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JaCVAM statement on ARE-Nrf2 Luciferase Test Method assay for skin
sensitisation testing

At a meeting held on 23 April 2015 at the National Institute of Health Sciences (NIHS) in
Tokyo, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM)
Regulatory Acceptance Board unanimously endorsed the following statement:

Proposal: When using the ARE-Nrf2 Luciferase Test Method in a regulatory context, it is
reasonable for substances that give positive results to be classified as a strong
sensitiser, i.e., a Category 1 substance under the Globally Harmonized System of
Classification and Labelling of Chemicals (GHS). It is also necessary, however,
to bear in mind that this assay occasionally yields false positive results for
certain substances. Conversely, it is quite possible that the ARE-Nrf2 Luciferase
Test Method will yield false negative results for some chemicals, which means
that it would be unreasonable to use it as a standalone test for assessing skin
sensitisation potency. We therefore conclude that the use of the ARE-Nrf2
Luciferase Test Method in a regulatory context requires a thorough
understanding of the assay’s strengths and weaknesses as a prerequisite to its
application within an integrated approach to testing and assessment (IATA) that
will also take into account information from other sources.

This statement was prepared following a review of OECD TG 442D “In Vitro Skin
Sensitisation: ARE-Nrf2 Luciferase Test Method” as well as a JRC Scientific and Policy
report “EURL ECVAM Recommendation on the KeratinoSens™ assay for skin sensitisation
testing”. The JaCVAM Regulatory Acceptance Board acknowledges that the results of this
review as well as of a study of materials prepared by the JaCVAM Editorial Committee
indicate that this assay is useful in a regulatory context.

Based on the above, we propose that regulatory agencies performing safety assessment of skin

sensitisation potency consider using the ARE-Nrf2 Luciferase Test Method as an alternative to
testing with laboratory animals.

i f .: o u o .I ]
IHH. :“-E I Lwl ....7.- I.l .:’-Tl
Yasuo Ohno Akiyoshi Nishikawa
Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

20 August 2015



The JaCVAM Regulatory Acceptance Board was established by the JaCVAM 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. Yasuo Ohno (nominee by JaCVAM Steering Committee) : Chairperson

Mr. Naofumi lizuka (Pharmaceuticals and Medical Devices Agency)

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

Mr. Kazuhiro Kaneko (Japan Chemical Industry Association)

Mr. Eiji Maki (Japanese Society of Immunotoxicology)

Mr. Takeshi Morita (Japanese Environmental Mutagen Society)

Mr. Akiyoshi Nishikawa (NITHS)

Mr. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency)

Ms. Mariko Sugiyama (Japan Cosmetic Industry Association)

Ms. Koko Tanigawa (Japanese Society for Alternatives to Animal Experiments)
Mr. Takashi Yamada (National Institute of Technology and Evaluation)

Mr. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact Dermatitis)
Ms. Midori Yoshida (NIHS)

Mr. Takemi Yoshida (Japanese Society of Toxicology)

Mr. Isao Yoshimura (nominee by Chairperson)

Mr. Kazuto Watanabe (Japan Pharmaceutical Manufacturers Association)

Term: From 1st April 2014 to 31st March 2016



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

Mr. Akiyoshi Nishikawa (BSRC, NIHS): Chairperson

Mr. Toru Kawanishi (NIHS)

Mr. Mitsuru Hida (Ministry of Health, Labour and Welfare)

Mr. Akihiko Hirose (Division of Risk Assessment, BSRC, NIHS)

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

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

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

Mr. Takatoshi Nakamura (Pharmaceutical & Medical Devices Agency)

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

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

Mr. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency)

Mr. Atsuya Takagi (Animal Management Section of the Division of Cellular and
Molecular Toxicology, BSRC, NIHS)

Mr. Masaaki Tsukano (Ministry of Health, Labour and Welfare)

Mr. Nobuo Uemura (Ministry of Health, Labour and Welfare)

Mr. Hajime Kojima (Section for the Evaluation of Novel Methods, Division of Risk
Assessment, BSRC, NIHS): Secretary
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AR L AR — % —7 v A . Antioxidant response element (ARE)-Nrf2! Luciferase Test
Method (AT, AREBRIELFT) 13, (LFWEOEEEMNEEZ TRIT 5 BIETHY . i
KOENE v b EAWD EEEAEMRB (OECD TG406) . ~ v A% V% Rt U >/ <fiak
B (Local Lymph Node Assay (LLNA), OECD TG429) 35 X OFNLLNA DOZ81ETdH 5 LLNA:DA
(OECD TG442A)7¢ 5 TMNZ LLNA:BrdU-ELISA (OECD TG442B) & b, @4 72 &
IRHE AR T D, ARBIEIL, RIGEIEMEZ AT 22 < OLFWED ARE IZ XV fili#E S
TWOBEBTORBEZFET L N0, ZOFEEEEZEEEMEZ HOCCHEST S Z &
LY, BERMEEOFEZ TR 2R BIETH D, ARBRIEDONY F— g VAR ORE
FAZ DWW TIX, European Union Reference Laboratory for Alternatives to Animal Testing (EURL
ECVAM)Z X 2% “F il T LTV D Y, JaCVAM A1, B RENMERBRE BHim
BEZERIT L VB S N B IRAENERER ARk LR — % —7 v B A OFHliER S &
% BRI AGABRIE D 2 B PEIC SV TRRES L7z,

1. ABEDFESR
L' AR L R — % —7 v & A : ARE-Nrf2 Luciferase Test Method

KRBT DG Em R . BTy M2V EERIENERER (OECD TG406) X0~
2 &EHWDRATY v B [LLNA (OECD TG429), LLNA:DA (OECD TG442A),
LLNA:BrdU-ELISA (OECD TG442B)]

REREOWENS © AKEBRIEIL. Nrf2-Keapl?-ARE pathway #FIH L. 7 Z7F /7 A FHEK
ARE-N2 Vo7 2T —EB LR —F —BIETERANCLAR—F—T v THD Y,

Nrf2-Keap1-ARE pathway (%, #55[K - Nrf2, Nrf2 O#l K- Keapl 33 & Y ARE 23 BEf% 7
LB T HBIREE TdH D, Nrf2 I Keapl EfE L, ARE ITIKF L TRET DBz FHEDI
BE&ZHE L T 5b, Keapl D AT A VERILIZKREFHEOILEWENRFEST H &L Nif2
I% Keapl 2> SfiREfE L, #PN~B1T L CDNA L® ARE IZHEET 5, TORRE, FiROE:
TEOFBBENFEIN, LFWEICLLEEPOMIAARET D7 OICHEET D, B
YEVEZR B T 52 < DILFEWE DY Nrf2-Keapl-ARE pathway Z 1ML 5 Z E 35TV 5,

ARBRIE Tl AKRIC2 Efn T (BRSO CRIERIEEWEIC L v BREHES N
HIEIEFD 1) O ARE ZE SH7ZSV40 7o —FX—42HT 5LV 7 =7 —PlEin+
DT T A NELZEMITE A LT HaCaT Mifld (& N7 ZF 7 % bHokE M) % M
Wb, {LFEWEIZ LY Nrf2-Keapl-ARE pathway 2MEMHAL S D vy 7 = 7 —EBBIE T2
BET 5, BEZRMLTAVY 7 =7 —ERMilE 2 KISOREEEZNET S Z LIk
0. ALFE O B EREAEIEDS T S D,

L Nrf2 : Nuclear factor (erythroid-derived 2)-like 2
2 Keapl: Kelch-like ECH-associated protein 1



2. FHEIZ AW B RS X ORHINE O R 2R 2% 4 v

AFRERIEIX, KeratinoSens™* Z W THEM I N7 Y F—2 a V% 2L Z1ic#i<
EURL ECVAM Scientific Advisory Committee (& & 0 JS7 U 7255 = FH 5l FEhE S D, Feg
BAEMERBOMRIEE LTHEMIZZ Y Th L @GSN TN D, ATV TIEL,
JaCVAM P& A F R B B2 B 8 L AR IE O B A EERBR AR E & L TR
B2 Y PEIZ DN T, AR STV DR D& IICFE L7, RO/ R, ARBRIEIZ, K
JERAEME 2 BT 22 < OILFEWEN ARE IC L VBl SN TV D BIRFORBRAFHLES 5 &
WO R E BRSBTS 1T D EER A N NERH L TR, RERIEERBR O AR
ARk & UCRERZYMER S D B2 b 9,

B, BEMEEZHRE LAY T =g VRBRICE W TR ERIUTR Y 08 0 | Hisk
W - Sk I BPEIITRE E TR & Th D & i i T L7z,

3. AREREBIEOH FME & 5 RS

ABRiEX, v N7 F 7 oA NHREEMIEKZ W% in vitro 3BR1E T, 3Rs OFERf
WZABE LTS, £/, 1#HBWENT- VDT =7 ax by, v AEZHWS LLNA
CHE LT/ RETEMATETH Y, BHIM S LLNA XLV Sl TH L Z L2 b AR
Bk f@fErE s L OREEomr AR E VWL 5, BT, HERENEZHFT 5% 0L
WED AREICK VB SN TWDEIETORBLFHFLEST L2 &0nb, KRBRIEZ, 20
B AR E O TRIET S 2 ek, HEREEOFELZ THIT2H0OTHD .,
CFE ORAEIEZHWT 5 ECEERERE 52 5,

L L7eRn 5, BT Z ORI © X 2#a% 13 KeratinoSens™ O A TH Y | FH
IR 28057 L 72 Givaudan fE 67 A B U A2 BB T 52 ENMNETHY . HHLE
O CHIHFRE SR OFEMIT A CTH 5, — 77, KeratinoSens™ 2z 4 L 72\ 5413, OECD
VERR D AGRER 12 B9 5 Performance Standard (%2) DIZHEV, B4 E2/RERT U2 672
W, F£72. LogP 28 7 LA EOSRBKMEME X, DMSO & K ~DIEfRFFED & 5 BR (25 ¢ &
N, BREEKEIE, VU U L RS EE R TREN B . VAT A L ORISR
72 Nrf2 pathway Zi58 L7228, BEEMELHESNDAIREERSH D, V7 =T —Ef
HRICTFWTMFWETIE, Vo727 —BIEMEEZIELKET 22 N TERWVWEDE
BERMLETH D, BACSUSRBILIBT X /) KIS EZ 0B ETHE OT LT T U IFEL
SHIESNDD, ¥ M7 1 L P40 I KDTEMALAME L T2 7 a7 T A3 TE 20,
B E OV 2RBR 00, MRsEEOROCYE ITEU) 2R E TR TE WG S
N5, 100 WELLEZFHE L2l *NCB1T 2 ARRBRIEOKEIX, 76.7%L 17% TH 5 7=
W, O EPE LN THRBRMEOFEEEZBETILERH S, F/-, FFRED, 82.1%

3 KeratinoSens™ : Givaudan tHiZ K> THIN. SN7=7TFF /YA FHE ARE-Nf2 Vv 7 =5
—PLIR—F—BEFDOTTAI RELERNTEA L T F /YA +HEREEE MR



L 1% THDLZ LG, BHEOEENGONTZHAICYH., BEMEO RN D Z &I
BELRTIER B0,

4. B LT 2WE IGO0 FMEL IS 23 BRE L LTo, #2izid At LU
1TB L ORI O Al Retk

FEERZ T ANLE -

AFERIEIL, MR KOV 96 K7 L— MHA I ) A—F —BEHIN 2R L T
NWIEESICFERTELRRTH D, 7272, BIRFA T T & 2 MR 1% KeratinoSens™ o 7
THY . IFETLTH S Givaudan 05 7 4 B A ZESGT 50N H 5, ARBRIED Ei
ERERDFERIZ Y 72> TiE, LFWEOME & E DR Z BARD 2 L8R N H 5, L
L. ARBRiEIL, RIGRIEMEEZ AT 22 < OLFWED ARE IZ XV il S T 58T
DIRBLEFHET D &0 ) BFRAEMERBEFICB T 2HEERA XV MR LTy, b
FOE DO GENEEE B Z D ECHERERE G252 &b, ARBRIEDOHSHIZ T A
AWV b D EEZ D,

TEEDOF A

KABRIETHEOMRPGONTZEE, TOMFEMHZBNRIEEWE TH 5
GHS(Globally Harmonized System of Classification and Labelling of Chemicals)X.7) 1 IZ574H3 5 Z
CIHTBEFRETH D, L LR, MBBMEORRP/AET D Z LIT-HE LR
BB, —J7, ARBRETREDOHRPGONTIHE, £ OIFWE O B EREAEIEI A
FEPEDRREMED &V . ARBRIERM T ORFFREAEMEZHET 5 2 LI3EE L v, ARBRIE
X, & OFFEE 7 1 Bfi# LU 7= _E T IATA (Integrated Approaches to Testing and Assessment) %
HpT 5 2 DM OIFERIR & A GO THUNTFHET 2 2 & 25, 1TE 252 T AT LB
ThbdLEZXD,
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1)

2)
3)

4)

5)

6)

7)

EURL ECVAM (2012). ESAC Working Group Peer Review Consensus Report on
Givaudan-coordinated study transferability and reliability of the KeratinoSens assay for skin
sensitisation testing.

DB-ALM (INVITTOX) (2013). Protocol 155: KeratinoSens™ .

Natsch A., Ryan C.A., Foertsch L., Emter R., Jaworska J., Gerberick G.F., Kern P. (2013). A
dataset on 145 chemicals tested in alternative assays for skin sensitization undergoing
prevalidation. Journal of Applied Toxicology, 33, 1337-1352.

Emter R., Ellis G., Natsch A. (2010). Performance of a novel keratinocyte-based reporter cell
line to screen skin sensitizers in vitro. Toxicology and Applied Pharmacology 245, 281-290.
EURL-ECVAM (2014). Recommendation on the KeratinoSens™ assay for skin sensitisation
testing, 42 pp.

Available at:

http://ihcp.jrc.ec.europa.eu/our_labs/eurl-ecvam/eurl-ecvam-recommendations/recommendation

-keratinosens-skin-sensitisation
JaCVAM & EEMEMRBREBIR R LZ B S - RERIESERBRGE MRS ARB-Nif2
Luciferase Test Method (“Fhk 27 44 H 28 H)

OECD (2014, in preparation). Performance Standards for the assessment of proposed similar or

modified in vitro skin sensitisation ARE-Nrf2 luciferase test methods in TG xxx. OECD
Environment, Health and Safety publications, Series on Testing and Assessment N. xxx, OECD,

Paris.



FZ JE SR R g Al et 2

ARE-Nrf2 Luciferase Test Method

ALk L R — 2 —7 vk A

Rk 27 44 H 28 H

JaCVAM J¢ &R EM AR E B B2



JaCVAM J¢ &R EM AR E B B2

ZER AR (B =2 RS
ZE  ZERT (ENEERRSEEITZER)

efEERET (CBRMEEAN RdEhZet ¥ —)
NEE— (CIRIMHEEN Rk et 4 —)
e —t8 (ENZREFHEN BHFRS)

W ERM (RUEEN AL ERHmATFERAE)
ARAES (EA LR



%2E

B G RAEME I AL F B O L AMFHIIC B W CEHEZRFIEE TH Y | ik, ELEY b
R~ U A% W8 IR L o TRl S 70T & 72, IE4E BU 2B 1T 2 BN b Z B Tl
ZEMEFI I v e — % — % W8 &N & A B (QSAR:  Quantitative
Structure-Activity Relationship)E 7 /LX> in vitro FREX DBRIENHELE S TR D . B FEERIZ X
0 L RNERANL S VT2 Sy S e b RE S OF AR GE AR IE S e 2 L h (2013 4 3 H A
WEAT) . B & ARV in vitro iBRTE DBRFE SR < EE LTV %, ARE (Antioxidant response
element )-Nrf2! Luciferase Test Method 1%, 2 < O JERAEMEME DY ARE (I L 0 flfl S5
BT ORBAFET L2 2L, ZOFEIEEICONWTEEMLEZ HNTT v A
THREBRIETH D, AHEZEX, = D ARE-Nrf2 Luciferase Test Method (22T, AaBR L
% BA%E L7z Givaudan #0SAT8) 5 —3 3 R BRO RS N2 EURL  ECVAM  (European
Union Reference Laboratory for Alternatives to Animal Testing) FH#kfEE S (ESAC) (2K D %E
M ST = FH IR E SR CARKICZOFIRE O, AHMELRAZFHMELZHDOTH
2

ARE-Nrf2 Luciferase Test Method (VAT ARRERE & G2d) 13, BAEMERBMTFICRB T 2%
TBMEDOA R N THDTTT A MIEBT D RIERIGE L O Nrf2-Keap1?-ARE pathway
ZAM L7CARBRIETH O | AL FWEOBIEME 2 5 L CHEERFEHREZ E X T D,

~ A EHNWDHRBIETH D HATY o Higk (LLNA:Local Lymph Node Assay) D9 1/7
BEOT =7 aX NTEBAIETH Y | inviro REBRIETHH Z L AHMEITE N,
L LD 6, BIRER CARBIEICHEH TE 5 2 & VA b T 2 Ml R 13 KeratinoSens™
DHTHY | ZOMHERITITAMIR Z /B2 L7e Givaudan 152026 7 A4 B A &5 5 Z &0
VBT | HHEADE G 2R L ITE VW,

ARRBIEDOFAT NN 7 —3 3 VRBRIZE T 2 sk W EFBIMEIE, 5 sk 1 skl T,
GHS(Globally Harmonized System of Classification and Labelling of Chemicals) X7} 1B {25758 & 41U
08 (FHVRIEEWE) B X O E THIEMENG O R o 7clcd, AL L
ToEREETE (85%) ITELTELT, MWEIEMEME LA TITHIER SN DEEDL H 5,
—J, MEMHEENEL BLE UToEs A 80%) % LFEl-7z,

ARBIEDIRE T, £ 80% TH Y | RBIEOFRNGEOLNIZGLEIT, RO TR Z %
B L., #i7E LIS A MORERIC L - THERR L i Ze 63, RRBRIED A TR EREMN: %
BEfE L HET D LT TERY, £lo, FFRESL, K 80% Th D Z b, BtEoRE RN
BONTEGAEICH, BEEORRPEC DR H L Z LICEE L2 T b,

AGRBRIETIL, EMELICRER 2 LB LT 50 FWHEIT, EL < ZORBEE R S
IRWVHREMED B D, Flo, MR TH D720, BKMEOEWWE TIIHE SN TWDEE

L Nrf2 : Nuclear factor (erythroid-derived 2)-like 2
2 Keapl: Kelch-like ECH-associated protein 1
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B (2000 uM) TOFHIAEE L <. RRIEHEN FTERWEER & 5,

UbEzEE R, REBSIT, RBBRIEDS B EAEMFMICHE S D 2012,
KeratinoSens™ W Z{MIC AFTE L Z ENRIHEE B2 D, o, KRBRIEORR~ R [RR 2%
B 5 & ARRBERIM TR ERBAEMEOFAEII AR+ TH Y | FELO BT o
BRik (LLNA, E/VE > b & WD RERENERBR R ©) EMAE D TORME &2 HEEE 3 5,

