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JaCVAM statement on the
ARE-Nrf2 luciferase LuSens test method for skin sensitization
(LuSens test method)

At a meeting held on 14 November 2019 at the National Institute of Health Sciences (NIHS)
in Kanagawa, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM)
Regulatory Acceptance Board unanimously endorsed the following statement:

Proposal: A review of the LuSens test method by the JaCVAM Skin Sensitization Editorial
Committee has determined that the LuSens test method exhibits a predictive
capacity roughly equivalent to that of the KeratinoSens™ test method and that test
chemicals yielding positive results in LuSens testing should in a regulatory context
be considered strong sensitizers belonging to Category 1 of the United Nations
Globally Harmonized System of Classification and Labelling of Chemicals (UN
GHS). At the same time, however, it should be remembered that, as with the
KeratinoSens™ test method, LuSens testing does in rare cases yield false positive
results. Conversely, LuSens testing also yields false negatives, which means that it
would be unreasonable to use it as a standalone test for predicting skin sensitization
potential. We therefore conclude that the use of the LuSens 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 to acknowledge that the results of a review and study by the
JaCVAM Regulatory Acceptance Board have confirmed the usefulness of this assay.
Based on the above, we propose the LuSens test method as a useful means for estimating skin

sensitization by regulatory agencies.
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Yasuo Ohno £ Yoko Hirabayashi *

Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

November 18, 2019



The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering

Committee and is composed of nominees from industry and academia.

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

Mr. Yasuo Ohno (Kihara Memorial Yokohama Foundation for the Advancement of
Life Sciences): Chairperson
Ms. Yoko Hirabayashi (Center for Biological Safety and Research: CBSR, National
Institute of Health Sciences: NIHS)
Mr. Morihiko Hirota (Japan Cosmetic Industry Association)**
Mr. Yoshiaki Ikarashi (NIHS)
Mr. Noriyasu Imai (Japanese Society for Alternatives to Animal Experiments)
Mr. Kunifumi Inawaka (Japan Chemical Industry Association)
Mr. Tomoaki Inoue (Japanese Society of Immunotoxicology)
Mr. Yuji Ishii (CBSR, NIHS)
Ms. Yumiko Iwase (Japan Pharmaceutical Manufacturers Association)
Mr. Fumihiro Kubo (Pharmaceuticals and Medical Devices Agency)
Mr. Kenichi Masumura (Japanese Environmental Mutagen Society)
Ms. Ruriko Nakamura (National Institute of Technology and Evaluation)
Mr. Akiyoshi Nishikawa (CBSR, NIHS/ Saiseikai Utsunomiya Hospital)
Mr. Jihei Nishimura (Pharmaceuticals and Medical Devices Agency)
Mr. Satoshi Numazawa (Japanese Society of Toxicology)
Ms. Mariko Sugiyama (Japan Cosmetic Industry Association)*
Mr. Hiroo Yokozeki (Japanese Society for Cutaneous Immunology and Allergy)
Term: From 1st April 2018 to 31st March 2020
*: From 1st April 2018 to 31st March 2019
**: From 1st April 2019 to 31st March 2020



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

Ms. Yoko Hirabayashi (CBSR, NIHS): Chairperson

Mr. Manabu Fuchioka (Ministry of Health, Labour and Welfare)

Mr. Osamu Fueki (Pharmaceuticals and Medical Devices Agency)

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

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

Ms. Mie Ikeda (Pharmaceuticals and Medical Devices Agency)

Mr. Koji Ishii (National Institute of Infectious Diseases)

Mr. Yasunari Kanda (Division of Pharmacology, CBSR, NIHS)

Mr. Satoshi Kitajima (Division of Toxicology, CBSR, NIHS)

Mr. Yoshinobu Nosaka (Ministry of Health, Labour and Welfare)

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

Mr. Haruhiro Okuda (NIHS)

Mr. Atsuya Takagi (Animal Management Section of the Division of Toxicology,
CBSR, NIHS)

Mr. Masahiro Takahata (Ministry of Health, Labour and Welfare)

