, ICCVAM draft test method
recommendations, and all public comments received before the Panel meeting, were made
publicly available via the NICEATM—-ICCVAM website (http://iccvam.niehs.nih.gov/).

The public Panel meeting was held on March 29-30, 2011. The Panel evaluated (1) the extent to
which the draft BRD addressed established validation and acceptance criteria and (2) the extent to
which the draft BRD supported ICCVAM’s draft test method recommendations. Interested
stakeholders from the public were provided opportunities to comment at the Panel meeting. After
considering all public comments, the Panel agreed with the ICCVAM draft recommendation that
the BG1Luc ER TA test method can be used as a screening test to identify substances with in
vitro ER agonist and antagonist activity. On May 18, 2011, ICCVAM posted a report of the
Panel’s recommendations’ (see Appendix D) on the NICEATM—-ICCVAM website for public
review and comment (announced in 76 FR 28781).

ICCVAM provided SACATM with the draft BRD and test method recommendations, the Panel
report, and all public comments for discussion at their meeting on June 16—17, 2011, where
public stakeholders were given another opportunity to comment.

ICCVAM and the EDWG considered the SACATM comments, the Panel report, and all public
comments before finalizing [CCVAM test method recommendations for use of the BG1Luc ER
TA test method as a screening test to identify substances with in vitro ER agonist and antagonist
activity. ICCVAM’s recommendations (see Section 2.0) and the final BRD (see Appendix C) are
incorporated in this test method evaluation report. As required by the ICCVAM Authorization
Act 0f 2000 (42 U.S.C. 285/-3), ICCVAM will forward this report and its recommendations to
U.S. Federal agencies for consideration. Federal agencies must respond to ICCVAM within

180 days after receiving ICCVAM test method recommendations. ICCVAM recommendations
are available to the public on the NICEATM-ICCVAM website (http://iccvam.niehs.nih.gov/),
and agency responses will also be made available as they are received.

* Federal Register notices published by NICEATM-ICCVAM during evaluation of the BG1Luc ER TA
test method are available in Appendix E and from the NICEATM-ICCVAM website
(http://iccvam.niehs.nih.gov/).

3 http://iccvam.niehs.nih.gov/docs/endo_docs/EDPRPRept2011.pdf
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2.0 ICCVAM Recommendations: Usefulness and Limitations of the BG1Luc ER
TA Test Method

2.1 Background and Introduction

ICCVAM has completed its evaluation of the validation status of the BG1Luc ER TA test
method, an in vitro method proposed to identify potential agonist or antagonist substances that
might interfere with normal estrogen activity. NICEATM and ICCVAM prepared a
comprehensive BRD that includes the data and information available to characterize the validity
of this proposed use of the BG1Luc ER TA test method. The information included in the BRD
(Appendix C) is based on an international validation study that utilized 78 reference substances
that should be used to standardize and validate in vifro ER and androgen receptor (AR) binding
and TA test methods. Based on the results of this study, ICCVAM developed these draft test
method recommendations on the usefulness and limitations of the BG1Luc ER TA test method
for identifying potential ER agonists or antagonists. [CCVAM also developed draft
recommendations for standardized test method protocols, future studies, and performance
standards.

2.2 ICCVAM Recommendations: Test Method Usefulness and Limitations

2.2.1 Evaluation as a Screening Test to Identify Substances with Estrogen Receptor
Agonist Activity

ICCVAM concludes that the BG1Luc ER TA test method can be used as a screening test to
identify substances with in vitro ER agonist activity. This recommendation is based on an
evaluation of available validation study data and corresponding accuracy and reliability.
ICCVAM concludes that the accuracy of this assay is at least equivalent to that of EPA
OPPTS 890.1300, part of the EDSP Tier 1 screening battery. The supporting accuracy analysis
used 35 ICCVAM reference substances, which produced the following definitive results in
agonist testing when compared with existing reference data from other in vitro ER TA assays:

Concordance of 97% (34/35)
Sensitivity of 96% (27/28)
Specificity of 100% (7/7)

False positive rate of 0% (0/7)
False negative rate of 4% (1/28)

Only L-thyroxine was false negative in the BG1Luc ER TA test method when compared to the
ICCVAM reference classification. This reference substance is classified as positive (2/3) based
on two reports of positive agonist activity and one report of no agonist activity. The two positive
results were in GH3 cells (rat pituitary adenoma) and HeLa cells (human cervical carcinoma),
whereas MCF-7 cells (human breast adenocarcinoma) showed no estrogenic response when
exposed to L-thyroxine. These results indicate a possible tissue-specific response to L-thyroxine,
which may explain the lack of ER agonist activity observed in this experiment with BG-1 cells
(human ovarian carcinoma).

During Phase 1, 12 substances were tested in each of the three laboratories (XDS, ECVAM, and
Hiyoshi) to evaluate intralaboratory reproducibility. Although the classifications for some of the
test substances differed among the laboratories, there was 100% agreement within each

laboratory for each of the three repeat tests. When results were compared across laboratories for
these 12 substances, all three laboratories agreed on 67% (8/12) of the substances. An additional
36 substances tested for agonist activity once in each laboratory produced a definitive result in at
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least two laboratories. There was 100% agreement among the laboratories for 83% (30/36) of
these substances.

Only one in vitro ER TA test method is currently accepted to assess ERa agonist activity of test
substances. This test method was validated by the Chemicals Evaluation and Research Institute
(CERI) and is described in Organisation for Economic Co-operation and Development (OECD)
Test Guideline (TG) 455: the Stably Transfected Human Estrogen Receptor-o. Transcriptional
Activation (STTA) Assay for the Detection of Estrogenic Agonist-Activity (OECD 20009).
Adopted by the EPA as OPPTS 890.1300: Estrogen Receptor Transcriptional Activation (Human
Cell Line [HeLa-9903]) (EPA 2009), it is considered adequately validated by national and
international regulatory agencies.

Because the BG1Luc ER TA test method is another STTA assay that could be considered for
regulatory use, a comparison of test method accuracy between these two test methods was
conducted based on a list of ICCVAM-recommended agonist reference substances for which
definitive classifications have been produced in both methods. These results show identical levels
of accuracy when both methods tested the same agonist reference chemicals: concordance of 95%
(24/25), sensitivity of 95% (21/22), and specificity of 100% (4/4). Overall, these data indicate that
the BG1Luc ER TA test method is equivalent to the EPA OPPTS 890.1300/OECD TG 455
method for assessing ERa agonist activity.

Based on these results, the BG1Luc ER TA agonist test method can be applied to a wide range of
substances, provided they (1) can be dissolved in dimethyl sulfoxide (DMSO), (2) do not react
with DMSO or the cell culture medium, and (3) are not toxic to the cells. Although this method
may apply to mixtures, none was evaluated in this validation study. Volatile substances may yield
acceptable results if CO,-permeable plastic film is used to seal the test plates, but no volatile
substances were evaluated in this validation study. Although relatively few are known, substances
with endogenous luminescence or that naturally inhibit luciferase activity cannot be used in this
or any other luciferase-based test method. The demonstrated performance of the BG1Luc ER TA
agonist test method suggests that data generated with this test method could be routinely
considered for prioritization of substances for further testing.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the available data and test method performance support the I[CCVAM
draft recommendation that the BG1Luc ER TA test method can be used as a screening test to
identify substances with in vitro ER agonist activity. However, the Panel emphasized that,
because there has been no clear regulatory guidance on how ER TA test methods will be used in
the EPA EDSP Program, the use of the BG1Luc ER TA test method in the overall strategy of
hazard identification or safety assessment of endocrine-disruptive chemicals is unclear.

2.2.2 Evaluation as a Screening Test to Identify Substances with Estrogen Receptor
Antagonist Activity

Based on an evaluation of available data and corresponding performance (accuracy and
reliability), ICCVAM recommends that the BG1Luc ER TA test method can be used as a
screening test to identify substances with ER antagonist activity. The accuracy analysis,
conducted with 25 reference substances, produced the following definitive results in antagonist
testing:

e Accuracy of 100% (25/25)

e Sensitivity of 100% (3/3)

e Specificity of 100% (22/22)

e False positive rate of 0% (0/22)
4
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e False negative rate of 0% (0/3)

Intralaboratory reproducibility of the BG1Luc ER TA agonist and antagonist test methods was
assessed by comparing (1) reference standard and control results for all plates tested within each
laboratory during the course of the validation study and (2) results from Phases 2a and 2b testing,
during which 12 substances were tested in at least three independent experiments in each of three
laboratories. Although the classifications for some of the test substances differed among the
laboratories, there was 100% agreement within each laboratory for each of the three repeat tests.

When results were compared across laboratories for these 12 substances, there was 100%
agreement among the three laboratories for all 12 substances. An additional 41 substances tested
once in each laboratory for antagonist activity during Phase 3 produced a definitive result in at
least two laboratories. There was 100% agreement among the laboratories for 93% (38/41) of the
41 substances.