1. #5

BE A AR T 5 2 &I P E ORI W THETH 5, (WFWE DK
J& T OBAENEMED V) 27 2@ TR 23 BRIE L LTEALE Y 2V D BERAFEME
AR (OECD TG406) X~ U7 2 & WA JRAT Y v/ Eisklik (LLNA: Local Lymph Node Assay,
OECD TG429) 3% %, Z ®[*H-Methyl]-thymidine BUA £ % &3 % LLNA LA I PER
A (R % M9 ATP 8% 95 LLNA:DA (OECD TG442A) <° Bromodeoxyuridine
% 7 % LLNA:BrdU-ELISA (OECD TG442B) &%, Z® X 512, BIIE OECD /5
HARTA & LTRRSNTWDRBIEIL, B E T invivo DFRBRIEDHTH S,

EU (28 2Rk Il (REACH: Registration, Evaluation, Authorisation and Restriction
of Chemicals) Tix., Z&Miifili=a v B2 —% —% AW EEREEEIEMRES (QSAR:
Quantitative Structure-Activity Relationship)E 7 /L2 in vitro kBRI L A BRIEAHERE ST
V. B FERRIC X0 ZEVEDFIME S AL R 2 B A TR Ol A KL OMRGER EE IR S
7z (2013 4F 3 A RfElT), £ 072, ALFWE O BB 2 RHl 9 2 ROE DB FE 23 i
<ROBNTND,

BTE, X7F K& OFEE RIS %FIH L7z Direct Peptide Reactivity Assay (DPRA), HLEKR
HA OFEEAL 2 F]H L 72 human Cell Line Activation Test (h-CLAT) 35 & U Myeloid U937 Skin
Sensitization Test (MUSST). 77 F / %A Mk OIER B F & AV 72 ARE-Nif2
Luciferase Test Method 72 & O S FEAEMERER OB & 22 WEN) EBR AL SRR S
TFH Y., EURL ECVAM (European Union Reference Laboratory for Alternatives to Animal Testing)
HIZBW TR F—v g UMM T TN 5,

ARE(Antioxidant response element )-Nrf2 Luciferase Test Method I3, 2% < O & J&RAEMME
N ARE ICE VSN DB FOREBRLFEST L E2FM L. ZOFEIGIEIZ OV TH;
B Z W CRME 3 23 BR{E T 5, KeratinoSens™EIIARGBERVE D 7o DTN S L7
o %A 3 2 3% Td 5, KeratinoSens™ kA W THEN S - AREBRIEDNY 7 —2 3
VRFFEDRERIZ OV TIE, EURL ECVAM FEifZ AR (BSAC) IZ X 55 = Akl
TLTWA D,

JaCVAM B FERBR g fim e Z B (LR, AZB%) 7% ARE-Nrf2 Luciferase Test
Method @ R & REAEMFRBRIRTE & L CORMFERIZ Y PEIZ DU T KeratinoSens™/{% % F T
Fhts SNT-ARBIEDONY 7 —3 a VRO RS, BEE TIZAR SN TW 2 IEHRE
CIZRHl L7=D T, ZTORRERET D,



2. ABRED R H

BOERAEMEIL. & M TR E R, B (BofE) TITEMEBUE S L Tmbn sk
FYEDOFED—D>TH S, OECD N E & 7= Adverse Outcome Pathway (AOP) CTlix, b5
WYENZ & D B REIAENEIZIR D 4 DD Key event B LD & X TV D D,
1) fLEWEEZ L RIEDVAT A VLD DT VU E OEREE
2) T IF YA MIEBT DRIEMIGEF L Y ARE-dependent pathway (& K %8s I
3) BRI OTEMAL (RFROMIRR T~ — I — OB, 7T A 00 A NI A L DREEA)
4) U A T Mo

ARE-Nrf2® Luciferase Test Method 1% EFEDE 2 @ Key event (Zxf T 2 ERIETH D, £
D HARK)FHE Nrf2-Keap1*-ARE pathway (X1 1) #FH L7 AR —F—T v &AL THD Y,

1. Nrf2-Keap1-ARE pathway DX

\ /"_:' o \ /,..

KEAP1) —————— ([ KEAPI

NRFIJIMAF
N/
KEAP1 ) l
CcBP) ¢
@ \ M»‘\F_} r
l “{Ub e
N/
KEAP1 |

Nrf2-Keapl-ARE pathway (%, #5757~ Nrf2, Nrf2 O#il[H 1 CTd 5 Keapl L ° ARE
DR T 2 BIE T RIREKE CTH D, Nrf2 1E Keapl EFEA L. ARE IZHAF L THRELT 285

FREORBLEZHIE L T\ 5, Keapl DY AT A VFRIBIRE TYEOILEMENEET D L.

Nrf2 | % Keapl 2> S fiEEfE L, #N~B1TL T DNA ED ARE IZF5A89 5, TOREE, TiiD
BETHORBINFES N, LFEWEIC L D2EEN O ZRET 272 DICHET 2, £
< DR JERANEVERE D Nrf2-Keap1-ARE pathway # 15ME L35,

ARE-Nrf2 Luciferase Test Method TlX., AKRIC2 i&fs 1 (BRIAIARIZ 35U T B A EM:
BICL W ERFESNLEIEFD 1 D) O ARE Z@EhA 72 SV40 T e —F—%2H15
Ny T 2T —BBIR DT T AI RELZERNTEA LT HaCaT fifd (& 775 2 %A

3 Nrf2 :Nuclear factor-erythroid 2-related factor 2
4 Keapl : Kelch-like ECH-associated protein 1
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RIEFMIaE) ZHW5, (BFEWEIZ LD Nrf2-Keapl-ARE pathway 23EMEL S5 vy
77— BEEBETFHRET L, EEEZRINL, VT = T — BT 2 RS ORI
ZREST D Z LI X0 ALFWE O B A T 5,

3. ABRFIEHIE

B FINEIIFFI R S 720 PR U KeratinoSens™ # W =36 0ft#ichHh b, 7 7F /%A K
H3 ARE-Nrf2 Vo7 =T —B LR —%—8Is7 (keratinocyte-based ARE-Nrf2 luciferase
reporter gene) % Mo AGERIE DML & L T KeratinoSens™ LIS Ol 2 I 235513,
OECD fEi%® ARE-Nrf2 LuciferaseTest Method (ZE83" % Performance Standard (%2) 2IZfEW>
KeratinoSens™ % 2356 & RS0 8 2 WIIE D8N, B, BE, FFRER 2R
TIEEMRLILOBIMEHLARTNIE R 20, WTFNOEE S B ERIZHWSETIZ
OECD A FZA > (%) Y0 Annex 2 [ZIEWBAFHIREE 2 fEB T 2 2 L 24584 5,

3-1. MR OFRR

ARE $HTON Y T =T =B LR —F —BInF A2 ZEMICIRDIAALTZE N T AV ==y
7 HilR &2 W%, (BRAEIL. KeratinoSens™ DA Tdh 576, ikBRIEDBREE & 6 i
RIZFEATE D 2 CZOMBAREAFTLTHERT 2 Z 1272 5), f7E S iR E o
Qb 4f) ZHIHL, DEILTHREL, ZhEEA My sfllns 35, 2~y 7l
DOIIE S, FRE SRS 251 DN TRBRICEAT 5, SHERATHIZ 80~90% =
YINTY NIRRT 7 A an bl Lc ¥ — el z 4 Bt GRUIn v 7 =7 —
BIHHRGE, 1 ATAMRERE) @96 7=/ L— MR (10,000 cells / well) 3%,

3-2. WBRME B X ORI o R

JRAE LT, BRY B O E T 5,

BRI 1X DMSO (Z¥iE LT 200 mM OIEIR % FiH9 %, DMSO I AREDOH A IXIRE K
BHOVIIHRIIC CREBRICTHAT L, 2oz, WE B 23088 75, 2 7TESAH
DYRDE DA 1L 40 mg/mL H 50T 4% (W/V) OIERET D, T DERK%Z DMSO
(REE O E TXIRE K F 72 TR G 1) TS 2 AR L T 12 BPEOIREE (0.098~200 mM)
WR & T 5,

BElhsct i (BEA) 121 7 L— B0 6 Yo A0 ERERRICHET 5,

B M %} B 13X Cinnamic Aldehyde ( CAS No: 14371-10-9, trans-3-Phenyl-2-propenal,
trans-Cinnamaldehyde) % F\>, DMSO IZ{fi# L C 200 mM DOIFEZFHH L, X 512 DMSO
THRLT64mM L35, ZDOWEHKHS DMSO T4 #l A LT 5 BEFEORRE (0.4~6.4
mM) AR 5,

EBIT, TRTOWKZ MG S AR T 25 (AT 5, 20 OTEAIKEZ % 7L
W2z % (MEBREEOEN ] Z8) & RfIRE TR E T 0.98~2000 uM, Bt



FAT4~64 uM & 705, FEM IR0 DMSO O #E IR BT OFRENE LR U 1% & 72 5,
e &b 2 B0 K LIIEETT O 2, 3EIBEEITHOHAELED T, TNENOMY K
LHIEIXZ A 222 TV, BBRWE ORIRME, Moz E WREUIFRC b o) i
VIR LHIE Z & 1247 9,

3-3. BRI EE DN

24 WIS RE D 4 DT L — FORFHRIRZ#C. 1 v/l dH 7=V 150 pL O MiE & A 15
HUEWERE) CTEEHZ D, R LR ERRE % 50 uL 5% 7 =/ Z., 48
], 3741°C. 5%COy A ¥ F 2 X—FNTERT D, 72720, 1| UV EAE (i,
22y IV) LT D, TITND DR EGYE BT DO T L— N D IR S,

3-4. V7 =T —BIEHEORIE

WOy 7 = 7 —BIEROREITIE, 1) BEDORWVWLI ) A—F 2) KOREIZLD
HEDHEZ IR T ADESERF -T2 7 L— b, 3) TORIBREL T HE DK
WHIEEZGD 720DV T 27— B REOBRPEE TH D, TNLEHRT DT
Amnex 3R ENTe Yy N7 v T HIEEZRBRANCHET 5 2 L 281D 5,

Bk T, HiEZHT. U UBRRE L AR AE K T Y S . NIRRT & 4
VI WA, IR T 20 AT 5, MR A G L — N AL ) A—Z TRIE
THIO, FUVTINNT T =T —BOEEKR S0 WL M2, 1 BFREFH, 2 PHEOREEE
RS 2,

3-5. MR AEAFRONE

M oAEGFREZBET D2 7L — MiF, BEKTZICEMZ MIT
( 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Thiazolyl blue tetrazolium
bromide; CAS No. 298-93-1) &AM fEEEHIZ 2SS %, 4 ], 37°C. 5%COy A >3 2N —
SZNTEA#ET 2, HE%, MTT S A2 T, 10%SDS(Sodium Dodecyl Sulphate)##ifZ 72
E T RMIREiE% . 600 nm QWL ZJIET 5,

3-6. IEEMNOLL T DT A= —%3KD D,
- PR R L OB IR TR SNV Y T = T — IR O R R EAEER 1 Tna
T = T —BIEEOFENFE RO L5 FOBE (LY 7 = 7 —BIHED 50%HE 1)
B ZT-PREE  ECis
- HIRAEAFHDY 50%35 KON 30%0 & 72 HIRSE : 1Cs0 38 LV IC30

T =2 T —BIEMOFEER (Fold induction) 1331 6RO 5, BIEOR KFEERE

L, A O IR LAEDFE L LTRD %,
it 1 Fold induction = (Lsample 7Lblank) / (Lsolvent 7Lblank)
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Lsample : %ﬁ%ﬁ%g@%%gﬁg
Loiank - ARG, ELLE 056 R 7 L DI TR
Lsowent 5 %Hﬂﬂ’ﬂ CE fgﬁz)) % fcﬁ ) ljill/@ﬁig%\é%gﬁg

EC15 1330 2 I X W AR S W TR D, 28D ECisid, H~ O K LRIED
LA TRD 5,

=2 ECi5=(Co—Co) x {(1.5— 1) / (Ir —1a)} +Cy

C, : 1.5-fold induction % 2 72 AKIRE  (uM)

Cp : 1.5-fold induction AJifi D fe m L (uM)

I, : 1.5-fold induction % 8 % 72 F K B T @ fold induction (3 [EIHIE D F-2))

I : 1.5-fold induction AJiij D fz @i £ T fold induction (3 [A1H]7E D))

A= (Viability) 133 0 HRD B,
A3 Viability = (Vsampie = Vbiank) | (Vsotvent —Vbiank) % 100
Viample  BSRE D 7 )LD MTT W
Vitank © TERARE,  JEALGE D 5FIR 7 =L D MTT WG EE
Viowent = #IIE & TR & 70 2 & L DY) MTT WL

ICso & 1C30 132K 4 1T X W BB SO TR D, 2IKD ICso & 1C30 1%, 2 DY
B UIIE DT ER T TR B,
K4 IC = (Cp—C)X[{(100—x) =V} / (Vs — V)] + Ca

x : REZRD DR E

Cu : MNAETFR x Y%l & 8 2 T S IR E (uM)

Cy : MBAELER x Yol DB miRE (M)

Vo : FIBAETFER x %l & 8 2 7= e IR S IS B U D AEFR

Vo : MEBAEAFER x YoldiRili OB miR 31T DR

1.5-fold induction & #8 2 7= B IEFEICHOWT, NP7 = T —BIEMEDOFHFE N EFEA R
I L THERE (p<0.05) THLIDERAET 5, 77 7 2B L THAENICHET 5 2
EHHEET D, DM RRERFENRD D WIS BELKISHIFRS A EZ R
BT, WEEZMEY IR L, HBRYERRAN), WETT =003 EE2iERT 5, Atk
Thd I ENHERTERGAEL, VIRV EC sHAEINT 5,

3-7. JE RN
IV NI S U s BN 7 I~ 2 Nl ) AVAS RV
1) BEPERIFR® Cinnamic Aldehyde X5 T2 < Tixe b2y, T7eb b, BBMERBOF



3D &b TIRET 1.5 OFEL ETHEFEFRICERE TR TR B2,

2) Cinnamic Aldehyde ® EC;sfEiZt A N U 7 —% (7uM & 30 uM OO Y 57—
2T —RICESEEHCEGT52 L) OO 2EEFEEUNTH DL Z & &
64 uM @ Cinnamic Aldehyde ® 3 7' L — k DD Fold induction X 2 705 8 DRIZH
52 EEMERT D, BB DT SN2V EE L, Cinnamic Aldehyde (IZ X507 =5
—BIEMEDFHE & IR R OB A SRR L IRERAEED O RGa 1%
FANGND,

3) 37 L—FD6 VTN OEHEII (G5 18 v o/v) ONEEEMREN 20% L FTH
HZEDBMET, NIV bEWEEITEDE T 5,

3-8. B fE

2EIOMED K LUERO 2 [d 5L 3 B0 D K UFERROD 2 [T, L FOT X TOERMFID
BB LTS A BRI E R & S,

D) Imax 23 15 F5F5E L 0 b K E B FRICHI LU TREGHFRIICHEE T 5 2 &,

D1IS5EUEON Y 7 =5 —BIEEOFEL KL Z L KRE ISRV T, MlRAFERIT
10% L ETHDZ L,

3) EC1sfE2Y 1000 uM Kiifi (4 T BRI DAL 200 mg/mL Kiiii) THDHZ &,

4 VT =T —BOFEEIH LN ERRERTERS D Z L,

D 75 3) OWTFRENIZENTR, VYT =T —POFHITH SN REEREMEN
RBOLIIRNE X FERITITET, SOOIV IELOERBME L 725, 1000 uM A (57
TERAMOLE X 200 mg/mL AKjili) TEMEOGE bfmIE N, Mlasttz R~ RE
IR TN 7 = 7 —BIEEOFE 2 R TWEIL. DT 07RIRELL THIEDHENE S 5
DENZHDH, ZOXIWEIE, L VPRWRESFACX 0 /NS WAHRY (B 20X 1.33
HDHWNE 1.41) 2T, FEPMIEERE CEZ200E0 2RO 5 Z EBLETH
Do

4. KEE
Givaudan #-DFEf7/8 0 5 —3 g VAFZE NZ BT, BifiBinlE, Mk N EERMER X OVE
RIFEMES R ST 5,

4-1. BABERE (& 1)

7 W'E & T iEE O Givaudan £1:7> 5 Procter&Gamble 1, Beiersdorf #1:, Institute for
in vitro science (IIVS) 35 & ' BASF @ 4 Jiiik ~DHAMIBEHNEZ SV CTRHEA T2, %
OFEF, BEREOHATEE 4283712 SOP Ot/ 1 CHINBIRIZFRETH > 7=,

GHS(Globally Harmonized System of Classification and Labelling of Chemicals) TX. 7y 1A (24748
S5 2,4-Dinitrochlorobenzene 35 & O Citral, GHS T4y 1B (243738 S 415 Ethylene glycol

15
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dimethacrylate 1%, 4> 5 g% 3 [FIfE 0 K LAT o 723 BROFERIZT X THETH 72, —F,
GHS T[X47 1B IZ47$8 S 41 % Hexyl cinnamic aldehyde 13 2 fifig% C 3 [a] 9 3 [RIBGME T o > 72 23,
TR A T 3 AR TIT T CTRMEd 2 id, BBPE 1R R 2 [FIOIRTE L7 HE R R
Zon LTz, FEEAEMME TH % Chlorobenzene, Methyl salicylate 33 X U8 Sulfanilamide |33~
TNk TRMETH o 7225, 3RV R U 1 FIEMHEOHEZ R~ T iR d o7z, Ziub D
fo R, FEMGREE LR OR R TH L LRI SN D720 BEAINBEEEI FE T
RNEEZLND,

x 1 BANBERIE ORI RRE

GHS Positve with EC 1.5 up to 1000 uM
No. Chemical Name CAS potency Lead Lab.
category Histolocal | Lead lab. Lab.1 Lab.2 Lab.3 Lab.4
Data

1 2,4-Dinitrochlorobenzene 97-00-7

2 |Citral 5392-40-5

3 |Ethylne glycol dimethacrylate 97-90-5

4 |Hexyl cinnamic aldehy de 101-86-0

5 |Chlorobenzene 108-90-7

6 |Methyl salicylate 119-36-8

7 | Sulfanilamide 64-74-1

4-2. FERRNFEBE (& 2)

T T4 R TRl 47z 21 MBI WT, 5 sk OMasx NFFEME (3 [0 kL o
AR TR CAE R 13, 8 © 90.5%. UM 1 : 90.5%. B 2 : 95.2%. wBifi
X 3:95.2%, B 4 81.0% Td o 7o, AFRBR TI, EEEEITRE I TV W)
DWA@AU?~yayﬁWfﬁ%éMK%%%Eﬁ (2% 2 A 5 faakh 4 fiak s o
FHEZ Lal o, EHEIZE L7220 TR iiak 4 128 W CTREBWEDR b2 WWE L. GHS
TX 57 1BIZ 4358 S 415 Eugenol, Phenyl benzoate, 35 & UNFEEAEMEN'E T & 5 Diethyl phthalate
¥ £ O Sodium lauryl sulfate T& - 7,