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

Mr. Takao Ashikaga (Division of Risk Assessment, CBSR, NIHS): Secretary

Mr. Hajime Kojima (Division of Risk Assessment, CBSR, NIHS): Secretary
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ARE'-Nrf2? luciferase LuSens test method (LA T, AGBRIE) 13, BEIC #8355 b /1 B #6 #44#% (OECD)
AERIETA RT 42 (TG) 442D 128§ ST 5 ARE-Nrf2 luciferase KeratinoSens™ test
method (KeratinoSens™ GBRIE) & RIRRIC, (L FWE O B2 TlT 23 BRIETH 5,
RRERIEL, 77 F 7 A MBI D RIEMISED—D>Th % Keapl-Nrf2-ARE pathway
ERA LIV R =2 =7 v A Tho, ARBRIEIL, PIFEE (BASFAL) I2LDA DR
BRI L O 4 #6BI O 2N K % TG 422D @ Performance standards  (PEREAEHE) (2565 <
sk NV T — 3 UBFERN T, £ OfES %2 EURL ECVAM Scientific Advisory Committee

(ESAC) M8 = FH7HMii L. 2018 4 6 A1Z OECD TG 442D Appendix 1B & L CiEfL ST,
JaCVAM fHfilixigid. B A EME B E B B Z BT K 0 1Rk S v 7z B s s R R
fifi 8 &5 &= ARE-Nrf2 luciferase LuSens test method ~ (LuSens test method) " % JEIZ AR ER 1A D%
WHEIZ OV TR LTz,

1. ABEDOER
Z %R ARE-Nrf2 luciferase LuSens test method

RET xR HmW MR - TF Y 2 WD EFEAENRE (OECD TG 406) 3L~ 7 A
ZHWARETY > o)Hi# B [LLNA (OECD TG 429), LLNA:DA (OECD TG 442A),
LLNA:BrdU-ELISAor -FCM (OECD TG 442B)]

FREBRIE OBER « AGERTE 2%, BEIZ OECD TG 442D (24§ 41TV % KeratinoSens™ 3lRi%
& [Al4K. Keap1-Nrf2- ARE pathway ZFJH L7= LR —4% —7 vt A Th 5, Keapl-Nrf2- ARE
pathway 1%, BB AT Nrf2 O [KF Tod % Keapl 3 L O ARE 23[R T 2 8 n TR B
K CTHDH, Nrf2 & Keapl OF5AIEL, ARE \TIKME L CRILT D8 n FREO BB & A HIH L
TW5, Keapl DT AT A UERIITKREFMHEOICTFWEBFEGT D &L Nrf2 (X Keapl 7»
SAEEEL . BN~B1T LT DNA EO ARE IZFEAT 5, TOMR, FiROBRTREOR
BINFHE SN ALFWEIC K 2BEEN O M Z RET D2 OITHERET 2, £ < O BUERAE
W) S Keapl -Nrf2-ARE pathway ZI1EME(LT 5 Z E R BILTEY > Y in vitro BEA/EM:
RBIEDOHFICH A SN TS

KeratinoSens™ &% 9ClE, Aldo-Keto Reductase Family 1 Member C2 (AKR1C2) &=
FD ARE 2T N Y —LF o0y 7 =T =P UR—F =R FE2LENTEALE
HaCaT fifa (& M7 T F 7 A FREFEMIL) ZHW2 0123 L, ARBRIEOTIEZ v b
?® NADPH:quinone oxidoreductase 1 (NQO1) Eixf-HKD ARE =N Hh—L3 51
VT2 —BUR—F—BEFELENTEALZE NI F /A FREEEMI (BR
BVIAREE) BRI T2, WTNhOTEBLFWEIZ LD Keapl-Nrf2-ARE pathway
DIEMARIZ 1'#0“( BINONVY T =T —BOEMZ REZ R L CTHRILEE 2 0lE
T5HZ &I . ALFE O R R EME AR 5 HiETH D,

1 ARE: Antioxidant response element
2 Nrf2: Nuclear factor (erythroid-derived 2)-like 2



2. A FIV T RORHE K ORPAAE O B 2 41

AsBREIZ, EURL ECVAM (2 X% /8) 57— 3 UHF9EI3A T4 9, BASF fLIC K B4
N AGRERES KON 4 MBS X D HEREIEHEIZFE-S < XY 77— 3 UIFFEAM Tt &),
ZDFERD ESAC IZX > TRHliSN TV D )y 2D DAREE A KT, JaCVAM B Rk
TEMERRBR G BHR AL ZE B IE, ARRBRIE O BUF A EHERBR AU E & L CORPFERI 2 MEIC D
VW, ESAC OFEflift 2R & FARIC . AR#BREE & KeratinoSens™ 3Bk VA O T HIMEITIEIE R & L
FHE L CWA Y, £, FEEEOFEHICIES < REBREETH D KeratinoSens™ FRBRIE B AT
U ThHDZ EIE, TRk 27 4RIC JaCVAM B B W TBEICR® bt TR Y 10 AR
ELRPEMICRY TH DL B2 D,