Based on these results, the limitations of the BG1Luc ER TA antagonist test method appear to be
the same as those identified for the agonist test method described above. Although the validation
database is somewhat limited in number (n = 25), the demonstrated performance of the BG1Luc
ER TA antagonist test method suggests that data generated with this test method could be
routinely considered for prioritization of substances for further testing. This is further supported
by the fact that so few ER antagonists have been definitively identified, and all three tested in the
BGI1Luc ER TA antagonist test method were correctly identified.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the available data and test method performance support the ICCVAM
draft recommendation that the BG1Luc ER TA test method can be used as a screening test to
identify substances with in vitro ER antagonist activity. The Panel further concluded that, based
upon support of the ICCVAM draft recommendation, the BG1Luc ER TA test method could be
considered as a replacement for the currently accepted ER TA assay (EPA OPPTS
890.1300/0OECD TG 455) and the rat uterine cytosol binding assays. However, the Panel noted
that additional analysis may be necessary to further support this recommendation, particularly
regarding the rat uterine cytosol ER binding assay.

2.3 ICCVAM Recommendations: Test Method Protocol for the BG1Luc ER TA Test
Method

For use of the BG1Luc ER TA test method as a screening test to identify substances with in vitro
ER agonist or antagonist activity, ICCVAM recommends using the ICCVAM BG1Luc ER TA
agonist and antagonist test method protocols (Appendix B). In addition, all future studies
intended to further characterize the usefulness and limitations of the BG1Luc ER TA agonist and
antagonist test methods should be conducted using these recommended protocols.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the BG1Luc ER TA test method protocols are complete and adequate in
detail for a laboratory to conduct the study (see Appendix D). The Panel noted several
advantages provided by this assay over the currently accepted test method (EPA OPPTS
890.1300/0ECD TG 455). The BG1Luc ER TA test method:

e Has more detailed and complete test method protocols than those provided in EPA
OPPTS 890.1300/0OECD TG 455

e s validated for testing up to 1 mM per EPA requirements. EPA OPPTS 890.1300/0OECD
TG 455 is only validated up to a limit dose of 10 uM.
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e Has a more restrictive set of classification criteria for determination of a positive response,
which will reduce the number of false positive results, resulting in fewer follow-up tests
conducted in animal studies

e (Can detect substances with in vitro anti-estrogenic activity

e Endogenously expresses both hERa and hER[3, whereas the HeLa-9903 cell line used in EPA
OPPTS 890.1300/OECD TG 455 was transfected only with hERa

2.4 ICCVAM Recommendations: Future Studies for the BG1Luc ER TA Test Method

ICCVAM promotes the scientific validation and regulatory acceptance of new methods that
reduce, refine, or replace animal use where scientifically feasible. The rat uterine cytosol ER
binding assay, currently listed as part of the EDSP Tier 1 screening battery, requires the use of
animals as a source of ERs. Results from the BG1Luc ER TA test method were examined for
concordance with published reports of ER binding for 34 reference substances. There was 97%
(33/34) concordance between the BG1Luc ER TA test method and ER binding data from the
literature, and 100% sensitivity (no false negatives). In light of the excellent degree of agreement
between ER binding and BG1Luc ER TA data, it appears that evaluating results from BG1Luc
ER TA agonist and antagonist testing may provide a viable alternative to conducting ER binding
studies. This cannot currently be accomplished with EPA OPPTS 890.1300/OECD TG 455 due to
the inability of this method to assess ER antagonist activity. ICCVAM recommends that
additional validation studies could be performed to determine whether or not the BG1Luc ER TA
method could replace the rat uterine cytosol ER binding assay.

Results from the BG1Luc ER TA test method were examined for concordance with published
data from the uterotrophic bioassay (n = 13 reference substances), which is currently listed as part
of the EDSP Tier 1 screening battery. There was 92% (12/13) concordance between the BG1Luc
ER TA test method and the uterotrophic bioassay data, and 100% specificity (no false negatives).
These data indicate that the BG1Luc ER TA agonist test method has very good agreement with
the in vivo results obtained with the uterotrophic bioassay. Accordingly, ICCVAM recommends
that further work be carried out to determine if the BG1Luc ER TA test method could be used in
combination with other methods (to include in vifro metabolic activation) in a weight-of-evidence
approach to replace the uterotrophic bioassay.

To further characterize the BG1Luc ER TA test method, ICCVAM identified additional studies
that may be considered by interested parties:

e Additional studies/evaluations may be conducted to more completely characterize the ratio of
ERa and ERp in the BG-1 cell line and the extent to which these receptor subtypes contribute
to the overall performance of the BG1Luc ER TA test method.

e Additional studies/evaluations may be conducted to determine the feasibility of testing
volatile substances using CO,-permeable plastic film or other methods to seal the test plates.

e Additional studies/evaluations may be conducted to determine if substances that are not
soluble in DMSO could be tested in another vehicle that would more adequately solubilize
the substance in culture media.

e As ER antagonists are identified, additional studies/evaluations may be conducted to expand
the database of positive substances tested and thereby better characterize the usefulness and
limitations of the BG1Luc ER TA test method as a screening test to identify substances with
ER antagonist activity.

e [CCVAM encourages users to provide all data that are generated from future studies to
ICCVAM so that they may be used to further characterize the usefulness and limitations of
the BG1Luc ER TA test method as a screening test to identify substances with in vitro ER
agonist or antagonist activity.
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Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the available data support the draft [CCVAM-recommended future
studies. The Panel encouraged additional studies and evaluations to assess the utility of the
current visual assessment of cytotoxicity evaluation for chemicals, as well as efforts to identify a
quantitative cytotoxicity method. The Panel also recommended future studies to account for
metabolic activation that could expand the utility of this and other ER TA methods. The Panel
further recommended an effort to expand the reference substance list and associated BG1Luc ER
TA database with additional negative agonist and positive antagonist test substances as they are
identified.

2.5 ICCVAM Recommendations: Performance Standards for the BG1Luc ER TA Test
Method

ICCVAM has developed test method performance standards so that modified versions of the
BGI1Luc ER TA test method that are mechanistically and functionally similar can be effectively
and efficiently evaluated for their validity by national and international validation organizations
(e.g., ICCVAM, ECVAM, and JaCVAM) or other organizations. The ICCVAM-recommended
BGI1Luc ER TA agonist and antagonist test method protocols are the key references used to
establish these performance standards.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the draft ICCVAM performance standards are adequate, but they
proposed modifications that could expand the performance standards’ applicability. The Panel
suggested that the specific tissue source, type, and species used for the cell system in ER TA test
methods may not be critical but recommended that the appropriate cellular machinery be
included. The Panel also recommended that, ideally, more negatives should be included. They
recognized, however, that data on such substances are not currently available. The Panel also
suggested that reference substance classification be based upon reports that have been ranked
with a method that focuses on the reliability of the published data (e.g., Klimisch criteria)
(Klimisch et al. 1997).

Classification of reference substances was based on the following published guidance from
ICCVAM (ICCVAM 2003a, 2006):

e A substance was classified as “positive” if it was reported as positive in >50% of referenced
ER TA studies.

e A substance was classified as “presumed positive” if it was positive in 50% or less of
referenced ER TA studies.

Prior to the BG1Luc ER TA test method validation study, L-thyroxine was classified as positive
because two of three literature citations described estrogenic activity for this compound. Because
the BG-1 validation study will be considered a published study, and L-thyroxine was negative in
the study, the updated database will reflect that this compound is reported as positive in two of
four studies (50%), changing its classification from positive to presumed positive per the
guidelines given above. Because only those compounds with definitive classifications (positive or
negative) are used as reference substances, L-thyroxine will not be used as a reference substance
in future studies.
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3.0 Validation Status for Use of the BG1Luc ER TA Test Method as a Screening
Test to Identify In Vitro ER Agonists and Antagonists

The ICCVAM BRD (see Appendix C) provides a comprehensive review of the current validation
status of the BG1Luc ER TA test method, including its accuracy and reliability, the substances
tested, the rationale for the standardized test method protocol used for the validation study, and
all available data supporting its validity. This section provides a brief description and summary of
the validation status of the BG1Luc ER TA test method.

3.1 Test Method Description

The BG1Luc ER TA test method uses an ER-responsive reporter gene (/uc) in the human ovarian
adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or antagonist
activity. ER-mediated transcription of the /uc gene results in the production of luciferase, the
activity of which is quantified using a luminometer. A concentration—response curve can be
established to provide qualitative and quantitative information regarding the in vitro estrogenic
activity of a test substance.

3.2 General Test Method Procedures

ICCVAM previously recommended minimum essential test method components for in vitro ER
TA assays (ICCVAM 2003a), and these components are incorporated into the ICCVAM-
recommended BG1Luc ER TA protocols (sece Appendices B1 and B2). These protocols include
three sequential phases: solubility, range finder, and comprehensive testing. During solubility
testing, the maximum test substance concentration that is soluble in 100% DMSO is established
in order to set the starting concentration for range finder testing. The test substance concentration
range to be included in comprehensive testing is established during range finder testing. Results
from comprehensive testing are used to determine the extent to which a test substance influences
ER-mediated luciferase transcription as a correlate to in vitro ER TA activity. These data can then
be used to classify a test substance based on its in vitro ER agonist or antagonist activity.