7272 Uy ARG S 7z B A ENERSGPE B O NERIE, GHS T 1A IS NS WE
DB L, MsN THBEMERGONRWGAEDOH D 1B ICHEESNIWED 4 WE
EIRODBDDHZLITEETREREE XD,

4-3. Sk M EHNE (& 2)

T T4 RFE TRl S 7z 21 M O 5 sz O liiak B (5 sk TR UAER) 13 85.7%
Thoto, RIAT N F—v a UBFFRE T, BEAREEITERE SN TV 2®, DPRA O3
VT —a TR SN 80% % BZIZE 2 12356, ZORHEL LRl-7-,

fEF% N FRELME &[RRI, ARFEAMI A ) S A7z 2 A EE B E O NFRICIR D 3 5 =

HETREREEZD,

10



#2 kB J ORI ) O FEAT piE

GHS Positve with EC 1.5 up to 1000 uM Between
No Chemical Name CAS potency Laboratory
category | Lead lab. Reproducibility

1 |2-Mercaptobenzothiazole 149-30-4

2 [4-Methylaminophenol sulphate|55-55-0

3 |4-Nitrobenzy lbromide 100-11-8

4 |4-Phenylenediamine 106-50-3

5 |G-Chloro)- 26172-55-4

methy lisothiazolinone

6 |Cinnamic aldehyde 104-55-2

7 |Isoeugenol 97-54-1

8 |Glyoxal 107-22-2

9 |Methyldibromo glutaronitrile |35691-65-7

10 |Oxazolone 15646-46-5

11 |Tetramethy Ithiuramdisulfide 137-26-8

12 |Cinnamy] alcohol 104-54-1

13 [Eugenol 97-53-0 1of3

14 |Imidazolidiny! urea 39236-46-9

15 |Pheny! benzoate 93-99-2

16 |Diethyl phthalate 84-66-2

17 |Isopropanol 67-63-0

18 |Glycerol 56-81-5

19 |Lactic acid 50-21-5

20 |Salicylic acid 69-72-7

21 |Sodium lauryl sulfate 151-21-3

Within Laboratory Reproducibility 90.5%(19/21) [90.5%(19/21) |95.2%(20/21) | 100%(21/21) |85.7%(18/21)]  85.7%(18/21)

5. IERERE (RREI JOWERE)

Givaudan fEDJAT/N ) T —3 a3 VIR VIZBWTT T4 > R FCilMli & vz 21 WE % 5%
\Z GHS 233 & O, R L O R ICET 53 217> 7=,

FEhi 5 s D pAE DFERIC X 5 RS (Sensitivity) 13 89.3%. Hr B JE (Specificity) 1% 93.3%.
IEMEREE (Accuracy) 1% 90.5% T o7z, BRI EOREIL, FEhx T L OBURR 1 :
JEPE 86.7%. FFERE 100%. 1EMEFE 90.5%  slBR SRR 2 45 &L 0% 3 R 93.3%, Fr2JE 100%.
IEHERE 95.2%., #BRHEY 4 : BUE 86.7%. FFHJE 66.7%. IEHEME 81.0% CTH -7,

ARFRBRVEDIEHEE (2B U CBAR X T 5 Givaudan fE D Sz A MU L5 —
2T RI%LEHESNTND, £, WIHOFEWEEN R+ TH%D & D ESAC D=
AV ME%T, Givaudan #2330 L7z 67 WE (RAEVEME 44, FERAEMEE 23) &, &
DITEBNTEM LB A& 114 WE (EAEEWE 86, FEIEMEWE 28) T ORI
XY, 67 WE : L 86.4%., HRELIE 82.6%. IEMEFE 85.1%. 114 WVE : IRIE 76.7%. S
82.1% . IEFEFE 78.1% T > 7=, & H 1T Natsch 5 V0 145 W8 % AW BR TI3URE 77%.
FRRE 79%. IEMEEE 72% Toh o7z, £72, RIIRTIEY . GHS TIAICHEESNLWE
o TRt LM 5 2 LT ol

11

17



18

3 GHS X757 1A W D RkiE

GHS Imax
Chemical Cas no.

2 2008% | 20107 20119 INVITTOX?
Citral 5392-40-5 1A 9.8 96.4 22.3-104.4 96.4
Tetramethylthiuram disulfide 137-26-8 1A ND 6.8 8.1-67.9 6.8
Cinnamic aldehyde 104-55-2 1A 31.6 16.2 9.8-44.7 16.2
2-Mercaptobenzothiazole 149-30-4 1A 10.9 8.8 4.9-64.1 8.8
Glyoxal 107-22-2 1A ND 28.2 14.5-195.0 28.2
Isoeugenol 97-54-1 1A 60.2 6.4 9.5-56.8 6.4
1,2-Dibromo-2,4-dicyanobutane 35691-65-7 1A ND 4.0 2.1-7.8 4.0
4-(Methylamino)phenol sulfate 55-55-0 1A 32.4 5.9 4.5-12.2 10.3
1,4-Phenylenediamine 106-50-3 1A 12.7 26.8 19.4-45.2 26.8
4-Nitrobenzyl bromide 100-11-8 1A ND 6.9 4.7-14.0 6.9
1-Chloro-2,4-dinitrobenzene 97-00-7 1A 12.3 14.8 4.3-19.5 14.8
5-Chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 1A 72 7.2 4.8-13.5 7.2
Oxazolone 15646-46-5 1A 2.3 2.4 6.4-46.3 2.4

ND: Not determined

6. AAl AT RE 7o W 'E O FaH

Emter H 232 L T2 K 9129, kkx il 4 3 2658 O B A O -1 73 7T
RBRThD (£ 4), 2L, WRIECEEFCOREE (B2 X, WP oMK 72
M TR AR FIRE & 72 DWEBFET Do BARAIIZIE. LogP 2% 7 LA LD FREZKIMES T
DMSO & KA~DEEFRRFED HERERA TE 72y, —J7, LogP 28 5 £ TOLFWEIL, Kb D
VME DMSO IZRER 7o, BHITRBRNWRETH D5, BREKMIL, AT A LRI TIER
KV VUL E ISFFEN BV | VAT A VFREE L ORISR E 7R Nif2 pathway Z 7538 L
RNZ ERHER SN, B HIESND Z EREZLND, X DHIT, BALRGCER LR
L7 2 e EbEETHE DT UNTT U EIELHETE 58, P450 12 K DiEHEL
DU LHEE SND 7T a7 T i3 T 720 (KeratinoSens™ o H 3EHfifid Td % HaCaT
MR R T 2 BT 2 REN TH D), VT =7 —BERICTHT H(LFEY
B bR S Y,

12




#4  Emter b O

. KeratinoSens results . . KeratinoSens results I
Chemical Name LLNAEC3 Ch 1 Name LINAEC3
ARE I mx | AREEC;s | AREICs AREI x | AREECys | AREICso

Sensitizers Non-sensitizers
Oxazolone 0.003 2.4 175.5 1370.9] Sodium laury] sulfate var. 1.2 n.i. 44.7
Benzoquinone 0.01 15.2 6.5 104.5] Salicy lic acid var. 1.1 n.i. >2000
(5-Chloro)-M ethylisothiazolinone 0.01 7.2 8.7 7.1|Methy] salicylate var. 1.2 n.i. >2000
2,4-Dinitrochlorobenzene 0.05 14.8 2.5 8.2| Sulfanilamide NC 1.4 n.i. >2000
4-nitrobenzy Ibromide 0.05 6.9 1.3 9.1]| Diethyl phthalate >100% 1.1 n.i. >2000
4-pheny lenediamine 0.11 26.8 5.0 438.9] Glycerol >100% 1.2 n.i. >2000
Glutaraldehy de 0.12 80.7 24.3 242.6] Propylene glycol >100% 1.2 ni >2000
Benzoy| peroxide 0.22 1.4 ni. 567.6| Benzoic acid >20% 1.1 n.i >2000)
Glyoxal 0.75 28.2 89.1 677.9] 1-Butanol >20% 1.1 n.i >2000
4-M ethy laminophenol sulphate 0.80 5.9 9.4 11.7])4-Hy droxybenzoic acid >25% 1.1 n.i. >2000
Formaldehy de 0.84 16.9 63.2 201.6] Sulfanilic acid >25% 1.3 n.i. >1000
M ethyldibromo glutaronitrile 0.90 4.0 7.8 25.6] Tartaric acid >25% 1.2 n.i >2000
Cinnamic aldehy de 1.3 16.2 16.1 194.4] PropyIparaben >25% 9.7 14.5 813.1
2-Hydroxyethyl acry late 1.4 54.9 32.3 207.2| Ethy] vanillin >50% 5.4 161.7 >2000
Isoeugenol 1.5 6.4 16.1 731.4]Isopropanol >50% 1.2 n.i. >2000
Ethylenediamine 2.2 13.2 99.9 >2000] Benzy1 alcohol >50% 1.2 n.i. >2000
Benzylidene Acetone 22 503.9 9.7 174.5| Dimethy lisophtalate NC 2.1 694.9 >2000
M ethyl-2-nonynoate 2.5 33.1 1.8 121.9]Dextran NC 1.5 n.i. >2000
2-Mercaptobenzothiazole 2.5 8.8 48.1 1003.1| Tween 80 NC 2.7 19.3 399.8
Benzy| salicylate 2.9 55 8.4 111.0] Chlorobenzene Neg. 1.2 ni >2000)
Tetramethy Ithiuramdisulfide 3.1 6.8 0.8 39.1| Lactic acid Neg. 1.3 ni. >2000)
Diethy lenetriamine 3.3 1.7 1259.4 >2000] Phenol Neg. 1.3 ni. >2000
Thiogly cerol 3.5 1.5 ni >2000] Benzaldehy de >25 2.3 443.1 >2000
Phenylacetaldehy de 4.5 11.3 28.5 116.2] Octanoic acid >50 1.1 n.i >2000
Resorcinol 59 1.0 ni. >2000] n.i.:no significant induction above threshold
Dihydroeugenol 6.8 1.5 462.0 759.2]  ver.: Variable results
Benzoisothiazolione 7.8 24.0 3.2 50.9] NC: Level not specified
Citral 9.8 96.4 232 182.8] Neg: Negative reference according to D. Basketter. Food Chem. Toxicol. 37, 1167-1174
Hexy! cinnamic aldehy de 9.9 2.7 17.3 26.3
Eugenol 10.1 1.3 ni. 1505.7
Abietic acid 11.6 114 16.6 104.6]
Pheny| benzoate 13.6 1.3 n.i. 191.6
Lyral HMPCC 17.1 16.1 79.6 355.4
Benzocaine 17.1 3.0 18.2 >2000
Benzy! cinnamate 18.4 8.7 11.0 >2000
2,4-Dichloronitrobenzene 20.0 29 68.3 816.0
Cinnamy]| alcohol 21.0 1.7 123.6 774.6
Hy droxy citronellal 23.0 137.1 79.4 >2000
Imidazolidiny1 urea 24.0 2.9 45.4 90.4
Butyl glycidy! ether 30.9 340.7 218.5 >2000
Ethylene gly col dimethacry late 32.9 188.4 57.4 1655.8
Cobalt chloride Pos. 233 298.6 1330.2
Nickel sulfate var. 4.2 329.0 998.7|

7. AR & RS

AGRBRIEIL, MIAER R OB & 96 U T IS DIV I ) A —F —OE BN HAVEE S
\ZESERIHE T D, KeratinoSens™ 7535 KTV LLNA (BT 2 # H ORE Cid, LLNA TlE 1
MEMTZV DT =27 a A M0 10 T THSDIZ%F L, KeratinoSens™ £ Tl 1 ¥E
[ZOWT 12 RET=FHE, 7o 3 EOHBYBRLEROGEDT =07 aX MIK 1.3
Mo 15 THTH S, RERBHIFS LLNA XLV %Eﬂ;ﬁ%’ﬁ’@%ﬁ’@ﬁfﬁ'é“@&aé Z b, REFE - fl
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS
In Vitro SKin Sensitisation: ARE-Nrf2 Luciferase Test Method

INTRODUCTION

1. A skin sensitiser refers to a substance that will lead to an allergic response following skin contact
as defined by the United Nations Globally Harmonized System of Classification and Labelling of
Chemicals (UN GHS) (1). This Test Guideline (TG) provides an in vitro procedure (the ARE-Nrf2
luciferase test method) to be used for supporting the discrimination between skin sensitisers and non-
sensitisers in accordance with the UN GHS (1).

2. There is general agreement regarding the key biological events underlying skin sensitisation. The
existing knowledge of the chemical and biological mechanisms associated with skin sensitisation has been
summarised in the form of an Adverse Outcome Pathway (AOP) (2), going from the molecular initiating
event through the intermediate events up to the adverse health effect, i.e. allergic contact dermatitis in
humans or contact hypersensitivity in rodents (2) (3). The molecular initiating event is the covalent binding
of electrophilic substances to nucleophilic centres in skin proteins. The second key event in this AOP takes
place in the keratinocytes and includes inflammatory responses as well as gene expression associated with
specific cell signalling pathways such as the antioxidant/electrophile response element (ARE)-dependent
pathways. The third key event is the activation of dendritic cells, typically assessed by expression of
specific cell surface markers, chemokines and cytokines. The fourth key event is T-cell proliferation,
which is indirectly assessed in the murine Local Lymph Node Assay (4).

3. The assessment of skin sensitisation has typically involved the use of laboratory animals. The
classical methods based on guinea-pigs, the Magnusson Kligman Guinea Pig Maximisation Test (GMPT)
and the Buehler Test TG 406 (5), study both the induction and elicitation phases of skin sensitisation. A
murine test, the Local Lymph Node Assay (LLNA) (TG 429) (4) and its two non-radioactive
modifications, LLNA: DA (TG 442A) (6) and LLNA: BrdU-ELISA (TG 442B) (7), which all assess the
induction response exclusively, have also gained acceptance since they provide advantages over the guinea
pig tests in terms of both animal welfare and objective measurement of the induction phase of skin
sensitisation.

4. More recently, mechanistically-based in chemico and in vitro test methods have been considered
scientifically valid for the evaluation of the skin sensitisation hazard of chemicals. However, combinations
of non-animal methods (in silico, in chemico, in vitro) within Integrated Approaches to Testing and
Assessment (IATA) will be needed to be able to fully substitute for the animal tests currently in use given
the restricted AOP mechanistic coverage of each of the currently available non-animal test methods (2) (3).

5. The test method described in this Test Guideline (ARE-Nrf2 luciferase test method) is proposed
to address the second key event as explained in paragraph 2. Skin sensitisers have been reported to induce
genes that are regulated by the antioxidant response element (ARE) (8) (9). Small electrophilic substances
© OECD, (2015)
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such as skin sensitisers can act on the sensor protein Keapl (Kelch-like ECH-associated protein 1), by e.g.
covalent modification of its cysteine residue, resulting in its dissociation from the transcription factor Nrf2
(nuclear factor-erythroid 2-related factor 2). The dissociated Nrf2 can then activate ARE-dependent genes
such as those coding for phase II detoxifying enzymes (8) (10) (11).

6. Currently, the only in vitro ARE-Nrf2 luciferase test method covered by this Test Guideline is the
KeratinoSens™ test method for which validation studies have been completed (9) (12) (13) followed by an
independent peer review conducted by the European Union Reference Laboratory for Alternatives to
Animal Testing (EURL ECVAM) (14). The KeratinoSens'" test method was considered scientifically
valid to be used as part of an IATA, to support the discrimination between skin sensitisers and non-
sensitisers for the purpose of hazard classification and labelling (14). Laboratories willing to implement the
test method can obtain the recombinant cell line used in the KeratinoSens™ test method by establishing a
licence agreement with the test method developer (15).

7. Definitions are provided in Annex 1.
INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

8. Since activation of the Keapl-Nrf2-ARE pathway addresses only the second key event of the
skin sensitisation AOP, information from test methods based on the activation of this pathway is unlikely
to be sufficient when used on its own to conclude on the skin sensitisation potential of chemicals.
Therefore data generated with the present Test Guideline should be considered in the context of integrated
approaches, such as IATA, combining them with other complementary information e.g. derived from in
vitro assays addressing other key events of the skin sensitisation AOP as well as non-testing methods
including read-across from chemical analogues. Examples on how to use the ARE-Nrf2 luciferase test
method in combination with other information are reported in literature (13) (16) (17) (18) (19).

9. The test method described in this Test Guideline can be used to support the discrimination
between skin sensitisers (i.e. UN GHS Category 1) and non-sensitisers in the context of IATA. This TG
cannot be used on its own, neither to sub-categorise skin sensitisers into subcategories 1A and 1B as
defined by the UN GHS (1), for authorities implementing these two optional subcategories, nor to predict
potency for safety assessment decisions. However, depending on the regulatory framework, a positive
result may be used on its own to classify a chemical into UN GHS category 1.

10. Based on the dataset from the validation study and in-house testing used for the independent
peer-review of the test method, the KeratinoSens™ test method proved to be transferable to laboratories
experienced in cell culture. The level of reproducibility in predictions that can be expected from the test
method is in the order of 85% within and between laboratories (14). The accuracy (77% - 155/201),
sensitivity (78% - 71/91) and specificity (76% - 84/110) of the KeratinoSens™ for discriminating skin
sensitisers (i.e. UN GHS Cat. 1) from non-sensitisers when compared to LLNA results were calculated by
considering all of the data submitted to EURL ECVAM for evaluation and peer-review of the test method
(14). These figures are similar to those recently published based on in-house testing of about 145 test
substances (77% accuracy, 79% sensitivity, 72% specificity) (13). The KeratinoSens™™ is more likely to
under predict chemicals showing a low to moderate skin sensitisation potency (i.e. UN GHS subcategory
1B) than chemicals showing a high skin sensitisation potency (i.e. UN GHS subcategory 1A) (13) (14).
Taken together, this information indicates the usefulness of the KeratinoSens™™ assay to contribute to the
identification of skin sensitisation hazard. However, the accuracy values given here for the KeratinoSens™
as a stand-alone test method are only indicative since the test method should be considered in combination
with other sources of information in the context of an IATA and in accordance with the provisions of
paragraph 9 above. Furthermore when evaluating non-animal methods for skin sensitisation, it should be
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kept in mind that the LLNA as well as other animal tests, may not fully reflect the situation in the species
of interest i.e. humans.

11. The term "test chemical" is used in this Test Guideline to refer to what is being tested' and is not
related to the applicability of the ARE-Nrf2 luciferase test method to the testing of substances and/or
mixtures. On the basis of the current data available the KeratinoSens™ test method was shown to be
applicable to test chemicals covering a variety of organic functional groups, reaction mechanisms, skin
sensitisation potency (as determined with in vivo studies) and physico-chemical properties (9) (12) (13)
(14). Mainly mono-constituent substances were tested, although a limited amount of data also exist on the
testing of mixtures (20). The test method is nevertheless technically applicable to the testing of multi-
constituent substances and mixtures. However, before use of this Test Guideline on a mixture for
generating data for an intended regulatory purpose, it should be considered whether, and if so why, it may
provide adequate results for that purpose. Such considerations are not needed, when there is a regulatory
requirement for testing of the mixture. Moreover, when testing multi-constituent substances or mixtures,
consideration should be given to possible interference of cytotoxic constituents with the observed
responses. The test method is applicable to test chemicals soluble or that form a stable dispersion (i.e. a
colloid or suspension in which the test chemical does not settle or separate from the solvent into different
phases) either in water or DMSO (including all of the test chemical components in the case of testing a
multi-constituent substance or a mixture). Test chemicals that do not fulfil these conditions at the highest
final required concentration of 2000 uM (cf. paragraph 22) may still be tested at lower concentrations. In
such a case, results fulfilling the criteria for positivity described in paragraph 39 could still be used to
support the identification of the test chemical as a skin sensitiser, whereas a negative result obtained with
concentrations < 1000 pM should be considered as inconclusive (see prediction model in paragraph 39). In
general test substances with a LogP of up to 5 have been successfully tested whereas extremely
hydrophobic substances with a LogP above 7 are outside the known applicability of the test method (14).
For test substances having a LogP falling between 5 and 7, only limited information is available.

12. Negative results should be interpreted with caution as substances with an exclusive reactivity
towards lysine-residues can be detected as negative by the test method. Furthermore, because of the limited
metabolic capability of the cell line used (21) and because of the experimental conditions, pro-haptens (i.e.
chemicals requiring enzymatic activation for example via P450 enzymes) and pre-haptens (i.e. chemicals
activated by auto-oxidation) in particular with a slow oxidation rate may also provide negative results. Test
chemicals that do not act as a sensitiser but are nevertheless chemical stressors may lead on the other hand
to false positive results (14). Furthermore, highly cytotoxic test chemicals cannot always be reliably
assessed. Finally, test chemicals that interfere with the luciferase enzyme can confound the activity of
luciferase in cell-based assays causing either apparent inhibition or increased luminescence (22). For
example, phytoestrogen concentrations higher than 1 uM were reported to interfere with the luminescence
signals in other luciferase-based reporter gene assays due to over-activation of the luciferase reporter gene
(23). As a consequence, 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 (23). In cases where evidence can be demonstrated on the non-applicability of the
Test Guideline to other specific categories of test chemicals, the test method should not be used for those
specific categories.

13. In addition to supporting discrimination between skin sensitisers and non-sensitisers, the
KeratinoSens™ assay also provides concentration-response information that may potentially contribute to
the assessment of sensitising potency when used in integrated approaches such as IATA (19). However,

"In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the term “test
chemical” describing what is being tested should now be applied in new and updated Test
Guidelines.
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further work preferably based on reliable human data is required to determine how KeratinoSens™ results
can contribute to potency assessment (24) and to sub-categorisation of sensitisers according to UN GHS

(1).
PRINCIPLE OF THE TEST

14. The ARE-Nrf2 luciferase test method makes use of an immortalised adherent cell line derived
from HaCaT human keratinocytes stably transfected with a selectable plasmid. The cell line contains the
luciferase gene under the transcriptional control of a constitutive promoter fused with an ARE element
from a gene that is known to be up-regulated by contact sensitisers (25) (26). The luciferase signal reflects
the activation by sensitisers of endogenous Nrf2 dependent genes, and the dependence of the luciferase
signal in the recombinant cell line on Nrf2 has been demonstrated (27). This allows quantitative
measurement (by luminescence detection) of luciferase gene induction, using well established light
producing luciferase substrates, as an indicator of the activity of the Nrf2 transcription factor in cells
following exposure to electrophilic test substances.

15. Test chemicals are considered positive in the KeratinoSens™ if they induce a statistically
significant induction of the luciferase activity above a given threshold (i.e. > 1.5 fold or 50% increase),
below a defined concentration which does not significantly affect cell viability (i.e. below 1000 uM and at
a concentration at which the cellular viability is above 70% (9) (12)). For this purpose, the maximal fold
induction of the luciferase activity over solvent (negative) control (I.) is determined. Furthermore, since
cells are exposed to series of concentrations of the test chemicals, the concentration needed for a
statistically significant induction of luciferase activity above the threshold (i.e. EC,s value) should be
interpolated from the dose-response curve (see paragraph 32 for calculations). Finally, parallel cytotoxicity
measurements should be conducted to assess whether luciferase activity induction levels occur at sub-
cytotoxic concentrations.

16. Prior to routine use of the ARE-Nrf2 luciferase test method that adheres to this Test Guideline,
laboratories should demonstrate technical proficiency, using the ten Proficiency Substances listed in Annex
2.

17. Performance standards (PS) (28) are available to facilitate the validation of new or modified in
vitro ARE-Nrf2 luciferase test methods similar to the KeratinoSens™ and allow for timely amendment of
this Test Guideline for their inclusion. Mutual Acceptance of Data (MAD) will only be guaranteed for test
methods validated according to the PS, if these test methods have been reviewed and included in this Test
Guideline by the OECD.

PROCEDURE

18. Currently, the only test method covered by this Test Guideline is the scientifically valid
KeratinoSens™ test method (9) (12) (13) (14). The Standard Operating Procedures (SOP) for the
KeratinoSens™ is available and should be employed when implementing and using the test method in the
laboratory (15). Laboratories willing to implement the test method can obtain the recombinant cell line
used in the KeratinoSens™ test method by establishing a licence agreement with the test method
developer. The following paragraphs provide with a description of the main components and procedures of
the ARE-Nrf2 luciferase test method.

Preparation of the keratinocyte cultures

19. A transgenic cell line having a stable insertion of the luciferase reporter gene under the control of
the ARE-element should be used (e.g. the KeratinoSens™ cell line). Upon receipt, cells are propagated
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(e.g. 2 to 4 passages) and stored frozen as a homogeneous stock. Cells from this original stock can be
propagated up to a maximum passage number (i.e. 25 in the case of KeratinoSens™™) and are employed for
routine testing using the appropriate maintenance medium (in the case of KeratinoSens™ this represents
DMEM containing serum and Geneticin).

20. For testing, cells should be 80-90% confluent, and care should be taken to ensure that cells are
never grown to full confluence. One day prior to testing cells are harvested, and distributed into 96-well
plates (10,000 cells/well in the case of KeratinoSens™™). Attention should be paid to avoid sedimentation of
the cells during seeding to ensure homogeneous cell number distribution across wells. If this is not the
case, this step may give raise to high well-to-well variability. For each repetition, three replicates are used
for the luciferase activity measurements, and one parallel replicate used for the cell viability assay.

Preparation of the test chemical and control substances

21. The test chemical and control substances are prepared on the day of testing. For the
KeratinoSens™ test method, test chemical are dissolved in dimethyl sulfoxide (DMSO) to the final desired
concentration (e.g. 200 mM). The DMSO solutions can be considered self-sterilising, so that no sterile
filtration is needed. Test chemical not soluble in DMSO is dissolved in sterile water or culture medium,
and the solutions sterilised by e.g. filtration. For a test chemical which has no defined molecular weight
(MW), a stock solution is prepared to a default concentration (40 mg/mL or 4% (w/v)) in the
KeratinoSens™ assay. In case solvents other than DMSO, water or the culture medium are used, sufficient
scientific rationale should be provided.

22. Based on the stock DMSO solutions of the test chemical, serial dilutions are made using DMSO
to obtain 12 master concentrations of the chemical to be tested (from 0.098 to 200 mM in the
KeratinoSens'™ test method). For a test chemical not soluble in DMSO, the dilutions to obtain the master
concentrations are made using sterile water or sterile culture medium. Independent of the solvent used, the
master concentrations, are then further diluted 25 fold into culture medium containing serum, and finally
used for treatment with a further 4 fold dilution factor so that the final concentrations of the tested
chemical range from 0.98 to 2000 pM in the KeratinoSens'" test method. Alternative concentrations may
be used upon justification (e.g. in case of cytotoxicity or poor solubility).

23. The negative (solvent) control used in the KeratinoSens™ test method is DMSO (CAS No. 67-
68-5, > 99% purity), for which six wells per plate are prepared. It undergoes the same dilution as described
for the master concentrations in paragraph 22, so that the final negative (solvent) control concentration is
1%, known not to affect cell viability and corresponding to the same concentration of DMSO found in the
tested chemical and in the positive control. For a test chemical not soluble in DMSO, for which the
dilutions were made in water, the DMSO level in all wells of the final test solution must be adjusted to 1%
as for the other test chemicals and control substances.

24, The positive control used in the case of KeratinoSens™™ is cinnamic aldehyde (CAS No. 14371-
10-9, > 98% purity), for which a series of 5 master concentrations ranging from 0.4 to 6.4 mM are prepared
in DMSO (from a 6.4 mM stock solution) and diluted as described for the master concentrations in
paragraph 22, so that the final concentration of the positive control range from 4 to 64 uM. Other suitable
positive controls, preferentially providing EC, 5 values in the mid-range, may be used if historical data are
available to derive comparable run acceptance criteria.

Application of the test chemical and control substances

25. For each test chemical and positive control substance, one experiment is needed to derive a
prediction (positive or negative), consisting of at least two independent repetitions containing each three
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replicates (i.e. n=6). In case of discordant results between the two independent repetitions, a third repetition
containing three replicates should be performed (i.e. n=9). Each independent repetition is performed on a
different day with fresh stock solution of test chemicals and independently harvested cells. Cells may come
from the same passage however.

26. After seeding as described in paragraph 20, cells are grown for 24 hours in the 96-wells
microtiter plates. The medium is then removed and replaced with fresh culture medium (150 pl culture
medium containing serum but without Geneticin in the case of KeratinoSens™) to which 50 pl of the 25
fold diluted test chemical and control substances are added. At least one well per plate should be left empty
(no cells and no treatment) to assess background values.

27. The treated plates are then incubated for about 48 hours at 37+1°C in the presence of 5% CO, in
the KeratinoSens™™ test method. Care should be taken to avoid evaporation of volatile test chemicals and
cross-contamination between wells by test chemicals by e.g. covering the plates with a foil prior to the
incubation with the test chemicals.

Luciferase activity measurements
28. Three factors are critical to ensure appropriate luminescence readings:

- the choice of a sensitive luminometer,
- the use of a plate format with sufficient height to avoid light-cross-contamination; and
- the use of a luciferase substrate with sufficient light output to ensure sufficient sensitivity and low
variability.
Prior to testing, a control experiment setup as described in Annex 3 should be carried out to ensure that
these three points are met.

29. After the 48 hour exposure time with the test chemical and control substances in the
KeratinoSens™ test method, cells are washed with a phosphate buffered saline, and the relevant lysis
buffer for luminescence readings added to each well for 20 min at room temperature.

30. Plates with the cell lysate are then placed in the luminometer for reading which in the
KeratinoSens™ test method is programmed to: (i) add the luciferase substrate to each well (i.e. 50 ul), (ii)
wait for 1 second, and (iii) integrate the luciferase activity for 2 seconds. In case alternative settings are
used, e.g. depending on the model of luminometer used, these should be justified. Furthermore, a glow

substrate may also be used provided that the quality control experiment of Annex 3 is successfully
fulfilled.”

Cytotoxicity Assessment

31. For the KeratinoSens™ cell viability assay, medium is replaced after the 48 hour exposure time
with fresh medium containing MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
Thiazolyl blue tetrazolium bromide; CAS No. 298-93-1) and cells incubated for 4 hours at 37°C in the
presence of 5% CO,. The MTT medium is then removed and cells are lysed (e.g. by adding 10% SDS
solution to each well) overnight. After shaking, the absorption is measured at i.e. 600 nm with a
photometer.

© OECD, (2015) 6
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DATA AND REPORTING
Data evaluation
32. The following parameters are calculated in the KeratinoSens™ test method:

e - the maximal average fold induction of luciferase activity (I,..x) value observed at any
concentration of the tested chemical and positive control;

e - the EC,5 value representing the concentration for which induction of luciferase activity is
above the 1.5 fold threshold (i.e. 50% enhanced luciferase activity) was obtained; and

e - the ICs and IC; concentration values for 50% and 30% reduction of cellular viability.

Fold luciferase activity induction is calculated by Equation 1, and the overall maximal fold induction (I .x)
is calculated as the average of the individual repetitions.

(Lsample_Lblank)

Equation 1:  Fold induction =
(Lsolvent_Lblank)

where

Lemple 18 the luminescence reading in the test chemical well

Lijank is the luminescence reading in the blank well containing no cells and no treatment

Lewent 18 the average luminescence reading in the wells containing cells and solvent (negative) control

EC, s is calculated by linear interpolation according to Equation 2, and the overall EC, s is calculated as the
geometric mean of the individual repetitions.

Equation 2: EC15= (C, —C,) x (11.5—11a) +C,
b~ la

where

C. is the lowest concentration in uM with > 1.5 fold induction

Cy is the highest concentration in uM with < 1.5 fold induction

L is the fold induction measured at the lowest concentration with > 1.5 fold induction (mean of three
replicate wells)

Iy is the fold induction at the highest concentration with < 1.5 fold induction (mean of three replicate
wells)

Viability is calculated by Equation 3:

Equation3:  Viability = W X 100
solvent™V blank

where

Vampe 15 the MTT-absorbance reading in the test chemical well

Vo 1S the MTT-absorbance reading in the blank well containing no cells and no treatment

Vewenr 1S the average MTT-absorbance reading in the wells containing cells and solvent (negative)
control

ICs0 and IC;, are calculated by linear interpolation according to Equation 4, and the overall ICs and ICsq
are calculated as the geometric mean of the individual repetitions.
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Equationd: G, = (Cp — Co) x (\5212) 4 ¢,
Vp=Va

where
X is the % reduction at the concentration to be calculated (50 and 30 for ICsy and 1C;)
Ca is the lowest concentration in uM with > x% reduction in viability
Cp is the highest concentration in uM with < x% reduction in viability
Va is the % viability at the lowest concentration with > x% reduction in viability
Vi is the % viability at the highest concentration with < x% reduction in viability

For each concentration showing > 1.5 fold luciferase activity induction, statistical significance is
calculated (e.g. by a two-tailed Student’s t-test), comparing the luminescence values for the three replicate
samples with the luminescence values in the solvent (negative) control wells to determine whether the
luciferase activity induction is statistically significant (p <0.05). The lowest concentration with > 1.5 fold
luciferase activity induction is the value determining the EC, s value. It is checked in each case whether
this value is below the IC;, value, indicating that there is less than 30% reduction in cellular viability at the
EC, 5 determining concentration.

33. It is recommended that data are visually checked with the help of graphs. If no clear dose-
response curve is observed, or if the dose-response curve obtained is biphasic (i.e. crossing the threshold of
1.5 twice), the experiment should be repeated to verify whether this is specific to the test chemical or due
to an experimental artefact. In case the biphasic response is reproducible in an independent experiment, the
lower EC, 5 value (the concentration when the threshold of 1.5 is crossed the first time) should be reported.

34. In the rare cases where a statistically non-significant induction above 1.5 fold is observed
followed by a higher concentration with a statistically significant induction, results from this repetition are
only considered as valid and positive if the statistically significant induction above the threshold of 1.5 was
obtained for a non-cytotoxic concentration.

35. Finally, for test chemicals generating a 1.5 fold or higher induction already at the lowest test
concentration of 0.98 uM, the EC, 5 value of <0.98 is set based on visual inspection of the dose-response
curve.

Acceptance criteria

36. The following acceptance criteria should be met when using the KeratinoSens™ test method.
First, the luciferase activity induction obtained with the positive control, cinnamic aldehyde, should be
statistically significant above the threshold of 1.5 (e.g. using a t-test) in at least one of the tested
concentrations (from 4 to 64 uM).

37. Second, the EC, 5 value should be within two standard deviations of the historical mean of the
testing facility (e.g. between 7 uM and 30 uM based on the validation dataset) which should be regularly
updated. In addition, the average induction in the three replicates for cinnamic aldehyde at 64 pM should
be between 2 and 8. If the latter criterion is not fulfilled, the dose-response of cinnamic aldehyde should be
carefully checked, and tests may be accepted only if there is a clear dose-response with increasing
luciferase activity induction at increasing concentrations for the positive control.

38. Finally, the average coefficient of variation of the luminescence reading for the negative (solvent)

control DMSO should be below 20% in each repetition which consists of 6 wells tested in triplicate. If the
variability is higher, results should be discarded.
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Interpretation of results and prediction model

39. A KeratinoSens™ prediction is considered positive if the following 4 conditions are all met in 2
of 2 or in the same 2 of 3 repetitions, otherwise the KeratinoSens™ prediction is considered negative
(Figure 1):

1. the L.« is higher than (>) 1.5 fold and statistically significantly different as compared to the
solvent (negative) control (as determined by a two-tailed, unpaired Student’s T-test);

2. the cellular viability is higher than (>) 70% at the lowest concentration with induction of
luciferase activity above 1.5 fold (i.e. at the EC, 5 determining concentration);

3. the EC, s value is less than (<) 1000 pM (or < 200 pg/mL for test chemicals with no defined
MW);

4. there is an apparent overall dose-response for luciferase induction (or a biphasic response as
mentioned under paragraph 33).

If in a given repetition, all of the three first conditions are met but a clear dose-response for the luciferase
induction cannot be observed, then the result of that repetition should be considered inconclusive and
further testing may be required (Figure 1). In addition, a negative result obtained with concentrations <
1000 uM (or <200 pg/mL for test chemicals with no defined MW) should also be considered as
inconclusive (see paragraph 11).

Procedure for one repetition

Induction = 1.5 fold?
AND .
Statistically significantly :> Negative
higher than
solvent control? NO
Perform atleast two
! ! YES independentrepetitions
— - If the two repetitions are
Con;’ésttr’g‘t%gt\l{?;:eft (5 positive, final outcomeis:
fold induction > 70% of |:> Negative POSITIVE
solvent control?
NO - If the two repetitions are
negative, final outcome is:
@ YES NEGATIVE
EC, 5 <1000 M . In case the first two repetitions
(or < 200 pgme';f no Negative are not concordant, performa
defined MW)? third repetition and conclude

on the basis of the mode of the
outcomes (i.e., 2 out of 3).

@YES

Clear dose-response?

@YES

Positive

Inconclusive /
Repeat

sd &l
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Figure 1: Prediction model used in the KeratinoSens™ test method. A KeratinoSens"™ prediction should
be considered in the framework of an IATA and in accordance with the provision of paragraphs 9 and 11.

40. In rare cases, test chemicals which induce the luciferase activity very close to the cytotoxic levels
can be positive in some repetitions at non-cytotoxic levels (i.e. EC, s determining concentration below (<)
the 1Csp), and in other repetitions only at cytotoxic levels (i.e. EC; s determining concentration above (>)
the ICsp). Such test chemicals shall be retested with more narrow dose-response analysis using a lower
dilution factor (e.g. 1.33 or V2 (=1.41) fold dilution between wells), to determine if induction has occurred
at cytotoxic levels or not (9).

Test report
41. The test report should include the following information:

Test chemical
- Mono-constituent substance

e Chemical identification, such as IUPAC or CAS name(s), CAS number(s), SMILES or
InChl code, structural formula, and/or other identifiers;

e Physical appearance, water solubility, DMSO solubility, molecular weight, and additional
relevant physicochemical properties, to the extent available;

e Purity, chemical identity of impurities as appropriate and practically feasible, etc;

e Treatment prior to testing, if applicable (e.g. warming, grinding);

e Concentration(s) tested;

e Storage conditions and stability to the extent available.