3.3 Validation Database

The validation database used to evaluate the BG1Luc ER TA test method is based upon the list of
78 substances that [CCVAM recommended for use in validation studies for in vitro ER and AR
binding and TA test methods (ICCVAM 2003a, 2006). The purpose of this list is to ensure that
the usefulness and limitations of in vitro ER and AR binding and TA assays can be adequately
characterized across a broad range of chemical classes and responses. These substances were
selected based on information contained in the ICCVAM BRDs for ER and AR binding and TA
test methods (ICCVAM 2002d, 2002a, 2002c, 2002b), as well as information obtained from
publications reviewed or published after completion of the ICCVAM BRDs. The complete list of
substances and their respective reference classifications for agonist and antagonist activity based
on available reference data is provided in Section 3-2 of the BG1Luc ER TA BRD

(Appendix C).

Only those substances that could be definitively classified as positive (POS) or negative (NEG)
were used to assess accuracy, resulting in 48 unique substances used to assess accuracy.
(Substances classified as presumed positive [PP] or presumed negative [PN] were not considered
when evaluating test method accuracy.) Separate lists were generated for evaluating accuracy
based on agonist (42 substances: 33 positive, 9 negative) activity and antagonist (25 substances:
3 positive, 22 negative) activity. Nineteen substances appeared on both reference lists. The

42 reference substances used to assess accuracy based on ER agonist activity are provided in
Table 3-1, and the 25 reference substances used to assess accuracy based on ER antagonist
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activity are provided in Table 3-2. These tables also include the BG1Luc ER TA results from
each of the participating laboratories.

34 Test Method Accuracy

Thirty-five substances (28 positive, 7 negative) had definitive results and were used to evaluate
test method accuracy for ER agonist activity. The remaining seven (17%) of the 42 substances
used to evaluate test method accuracy had inadequate (I) testing results and were therefore
excluded from the analysis. Data are classified as inadequate if, because of major qualitative or
quantitative limitations, they cannot be interpreted as valid for showing either the presence or
absence of agonist activity. The following seven substances had inadequate BG1Luc ER TA
agonist test method data:

Clomiphene citrate
p.p’-DDE
Soc-Dihydrotestosterone
Flutamide

Procymidone
Resveratrol

Tamoxifen

It should be emphasized that the “inadequate” classification is usually a result of poor data quality
and would normally require retesting. However, the classification system was revised after testing
to include positive, negative, and inadequate classifications. Retesting of these substances was
therefore not possible.

These seven substances (clomiphene citrate, p,p -DDE, 5cc-dihydrotestosterone, flutamide,
procymidone, resveratrol, and tamoxifen) represent eight chemical classes (two cyclic
hydrocarbons, and one each of an amide, amine, carboxylic acid, halogenated hydrocarbon,
heterocyclic compound, polycyclic compound, and steroid) and five product classes (four
pharmaceuticals and one each of a fungicide, natural product, pesticide intermediate, and
veterinary agent). The diversity of chemical and product classes indicates that no one category or
class is overrepresented with inadequate data.
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Table 3-1 42 ICCVAM-Recommended Substances Used to Evaluate ER Agonist
Accuracy
Classification®
Substance | CASRN | reevam | FEREEEE L g pevam | aiyosni
Consensus

17oc-Estradiol 57-91-0 POS POS POS (1/1) | POS (3/3) POS (2/2)
LT byl 57-63-6 POS POS POS (3/3) | POS(3/3) | POS(3/3)
178-Estradiol 50-28-2 POS POS POS (1/1) | POS(1/1) | POS (1/1)
19-Nortestosterone 434-22-0 POS POS POS (1/1) NT NT

4-Cumylphenol 599-64-4 POS POS POS (1/1) | POS(1/1) | POS (1/1)
4-tert-Octylphenol | 140-66-9 POS POS 1(1/1) | POS(1/1) | POS(2/2)
ls)oicllydrotestosterone 521-18-6 POS I I(1/1) 1(1/1) POS (1/1)
Apigenin 520-36-5 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Atrazine 1912-24-9 NEG NEG NEG (3/3) | POS (3/3) | NEG (3/3)
Bicalutamide 90357-06-5 NEG NEG NEG (1/1) NT NT

Bisphenol A 80-05-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Bisphenol B 77-40-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Eﬁ‘gﬁ’;gzyl 85-68-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Chrysin 480-40-0 POS POS POS (2/2) NT NT

Clomiphene citrate 50-41-9 POS I I[(1/1) NEG (1/1) POS (1/1)
Corticosterone 50-22-6 NEG NEG NEG (3/3) | POS (3/3) | NEG (4/4)
Coumestrol 479-13-0 POS POS POS (1/1) | POS (1/1) | POS (1/1)
Daidzein 486-66-8 POS POS POS (1/1) | POS (1/1) | POS (1/1)
Dicofol 115-32-2 POS POS POS (1/1) | NEG (1/1) | POS (1/1)
Dicthylstilbestrol 56-53-1 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Estrone 53-16-7 POS POS POS (1/1) | POS (1/1) | POS (1/1)
Ethyl paraben 120-47-8 POS POS 1(1) POS (1/1) | POS (1/1)
Fenarimol 60168-88-9 POS POS POS (1/1) NT NT

Flutamide 13311-84-7 NEG 1 I(1) NT NT

Genistein 446-72-0 POS POS POS (3/3) | POS(3/3) | POS (4/4)
Hydroxyflutamide | 52806-53-8 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Kaempferol 520-18-3 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Kepone 143-50-0 POS POS POS (1/1) | POS(1/1) | POS (1/1)
L-Thyroxine 51-48-9 POS NEG NEG (1/1) NT NT

Linuron 330-55-2 NEG NEG NEG (1/1) NT NT

meso-Hexestrol 84-16-2 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Methyl testosterone 58-18-4 POS POS POS (3/3) | POS (1/1) POS (2/2)

10
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Classification®
Substance CASRN écogsz:sll\:[s BGI%:C El: XDS ECVAM Hiyoshi
Consensus
Norethynodrel 68-23-5 POS POS POS (2/2) | POS (1/1) POS (2/2)
o,p’-DDT 789-02-6 POS POS POS (3/3) | POS (3/3) POS (3/3)
p-n-Nonylphenol 104-40-5 POS POS POS (3/3) | POS (3/3) POS (3/3)
p.,p’-DDE 72-55-9 POS I I (1/1) 1(1/1) NEG (1/1)
p.p’- Methoxychlor 72-43-5 POS POS POS (1/1) | POS (1/1) POS (2/2)
Phenobarbital 50-06-6 NEG NEG NEG (1/1) | NEG (1/1) NT
Procymidone 32809-16-8 NEG I I(1/1) NT NT
Resveratrol 501-36-0 POS I POS (1/1) I1(1/1) NEG (2/3)
Spironolactone 52-01-7 NEG NEG NEG (1/1) NT NT
Tamoxifen 10540-29-1 POS I I(1/1) 1(1/1) POS (1/1)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods;

I = inadequate (positive or negative classification could not be determined because of poor-quality data);

NEG = negative; NT = not tested; POS = positive; XDS = Xenobiotic Detection Systems, Inc.

acceptance criteria.

laboratories.

Definitive classifications (positive or negative) were obtained for all 25 substances used to

BG1Luc ER TA consensus classification represents the majority classification among the three validation

Number in parentheses represents test results (POS, NEG, or I) over the total number of trials that met test plate

evaluate test method accuracy for ER antagonist activity, allowing all 25 substances to be used to
assess antagonist accuracy.

11
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Table 3-2 25 ICCVAM-Recommended Substances Used to Evaluate ER Antagonist

Accuracy
Classification®
Substance CASRN BGl1Luc
ICCVAM ERTA
Consensus Consensus” XDS ECVAM Hiyoshi

170~Ethinyl estradiol 57-63-6 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
4-Hydroxytamoxifen 68047-06-3 POS POS POS (1/1) 1(2/2) POS (1/1)
Sa-Dihydrotestosterone 521-18-6 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Apigenin 520-36-5 NEG NEG NEG (3/3) | NEG (3/3) NEG (4/4)
Bisphenol A 80-05-7 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Butylbenzyl phthalate 85-68-7 NEG NEG NEG (3/3) | NEG (3/3) NEG (4/4)
Chrysin 480-40-0 NEG NEG NEG (1/1) NT NT
Coumestrol 479-13-0 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Daidzein 486-66-8 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Di-n-butyl phthalate 84-74-2 NEG NEG NEG (2/2) | NEG (1/1) NEG (1/1)
Dicofol 115-32-2 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Diethylhexyl phthalate 117-81-7 NEG NEG NEG (1/1) | NEG (2/2) NEG (1/1)
Diethylstilbestrol 56-53-1 NEG NEG NEG (1/1) | NEG (1/1) POS (1/1)
Genistein 446-72-0 NEG NEG NEG (3/3) | NEG (3/3) NEG (3/3)
Kaempferol 520-18-3 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Kepone 143-50-0 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Mifepristone 84371-65-3 NEG NEG NEG (1/1) NT NT
Norethynodrel 68-23-5 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
o.p’-DDT 789-02-6 NEG NEG NEG (3/3) | NEG (3/3) NEG (4/4)
p-n-Nonylphenol 104-40-5 NEG NEG NEG (3/3) | NEG (3/3) NEG (3/3)
p.p-DDE 72-55-9 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Progesterone 57-83-0 NEG NEG NEG (3/3) | NEG (3/3) NEG (3/3)
Raloxifene HCI 82640-04-8 POS POS POS (1/1) POS (1/1) POS (1/1)
Resveratrol 501-36-0 NEG NEG NEG (3/3) | NEG (3/3) NEG (3/3)
Tamoxifen 10540-29-1 POS POS POS (4/4) POS (3/3) POS (3/3)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number

(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods;
I = inadequate (positive or negative classification could not be determined because of poor-quality data);

NEG = negative; NT = not tested; POS = positive; XDS = Xenobiotic Detection Systems, Inc.

acceptance criteria.

laboratories.