- Multi-constituent substance, UVCB and mixture:

e Characterisation as far as possible by e.g. chemical identity (see above), purity, quantitative
occurrence and relevant physicochemical properties (see above) of the constituents, to the
extent available;

e Physical appearance, water solubility, DMSO solubility and additional relevant
physicochemical properties, to the extent available;

e Molecular weight or apparent molecular weight in case of mixtures/polymers of known
compositions or other information relevant for the conduct of the study;

e Treatment prior to testing, if applicable (e.g. warming, grinding);

e Concentration(s) tested;

e Storage conditions and stability to the extent available.

Controls

- Positive control

© OECD, (2015) 10
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e Chemical identification, such as [IUPAC or CAS name(s), CAS number(s), SMILES or
InChl code, structural formula, and/or other identifiers;

e Physical appearance, water solubility, DMSO solubility, molecular weight, and additional
relevant physicochemical properties, to the extent available and where applicable;

e Purity, chemical identity of impurities as appropriate and practically feasible, etc;

e Treatment prior to testing, if applicable (e.g. warming, grinding);

e Concentration(s) tested;

e Storage conditions and stability to the extent available;

e Reference to historical positive control results demonstrating suitable run acceptance
criteria, if applicable.

- Negative (vehicle) control

e Chemical identification, such as IUPAC or CAS name(s), CAS number(s), and/or other
identifiers;

e Purity, chemical identity of impurities as appropriate and practically feasible, etc;

e Physical appearance, molecular weight, and additional relevant physicochemical properties
in the case other negative controls / vehicles than those mentioned in the Test Guideline are
used and to the extent available;

e Storage conditions and stability to the extent available;

e Justification for choice of solvent for each test chemical.

Test method conditions

- Name and address of the sponsor, test facility and study director;
- Description of test method used;

- Cell line used, its storage conditions and source (e.g. the facility from which they were
obtained);

- Passage number and level of confluence of cells used for testing;

- Cell counting method used for seeding prior to testing and measures taken to ensure
homogeneous cell number distribution (cf. paragraph 20);

- Luminometer used (e.g. model), including instrument settings, luciferase substrate used, and
demonstration of appropriate luminescence measurements based on the control test described in
Annex 3;

- The procedure used to demonstrate proficiency of the laboratory in performing the test method
(e.g. by testing of proficiency substances) or to demonstrate reproducible performance of the
test method over time.

Test procedure

- Number of repetitions and replicates used;

- Test chemical concentrations, application procedure and exposure time used (if different than
the one recommended)

© OECD, (2015) 11
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- Description of evaluation and decision criteria used;
- Description of study acceptance criteria used;

- Description of any modifications of the test procedure.
Results

- Tabulation of I, EC, s and viability values (i.e. ICsq, IC;0) obtained for the test chemical and
for the positive control for each repetition as well as the mean values (I,x: average; EC, s and
viability values: geometric mean) and SD calculated using data from all individual repetitions
and an indication of the rating of the test chemical according to the prediction model;

- Coefficient of variation obtained with the luminescence readings for the negative control for
each experiment;

- A graph depicting dose-response curves for induction of luciferase activity and viability;

- Description of any other relevant observations, if applicable.
Discussion of the results
- Discussion of the results obtained with the KeratinoSens™" test method;

- Consideration of the test method results within the context of an IATA, if other relevant
information is available.

Conclusion
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ANNEX 1

DEFINITIONS

Accuracy: The closeness of agreement between test method results and accepted reference values. It is a
measure of test method performance and one aspect of “relevance.” The term is often used interchangeably
with “concordance”, to mean the proportion of correct outcomes of a test method (29).

AOP (Adverse Outcome Pathway): sequence of events from the chemical structure of a target chemical
or group of similar chemicals through the molecular initiating event to an in vivo outcome of interest (2).

ARE: Antioxidant response element (also called EpRE, electrophile response element), is a response
element found in the upstream promoter region of many cytoprotective and phase II genes. When activated
by Nfi2, it mediates the transcriptional induction of these genes.

Coefficient of variation: a measure of variability that is calculated for a group of replicate data by
dividing the standard deviation by the mean. It can be multiplied by 100 for expression as a percentage.

EC, s: Interpolated concentration for a 1.5 fold luciferase induction.
IC3¢: Concentration effecting a reduction of cellular viability by 30%.
ICs: Concentration effecting a reduction of cellular viability by 50%.

Hazard: Inherent property of an agent or situation having the potential to cause adverse effects when an
organism, system or (sub) population is exposed to that agent.

IATA (Integrated Approach to Testing and Assessment): A structured approach used for hazard
identification (potential), hazard characterisation (potency) and/or safety assessment (potential/potency and
exposure) of a chemical or group of chemicals, which strategically integrates and weights all relevant data
to inform regulatory decision regarding potential hazard and/or risk and/or the need for further targeted and
therefore minimal testing.

Inax:  Maximal induction factor of luciferase activity compared to the solvent (negative) control
measured at any test chemical concentration.

Keap1: Kelch-like ECH-associated protein 1, is a sensor protein that can regulate the Nrf2 activity. Under
un-induced conditions the Keapl sensor protein targets the Nrf2 transcription factor for ubiquitinylation
and proteolytic degradation in the proteasome. Covalent modification of the reactive cysteine residues of

Keap 1 by small molecules can lead to dissociation of Nrf2 from Keap1 (8) (10) (11).

Mixture: A mixture or a solution composed of two or more substances in which they do not react (1).
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Mono-constituent substance: A substance, defined by its quantitative composition, in which one main
constituent is present to at least 80% (w/w).

Multi-constituent substance: A substance, defined by its quantitative composition, in which more than
one main constituent is present in a concentration > 10% (w/w) and < 80% (w/w). A multi-constituent
substance is the result of a manufacturing process. The difference between mixture and multi-constituent
substance is that a mixture is obtained by blending of two or more substances without chemical reaction. A
multi-constituent substance is the result of a chemical reaction.

Nrf2: nuclear factor (erythroid-derived 2)-like 2, is a transcription factor involved in the antioxidant
response pathway. When Nrf2 is not ubiquitinylated, it builds up in the cytoplasm and translocates into the
nucleus, where it combines to the ARE in the upstream promoter region of many cytoprotective genes,
initiating their transcription (8) (10) (11).

Positive control: A replicate containing all components of a test system and treated with a substance
known to induce a positive response. To ensure that variability in the positive control response across time
can be assessed, the magnitude of the positive response should not be excessive.

Relevance: Description of relationship of the test to the effect of interest and whether it is meaningful and
useful for a particular purpose. It is the extent to which the test correctly measures or predicts the
biological effect of interest. Relevance incorporates consideration of the accuracy (concordance) of a test
method (29).

Reliability: Measures of the extent that a test method can be performed reproducibly within and between
laboratories over time, when performed using the same protocol. It is assessed by calculating intra- and
inter-laboratory reproducibility and intra-laboratory repeatability (29).

Reproducibility: The agreement among results obtained from testing the same substance using the same
test protocol (see reliability) (29).

Sensitivity: The proportion of all positive / active chemicals that are correctly classified by the test
method. It is a measure of accuracy for a test method that produces categorical results, and is an important
consideration in assessing the relevance of a test method (29).

Solvent/vehicle control: A replicate containing all components of a test system except of the test
chemical, but including the solvent that is used. It is used to establish the baseline response for the samples
treated with the test chemical dissolved in the same solvent.

Specificity: The proportion of all negative / inactive chemicals that are correctly classified by the test
method. It is a measure of accuracy for a test method that produces categorical results and is an important

consideration in assessing the relevance of a test method (29).

Substance: Chemical elements and their compounds in the natural state or obtained by any production
process, including any additive necessary to preserve the stability of the product and any impurities
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deriving from the process used, but excluding any solvent which may be separated without affecting the
stability of the substance or changing its composition (1).

Test chemical: The term "test chemical" is used to refer to what is being tested.

United Nations Globally Harmonized System of Classification and Labelling of Chemicals (UN
GHS): A system proposing the classification of chemicals (substances and mixtures) according to
standardised types and levels of physical, health and environmental hazards, and addressing corresponding
communication elements, such as pictograms, signal words, hazard statements, precautionary statements
and safety data sheets, so that to convey information on their adverse effects with a view to protect people
(including employers, workers, transporters, consumers and emergency responders) and the environment

(1).

UVCB: substances of unknown or variable composition, complex reaction products or biological
materials.

Valid test method: A test method considered to have sufficient relevance and reliability for a specific
purpose and which is based on scientifically sound principles. A test method is never valid in an absolute
sense, but only in relation to a defined purpose (29).
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ANNEX 2

PROFICIENCY SUBSTANCES

TG 442D

In Vitro Skin Sensitisation: ARE-Nrf2 Luciferase Test Method

Prior to routine use of a test method that adheres to this Test Guideline, laboratories should demonstrate
technical proficiency by correctly obtaining the expected KeratinoSens™ prediction for the 10 Proficiency
Substances recommended in Table 1 and by obtaining the EC,s and ICsy values that fall within the
respective reference range for at least 8 out of the 10 proficiency substances. These Proficiency Substances
were selected to represent the range of responses for skin sensitisation hazards. Other selection criteria
were commercial availability, availability of high quality in vivo reference, and availability of high quality
in vitro data from the KeratinoSens™ test method.

Table 1: Recommended substances for demonstrating technical proficiency with the KeratinoSens™ test

method
EC M) | IC M
. Physical In Vivo KeratinoSens"™ s (WM) s (kM)
Proficiency Substances CASRN . . .. Reference | Reference
Form Prediction (1) | Prediction (2)
Range (3) | Range (3)
Isopropanol 67-63-0 Liquid Non-sensitiser Negative > 1000 > 1000
Salicylic acid 69-72-7 Solid Non-sensitiser Negative > 1000 > 1000
Lactic acid 50-21-5 Liquid Non-sensitiser Negative > 1000 > 1000
Glycerol 56-81-5 Liquid Non-sensitiser Negative > 1000 > 1000
Cinnamyl alcohol 104-54-1 Solid Sensitiser (weak) Positive 25-175 > 1000
Ethyl lycol
thylene BVl 97.90-5 Liquid | Sensitiser (weak) Positive 5125 > 500
dimethacrylate
2-Mercaptobenzothiazole 149-30-4 Solid Sensitiser Positive 25-250 > 500
(moderate)
e
Methyldibromo glutaronitrile | 35691-65-7 Solid Sensitiser Positive <20 20 -100
(strong)
Sensiti
4-Methylaminophenol sulfate | 55-55-0 Solid ensttser Positive <125 20-200
(strong)
Sensiti
2,4-Dinitro-chlorobenzene 97-00-7 Solid cnsTIREr Positive <125 5-20
(extreme)

(1) The in vivo hazard (and potency) predictions are based on LLNA data (13). The in vivo potency is derived using the criteria

proposed by ECETOC (24).

(2) A KeratinoSens™ prediction should be considered in the framework of an IATA and in accordance with the provisions of
paragraphs 9 and 11 of the Test Guideline.
(3) Based on the historical observed values (12).
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ANNEX 3

QUALITY CONTROL OF LUMINESCENCE MEASUREMENTS

Basic experiment for ensuring optimal luminescence measurements in the KeratinoSens™" assay

The following three parameters are critical to ensure obtaining reliable results with the luminometer:
- having a sufficient sensitivity giving a stable background in control wells;
- having no gradient over the plate due to long reading times; and
- having no light contamination in adjacent wells from strongly active wells.

Prior to testing it is recommended to ensure having appropriate luminescence measurements, by testing a
control plate set-up as described below (triplicate analysis).

Plate setup of first training experiment

1 2 3 4 5 6 7 8 9 10 11 12
A | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
B | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
C | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
D EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA [ EGDMA [EGDMA EGDMA [EGDMA | EGDMA EGDMA
0.98 1.95 3.9 7.8 15.6 31.25 62.5 125 250 500 1000 2000
E | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
F | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
G | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
H | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | CA4 CA8 | CAl6 | CA32 | CA64 | Blank

EGDMA = Ethylene glycol dimethacrylate (CAS No.: 97-90-5) a strongly inducing compound
CA = Cinnamic aldehyde, positive reference (CAS No.: 104-55-2)

The quality control analysis should demonstrate:

- aclear dose-response in row D, with the I,,,, > 20 fold above background (in most cases I,,,x values
between 100 and 300 are reached);

- no dose-response in row C and E (no induction value above 1.5 (ideally not above 1.3) due to
possible light contamination especially next to strongly active wells in the EGDMA row;

- no statistically significant difference between the rows A, B, C, E, F and G. (i.e. no gradient over
plate); and

- variability in any of the rows A, B, C, E, F and G and in the DMSO wells in row H should be
below 20% (i.e. stable background).
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BACKGROUND TO EURL ECVAM RECOMMENDATIONS

The aim of a EURL ECVAM Recommendation is to provide EURL ECVAM views on the validity of the test
method in question, to advise on possible regulatory applicability, limitations and proper scientific use
of the test method, and to suggest possible follow-up activities in view of addressing knowledge gaps.

During the development of its Recommendations, EURL ECVAM consults with its consultation body for
Preliminary Assessment of Regulatory Relevance (PARERE) and its EURL ECVAM Stakeholder Forum
(ESTAF). Moreover, EURL ECVAM consults with other Commission services and its international
validation partner organisations of the International Cooperation on Alternative Test Methods (ICATM).
Before finalising its recommendations, EURL ECVAM also invites comments from the general public and,
if applicable, from the test method submitter.
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EXECUTIVE SUMMARY

The KeratinoSens™ in vitro test method for skin sensitisation testing has been developed by Givaudan, a
producer of fragrances and flavours. From 2009 to 2010 Givaudan coordinated a validation study on the
KeratinoSens™ test method, focusing on its transferability and reproducibility. Following submission to
EURL ECVAM of the study data as well as supplementary information, EURL ECVAM charged ESAC to
review the KeratinoSens' validation study which it finalised in December 2012. EURL ECVAM endorses
the conclusions of the ESAC opinion (Annex I) on the Givaudan-coordinated study and makes the
following recommendations.

(1)

(2)

(3)

(4)

(5)

The Keapl-Nrf2-ARE pathway is considered a major regulator of cyto-protective responses to
electrophile and oxidative stress by controlling the expression of detoxification, antioxidant and
stress response enzymes and proteins. Since the majority of chemical skin sensitisers are
electrophiles reacting with nucleophilic centres in skin proteins, the pathway is one relevant readout
for skin sensitisation (OECD, 2012).

Since activation of the Keap1-Nrf2-ARE pathway addresses only one single biological mechanism, it
is likely that information from test methods based on this or similar pathways will not be sufficient
to conclude on the skin sensitisation potential of chemicals. Therefore the KeratinoSens'™ assay
should not be considered a stand-alone full replacement method and data generated with the test
method should always be considered in the context of integrated approaches, e.g. Weight-of-
Evidence (WoE) or Integrated Testing Strategies (ITS), combining them with complementary
information derived from in vitro assays addressing other key events of skin sensitisation (e.g. in
chemico reactivity assays such as the Direct Peptide Reactivity Assay) as well as non-testing methods
including read-across from chemical analogues.

Based on the data generated in the study, the KeratinoSens™ test method proved to be transferable
to laboratories experienced in cell culture and reproducible within- and between-laboratories (86%
concordance in both cases).

The Givaudan-coordinated validation study generated preliminary information on the test method's
predictive capacity and it was found that the accuracy of the KeratinoSens™ to discriminate skin
sensitisers from non-sensitisers was 90% (sensitivity 87%, specificity 100%; n=21)". The accuracy
calculated for an additional set of chemicals (77 sensitisers and 104 non-sensitisers) tested in-house
by Givaudan was 75%. These figures are similar to those recently published by Natsch et al. (2013)
based on in-house testing of about 145 chemicals (77% accuracy, 79% sensitivity, 72% specificity).
Taken together, this information indicates the usefulness of the KeratinoSens™ assay to contribute
to the identification of sensitisers and non-sensitisers.

The KeratinoSens™ assay also provides concentration-response information that may contribute to
the assessment of sensitising potency as recently proposed by Jaworska et al. (2013). Further work
is required to determine to which extent KeratinoSens™ results relate to potency categories based
on, preferentially, human data.

! N.B. The values presented here differ from those presented in the ESAC WG report. The Givaudan submission to EURL ECVAM contained data

of the Givaudan-coordinated validation study plus data from in-house testing produced under non-validation conditions (e.g. no blind
testing). While the ESAC WG calculated the predictive capacity on the basis of all data points irrespective of how they had been
generated, the values presented above have been calculated a) on the basis of the validation study and b) on the basis of the additional
non-validation data. This ensures a consistent approach with regard to the presentation of the predictive capacity of other skin
sensitisation test methods summarised in EURL ECVAM Recommendations (e.g. DPRA), where the preliminary predictive capacity of the
assays has been calculated on the basis of a small validation set and compared to the predictive capacity from additional information
generated in-house by test submitters under non-validation conditions.
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(6)

(7)

(8)

To support the development of integrated approaches employing information from cyto-protective
signalling pathways such as Keapl-Nrf2-ARE, the applicability of the KeratinoSens™ and its
limitations should be further characterised. Based on the available data from the validation study
and in-house testing of the submitter, the KeratinoSens™ assay seems applicable to a wide range of
chemicals. Nevertheless, negative results should be interpreted with some caution due to (a) the
cysteine-dependent mechanism of activation of the signalling pathway; (b) although some pro-
haptens are reported to be correctly predicted, those requiring biotransformation by P450 enzymes
are not detected; (c) while a variety of pre-haptens are reported to be detected, pre-haptens with a
slow oxidation rate may go undetected unless oxidised before the actual experiment (Givaudan,
2011).

The KeratinoSens™ test method can be considered as a valuable component of integrated
approaches for skin sensitisation testing although further work is required to fully understand its
limitations and to be specific about what complementary data would be desirable depending on the
use case. Furthermore, its capacity to contribute to subcategorisation of sensitisers according to UN
GHS (UN, 2007) and to potency assessment needs to be defined, the latter preferentially on the
basis of human reference data.

Respecting the provisions of Directive 2010/63/EU (EU, 2010) on the protection of animals used for
scientific purposes, before embarking on animal experiments to identify substances with skin
sensitisation potential, data from the KeratinoSens™ test method should be considered in
combination with complementary information in order to reduce and possibly avoid animal testing.
As provided for in Annex Xl (point 1.2) of the REACH Regulation (EC, 2006), data from non-standard
testing methods, such as the KeratinoSens™, may be used to adapt the standard information
requirement in the context of Weight-of-Evidence (WoE) judgments.
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1. Introduction

1) The assessment of skin sensitisation potential is an important component in the safety evaluation of
substances and represents a standard information requirement of legislation on chemicals in the
EU. These include: the Classification Labelling and Packaging of substances and mixtures (CLP)
Regulation (EC, 2008a), the REACH Regulation, the Plant Protection Products (PPP) Regulation (EC,
2009a), the Biocides Directive (EC, 2012) and the Cosmetics Regulation (EC, 2009b). Determining
skin sensitisation hazard in terms of GHS classification is actually sufficient to satisfy the majority of
regulatory needs (EURL ECVAM, 2013). However, a more complete characterisation of the potency
of a skin sensitiser with regard to both induction as well as elicitation of contact dermatitis is often
required for a full risk assessment and the definition of appropriate risk management measures
(e.g. setting of appropriate thresholds).