BG1Luc ER TA consensus classification represents the majority classification among the three validation

Number in parentheses represents test results (POS, NEG, or I) over the total number of trials that met test plate

The accuracy analysis using the 35 ICCVAM reference substances that produced a definitive

BG1Luc ER TA result in agonist testing indicated accuracy of 97% (34/35), sensitivity of 96%
(27/28), specificity of 100% (7/7), false positive rate of 0% (0/7), and false negative rate of 4%
(1/28) (Table 3-3). Analysis of accuracy using individual laboratory results indicated accuracy

ranging from 86% (25/29) to 97% (33/34), sensitivity from 92% (23/25) to 96% (27/28),

12
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specificity from 50% (2/4) to 100% (6/6), false positive rates from 0% (0/6) to 50% (2/4), and
false negative rates from 4% (1/28) to 8% (2/25).

Table 3-3 Accuracy of the BG1Luc ER TA Agonist Data

False False
Laboratory N Accuracy Sensitivity Specificity Positive Rate | Negative Rate
. 97% 96% 100% 0% 4%
Combined 35°
(34/35) (27/28) 77 0/7) (1/28)
97% 96% 100% 0% 4%
XDS 34
(33/34) (27/28) (6/6) (0/6) (1/28)
86% 92% 50% 50% 8%
ECVAM 29
(25/29) (23/25) (2/14) (2/4) (2/25)
. . 94% 93% 100% 0% 7%
Hiyoshi 32
(30/32) (27/29) (373) 0/3) (2/29)

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number; XDS = Xenobiotic
Detection Systems, Inc.

A total of 42 substances were evaluated in the BG1Luc ER TA agonist test method. Seven substances did not
produce a consensus classification and were omitted, leaving 35 substances for analysis.

a

The antagonist accuracy analysis indicated an overall accuracy of 100% (25/25), sensitivity of
100% (3/3), specificity of 100% (22/22), false positive rate of 0% (0/22), and false negative rate
of 0% (0/3) (Table 3-4). Similarly, individual laboratory results indicated accuracy ranging from
96% (22/23) to 100% (25/25), sensitivity of 100% (3/3), and specificity of 95% (19/20) to 100%
(22/22).

Table 3-4 Accuracy of the BG1Luc ER TA Antagonist Data

False Positive False
Laboratory N Accuracy Sensitivity Specificity Rate Negative Rate
. 100% 100% 100% 0% 0%
Combined 25
(25/25) 373) (22/22) (0/22) 0/3)
100% 100% 100% 0% 0%
XDS 25
(25/25) 373) (22/22) (0/22) 0/3)
100% 100% 100% 0% 0%
ECVAM 23
(23/23) (373) (20/20) (0/20) (0/3)
. ) 96% 100% 95% 5% 0%
Hiyoshi 23
(22/23) (373) (19/20) (1/20) (0/3)

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number; XDS = Xenobiotic
Detection Systems, Inc.

3.5 Test Method Reliability

Intralaboratory reproducibility of the BG1Luc ER TA agonist and antagonist test methods was
assessed quantitatively by comparing the following:

e Relative light unit (RLU) values for the agonist and antagonist DMSO control and the
antagonist E2 control for all plates tested within each laboratory during the course of the
validation study

13
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e Results from Phases 2a and 2b testing, during which 12 substances were tested in at least
three independent experiments in each of the three laboratories

Because DMSO control RLU values are not normalized, they vary considerably between test
plates and across time. Therefore, intralaboratory reproducibility was evaluated by comparing the
within-plate variability of the four replicate DMSO control RLU values for all test plates that
passed acceptance criteria (i.e., coefficient of variation [CV] associated with within-plate DMSO
control RLU values). The range of means and CV values for within-plate DMSO control RLU
values are provided in Table 3-5. Mean plate DMSO RLU values ranged from a low of 511 to a
high of 9885, with a mean of 3749. However, within-plate variability of DMSO RLU control
values between replicate DMSO wells was low. Coefficients of variation ranged from 1% to 43%,
with a mean of 8%. Of the 218 agonist test plates that passed acceptance criteria, only six plates
had within-plate CV values greater than 20%.

Table 3-5 Agonist Within-Plate DMSO Control Data

Laborator Mean and Range of DMSO Mean and Range of CV N
y Control RLU Values (%)
. 3749 ]
Combined 218
(511-9885) (1-43)
2800 8
XDS 93
(511-9885) (1-43)
3379 8
ECVAM 60
(828-7306) (1-33)
. . 5465 6
Hiyoshi 65
(1362-9383) (1-24)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the
Validation of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

For the antagonist assay, although mean plate DMSO RLU values ranged from a low of 132 to a
high of 8451 (mean = 3299), within-plate variability of DMSO RLU control values between
replicate DMSO wells was low, with CV values ranging from 1% to 52% (mean = 8%)

(Table 3-6). Of the 194 antagonist test plates that passed acceptance criteria, only eight plates had
within-plate CV values greater than 20%.

14
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Table 3-6 Antagonist Within-Plate DMSO Control Data
Mean and Range of DMSO o
Laboratory Control RLU Values Mean and Range of CV (%) N
. 3299 8
Combined 194
(132-8451) (1-52)
2230 9
XDS 79
(132-6860) (1-52)
3622 9
ECVAM 62
(1352-7333) (1-37)
. . 4030 6
Hiyoshi 53
(1625-8451) (1-20)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the
Validation of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

Normalized and adjusted antagonist E2 control RLU values were used as acceptance criteria
throughout the validation study. The mean, standard deviation (SD), and CV values calculated for
the E2 control RLU value from all antagonist test plates that passed acceptance criteria are
provided in Table 3-7. Mean E2 control RLU values ranged from 5793 at Hiyoshi to 9246 at
ECVAM. Variability was low, with associated CV values ranging from 9% at ECVAM to 19% at
XDS.

Table 3-7 Antagonist E2 Control Values
Laboratory Mean RLU SD CV (%) N
XDS 7524 1443 19 79
ECVAM 9246 805 9 62
Hiyoshi 5793 791 14 53

Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods;
N = number of plates that passed acceptance criteria; RLU = relative light unit; SD = standard deviation;
XDS = Xenobiotic Detection Systems, Inc.

Test substances are classified as positive or negative for agonist activity based on a specific set of
criteria. The resulting classifications for each of the 12 substances that were tested at least three
times at each laboratory were used to evaluate the extent of intralaboratory agreement (see

Table 3-8). Although the classifications for some of the test substances differed among the
laboratories, there was 100% agreement within each laboratory for each of the three repeat tests.
There were no “inadequate” data generated at any laboratory during this phase of the validation
study.
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Table 3-8 Intralaboratory Agreement for Multiple Testing of the 12 Phase 2 Agonist
Substances Tested Independently at Least Three Times at Each Laboratory

Activity per Test XDS ECVAM Hiyoshi
Agreement within

12/12 (100%) 12/12 (100%) 12/12 (100%)
laboratory
+++ 8/12 12/12 9/12
-_— 4/12 0/12 3/12
Discordance within o o o
laboratory 0/12 (0%) 0/12 (0%) 0/12 (0%)
+4— 0/12 0/12 0/12
+— 0/12 0/12 0/12

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection
Systems, Inc.

+ denotes a positive test result.

- denotes a negative test result.

+++ indicates that each of three replicate tests within each laboratory had a classification as positive.
--- indicates that each of three replicate tests within each laboratory had a classification as negative.

++- indicates that in two of three replicate tests, a test substance was classified as positive. The substance was classified
as negative in a third replicate test.

+-- indicates that in one of three replicate tests, the test substance was classified as positive. The substance was
classified as negative in the remaining two tests.

3.6 Animal Welfare Considerations: Reduction, Refinement, and Replacement

The BG1Luc ER TA test method utilizes cultured human ovary adenocarcinoma cells that
endogenously express human ER and contain an estrogen-inducible gene expression system.
Except for the fetal bovine sera used as part of the cell culture media, the test method does not
require the use of animals.

The BG1Luc ER TA test method is being proposed as an independent part of a weight-of-
evidence approach to prioritize potentially endocrine-active substances for further testing.
Therefore, like the EPA OPPTS 890.1300/0ECD TG 455 method, the test does not directly
reduce, refine, or replace animal use. However, regulators currently use the following three in
vivo methods to assess the estrogenic potential of substances: (1) rat uterotrophic assay, (2) rat
pubertal female assay, and (3) fish short-term reproduction assay. In addition, the “in vitro” rat
uterine cytosol ER binding assay also requires the use of animals as a source of ER.

Results from the BG1Luc ER TA test method were examined for concordance with published
reports of ER binding. There was 97% (33/34) concordance between the BG1Luc ER TA test
method and ER binding data. In light of the excellent degree of agreement between ER binding
and BG1Luc ER TA test method results (with no false negative results), it appears that evaluating
results from BG1Luc ER TA agonist and antagonist testing may provide a viable alternative to
conducting ER binding studies, which use animals as a source of ER. This cannot currently be
accomplished with the only accepted ER TA method because of the inability of the EPA

OPPTS 890.1300/0OECD TG 455 method to assess ER antagonist activity.