2) Currently only in vivo test methods are accepted by regulatory bodies for the generation of data
satisfying regulatory requirements on skin sensitisation. For instance, in the frameworks of the
Organisation for Economic Cooperation and Development (OECD) and the EU Test Methods
Regulation (EC, 2008b), there are four accepted guidelines, describing: the Buehler Test and
Guinea-pig Maximisation Test, TG406 (OECD, 1992; EU test method B.6), the Local Lymph Node
Assay, TG429 (OECD, 2010a; EU test method B.42) and its non-radio-isotopic variants, the Local
Lymph Node Assay: DA (TG 442A; OECD, 2010b) and the Local Lymph Node Assay: BrdU Elisa (TG
442B; OECD, 2010c).

3) The key mechanistic events underpinning the skin sensitisation process that leads to Allergic Contact
Dermatitis (ACD) in humans have been identified and recently summarised in the OECD report on
“The Adverse Outcome Pathway (AOP) for Skin Sensitisation Initiated by Covalent Binding to
Proteins“(OECD, 2012). These key events include 1) the covalent binding of the chemical to the skin
protein (haptenation), 2) the release of pro-inflammatory cytokines and the induction of cyto-
protective pathways in keratinocytes 3) the maturation and mobilisation of dendritic cells (DC),
immuno-competent cells in the skin, and 4) the antigen presentation to naive T-cells and
proliferation of memory T-cells. Considerable progress has been made in recent years towards the
development of alternative non-animal methods that address these key mechanisms.

4) There is general agreement that it is unlikely that a single alternative method will be able to provide
sufficient information to fully replace the use of animals for this endpoint (Adler et al., 2011).
Instead it is held that information from different alternative testing and non-testing methods used
in combination will need to be integrated to address this health endpoint (Jowsey et al., 2006;
Adler et al., 2011). These methods should address different key events involved in skin sensitisation
thus covering the mechanistic complexity of this endpoint. Against this background, activities are
being pursued by academia, industry and the European Commission to evaluate mechanistically-
based test methods that can contribute to skin sensitisation hazard identification and
characterisation.

5) In May 2010, EURL ECVAM received a full submission reporting the experimental results generated
by five laboratories participating in a Givaudan-coordinated study for the evaluation of the protocol
transferability and the within- and between-laboratory reproducibility of the KeratinoSens™ in
vitro assay. Following the evaluation of the submitted information, EURL ECVAM judged that the
within-laboratory reproducibility (WLR) was not sufficiently addressed to progress the study into
peer-review and requested Givaudan to generate additional experimental data on the WLR with
eight coded chemicals provided by EURL ECVAM. In December 2010 EURL ECVAM received a
revised full submission reporting the requested data plus results generated with an additional six
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chemicals, not previously tested with the KeratinoSens™ method. The revised full submission was
complemented with supplementary information which included an updated analysis of the
KeratinoSens™ predictive capacity (PC) based on data from 47 chemicals in addition to the 67
chemicals originally considered for this purpose. Additional information on the PC of the method
for 80 non-sensitising chemicals with LLNA reference data was provided by Givaudan in the phase
of peer review. Besides the experimental data obtained with 21 coded chemicals in the Givaudan-
coordinated study, most of the information on the PC of the KeratinoSens™ has been generated in-
house by the test developer.

6) On the basis of the revised submission EURL ECVAM requested the ECVAM Scientific Advisory

Committee (ESAC) to provide an ESAC Opinion on the study and supportive information. The ESAC
Working Group (WG) "Skin Sensitisation", charged with reviewing validation studies on skin
sensitisation test methods, was requested to prepare a detailed WG report (EURL ECVAM, 2012a)
on which basis ESAC adopted its Opinion (EURL ECVAM, 2012b; see Annex 1), endorsed on 17. 12.
2012.

2. Test Method definition

7)

8)

9)

The important role of the transcription factor Nuclear factor erythroid 2-related factor 2 (Nrf2) in
promoting the expression of genes coding for cyto-protective proteins (mainly phase 2 enzymes)
following electrophilic or oxidative stress is extensively described in the literature (e.g. Baird &
Dinkova-Kistova, 2011; Kensler et al., 2007). The activity of Nrf2 is considered to be primarily
regulated by the cysteine-rich Keap1 sensor protein (Kelch-like ECH associated protein 1) although
other signalling pathways are reported to be involved in its regulation (Baird & Dinkova-Kistova,
2011). Under un-induced conditions the Keapl protein targets the Nrf2 transcription factor for
ubiquitin-dependent proteasomal degradation (ltoh et al., 1999). It is proposed that covalent
modification of the cysteine residues in the Keap-1 protein by electrophiles/oxidants leads to the
dissociation of the Keap-1 protein from the Nrf2 transcription factor and induces the translocation
of the Nrf2 from the cytoplasm to the nucleus where it promotes the activation of cyto-protective
genes which have an antioxidant or electrophile response elements (AREs/EpRES) in their promoter
sequence (Itoh et al., 1997; Suzuki et al., 2013).

Although direct covalent binding to certain Keapl cysteine residues is considered to be one of the
plausible mechanisms through which the Keapl-Nrf2-ARE pathway is activated, other types of
modifications of the protein, like oxidation or glutathionylation, are reported to be responsible for
its activation. In addition it is proposed that all electrophiles/oxidants may shift the redox balance of
the cell through reaction with glutathione (GSH) which may in turn generate an oxidative burst able
to modify Keap1 cysteines (Holland & Fishbein, 2010).

As reviewed by Natsch (2010) there is increasing evidence that ARE-regulated genes are induced in
different cell types after challenge with skin sensitisers. The relevance of the Keapl-Nrf2-ARE
regulatory pathway in the in vivo reaction to sensitisers was shown in studies with Nrf2 knockout
mice (Kim et al., 2008; El Ali et al., 2013; van der Veen et al., 2013 ).

The KeratinoSens™ test method is a reporter gene assay which uses an immortalised adherent cell
line derived from an expanded clone of HaCaT human keratinocytes transfected with a selectable
plasmid. The plasmid contains the luciferase gene under the transcriptional control of the SV40
promoter fused with the ARE from the AKR1C2 gene which was identified as one of the genes up-
regulated by contact sensitisers in dendritic cells (Gildea et al., 2006; Ryan et al., 2004). This allows
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to quantitatively measure (by luminescence detection) luciferase gene induction, using well
established light producing luciferase substrates, as an indicator of the activity of the Nrf2
transcription factor in cells following exposure to electrophilic chemicals.

10) At present, the KeratinoSens™ test method is designed for the identification of sensitisers/non
sensitisers. Chemicals are classified as sensitisers if they induce a statistically significant induction of
the luciferase gene above a given threshold in two out of three experiments performed on different
days. This is established in parallel to cytotoxicity measurements to assess gene induction levels at
sub-cytotoxic concentrations. Since cells are exposed to 12 concentrations of the test chemicals, the
concentration needed for a statistically significant luciferase gene induction above the threshold
(EC1.5 value) can be extrapolated from the dose response curve. In addition, the maximal fold
induction of the luciferase gene over solvent control (I4) is determined.

11) As a result of the Givaudan-coordinated study (Natsch et al., 2011) and additional information
provided in the submission to EURL ECVAM, the standardised protocol was found to be
transferable (to laboratories with cell culture technique experience) and reproducible within and
between laboratories.

12) EURL ECVAM will disseminate a comprehensive description of the KeratinoSens™ method through
its database on alternative methods (DB-ALM, at http://ecvam-dbalm.jrc.ec.europa.eu; protocol
No. 155), together with all the necessary technical details (e.g. electronic data reporting formats)
needed by an end-user laboratory to implement it in a reliable and self-sufficient manner.

3. Overall Performance of the KeratinoSens™ test method
Reference data

13) Reference classifications associated with the test chemicals were selected on the basis of a weight
of evidence approach considering different data, i.e. the murine Local Lymph Node Assay (LLNA),
the Guinea Pig Maximisation Test (GPMT) and, where available, human data. Reference chemicals
from the LLNA performance standards (OECD, 2010a) were included in the chemical set. Additional
details can be found in the submission (Givaudan, 2011).

When interpreting the data of alternative methods, such as the KeratinoSens™ that have been
largely developed and validated using animal reference data such as LLNA or GPMT, it should be
kept in mind that the predictive relevance of these animal tests may not fully reflect the situation
in the species of interest, i.e. humans. Notably, an evaluation of the LLNA in comparison to human
data has shown an accuracy of about 72% (Anderson et al., 2011), i.e. there is a risk of false
negative and false positive results. Moreover there is indication that the LLNA is deficient in
detecting low to moderate sensitisers as well as metals and organometal compounds (EC, 2000).

Transferability

14) EURL ECVAM concludes that the KeratinoSens™ test method is transferable to laboratories
sufficiently experienced in cell culture techniques. Since stable background levels of the luciferase
gene are critical for the generation of reliable results, EURL ECVAM recommends that a number of
training experiments, as described in the Standard Operating Procedure (SOP), be performed by



new laboratories to ensure optimal luminescence measurements before the test method is used for
routine testing.

Reproducibility

15) For the set of coded chemicals tested during the validation study, the KeratinoSens™ protocol
yielded concordant predictions within the Givaudan laboratory (86%; N=14) and between the five
laboratories participating in the ring trial (86%, N=21).

Predictive Capacity

16) The accuracy of the test method in predicting the in vivo classification (sensitiser/non-sensitiser)
determined on the basis of existing evidence from LLNA, GPMT, Buehler Test and human data for
the 21 (coded) chemicals evaluated in the validation study was 90% (sensitivity 87%, specificity
100%). However, since the chemicals selected by Givaudan to be used in the validation study have
already been used to develop and optimise the KeratinoSens™ prediction model, it is likely that
these values reflect a best-case scenario. When calculating the predictive capacity on the basis of a
larger set of data generated in-house by Givaudan, sensitivity and specificity are about 75% (n=77
sensitisers and 104 non-sensitisers). A recently published study correlating KeratinoSens™ data with
classifications in the LLNA reported an accuracy of 77% (sensitivity 79% and specificity 72%) for a set
of 145 chemicals (Natsch et al., 2013). Thus, it is plausible that these figures might reflect the actual
performance of the test in discriminating between sensitisers and non-sensitisers.

4. Limitations

4.1 Technical limitations

17) Solubility of test substances: Chemicals which are not soluble in either water or DMSO, being these
the two solvents prescribed by the SOP, cannot be tested in the KeratinoSens™. Chemicals with a
calculated octanol/water partition coefficient (cLogP) up to 5 were reported by the test developer to
be successfully tested with the method.

18) Solvent effects: As with many in vitro/in chemico assays, chemicals which are not stable in the
prescribed solvents because of hydrolysis or other chemical reactions cannot be reliably tested.

4.2 Limitations with regard to applicability — negative results

19) As the key mechanism leading to the activation of the Keap1-Nrf2-ARE pathway appears to be the
electrophilic reaction of stressors with nucleophilic thiols (cysteine sulfhydryl groups) of Keap-1 it is
possible that skin sensitising chemicals with selective reactivity towards other nucleophiles may not
be reliably identified by the KeratinoSens™ (e.g. amine reactive chemicals preferentially reacting
with lysine residues), thereby leading to false negative results. However, there is scientific evidence
that the pathway can be activated by other types of modification of Keap-1 cysteine residues, such
as oxidation or conjugation with glutathione, and that, moreover, the Nrf2 transcription factor may
be controlled by other signaling pathways. It is therefore plausible that sensitising chemicals not
covalently modifying Keap-1 cysteine residues (e.g. amine-reactive chemicals) can nevertheless
activate the Nrf2 pathway, leading to true positive responses in the KeratinoSens™ assay.

9
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Complementary information from peptide reactivity assays may help addressing this uncertainty, in
particular assays able to distinguish between cysteine and lysine reactivity.

20) While a number of pro-haptens requiring enzymatic oxidation or deamination are reported to be
correctly classified by the KeratinoSens™, pro-haptens requiring P450 activation are reported not to
be identified by the assay. According to the test developer, attempts to incorporate a metabolic
system in the KeratinoSens™ assay have recently been published (Natsch & Haupt, 2013).

21) A variety of pre-haptens have been reported as correctly predicted by the assay (e.g. 1,4-
phenylenediamine, hydroquinone and isoeugenol). However, some pre-haptens reported to have a
slower rate of spontaneous oxidation (e.g. limonene) may require an oxidation step before the
actual experiment.

22) Most of the misclassifications generated by the KeratinoSens™ concerns chemicals that are
moderate and weak sensitisers in vivo (see ESAC WG report, page 31,), while the false negative rate
for strong sensitisers is lower. This should be kept in mind when interpreting negative results.

4.3 Limitations with regard to applicability — positive results

23) Considering the pathway monitored (i.e. electrophilic / oxidative stress), chemicals that do not act
as sensitisers but are nevertheless chemical stressors may lead to false positive results in the
KeratinoSens™ test method. This could for example include reactive chemicals that cause dermal
corrosion / irritation without, however, being skin sensitisers. Nevertheless, it was shown that
irritating surfactants, which often are predicted positive in the LLNA, are negative in the
KeratinoSens (Ball et al., 2011, Emter et al., 2010).

10



5. Suggested regulatory use

24) Due to the complexity of the mechanisms underlying skin sensitisation, it is likely that information
from different methods (in silico, in chemico, in vitro) is needed to reduce or replace the need for
animal testing, both for hazard identification and potency characterisation purposes.

Based on the validation study results and other available information, the KeratinoSens™ appears to
be a reliable test method that provides information on the ability of a chemical to activate the Nrf2
electrophilic and oxidative-stress response signalling pathway which has been shown to be a
relevant pathway in the induction of skin sensitisation as demonstrated by studies in Nrf2-knockout
mice (Kim et al., 2008; El Ali et al., 2013; van der Veen et al., 2013). Therefore, Nrf2—dependent
luciferase induction measurements in the KeratinoSens™ assay when combined with information
from other non-animal methods in the context of a Weight-of-Evidence (WoE) approach or
Integrated Testing Strategy (ITS) may provide useful information about the sensitisation potential of
chemicals. Taking into consideration the dose-response information generated by the assay, it is
plausible that KeratinoSens™ data may also contribute to characterisation of skin sensitisation
potency within integrated approaches. The extent of information needed to complement a
KeratinoSens™ result will depend on the intended application (e.g. hazard identification,
classification or potency assessment) and context (availability and quality of other information). An
example of the use of KeratinoSens™ data in a WoE approach for hazard assessment is published in
the scientific literature (Ball et al., 2011).

25
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Notably, due to the nature of the pathway monitored (i.e. general electrophilic and oxidative stress),
KeratinoSens™ provides information on reactivity of chemicals that elicit protective stress
responses in exposed cells. Such data may be relevant for other health endpoints such as, for
example, dermal irritation and cancer (Reuter et al., 2010, Kansanen et al., 2013).

27) As outlined in more detail in section 4.2, negative KeratinoSens'" results should be interpreted with
care, taking into due consideration the possibility of false negatives due to (1) possible selective
reactivity of the chemical with amino acids other than cysteine, (2) the limited metabolic capacity of
the assay leading to possible misclassification of pro-haptens (especially those requiring
biotransformation by P450 enzymes), (3) the uncertain capacity to identify pre-haptens, (4) the
uncertain capacity to correctly identify moderate and especially weak sensitisers.

28) Chemicals able to activate the Keap1-Nrf2-ARE pathway by other mechanisms than covalent binding
to the Keap-1 cysteine residues may give false positive results in the KeratinoSens™ (see section
4.3).

29) Employed within an integrated approach, the KeratinoSens™ may be useful to satisfy information
requirements for Cosmetics (Regulation EC/1223/2009), Chemicals (Regulation EC/1907/2006),
Biocides (Regulation EC/528/2012) and Plant Protection Products (Regulation EC/1107/2009).

6. Follow-up activities recommended by EURL ECVAM

(1) In view of further prospective testing with the KeratinoSens™ method, EURL ECVAM
recommends that the revised protocol available at EURL ECVAM's DB-ALM service
(http://ecvam-dbalm.jrc.ec.europa.eu) be used: [DB-ALM protocol on KeratinoSens™ No. 155].

(2) Further testing should investigate possible limitations of the assay that relate to the cellular
pathway chosen and the need for abiotic or biotic activation of some sensitisers (i.e. pre- and
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pro-haptens). Moreover, since there is at present limited information on the applicability of the
KeratinoSens™ to chemical mixtures including plant extracts (Andres et al., 2013), additional
data may be helpful.

(3) Predictive capacity, applicability and limitations of the assay should be further evaluated in the
context of its use as part of integrated approaches to testing and assessment. When doing so,
the limitations of available reference data e.g. from LLNA (EC, 2000) with regard to
reproducibility and relevance to the human situation should be however kept in mind. In
particular, the capability of the method to detect accurately weak and moderate skin sensitisers
should be further investigated.

(4) Further attention should be given to: (a) an evaluation of the possible contribution of
KeratinoSens™ data to sub-categorisation of sensitisers according to GHS (i.e. sub category 1A
and 1B); (b) an evaluation of whether and how the dose-response information generated by the
assay could contribute to potency assessment allowing quantitative risk assessment. For such
evaluation, the use of human reference data will be particularly useful.

(5) Considering the limitations of the assay, integrated approaches using Nrf2—dependent luciferase
induction measurements should also make use of other information sources, in particular
peptide reactivity assays able to distinguish between cysteine and lysine reactivity. In addition,
in silico methods (expert systems and QSAR models) may prove useful. In silico methods that
explicitly incorporate metabolic considerations (e.g. TIMES-SS: Patlewicz et al., 2007) may help
to identify pre- and pro-haptens. Analogues which have a similarly predicted mechanism of
action, based on protein binding, can be found using the OECD QSAR Toolbox
(www.qgsartoolbox.org). The Toolbox also includes a specific profiler for the KeratinoSens™
assay. A variety of proposals concerning the use of KeratinoSens™ data in combination with
other information sources have been published and may support further work (Natsch et al.,
2009; Bauch et al., 2012; Jaworska et al., 2013).

(6) EURL ECVAM supports the development of an OECD Test Guideline for the KeratinoSens™. As
this test may be best employed in combination with complementary methods, it should be
considered in the current initiative being undertaken at OECD to develop a guidance document
on Integrated Approaches for Testing and Assessment (IATA) for skin sensitization.

(7) Since the assay is amenable for automation, the development of an automated version of the
protocol is recommended.

(8) As the assay addresses a key signaling pathway of cyto-protective responses following
electrophilic and oxidative stress, the relevance of the test system for assessing other
toxicological endpoints should be considered.

7. PROPRIETARY ASPECTS
The 'KeratinoSens' name is a trade mark of the test method developer (Givaudan SA, Switzerland). EURL

ECVAM has received confirmation from Givaudan that the Keratinosens™ test method will be made
available to third parties subject to specific conditions including a one-time transfer fee.
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Annex 1 ESAC OPINION

Opinion of the EURL ECVAM Scientific Advisory Committee (ESAC) on a
Givaudan-coordinated study on the transferability and reliability of the
KeratinoSens assay for skin sensitisation testing.

Ispra, 07.11.2012
Summary of the ESAC Opinion

The ESAC was asked to provide an opinion on a Givaudan-led study assessing the transferability
and reproducibility (within- and between-laboratories) of the KeratinoSens (primary objective of
the study) in view of its possible future use as part of a non-animal testing strategy for skin
sensitization. The ESAC was also asked to provide an opinion on the predictive capacity of the
test method.

A wealth of information about the test chemicals, and the assessment of with laboratory
reproducibility (WLR), transferability, between laboratory reproducibility (BLR) and predictive
capacity of the test were presented. Also the applicability domain of the test was addressed in
detail. The evaluation by the ESAC WG was complicated by the lack of detail in the body of the
report and the excessive reliance on annexes.

On the basis of the submitted and additionally requested information, the ESAC came to the
following conclusions:

Test chemicals:

The 114 selected chemicals represented a sufficient number of materials, reasonable structural
diversity and a variety of sensitising potency classes. Pre- and pro-haptens were included.
Therefore, the selection of chemicals was considered sufficient to gain information on the
applicability domain and limitations of the test method.

The small number of non-sensitizers (N=4) in the list of additional chemicals (N=47) considered
eligible for assessing the predictive capacity of the test was supplemented with 80 chemicals
with negative LLNA data.

WLR (14 chemicals/1 laboratory):
The ESAC considers the level of concordance acceptable and in agreement with target values
(85%) for WLR performance.

Transferability (7 chemicals/4 laboratories):

Concordant predictions between the lead laboratory and the 4 naive laboratories were
obtained, demonstrating that the test method can be transferred to naive laboratories that are
experienced with cell culture techniques.

BLR (21 chemicals/5 laboratories):
The predictions were concordant for the large majority of chemicals, demonstrating an
acceptable level of between laboratory reproducibility.

Predictive capacity:
The conclusions regarding the predictivity are sound. A positive point is that reference
information from several in vivo tests were used for comparison as opposed to a single assay

outcome. Since approximately 1in 5 sensitizers are likely to be missed, the test method should
17
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be considered in the future as part of an integrated testing strategy and not as a standalone
assay.

Applicability domain:

In principle, the applicability domain of this method is limited to cysteine reactive chemicals.
However, the evidence indicates that the applicability domain is wider, so it would be advisable
to assess this further by testing additional chemicals. Specific amine reactivity and metabolic
activation are among the key issues that need to be addressed.

1. Mandate of the ESAC

The opinion of ESAC should support ECVAM with respect to the evaluation of the validity status
of the test method and possible necessary further work required to characterize the test
method's performance (predictive capacity, applicability and limitations of the test method).
Moreover, based on the evaluation of the data submitted, the ESAC should provide advice on
the potential usefulness of the KeratinoSens test method within a testing strategy for skin
sensitization testing.

2. Detailed opinion of the ESAC
Following a request from ECVAM to ESAC for peer review of and scientific advice on an ECVAM-
coordinated prevalidation study concerning the KeratinoSens assay, an ESAC Working Group
(ESAC WG) was set up by ESAC. The ESAC WG was charged with conducting a detailed scientific
peer review the ECVAM study concerning the transferability and reliability of the KeratinoSens
assay.
The ESAC WG had been set up by the ESAC during its meeting on March 2011 (ESAC 34). Basis
for the scientific review was the ECVAM request to ESAC concerning a scientific review (ESAC
request ER2011-04).
The date for the opinion was set to be 4-5 October 2011 (ESAC 35). However, unclarities and
inconsistencies in the report required clarification by the test submitter. Two WG requests were
sent: 16.12.2011 and 08.02.2012. These extra steps resulted in substantial additional
information that had to be reviewed and caused a 1 year delay.
The ESAC WG conducted the peer review from December 2011 to April 2012. Two face-to-face
meetings were organized (December 2011, and February 2012), followed by two telephone
conferences (February and April 2012) and finalized by written procedure.
The WG was a presented a wealth of information about the test chemicals, and the assessment
of WLR, transferability, BLR and predictive capacity of the test. Also the applicability domain of
the test was addressed in detail.
The data and the flow of events would have been more transparent if the report had followed
the EURL-ECVAM guidance and reporting template more closely. It would have been very
helpful if the test submitters had formulated their own conclusions/opinions when referring to
any of the numerous attachments that had followed the report. By plane referral to the
attachments, the WG had to figure out itself what was meant and how data had to be
interpreted.
The WG identified a number of unclarities and inconsistencies which added hurtles to the
evaluation of the report, without explanations being provided.
Issues that needed clarification:

e It was not clear why the applied statistical approach was chosen for the evaluation of

the test results.
e The test design was not clear.

Inconsistencies:
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e Data analysis apparently moved from a test result oriented (e.g. Imax, EC1.5) to a
prediction (S/NS) oriented approach.

e Test acceptance criteria changed over time without explanation as to why this was
introduced.

e Acceptance criteria were not consistently applied.

e Chemicals that were used for test development and refinement were inappropriately
included in the assessment of the BLR and the predicitive capacity.

e The WG addressed these issues by requesting additional information and re-analysis of
the data from the test submitter (See Annexes).

The provided information did not provide any clarity about the statistical approach applied in
the study. The WG decide not to go into further discussion, and to focus on the outcome of the
prediction model (S/NS).

The test design was sufficiently clarified, and the data were re-analysed on the basis of the
various identified test acceptance criteria. This allowed the WG to properly assess
reproducibility, transferability and predictive capacity.

The WG attempted to recalculate the predictive capacity of the KeratinoSens based upon the
chemicals that had not been included in test development and refinement. Since the number of
well-characterized non-sensitizers (i.e. chemicals with negative LLNA outcome) among the
eligible chemicals was considered too low, the WG requested data on more negative
compounds.

19
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On the basis of the submitted and upon request acquired information the WG came to the
following conclusion:

Test chemicals:

The 114 selected chemicals were representing a sufficient number of materials, reasonable
structural diversity and a variety of sensitising potency classes. Pre- and pro-haptens were
included. Therefore, the selection of chemicals was considered sufficient to gain information on
the applicability domain and limitation of the test method.

The number of test items was considered sufficient to draw conclusions about the
transferability (N=7) and reproducibility (N=21) of the test.

The small number of non-sensitizers (N=4) in the extended list of chemicals (N=47) for assessing
the predictive capacity of the test was considered too low. The 67 chemicals used for
development, refinement and evaluation of the test were not taken into consideration for
assessing the predictive capacity by the WG.

WHLR (14 chemicals, 1 laboratory):

Including all available data concordant results were obtained for 12/14 chemicals (85.7%). The
WG endorsed the conclusion of the VMG that the test is reproducible with laboratories. WG
considered this concordance in agreement with target values (85%) for WLR performance
standards as published in international accepted guidelines (e.g. Performance standards of
TG439 in vitro skin irritation).

The ESAC WG agreed that the re-analysis that was resubmitted upon request (see section 6.1)
was satisfying with regard to answering the question to which extent non-qualified test results
might have influenced the WLR analysis. The impact on WLR was felt to be negligible as even
under the most stringent criteria (set 2 in Annex 4, p60) only 3 individual laboratory predictions
had not qualified.

Transferability (7 chemicals, 4 laboratories):

The conclusion on transferability was justified on the basis of concordant predictions (S/NS)
between the lead laboratory and the naive laboratories. The WG endorses the conclusion that
the test method can be transferred to naive laboratories that are experienced with cell culture
techniques.

Concerns were raised about the reliability of luciferase measurements for transferability.
Differences in brand of luminometer or substrate were demonstrated by the test submitters not
to affect the liability of luminescence measurement. Based on this fact, it seems obvious to the
WG that the observed variation in luminescence measurements between laboratories is due to
lack of experience, stressing the necessity of operating a number of training experiments in the
naive laboratory before the test method can be used to identify skin sensitizers.

Regarding dose-response curve or EC1.5 (Attachment 8a & 8b), certain variability among the
laboratories was observed to cinnamic aldehyde and ethylene glycol dimethacrylate. But, no
further explanation was given whether these variabilities originated from the chemicals’ own
physico-chemical characteristics or luminescence measurement issues.
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BLR (21 chemicals, 5 laboratories):

The S/NS prediction gave congruent results for the majority of chemicals (85.7 — 90.5%), taking
into consideration the explanations give for the outliers, also between laboratories. (See section
6.1).

The test acceptance criteria provided to the participating laboratories during the ring trial had
not been applied consequently when analysing the data. The reason for this inconsistency was
that the criteria were found too stringent. In contrast to WLR and transferability assessment,
these nonqualified data had an effect on the concordance of predictions (Annex 4, p62 (C. 2)).
There were no provisions made for re-testing in case of nonqualified predictions.

Predictive capacity:

The conclusions regarding the predictivity are sound given the overall value of 76.6%, the key
here is that weight of evidence data were used for comparison as opposed to a single assay
outcome.

The WG was impressed by the wealth of information that was provided by the test submitter on
the 114 chemicals assessed in this study. Based upon the 114 chemicals included in the study,
the predicitive capacity of the KeratinoSens was 78%. However, the 114 chemicals included the
67 chemicals of the Silver list. Including chemicals that were used for development, refinement
and evaluation of a test system might induce a bias in the assessment of the predictive capacity
and was therefore considered by the WG as inappropriate.

Considering only the new chemicals (43 sensitizers and 4 non-sensitizers), the calculations
showed that the predictive capacity (69%) was considerably lower than the 78% presented by
the submitter. It was noted that the number of new qualified non-sensitizers used in this study
was considered insufficient (N = 4).

The submitters were requested to submit additional data on chemicals with negative LLNA
reference data. Such data were provided for an additional 80 chemicals. Compiling all the data
provided by the submitters, the KeratinoSens revealed a sensitivity, specificity and accuracy of
79.3%, 79.8% and 79.5%. Omission of the seven reactive, peptide alkylating chemicals, for which
the LLNA data were not trusted despite absence of human data, the remaining chemicals
resulted in a sensitivity, specificity and accuracy of 79.3%, 84.5% and 81.7% (Annex 4, p64 (C8)).
The WG observed a poor performance of the test on weak sensitizers. Based on the predictions
using the 114 chemicals, 41% of the weak and 86% of the very weak sensitizers were missed
(Table 4). Furthermore, the frequency false negative results were found to increase with
decreasing potency of the test chemical. This limitation is not clearly indicated in the
submission.

Applicability domain:

The applicability domain was well described in the section 1.6 of KeratinoSens report. The
authors stated a variety of chemical classes which were expected to be successfully tested in
the KeratinoSens assay. These limitations were mainly limited to the issues of solubility or
stability in vehicle (e.g. interactions with vehicle, such as hydrolysis).

The WG discussed this issue (See section 2.2) and came to the conclusion that there is indirect
evidence that the applicability domain of test may extent to chemicals that not (only) react with
the cysteine residues of Keapl. Alternative mechanisms may lead to Nrf2 activation.

Study design allowed testing of some of the limitations of the applicability domain.

Readiness for standardized use:
The WG considered the test method sufficiently mature for classification and labelling of
chemicals (relevant to Regulation EC N° 1271/2008).
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Negative results have to be considered with care as weak sensitizers (and possibly also
moderate sensitizers at the lower end of the scala) will be probably missed (see section 9).
Unless this issue gets solved, the KeratinoSens has to be seen as a brick in an integrated testing
strategy of weight-of-evidence approach. The consideration of the chemistry /reactivity must be
included either by combination with a peptide reactivity test or predictive chemistry
assessment. This reactivity assessment should include consideration concerning activating
mechanism(s). The KeratinoSens was considered useful for screening purposes, to identify
molecular initiators and to gain mechanistic information on the role of e.g. oxidative stress in
sensitization.

Identified gaps:
Weak and low-moderate sensitizers, as well as pro-haptens were performing poorly.

When considering cytotoxicity, more emphasis could have been paid to GSH status of the cells
and their GSH regenerating capacity. This system may have an impact the inherent chemical
reactivity whether directly conjugating to GSH or oxidising it (ref.).

The data do not support the expectation that this test can be used as a stand-alone
(preliminary, waiting for PC and reproducibility assessment).

It appears that the correlation between in vivo and in vitro data needs further improvement as
there was a relative high variation among the in vitro scores of chemicals belonging to the same
potency class (Natsch et al., 2009).

Recommendations:

The test method can be used for S/NS identification of chemicals. Therefore, the test was
considered ready for the next steps in the ECVAM process. A Validation study should however
include more well-defined non-sensitizing compounds. Furthermore, a consistent use of
acceptance criteria nr 3 should be assured.

Since the test revealed issues around weak and low moderate sensitizers, negative results
cannot rule out a sensitization potential. This problem should be clearly flagged and/or
addressed to be solved.

At SOP level, the test submitters were recommended to modify the 96-well plate design, which
currently is prone to bias.

Integration of this assay with other predictive tests as they emerge needs to be based on the
better defined applicability domain.

Eventual combination of the KeratinoSens assay with a reactivity based approach needs to
include unambiguous identification of reactivity and any specificity associated with it.
Training should be considered.

3. Informative background to the Mandate and Opinion

Skin sensitization is the toxicological endpoint associated with substances that have the intrinsic
ability to cause Allergic Contact Dermatitis, ACD in humans. ACD represents the most common
manifestation of immunotoxicity in humans, i.e. adverse effects of xenobiotics involving the
immune system. The identification of the skin sensitization potential represents an important
component of

the safety assessment of any new substance and especially those intended for topical use (e.g.
cosmetics). Current regulatory predictive tests for skin sensitization rely on the use of animals,
these

include:

a) the traditional guinea pig tests: Buehler Test and Guinea-pig Maximization Test (OECD TG
406, Ref.1),
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b) the Local Lymph Node Assay (LLNA, OECD TG 429, Ref.2) and its recently OECD adopted non-
radioactive variants (OECD TG 422A, Ref.3 and OECD TG 422B, Ref.4).

Despite the progress that has been made in the development of alternative methods for skin
sensitization hazard identification, there are currently no validated methods available. In
addition none of the tests under development/evaluation is able to fully characterize the
relative potency of sensitizing substances and therefore, none of these assays is considered a
stand-alone method, capable of fully replacing current animal procedures.

The current view therefore is to combine different test methods in order to address different
key mechanisms of skin sensitization, these includes: skin bioavailability, haptenation (the
protein binding of chemicals which triggers immunological responses), epidermal inflammation,
dendritic cell activation and migration, T cell proliferation. Before these test methods can be
routinely used, their capacity to produce reproducible results needs to be demonstrated as a
first step.

There is evidence in the literature showing that the Nrf2-Keap1-ARE regulatory pathway is
induced by electrophilic chemicals. Since a considerable proportion of chemicals that lead to
skin sensitization have these properties, the Nrf2-Keap1-ARE regulatory pathway is considered
one of the most relevant pathways for the identification of potential skin sensitizers (recently
reviewed by Natsch A, Ref.5). This knowledge was exploited by Givaudan to develop the
KeratinoSens assay which uses an adherent cell line derived from an expanded clone of HaCaT
keratinocytes transfected with a selectable plasmid. The plasmid contains the luciferase gene
under the transcription control of the SV40 promoter fused with the ARE (antioxidant response
element) from the AKR1C2 gene.

Using well-established light-producing luciferase substrates, the activity of ARE-binding
transcription factors in the cells in response to exposure with soluble chemicals can be easily
measured. Luciferase induction is the read-out of the KeratinoSens test method and the
concentration at which the induction is 50% above the background level (EC1.5) is established in
parallel to the IC50 value to classify chemicals as having skin sensitization potential.

The test method submitter proposes this method to be used in future as part of an integrated
approach for the full replacement of the animal tests or as a stand-alone method for skin
sensitisation hazard identification. In relation to the ability of the test method to differentiate
between sensitizing and non-sensitizing chemicals, the test method submitter reported an
accuracy of 85.1% (sensitivity 86.4%, specificity 82.6%) with respect to in vivo data for a set of
67 chemicals tested in-house.

The KeratinoSens test method has been evaluated in a ring study involving 5 laboratories
including Givaudan who acted as the study coordinator. The transfer of the protocol was
evaluated with a set of 7 chemicals. 21 additional chemicals (15 sensitizers and 6 non
sensitizers) have been tested coded to generate information on the test method reliability and
predictive capacity. The laboratories consistently classified 18 of the 21 coded chemicals. The
accuracy of the in vitro classification with respect to the in vivo classification is reported to vary
between 85.4% and 96.7% for the different laboratories. Following the formal submission of the
KeratinoSens assay to ECVAM, Givaudan was asked to generate additional information on the
within-laboratory reproducibility. In order to achieve this, ECVAM supplied Givaudan with 8
coded chemicals which have not been tested before with the KeratinoSens test method. Data
for these additional chemicals were generated at the Givaudan laboratories and were submitted
to ECVAM middle of March 2011.
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With respect to the modular approach of validation (Hartung et al., 2004, Ref.6) the study
provides information on module 1) test definition, module 2) within laboratory reproducibility,
module 3) transferability and module 4) between laboratory reproducibility. Information for
module 5), predictive capacity, is only partially fulfilled.
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ANNEX 2 EURL ECVAM request for ESAC advice

EURL ECVAM request to ESAC for scientific advice on the Givaudan-
coordinated study on the transferability and reliability of the KeratinoSens
assay for skin sensitisation testing

Title page information

Abbreviated title of ESAC ESAC peer review of and ESAC opinion on the Givaudan-led study
request on the KeratinoSens test method.

ESAC REQUEST Nr. 2011-04

Template used for preparing EP 2.01

request

Date of finalising request 2011-03-07

Date of submitting request to 2011-03-09

ESAC

Request discussed through

ESAC 34. 22-23 March 2011 and
ESAC 35. 4-5 October 2011 (mandate adopted:
objective/questions of review and ESAC WG)

Opinion expected at (date)

ESAC 36. 20-21 March 2012

File name of this request

ER2011-04_KeratinoSens_ESACadopted.doc
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1. TYPE OF REQUEST

Request Type

Identify request ("YES")

' ESAC Peer Review
of a Prevalidation Study or Validation Study

YES

If R1)applies please specify further:

» Prevalidation Study

YES

The KeratinoSens assay for skin sensitisation testing
has been evaluated in a ring study involving five
laboratories and led by Givaudan, a producer of
fragrances and flavours. The study has been
designed to generate information on the test
method's transferability and reproducibility to allow
recommendations to be made on these two aspects
in view of the future use of this test method in an
integrated approach for the full replacement of the
currently used regulatory animal tests. In addition
the data generated in this study will inform possible
future evaluations of the test method's predictive

Standards

capacity.
» Prospective Validation Study No
» Retrospective Validation Study No
P Validation Study based on Performance No

ECVAM for validation

(e.g. the test method's biological relevance etc.)

' Scientific Advice on a test method submittedto | No

' Other Scientific Advice

culturing, stem cells etc.)