Results from the BG1Luc ER TA test method were examined for concordance with published
data from the uterotrophic assay. Based on a comparison with the in vivo uterotrophic assay
classification, the 13 substances with data from the uterotrophic assay and conclusive test results
in the BG1Luc ER TA agonist test method produced overall concordance of 92% (12/13). All
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substances found positive in the uterotrophic assay were also positive in the BG1Luc ER TA test
method. The only discordant substance, butylbenzyl phthalate, was positive for ER agonist
activity in the BG1Luc ER TA agonist test method and negative in the uterotrophic assay. These
data indicate that the BG1Luc ER TA agonist test method had very good agreement with the in
vivo results obtained with the uterotrophic assay, with no false negative results.

The development of a battery of in vitro and in silico methods that can replace animal testing for
detecting potential EDs is a biologically complex challenge. The experience derived from
validating and using the in vitro BG1Luc ER TA test method is expected to contribute to our
knowledge and promote progress toward this goal.
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4.0 BG1Luc ER TA Test Method Performance Standards

Prior to the acceptance of a new test method for regulatory testing applications, validation studies
are conducted to assess its reliability (i.e., the extent of intra- and interlaboratory reproducibility)
and its relevance (i.e., the ability of the test method to correctly predict or measure the biological
effect of interest) ICCVAM 1997, 2003b; OECD 1996, 2005). The purpose of performance
standards is to communicate the basis by which new proprietary and nonproprietary test methods
have been determined to have sufficient accuracy and reliability for a specific testing purpose.
These performance standards can then be used to evaluate the accuracy and reliability of other
proposed test methods that are considered functionally and mechanistically similar to the
accepted test method.

4.1 Elements of ICCVAM Performance Standards

Performance standards are based on an adequately validated test method and provide a basis for
evaluating the comparability of a proposed test method that is functionally and mechanistically
similar (ICCVAM 2003b). The three elements of performance standards are the following:

e Essential test method components: These consist of essential structural, functional, and
procedural elements of a validated test method. They should be included in the protocol of a
proposed test method that is functionally and mechanistically similar to the validated method.
Essential test method components include unique characteristics of the test method, critical
procedural details, and quality control measures.

e A minimum list of reference substances: Reference substances are used to assess the accuracy
and reliability of a proposed functionally and mechanistically similar test method. These
substances are a representative subset of those used to demonstrate the accuracy and
reliability of the validated test method.

e Accuracy and reliability values: These are the standards for accuracy and reliability that the
proposed test method should meet or exceed when evaluated using the minimum list of
reference substances.

4.2 LUMI-CELL (BG1Luc ER TA) Test Method Performance Standards

4.2.1 Background

The BG1Luc ER TA test method uses an ER-responsive reporter gene (/uc) in the human ovarian
adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or antagonist
activity. The primary objective of this test method is to provide a qualitative assessment of in
vitro estrogenic activity (i.e., whether a substance is positive or negative for estrogenic activity).
Quantitative analysis is also performed to provide additional information on the estrogenic
potency of test substances. For example, quantitative analysis can determine the half-maximal
effective concentration (ECsg) or the half-maximal inhibitory concentration (ICs). Separate
protocols are used to identify substances that possess ER agonist or antagonist activity, although
the two protocols share most major components (see Appendices B1 and B2).

NICEATM coordinated and led an international validation study of the BG1Luc ER TA test
method with ECVAM and JaCVAM. The study proceeded in four phases, during which

78 reference substances were tested (see Appendix C). Results from this validation study served
as the basis for the BG1Luc ER TA test method performance standards, which are applicable for
assessing the validity of methods that are functionally and mechanistically similar to the BG1Luc
ER TA test method. These performance standards can also be used by naive laboratories to
demonstrate technical proficiency in performing the BG1Luc ER TA test method. The
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performance standards consist of (1) essential test method components, (2) reference substances,
and (3) an assessment of accuracy and reliability.

4.2.2 BGI1Luc ER TA Essential Test Method Components and Other Validation
Considerations

Certain principles are important in delineating the essential test method components that
determine whether a modified test is functionally and mechanistically similar to the BG1Luc ER
TA test method. /n vitro ER TA assays are designed to identify substances that might interfere
with estrogenic homeostasis in vivo. The interaction of estrogens with cellular ERs initiates a
cascade of events. A number of in vitro endpoints can be used to assess ER—ligand interactions,
including receptor binding, cellular proliferation, and transcriptional activation (reporter gene).
Unlike receptor binding assays, TA assays can identify whether ligand—receptor association
potentiates (agonist) or inhibits (antagonist) estrogenic signaling (Davenport and Russell 1996).

In the BG1Luc ER TA test method, ER-mediated transcription of the /uc gene results in the
production of luciferase, the activity of which is quantified using a luminometer. A
concentration—response curve can be established to provide qualitative and quantitative
information regarding the in vitro estrogenic activity of a test substance.

4.2.2.1 Essential Test Method Components

ICCVAM previously recommended minimum essential test method components for in vitro ER
TA test method protocols (ICCVAM 2003a). These components were incorporated into the
BG1Luc ER TA test method protocols during a protocol standardization study. During the
protocol standardization study, protocols were developed for use in the international validation
study (see Appendices B1 and B2). During the multiphase validation study, the protocols were
refined, ultimately resulting in optimized protocols for agonist and antagonist testing. In order to
be considered functionally and mechanistically similar to the BG1Luc ER TA test method, a
modified ER TA test method protocol must include the following components, which are based
on the optimized test method protocols, to ensure that the same biological effect is being
measured. If any of these criteria are not met, then these performance standards cannot be used
for validation of the modified test method.

Cell Line

The BG1Luc ER TA test method is based on a human ovarian adenocarcinoma cell line that
endogenously expresses ERa (90%) and ER (10%) (Pujol et al. 1998) and uses a stably
transfected luciferase-based reporter gene system. Other cell lines that endogenously express
human ERs and are stably transfected with a reporter gene system may be appropriate for
validation using these performance standards.

Solvent

Reference standards, controls, and test substances should be dissolved in a solvent (e.g.,
1% DMSO) that is miscible with cell culture media at concentrations that are not cytotoxic and
that do not otherwise interfere with the test system.

Limit Concentration and Cytotoxicity

The maximum test substance concentration should be 1 mM for ER TA agonist testing and

10 uM for ER TA antagonist testing unless otherwise limited by solubility, cytotoxicity, or other
mechanisms that interfere with assay performance. A minimum of seven concentrations spaced at
logarithmic (log10) intervals, up to the limit concentration, should be tested. An evaluation of
cytotoxicity and how it is applied to the test method should be included in each study. Any
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concentration of test substance that reduces viability by greater than 20% should not be
considered in the analysis of the data.

Reference Standards

A reference estrogen (e.g., 17B-estradiol [E2]) and a reference anti-estrogen (e.g., raloxifene HCI)
should be used as reference standards to demonstrate the adequacy of the test method for
detecting ER TA agonist and antagonist activity, respectively. The ability of the reference
estrogen to induce ER TA activity and the reference anti-estrogen to inhibit ER TA activity
should be demonstrated by generating a full concentration—response curve in each experiment. At
a minimum, the E2 reference standard should provide a threefold induction relative to the solvent
control. For antagonist testing, a minimum threefold reduction in the reference anti-estrogenic
standard response (e.g., raloxifene HCI) should be demonstrated.

Controls

A set of concurrent controls (i.e., solvent, cell culture media) should be included in each
experiment to provide a measure of ER TA activity in the absence of reference standards or test
substances. A weak positive agonist control (e.g., p.p -methoxychlor) with an ECs five to six
orders of magnitude higher than the reference estrogen should be included in each ER TA agonist
study to demonstrate that the test method is functioning properly and is sufficiently sensitive to
detect weak ER agonists. A weak positive antagonist control (e.g., tamoxifen) that demonstrates
ER TA antagonist activity slightly below the 10 uM limit concentration should be included in
each ER TA antagonist study to demonstrate that the test method is functioning properly and is
sufficiently sensitive to detect weak ER antagonists. In addition, ER TA antagonist studies should
include a concurrent control using the reference estrogen (e.g., E2) to establish a baseline level of
induction (~80% of E2 maximum) against which antagonistic activity of test substances can be
assessed.

Interpretation of Results
For ER TA agonist testing:

e All test substances classified as positive for ER TA agonist activity should have a
concentration—response curve consisting of a baseline followed by a positive slope,
concluding in a plateau or peak. In some cases, only two of these characteristics (baseline—
slope or slope—peak) may be defined.

e The line defining the positive slope must contain at least three points with nonoverlapping
error bars (mean + SD). Points forming the baseline are excluded, but the linear portion of the
curve may include the peak or first point of the plateau.

e A positive classification requires a response amplitude, the difference between baseline and
peak, of at least 20% of the average maximal value of the reference estrogen, e.g.,

2000 RLUs when the maximal response value of the reference estrogen is adjusted to
10,000 RLUs. (See Figure 4-1 for an example of a concentration—response curve for a
substance that is positive for ER TA agonist activity.)

e If possible, an ECs, value should be calculated for each positive substance.

e For all concentration-response curves that fail to meet the criteria for a positive response, test
substances are classified as negative for agonist activity if all data points are below 20% of
the maximal value for the reference estrogen, e.g., 2000 RLUs when the maximal response
value of the reference estrogen is adjusted to 10,000 RLUs.
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Figure 4-1

Abbreviations: E2 = 173-estradiol; M = molar; RLU = relative light unit.
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Example Concentration—Response Curve for an ER TA Agonist
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Horizontal dotted line represents 20% of the maximum response of the E2 reference standard.