(e.g. on test methods, their use; on technical issues such as cell

No
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2. TITLE OF STUDY OR PROJECT FOR WHICH SCIENTIFIC ADVICE OF THE
ESACIS REQUESTED

Givaudan study on the KeratinoSens assay for skin sensitisation testing.

3. BRIEF DESCRIPTION OF THE STUDY OR PROJECT

1) Background to skin sensitization and current predictive tests

Skin sensitisation is the toxicological endpoint associated with substances that have the intrinsic
ability to cause Allergic Contact Dermatitis, ACD in humans. ACD represents the most common
manifestation of immunotoxicity in humans, i.e. adverse effects of xenobiotics involving the immune
system. The identification of the skin sensitization potential represents an important component of
the safety assessment of any new substance and especially those intended for topical use (e.g.
cosmetics). Current regulatory predictive tests for skin sensitization rely on the use of animals, these
include:

a) the traditional guinea pig tests: Buehler Test and Guinea-pig Maximisation Test (OECD TG 406,
Ref.1),

b) the Local Lymph Node Assay (LLNA, OECD TG 429, Ref.2) and its recently OECD adopted non-
radioactive variants (OECD TG 422A, Ref.3 and OECD TG 422B, Ref.4).

Despite the progress that has been made in the development of alternative methods for skin
sensitisation hazard identification, there are currently no validated methods available. In addition
none of the tests under development/evaluation is able to fully characterise the relative potency of
sensitising substances and therefore, none of these assays is considered a stand-alone method,
capable of fully replacing current animal procedures.

The current view therefore is to combine different test methods in order to address different key
mechanisms of skin sensitisation, these includes: skin bioavailability, haptenation (the protein
binding of chemicals which triggers immunological responses), epidermal inflammation, dendritic
cell activation and migration, T cell proliferation. Before these test methods can be routinely used,
their capacity to produce reproducible results needs to be demonstrated as a first step.

2) Background to the KeratinoSens

There is evidence in the literature showing that the Nrf2-Keap1-ARE regulatory pathway is induced
by electrophilic chemicals. Since a considerable proportion of chemicals that lead to skin
sensitisation have these properties, the Nrf2-Keap1-ARE regulatory pathway is considered one of the
most relevant pathways for the identification of potential skin sensitisers (recently reviewed by
Natsch A, Ref.5). This knowledge was exploited by Givaudan to develop the KeratinoSens assay
which uses an adherent cell line derived from an expanded clone of HaCaT keratinocytes transfected
with a selectable plasmid. The plasmid contains the luciferase gene under the transcription control
of the SV40 promoter fused with the ARE (antioxidant response element) from the AKR1C2 gene.
Using well established light-producing luciferase substrates, the activity of ARE-binding transcription
factors in the cells in response to exposure with soluble chemicals can be easily measured.
Luciferase induction is the read-out of the KeratinoSens test method and the concentration at which
the induction is 50% above the background level (EC1.5) is established in parallel to the IC50 value to
classify chemicals as having skin sensitisation potential.

The test method submitter proposes this method to be used in future as part of an integrated
approach for the full replacement of the animal tests or as a stand alone method for skin
sensitisation hazard identification.

In relation to the ability of the test method to differentiate between sensitising and non-sensitising
chemicals, the test method submitter reported an accuracy of 85.1% (sensitivity 86.4%, specificity
82.6%) with respect to in vivo data for a set of 67 chemicals tested in house.
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3) Background to the KeratinoSens ring study

The KeratinoSens test method has been evaluated in a ring study involving 5 laboratories including
Givaudan who acted as the study coordinator. The transfer of the protocol was evaluated with a set
of 7 chemicals. 21 additional chemicals (15 sensitisers and 6 non sensitisers) have been tested coded
to generate information on the test method reliability and predictive capacity. The laboratories
consistently classified 18 of the 21 coded chemicals. The accuracy of the in vitro classification with
respect to the in vivo classification is reported to vary between 85.4% and 96.7% for the different
laboratories.

Following the formal submission of the KeratinoSens assay to ECVAM, Givaudan was asked to
generate additional information on the within-laboratory reproducibility. In order to achieve this,
ECVAM supplied Givaudan with 8 coded chemicals which have not been tested before with the
KeratinoSens test method. Data for these additional chemicals are being generated at the Givaudan
laboratories and are expected to be submitted to ECVAM middle of March 2011.

With respect to the modular approach of validation (Hartung et al., 2004, Ref.6) the study provides
information on module 1) test definition, module 2) within laboratory reproducibility, module 3)
transferability and module 4) between laboratory reproducibility. Information for module 5),
predictive capacity, is only partially fulfilled.
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4. OBIJECTIVES, QUESTIONS, TIMELINES
4.1 OBJECTIVE

Objective The opinion of ESAC on the present Prevalidation study of the KeratinoSens test
Why does ECVAM | method should support ECVAM with respect to the evaluation of the validity

require advice on | status of the test method at present and with regard to possible necessary further
the current issue? | work required to fully characterise the test method's performance (reproducibility,

predictive capacity, applicability, limitations of the test method).
Moreover, based on the evaluation of the data submitted, the ESAC should

test method within such a testing strategy (e.g. with respect to its specific

suggest the precise placing of the submitted method in a hypothetical ITS, but
rather to provide advice on the characteristics of the method relevant for its
subsequent integration into an ITS at a later point in time (i.e. when other
buildings blocks of such an ITS are known).

provide advice on the potential usefulness of the KeratinoSens test method within
a testing strategy for skin sensitisation testing and the proper scientific use of the

applicability and limitations). It is explicitly noted that the ESAC is not requested to
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4.2 QUESTION(S) TO BE ADDRESSED

Questions

What are the
questions and
issues that should
be addressed in
view of achieving
the objective of
the advice?

1) DESIGN & CONDUCT OF STUDY: The ESAC is requested to review whether the
submitted prevalidation study was conducted appropriately in view of the
objective of the study (see attachment 17e of the submission). The study objective
was to assess

(1) the reproducibility of the KeratinoSens method in one (the lead) laboratory
(n=14 substances plus further 28 substances which were however not tested in a
sufficient number of runs),

(2) its transferability to other laboratories (n=7),

(3) its reproducibility in other laboratories (BLR) when test items were tested
repeatedly, but in deviation from the complete procedure as conducted by the
lead laboratory in the intra-laboratory study (n=21).

(4) Furthermore, the study aimed at assessing, in a preliminary manner, the
predictive capacity of the test method based on the testing of published reference
chemicals in the lead laboratory (n=114; this included 67 chemicals used for test
development/optimisation and development of the prediction model) and during
the ring trial to assess transferability (n=7) and BLR (n=21).

When reviewing the design and conduct of the study, the following issues should
be addressed in particular:

e Clarity of the test definition (module 1)

e Clarity of the definition of the study objective (see attachment 17e of the
Prevalidation study report).

e Appropriateness of the study design in view of study objective, inter alia:
- Is the number of chemicals sufficient for the purposes of the study?
- Are the reference data used for assessing in particular the predictive
capacity appropriate and of good quality?
- Was the identification of chemicals conducted in an appropriate manner
(i.e. presence or absence of selection criteria, justification etc.)?

- Is the adverse effect range of the selected chemicals appropriate for the
purpose of the study

- In case of gaps (chemical class etc.) — are these justified?
- Is the number of laboratories sufficient?

Appropriateness of the study execution (e.g. were there pre-defined acceptance
criteria, were these respected? How were exceptions / deviations handled? Were
provisions specified for retesting? Were the number of repetitions sufficient? etc.)

Appropriateness of the statistical analysis used for analysing WLR, transferabilitiy,
BLR and (preliminary) predictive capacity.

2) CONCLUSIONS OF STUDY: The ESAC is requested to assess whether the
conclusions, as presented in the Test Submission Template (TST), Annex 17e, are
substantiated by the information generated during prevalidation and are plausible
with respect to existing information and current views (e.g. literature).

30




ANNEX 2

ECVAM REQUEST FOR ESAC ADVICE

In particular:

e Do the data on the basis of these chemicals provide sufficient information
on applicability and possible limitations of the test method, in particular
in view of its potential use within an ITS for sensitisation?

e Are the conclusions on reproducibility (WLR and BLR) as well as
transferability justified and plausible?

e Are the conclusions on predictive capacity justified and plausible with
respect to existing information

® Are there possible gaps between study design and study conclusions
which remain to be addressed in view of the suggested conclusions / use
(see also point 3)?

3) SUGGESTED USE OF THE TEST METHOD: The ESAC is requested (a) to evaluate,
on the basis of the data submitted in the Prevalidation study, the possible use of
the validated method (also within a strategy) to identify skin sensitisers, (b) to
make additional recommendations (as required) on the proper scientific use of the
test method within such a strategy taking specific aspects of this method into
account (e.g. applicability, limitations etc.) and (c) to identify possible further
information required (i.e. are there gaps) to be able to conclude on the plausibility
of the suggested use (including within an ITS).
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4.3 TIMELINES

Timelines
concerning this
request

When does
ECVAM require
the advice?

Timeline Indication

Finalised ESAC Opinion required by: ESAC 36, 20-21 March 2012

Request to be presented to ESAC by NO

written procedure (e.g. due to

urgency) prior to the next ESAC

Request to be presented to ESAC at ESAC 34, 22-23 March 2011 and ESAC
ESAC plenary meeting 35, 4-5 October 2011 (mandate)

5. ECVAM PROPOSALS ON HOW TO ADDRESS THE REQUEST WITHIN ESAC
5.1 ECVAM PROPOSAL REGARDING REQUEST-RELATED STRUCTURES REQUIRED

Specific
structures
required within
ESAC to address
the request
Does the advice
require an ESAC
working group, an
ESAC rapporteur
etc.?

Structure(s) required

Required according to ECVAM? (YES/NO)

ESAC Rapporteur

NO

ESAC Working Group

YES

Invited Experts

NO

Ad S3: If yes — list names and
dffiliations of suggested
experts to be invited and
specify whether these are
member of the EEP

If other than above (S1-S3):

NO

5.2 DELIVERABLES AS PROPOSED BY ECVAM

Deliverables
What deliverables
(other than the
ESAC opinion) are
required for
addressing the
request?

Title of deliverable other
than ESAC opinion

Required? (YES/NO)

' ESAC Rapporteur Report NO
and draft opinion
ESAC Peer Review Report | YES

and draft opinion

If other than above (D1-D2):

6. LIST OF DOCUMENTS TO BE MADE AVAILABLE TO THE ESAC

Count | Description of document Available File name
(YES/NO)
1 Validation study report (external YES ER2011-

validation) of Givaudan-
coordinated KeratinoSens study
based on the ECVAM Test
Submission Template following

03_Ring_study_KeratinoSens.pdf
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ECVAM's Modular approach.
2 Review paper on biological YES ER2011-03_Toxicol. Sci.-2010-
relevance of Nrf2-Keap1-ARE Natsch.pdf
toxicity pathway for sensitisation
testing

7. TERMS OF REFERENCE OF THE ESAC WORKING GROUP

7.1 ESTABLISHMENT OF THE ESAC WORKING GROUP

During its 34 meeting on March 22-23 the ESAC plenary unanimously decided to establish an ESAC
Working Group Sensitisation charged with the detailed scientific review of four test methods for skin
sensitisation.

7.2 TITLE OF THE ESAC WORKING GROUP

Full title:

ESAC Working Group on Skin Sensitisation Test Methods

Abbreviated title:

ESAC WG Sensitisation

7.3 MANDATE OF THE ESACWG

The EWG is requested to conduct a scientific review of the relevant studies concerning four skin
sensitisation test methods (DPRA, MUSST, h-CLAT, KeratinoSens). The review needs to address the
guestions put forward to ESAC by ECVAM.

The review should focus on the appropriateness of design and conduct of the study in view of the
study objective and should provide an appraisal to which extent the conclusions of the Validation
Management Team (VMT) / test method submitter are substantiated by the information generated
during the study and how the information generated relates to the scientific background available.

7.4 DELIVERABLE OF THE ESACWG

The ESAC WG is requested to deliver to the chair of the ESAC and the ESAC Secretariat a detailed
ESAC Working Group Report outlining its analyses and conclusions. A reporting template has been
appended (Appendix 1) intended to facilitate the drafting of the report.

The conclusions drawn in the report should be based preferably on consensus. If no consensus can
be achieved, the report should clearly outline the differences in the appraisals and provide
appropriate scientific justifications.

7.5 PROPOSED TIMELINES OF THE ESACWG
The ESAC Coordinator has proposed timelines* which should be agreed upon during the first
Teleconference (Item 1 in the table):

Item | Proposed date/time Action Deliverable
1 7. September 2011 (Wednesday) | Kick-off teleconference Feedback on the
13:30 CET Discussion of mandate.

a) the submission

b) the mandate put forward by
the Secretariat

c) the working procedure (ESAC
WG template)

2 14. October 2011 (Friday) Deadline for submitting first Draft observations of
comments within ESAC WG each ESAC WG member
template in the ESAC WG
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template (to be
compiled by ECVAM)

3 24-26 October 2011 (Monday to | ESAC WG meeting in Ispra. Draft report
Wednesday) Discussion of contentious items.
Drafting of the report.
4 Further teleconferences and Progressing of draft report Draft report

work progress to be agreed
during meeting (Nr. 3).

5 15. February 2012 (Wednesday)

Final report to be delivered to
ESAC Coordinator/Secretariat.

Final report
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7.6 QUESTIONS WHICH SHOULD BE ADDRESSED BY THE ESACWG

The ESAC WG is requested to address the three questions posed to the ESAC which have been
broken down further in more specific questions by Secretariat (see section 4.2) and were discussed
with the ESAC WG and approved by the ESAC.

When preparing the final ESAC WG report to address these questions, the ESAC WG is requested to
use a pre-defined reporting template. This template (see appendix 1) follows ECVAM's modular
approach and addresses to which extent the standard information requirements have been
addressed by the study. In addition, the template allows for addressing the specific questions
outlined in section 4.2. The Secretariat will provide guidance if necessary.
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APPENDIX 1 REPORTING STRUCTURE FOR THE ESAC WG REPORT

The following suggested structure follows the ECVAM information requirements ("modules") for
scientific review following validation and allows at the same time for the description of the analysis
and conclusions concerning more specific questions. A template has been created on the basis of the
structure below and this template will be made available to the ESAC.

The template can be used for various types of validation studies (e.g. prospective full studies,
retrospective studies, performance-based studies and prevalidation studies). Depending on the
study type and the objective of the study, not all sections may be applicable. However, for reasons
of consistency and to clearly identify which information requirements have not been sufficiently
addressed by a specific study, this template is uniformly used for the evaluation of validation
studies.

1. Data collection

1.1 Information / data sources used

1.2 Search strategy

1.3 Selection criteria applied to the available information

2. Study objective and design

2.1 Clarity of the definition of the study objective

2.2 Analysis of the scientific rationale provided

2.3 Analysis of the regulatory rationale provided

2.4 Appropriateness of the study design

2.5 Appropriateness of the statistical evaluation

3. Test definition (Module 1)

3.1 Quality and completeness of the overall test definition

3.2 Quality of the background provided concerning the purpose of the test method

3.3 Quality of the documentation and completeness of (a) standardised protocols (SOPs) and (b)
prediction models

4. Data quality

4.1 Overall quality of the evaluated data

4.2 Sufficiency of the evaluated data in view of the study objective

4.3 Quality of the reference data for evaluating reliability and relevance®

5. Test materials

5.1 Sufficiency of the number of evaluated test items in view of the study objective

5.2 Representativeness of the test items with respect to applicability

6. Within-laboratory reproducibility (Module 2)

6.1 Assessment of repeatability and reproducibility in the same laboratory

6.2 Conclusion on within-laboratory reproducibility as assessed by the study

7. Transferability (Module 3)

7.1 Quality of design and analysis of the transfer phase

7.2 Conclusion on transferability to a second laboratory/other laboratories as assessed by the study
8. Between-laboratory reproducibility (Module 4)

8.1 Assessment of reproducibility in different laboratories

8.2 Conclusion on reproducibility as assessed by the study

9. Predictive capacity (Module 5)

9.1 Adequacy of the assessment of the predictive capacity in view of the purpose

9.2 Overall relevance (biological relevance and accuracy) of the test method in view of the purpose

2 ) i ) " e ) .
OECD guidance document Nr. 34 on validation defines relevance as follows: "Description of relationship of the test to the effect of
interest and whether it is meaningful and useful for a particular purpose. It sis the extent to which the test correctly measures or
predicts the biological effect of interest. Relevance incorporates consideration of accuracy (concordance) of a test method."
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10. Applicability domain (Module 6)

10.1 Appropriateness of study design to conclude on applicability domain, limitations and exclusions
10.2 Quality of the description of applicability domain, limitations, exclusions

11. Performance standards (Module 7)

11.1 Adequacy of the proposed Essential Test Method Components

11.2 Adequacy of the Reference Chemicals

11.3. Adequacy of the defined Accuracy Values

12. Readiness for standardised use

12.1 Assessment of the readiness for regulatory purposes

12.2. Assessment of the readiness for other uses (in house screening etc.)

12.3 Critical aspects impacting on standardized use

12.4 Gap analysis

13. Other considerations

14. Conclusions on the study

14.1 Summary of the results and conclusions of the study

14.2 Extent to which conclusions are justified by the study results alone

14.3 Extent to which conclusions are plausible in the context of existing information
15. Recommendations

15.1 General recommendations concerning the study

15.2 Recommendations concerning the test method (test system, protocol, prediction model)
16. References

17. Annexes

END OF EURL ECVAM RECOMMENDATION
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Abstract

Identification of the skin sensitisation hazard of chemicals has traditionally relied on the use of animals. Progress in the
development of alternative methods has been prompted by the increasing knowledge of the key biological mechanisms
underlying this human health effect, as documented by the OECD's recent report summarising the key biological events
leading to skin sensitisation ("Adverse Outcome Pathway" (AOP) for skin sensitisation). Within this AOP the activation of
cellular signalling pathways, such as the Keapl-Nrf2- antioxidant/electrophile response element (ARE)-dependent
pathway, known to play a relevant role in keratinocytes’ responses to skin sensitisers, is postulated to be a key event.
Therefore, test methods able to provide information on the ability of a chemical to activate this or other relevant
pathways in keratinocytes, may contribute to skin sensitisation hazard and safety assessment. The KeratinoSensTM test
method measures ARE-Nrf2 activation through a luciferase reporter gene. The test method has undergone a validation
study addressing mainly the test method's transferability and within- and between-laboratory reproducibility. Following
independent scientific peer review by EURL ECVAM's Scientific Advisory Committee (ESAC) and having considered the
input from regulators, stakeholders, international partners and the general public, EURL ECVAM concluded that the
KeratinoSensTM may prove a useful component of integrated approaches such as Weight of Evidence (WoE) or
Integrated Testing Strategies (ITS) for skin sensitisation hazard assessment. In addition to this, the KeratinoSensTM may
also be able to contribute to the assessment of sensitising potency, e.g. by supporting sub-categorisation of sensitisers
according to UN GHS. However it is recognised that further efforts are required to explore how KeratinoSensTM data
may contribute to potency assessment.
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