Test substance shown is p,p -methoxychlor.

E2 reference standard data is presented as the mean value of duplicate wells.
p.p -Methoxychlor data are presented as the mean and SD values of three replicate wells.

For ER TA antagonist testing:

All substances classified as positive for ER antagonist activity should have a concentration—
response curve consisting of a baseline followed by a negative slope.
The line defining the negative slope must contain at least three points with nonoverlapping
error bars (representative of means + SDs). Points forming the baseline are excluded, but the
linear portion of the curve may include the first point of the plateau.
A positive classification requires a response amplitude of less than 80% of the value for the
reference estrogen. The response amplitude is defined as the difference between the baseline,
established by the reference estrogen, and the bottom of the dose—response curve.

The highest noncytotoxic concentrations of the test substance should be less than or equal to
10 uM. (See Figure 4-2 for an example of a concentration—response curve for a substance

that is positive for ER TA antagonist activity.)

Test substances are classified as negative for ER antagonist activity if all data points are
above 80% of the reference estrogen response, or 8000 RLUs.
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Figure 4-2 Example Concentration—Response Curve for an ER TA Antagonist
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Abbreviations: M = molar; RLU = relative light unit.

Horizontal dotted line represents 80% of the response of the 17(3-estradiol reference estrogen.
Test substance shown is tamoxifen.

Ral/E2 reference standard data are presented as the mean value of duplicate wells.
Tamoxifen data are presented as the mean and SD values of three replicate wells.

Data and Reporting
The validation report should include the following information:

—Reporter Plasmid (if different than that used in BG1Luc ER TA test method)

e Type and structure of ER response elements

e Description of promoter region

e Name, identification, and source of original plasmid used to make construct
e Description and methodology used to make the transfected plasmid

e Nomenclature and genetic components comprising the reporter construct

—Cell Line

e Source and nomenclature of the cell line and protocol for its maintenance before and after
transfection

e Source of cell culture media, materials, and supplies

e Passage number of subcultures used in the study

e Methods for maintaining stably transfected cell line
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e Methods used to monitor the stability of the cell line used for testing

e Rationale, based on data, for deciding on the number of passages a cell line can undergo
without a decrease in activity

e Details regarding selection requirements needed to maintain stable cell lines

e [fknown, details regarding the relative amounts of ERo and ERf}

—Test Method Conditions

Composition of media and reagents used

Incubation volume, duration, and temperature

Method used to measure ER TA activity

Methods used to evaluate data, determine response, and calculate ECs, or ICs, values

—Reference Standards, Controls, and Test Substances

e Name, chemical structure, CAS Registry Number (CASRN), purity, and supplier
e Physicochemical properties relevant to the study (e.g., solubility, pH, stability, volatility)
e Concentrations and volumes used

—Solvent

Name, CASRN, purity, and supplier

Justification for choice of solvent

Information on the solubility of test substances in solvent used

Information to demonstrate that the solvent, at the maximum volume used, is not cytotoxic
and does not otherwise interfere with the study

—Criteria for an Acceptable Test

e Concurrent reference standard and control data
e Laboratory-specific historical ranges of reference standard and control data
e Definition of exclusion criteria and description of the impact of any excluded data

—Results

Reference standard and control results

Test substance solubility results

Test substance cell viability results

Calculated reference standard and test substance ECsy and ICs, values
Graphically presented reference standard, control, and test substance results

—Discussion of Results

e Impact of solubility and cytotoxicity on test results
e Reproducibility of reference standard and control data

—Conclusion

e C(lassification of test substances with regard to in vitro ER TA agonist or antagonist activity

Other Validation Considerations

The following additional points should be considered during the validation of test methods that
are functionally and mechanistically similar to the BG1Luc ER TA test method:

e Appropriate quality assurance systems (i.e., in accordance with Good Laboratory Practice
guidelines (EPA 2006b, 2006a; FDA 2009; OECD 1998) are required.
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e The study should be conducted according to U.S. (ICCVAM 1997) and international
validation principles (OECD Guidance Document 34) (OECD 2005).

4.2.3 Reference Substances for In Vitro ER TA Test Methods

To ensure that a proposed in vitro ER TA test method possesses reliability and accuracy
characteristics similar to those of the validated test method (in this case the BG1Luc ER TA test
method), the proposed test method should use at least the agonist reference substances listed in
Table 4-1 and the antagonist reference substances listed in Table 4-2. All substances should be
tested in a coded/blinded manner. When evaluated using these reference substances, the accuracy
(i.e., sensitivity, specificity, false positive rates, and false negative rates) and reliability of the
proposed ER TA test method should approximate those of the validated ER TA test method, as
detailed in Section 4.2.4. Although it is not realistic to expect test methods to perform identically,
discordant results should be addressed in terms of the test method’s ability to accurately classify
other substances with similar potencies and from the same chemical/product classes.

4.2.3.1 Criteria for Selection of Reference Substances

ICCVAM previously compiled and recommended a list of 78 substances for use in validation
studies for in vitro ER and AR binding and TA test methods (ICCVAM 2003a, 2006). These
substances were selected based on information contained in the ICCVAM BRDs for AR and ER
binding and TA test methods (ICCVAM 2002d, 2002a, 2002c, 2002b), as well as information
obtained from publications reviewed or published after completion of the ICCVAM BRDs.
Factors and criteria considered necessary for selecting reference substances included:

A well-defined chemical structure

Comparatively low systemic toxicity

Good availability from commercial sources

A concentration—response range that could be measured or predicted by the test method
Minimal disposal cost

Because the BG1Luc ER TA test method is used only to detect substances with in vitro ER TA
agonist or antagonist activity, the following criteria were used to classify each reference
substance with respect to ER TA agonist and antagonist activity:

e A substance was classified as POS if it was reported as positive in >50% of referenced ER
TA studies.

e A substance was classified as NEG if it was reported as negative in all referenced ER TA
studies (at least two studies were required for negative classification).

e A substance was classified as PP (presumed positive) if it was positive in 50% or fewer
referenced ER TA studies, or if it was reported positive in the single study conducted.

e A substance was classified as PN (presumed negative) if it was reported negative in a single
ER TA study.

e Substances without data were classified as PP or PN based on other available information,
including their known mechanism of action or their responses in other ER assays.

Only those substances that could be definitively classified as POS or NEG were used to assess
accuracy (substances classified as PP or PN were not considered when evaluating test method
accuracy). Accordingly, this subset of substances was used to select the final list of reference
substances listed in Tables 4-1 and 4-2. Recognizing that the number of available reference
substances that are definitively negative for agonist activity (Table 4-1) or definitively positive
for antagonist activity (Table 4-2) is limited, these lists may be updated as additional substances
with these characteristics are identified. Accordingly, users should be aware that the reference
substance list could be revised based on any additional studies that are conducted in the future.
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ICCVAM recommends that users consult the NICEATM—-ICCVAM website
(http://iccvam.niehs.nih.gov/) to ensure use of the most current reference substance list.

25

107



ICCVAM BGI1Luc ER TA Evaluation Report

Table 4-1 34 Reference Substances for Evaluation of ER Agonist Accuracy
BG1Luc BG1Luc ER .
Substance® CASRN écofs\e]:s?l/[s ER TA TA Mean Mes‘élcai‘:dm”al Product Class®
Consensus® ECsy (M)°
Ethyl paraben 120-47-8 POS POS 248 x 10° | Carboxylic Acid, | Pharmaceutical,
Phenol Preservative
Heterocyclic
Fenarimol 60168-88-9 POS POS 459 % 10° Compound, Fungicide
Pyrimidine
Flavonoid,
Kaempferol 520-18-3 POS POS 3.99 x 10 Heterocyclic Natural Product
Compound
Methyl testosterone| ~ 58-18-4 POS POS 3.29 x 107 Steroid Pharmaceutical,
Veterinary Agent
Flavonoid,
Chrysin 480-40-0 POS POS 3.20 x 10 Heterocyclic Natural Product
Compound
6 Chemical
p-n-Nonylphenol 104-40-5 POS POS 3.06 x 10 Phenol Intermediate
Hydrocarbon
Dicofol 115-32-2 POS POS 2.22x 10 (Cyclic). Pesticide
Hydrocarbon
(Halogenated)
. . Plasticizer.
Butylbenzyl 6 Carboxylic Acid, S
phthalate 85-68-7 POS POS 19810 Ester, Phthalic Acid Industrial
Chemical
s 6 Hydrocarbon Pesticide,
p,p’-Methoxychlor | 72-43-5 POS POS 1.92 x 10 (Halogenated) Veterinary Agent
Dye, Natural
.. 6 Heterocyclic Product,
Apigenin 520-36-5 POS POS 1.85x 10 Compound Pharmaceutical
Intermediate
19-Nortestosterone | 434-22-0 POS POS 1.80 x 10° Steroid Pharmaceutical,
Veterinary Agent
Flavonoid,
Daidzein 486-66-8 POS POS 8.71 x 107 Heterocyclic Natural Product
Compound
Chemical
. 7 Intermediate,
Bisphenol A 80-05-7 POS POS 533 x 10 Phenol Flame Retardant,
Fungicide
7 Hydrocarbon ..
Kepone 143-50-0 POS POS 4.91 x 10 (Halogenated) Pesticide
S 7 Hydrocarbon ..
0,p’-DDT 789-02-6 POS POS 3.94 x 10 (Halogenated) Pesticide
4-Cumylphenol | 599-64-4 POS POS 3.20 x 107 Phenol Chemical
Intermediate
Flavonoid,
Genistein 446-72-0 POS POS 2.71 % 107 Heterocyclic | Thatural Product,
Pharmaceutical
Compound
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BG1Luc

BG1Luc ER

Substance® CASRN (I?Cofs\e]:sll\l/[s ERTA TA Mean MeSI—(Ile il;imlcal Product Class®
Consensus® ECsy (M)*
Chemical
. 7 Intermediate,
Bisphenol B 77-40-7 POS POS 1.67 x 10 Phenol Flame Retardant,
Fungicide
Coumestrol 479-13-0 POS POS 8.77x 10° Heterocyclic Natural Product
Compound
Chemical
4-tert-Octylphenol | 140-66-9 POS POS 3.19 % 10° Phenol [ntermediate,
Pharmaceutical
Intermediate
170c-Estradiol 57-91-0 POS POS 1.54 x 10° Steroid Pharmaceutical,
Veterinary Agent
Norethynodrel 68-23-5 POS POS 9.39 x 107'° Steroid Pharmaceutical
Estrone 53-16-7 POS POS 257 x 107° Steroid Pharmaceutical,
Veterinary Agent
. . 11 Hydrocarbon Pharmaceutical,
Diethylstilbestrol 56-53-1 POS POS 3.34 x 10 (Cyclic) Veterinary Agent
meso-Hexestrol 84-16-2 POS POS 1.65 % 107! Steroid Pharmaceutical,
Veterinary Agent
178-Estradiol 50-28-2 POS POS 837 x 10 Steroid Pharmaceutical,
Veterinary Agent
17ec-Ethiny] 57-63-6 POS POS 731 % 10" Steroid Pharmaceutical,
estradiol Veterinary Agent
Atrazine 1912-24-9 NEG NEG - Heterocyclic Herbicide
Compound
Bicalutamide 90357-06-5 NEG NEG - Amide Pharmaceutical
Corticosterone 50-22-6 NEG NEG - Steroid Pharmaceutical
Hydroxyflutamide | 52806-53-8 NEG NEG - Amide Pharmaceutical
Linuron 330-55-2 NEG NEG - Urea Herbicide
Heterocyclic Pharmaceutical
Phenobarbital 50-06-6 NEG NEG - Compound, . K
S Veterinary Agent
Pyrimidine
Spironolactone 52-01-7 NEG NEG - Lactone, Steroid Pharmaceutical

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); ECs, = half-maximal effective concentration of a test substance;

ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar;

MeSH = Medical Subject Headings (U.S. National Library of Medicine); NEG = negative; POS = positive.
Substances are listed in order based upon ECs, values.
BG1Luc ER TA consensus classification represents the majority classification among the three validation laboratories.

Mean ECs, values were calculated with values reported by the laboratories of the BG1Luc ER TA validation study
(XDS, ECVAM, and Hiyoshi).
Substances were assigned to one or more chemical or product classes using the U.S. National Library of Medicine’s
Medical Subject Headings (MeSH), an internationally recognized standardized classification scheme (available at

http://www.nlm.nih.gov/mesh).

Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous
Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).
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Table 4-2 10 Reference Substances for Evaluation of ER Antagonist Accuracy
ICCVAM BG1Luc BG1Luc ER MeSH
Substance® CASRN »| ERTA TA Mean ICs Chemical Product Class*
Consensus ¢ d
Consensus (M) Class
Tamoxifen 10540-29-1 POS POS 8.17 x 107 Hydroca.rbon Pharmaceutical
(Cyclic)
4-Hydroxytamoxifen 68047-06-3 POS POS 2.08 x 107 Hy(‘g;’gﬁgo“ Pharmaceutical
Raloxifene HCI1 82640-04-8 POS POS 1.19 % 10? Hydroca.rbon Pharmaceutical
(Cyclic)
Pharmaceutical,
170c-Ethinyl estradiol 57-63-6 NEG NEG - Steroid Veterinary
Agent
Dye, Natural
. Heterocyclic Product,
Apigenin 520-36-5 NEG NEG . Compound Pharmaceutical
Intermediate
Flavonoid,
Chrysin 480-40-0 NEG NEG - Heterocyclic | Natural Product
Compound
Coumestrol 479-13-0 NEG NEG - Heterocyclic Natural Product
Compound
Flavonoid,
Genistein 446-72-0 NEG NEG - Heterocyclic | atural Product,
Pharmaceutical
Compound
Flavonoid,
Kaempferol 520-18-3 NEG NEG - Heterocyclic | Natural Product
Compound
Hydrocarbon
Resveratrol 501-36-0 NEG NEG - . Natural Product
(Cyclic)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number

(American Chemical Society); ICso= half-maximal inhibitory concentration; ICCVAM = Interagency Coordinating
Committee on the Validation of Alternative Methods; M = molar; MeSH = Medical Subject Headings (U.S.
National Library of Medicine); NEG = negative; POS = positive.

Substances are listed in order based upon ICs, values.

BG1Luc ER TA consensus classification represents the majority classification among the three validation
laboratories.

Mean ICs, values were calculated with values reported by the laboratories of the BG1Luc ER TA validation study
(XDS, ECVAM, and Hiyoshi).

Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical
Subject Headings (MeSH), an internationally recognized standardized classification scheme (available at
http://www.nlm.nih.gov/mesh).

Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous

Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).

4.2.3.2 Characteristics of Selected Reference Substances

The reference substances include a range of chemical and product classes representative of the
classes commonly associated with endocrine disruption.

Agonist and antagonist test method intralaboratory reproducibility was evaluated using nine
substances and four substances, respectively, that were each tested three times on three separate
days at each laboratory. Agonist and antagonist test method interlaboratory reproducibility was
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evaluated using 27 and 8 substances, respectively, that were tested at least once in each laboratory
during the validation study.

4.2.4 Accuracy and Reliability Performance Values

The final elements of performance standards are the accuracy and reliability values (i.e., test
method performance) that should be met or exceeded by the proposed test method when
evaluated with the reference substances. Accuracy is defined as the closeness of agreement
between a test method result and an accepted reference value. Reliability is the degree to which a
test method can be performed reproducibly within and among laboratories over time (ICCVAM
2003b). For these performance standards, the proposed test method should have accuracy and
reliability characteristics that approximate those of the validated ER TA test method, which are
detailed below. Although it is not realistic to expect test methods to perform identically,
discordant results should be addressed in terms of the test method’s ability to accurately classify
other substances with similar potencies and from the same chemical/product classes.

4.2.4.1 Test Method Accuracy

The analysis of agonist activity for the 34 substances in Table 4-1 indicated an overall accuracy
of 100% (34/34), sensitivity of 100% (27/27), specificity of 100% (7/7), false positive rate of 0%
(0/7), and false negative rate of 0% (0/27).

The analysis of antagonist activity for the 10 substances in Table 4-2 indicated an overall
accuracy of 100% (10/10), sensitivity of 100% (3/3), specificity of 100% (7/7), false positive rate
of 0% (0/7), and false negative rate of 0% (0/3).

4.2.4.2 Test Method Reliability

For the BG1Luc ER TA agonist test method, there was 100% agreement within each laboratory
for each of the three repeat tests for nine reference substances tested in Phase 2 of the agonist
validation study. When results were compared across laboratories for these nine substances, there
was 78% (7/9) agreement among the three laboratories for the substances. An additional

17 substances tested once in each laboratory for agonist activity produced a definitive result in at
least two laboratories. There was agreement among the laboratories for 82% (14/17) of these
substances.

For the BG1Luc ER TA antagonist test method, there was 100% agreement within each
laboratory for each of the three repeat tests for four reference substances tested in Phase 2 of the
antagonist validation study. When results were compared across laboratories for these four
substances, there was 100% agreement among the three laboratories for all four substances. An
additional five substances tested once in each laboratory for antagonist activity produced a
definitive result in at least two laboratories. There was agreement among the laboratories for 80%
(4/5) of these substances.
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5.0 ICCVAM Consideration of Public Comments

The ICCVAM evaluation process incorporates a high level of scientific peer review and
transparency. The evaluation process on the use of the BG1Luc ER TA test method as a screening
method to identify in vitro ER agonists and antagonists included one public review meeting by an
independent scientific peer review panel, multiple opportunities for public comments, and
comments from SACATM. ICCVAM and the EDWG considered the Panel report, SACATM
comments, and all public comments before finalizing the ICCVAM test method evaluation report
and BRD for the use of the BG1Luc ER TA test method. This section summarizes the ICCVAM
consideration of public comments (see Appendix E).

5.1 ICCVAM Consideration of Public and SACATM Comments

Six opportunities for public comment were provided during the ICCVAM evaluation of the
BG1Luc ER TA test method (Table 5-1). A total of nine comments were submitted. Federal
Register notices published by NICEATM—-ICCVAM during evaluation of the BG1Luc ER TA test
method are available in Appendix E and from the NICEATM-ICCVAM website
(http://iccvam.niehs.nih.gov/). Comments received in response to or related to the Federal Register
notices are available on the NICEATM—ICCVAM website.* The following sections, delineated by
Federal Register notice and public meeting, briefly discuss the public comments received.

Table 5-1 Opportunities for Public Comments
Number of Public
Opportunity for Public Comment Date Comments
Received
69 FR 21564 - In Vitro Endocrine Disruptor Test Methods: April 21, 2004 0

Request for Comments and Nominations

71 FR 13597 - Notice of Availability of a Revised List of
Recommended Reference Substances for Validation of /n Vitro
Estrogen and Androgen Receptor Binding and Transcriptional March 16, 2006 0
Activation Assays: Request for Comments and Submission of /n
Vivo and In Vitro Data

74 FR 62317 - Evaluation of In Vitro Estrogen Receptor
Transcriptional Activation and /n Vitro Cell Proliferation
Assays for Endocrine Disruptor Chemical Screening: Request November 27, 2009 6
for Nominations for an Independent Expert Peer Review Panel
and Submission of Relevant /n Vitro and In Vivo Data

76 FR 4113 - Announcement of an Independent Scientific Peer
Review Panel Meeting on an In Vitro Estrogen Receptor
Transcriptional Activation Test Method for Endocrine Disruptor | January 24, 2011 1
Chemical Screening; Availability of Draft Background Review
Document (BRD); Request for Comments

76 FR 23323 - Meeting of the Scientific Advisory Committee

on Alternative Toxicological Methods (SACATM) April 26, 2011 2

76 FR 28781 - Independent Scientific Peer Review Panel
Report: Evaluation of the Validation Status of an In Vitro
Estrogen Receptor Transcriptional Activation Test Method for May 18, 2011 0
Endocrine Disruptor Chemical Screening: Notice of Availability
and Request for Public Comments

* http://ntp-apps.niehs.nih.gov/iccvampb/searchPubCom.cfim
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5.1.1 Public Comments in Response to 69 FR 21564 (April 21, 2004)

In Vitro Endocrine Disruptor Test Methods: Request for Comments and Nominations
NICEATM requested nomination of ER and AR binding and TA test methods for validation
studies.

No public comments were received in response to this Federal Register notice.

5.1.2 Public Comments in Response to 71 FR 13597 (March 16, 2006)

Notice of Availability of a Revised List of Recommended Reference Substances for
Validation of In Vitro Estrogen and Androgen Receptor Binding and Transcriptional
Activation Assays: Request for Comments and Submission of In Vivo and In Vitro Data
NICEATM announced the availability of an addendum (ICCVAM 2006) to the ICCVAM
Evaluation of In Vitro Test Methods for Detecting Potential Endocrine Disruptors: Estrogen
Receptor and Androgen Receptor Binding and Transcriptional Activation Assays (ICCVAM
2003a). The addendum describes the rationale for proposed revisions to the original list of
recommended reference substances for validation of in vitro ER and AR binding and TA assays.
NICEATM requested public comments on the substances proposed as substitutes for six of the
78 substances in the original list. Data were also requested from in vitro and in vivo studies
evaluating the estrogenic and androgenic activity of the 78 substances in the revised list of
reference substances.

No public comments were received in response to this Federal Register notice.

5.1.3 Public Comments in Response to 74 FR 62317 (November 27, 2009)

Evaluation of In Vitro Estrogen Receptor Transcriptional Activation and In Vitro Cell
Proliferation Assays for Endocrine Disruptor Chemical Screening: Request for
Nominations for an Independent Expert Peer Review Panel and Submission of Relevant In
Vitro and In Vivo Data

NICEATM requested:

e Nominations of expert scientists for consideration as potential Panel members

e Submission of existing data from the LUMI-CELL ER and the CertiChem MCF-7 cell
proliferation assays

e Submission of data from in vivo or other in vitro assessments for the 78 reference substances
recommended by ICCVAM for the validation of in vitro ER and AR binding and TA test
methods

NICEATM received six public comments in which nine potential panelists were nominated for
consideration. The nominees were included in the database of experts from which the Panel was
selected.

5.1.4 Public Comments in Response to 76 FR 4113 (January 24, 2011)

Announcement of an Independent Scientific Peer Review Panel Meeting on an In Vitro
Estrogen Receptor Transcriptional Activation Test Method for Endocrine Disruptor
Chemical Screening; Availability of Draft Background Review Document (BRD); Request
for Comments

NICEATM invited public comments on the draft BRD and draft ICCVAM test method
recommendations. One public comment was received that included a number of suggestions.

The commenter proposed assigning a level of confidence ranking to the reference data.
Substances for which there is a low degree of confidence in the reference data should be deleted
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from the reference list and omitted from validation studies. With regard to specific test
substances, the commenter stated that the discordant results among laboratories for atrazine,
corticosterone, and dicofol were not fully explained.

ICCVAM Response

The independent scientific peer review panel concluded that it is reasonable to use the majority
classification criteria among published study results (i.e., >50%) to establish the consensus
reference classification for each reference substance. The Panel suggested that this approach
could be improved by a ranking method, such as Klimisch criteria (Klimisch et al. 1997), that
focuses primarily on the reliability of the data. Such a method would clarify the relative quality of
the reference data and strengthen the classification. [CCVAM concurred that additional review
and ranking of the published reports would strengthen the utility of literature citations for
classifying the reference substances and agreed to take this into consideration in future
evaluations.

The commenter questioned the use of flavone as the weak positive control in the antagonist
protocol. The commenter further stated that differences among the laboratories in range finder
starting concentrations were not fully explained.

ICCVAM Response

During protocol standardization, a number of substances were evaluated for use as the weak
antagonist control. Flavone produced a dose response and an ICso = 4.3 x 10”7 M, which was
consistent with the single literature reference for this compound (reported ICso=~15 uM) and
was two times below that of raloxifene. Based on these results, flavone was chosen as the weak
antagonist control for the validation study. However, after review of the data from the completed
study, it was apparent that the vast majority of test substances classified as “negative” or
“presumed negative” produced a “positive” response at concentrations above ~10 uM. Use of
flavone as a weak antagonist control was therefore reconsidered.

The commenter suggested including quantitative comparison of test substances (such as ECs,
values) and indicated that it would be helpful to include data presented as a relative potency index
(the ECsp of the positive control divided by the ECsq of the test substances, multiplied by 100).

ICCVAM Response

Quantitative measures of activity (i.e., ECsy and ICsy values) were generated and presented in the
BRD. The independent scientific peer review panel considered the descriptive approach for
evaluating test method reliability acceptable but also suggested additional statistical analyses that
could be performed to better characterize and clarify variability. The Panel suggested that a
quantitative measure of activity should be included in each future study report, and the
uncertainty associated with these estimates should also be reported.

5.1.5 Public Comments in Response to 76 FR 23323 (April 26, 2011)

Meeting of the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM)

NICEATM announced the SACATM meeting and requested written and public oral comments on
the agenda topics. Two public comments were received.

One commenter supported the validation of the BG1Luc ER TA test method and recommended
modifications of the protocol that would allow for the implementation of a liquid handling
system. The commenter felt that the use of a liquid handling system would greatly increase
sample throughput.

ICCVAM Response
The use of a liquid handling system represents a potential improvement to the protocol that could

32



ICCVAM BG1Luc ER TA Evaluation Report

increase throughput. Use of a liquid handling system at the lead laboratory was considered during
the initial phases of the validation study. However, because of difficulties experienced with the
system that was acquired at the outset of the study, a decision was made to focus on the
“benchtop” version of the assay and perhaps reconsider incorporating automated procedures into
the assay at a later time.

A second commenter also supported the validation of the BG1Luc ER TA test method and
recommended improvements. The commenter recommended a quantitative comparison of the
BG1Luc ER TA data to EPA OPPTS 890.1300/OECD TG 455 data and development of a relative
potency index for the reference substances.

ICCVAM Response

As stated above, ICCVAM concurred that additional review and ranking of the published reports
would strengthen the utility of literature citations for classifying the reference substances. A
comparison of median ECsy and ICs, values from the BG1Luc ER TA test method and literature
references is provided in the BRD (Appendix C). A relative potency index for the reference
substances has not been calculated; however, data provided in the current review permit
calculation of such an index.

5.1.6 Public Comments in Response to 76 FR 28781 (May 18, 2011)

Independent Scientific Peer Review Panel Report: Evaluation of the Validation Status of an
In Vitro Estrogen Receptor Transcriptional Activation Test Method for Endocrine
Disruptor Chemical Screening: Notice of Availability and Request for Public Comments
NICEATM requested submission of written public comments on the Peer Review Panel Report:
Evaluation of the LUMI-CELL ER® (BGILuc ER TA) Test Method (Appendix D2). No comments
were received in response to this request.
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