3. ARBRIEDA MM & R

KRBIET T 7 F 7 %A MZBIT 5 AREEMAGIZ X 585 7RI A FRIEIC L72RBRIE T
HDHZ LD, [FAERIC Keapl-Nrf2-ARE pathway Z#F|fH L7V R—%—7 vt A TH 5D
KeratinoSens™ G 1E & AR R BAEILFER CTh 5, ABRIEIZIIT D LuSens (FPAFEE X
D AR SN D,

ARBREIL, SEIERBESCY I L FREEE AT 2L FWEICEHARETH D Z &
DRI TND O F7o, RRBRIEICHOW DB RET 5, b LI LZEICHET H1bA
W)I33E FH RTRE Cdo 2 03, 3 FTRE i A IR L IS B W T b MR E R A B Ve WIGA Gl AR 17
FT0%LL ) ORMERIRIT TRHMIARGE] & S,

AFBRIEIT, KeratinoSens™ UBRTE & [k, U ¥ IR RIS T 2 MBI XA &
HESNDZENRBRZON, HEVBKLETH LH, AL T 2 MIatko R LR E
BWTHY, 7anT T BT AT T AMERMEE R DR B D, — 7, BIE%ED
RNT IR R Ly h— (B XL A N U A ZHET SE) 13X KeratinoSens™ FER 1A
L RER, AL R DRI B D, S BIT, WV T = T —BIZ T 2L FWE bRl IS
HET DR H D, MR 8 WE I L O 12 8 2 F T 5 fitigk T3hE S 4
ToN YT = a UFFETIEL BREE 92%., FFRREE 75%., IEMEML 85% TH V| FFREEIZEWT
PEREAEUED FEYE (80%LL L) Z 7= S 2o T, - T, ARRBIEITB W TR K235
LT AICS ., BIGHEDRTREMED S 5 Z LITHE LTI 6720, BFEEICL D1
N AZARBRIZIBNTIE, B b7 =2 (69 WH) LI L7256 RIS 83%. KRR IT 78%.
IERERETT 81%. LLNA 7—% (T2 W) LHE L7256 BT 75%, FFREE 71%., 1E
MEEEIX 7T4% T o7 O, Al s 72 o7 13 WEY 2 %'E  (Phthalic anhydride & U* Propyl
gallate) (X UN GHS 1A IZXENDWE ThoTz, LLEX Y | ARGREREHEM CIrI R Ml E
PED PRI+ TH Y | FEHLO EAAFT MO FERVE & LG o T OREn A HELE 4
VSR

ARFREIX, Integrated Approaches to Testing and Assessment (IATA) (23 Tl DR TE
LHABDOED Z LR BAEEWE &IERAIEEE & OXBNCEM T2 Z L3 A[HE T
bD, LU, AFEREFIM C O RAENERE 585> UN Globally Harmonized System of



Classification and Labeling of Chemicals (UN GHS) ®O% 7 7 2V —3 8~ s HIC I S
ZQN

ERLORE 2 IR AR AR L. ARBRIE TN C O R FEIEMEOHE IR+ Th 508,
AEL O BT IO OFERIE & OMETTHWAS Z L2k 0 AL WE O RAEM: 2 Al
L L CTHERERE 52D,

4. AR LT 2WESUTRG OFME 2 5T 2 3BR{E L L To| 289521 AnERs L 0T
B L ORI o> T RENE

AR T AN -

ARFBRILEIL, KeratinoSens™ FBRIEFIER, MIRRETE OHEAT L 96 U = LKFIGDL I ) A —
A —NOIVUIRBIZEMTRETH D, FMIZHE/RT = 7 a & b KeratinoSens™ FR
MR A 15 AHE AL 5, LLNA (F# 10 TH) X0 {EETH Y . h-CLAT (A
2 7H) < U-SENS™ ([0 1.8 HH) LIFFERBETH -7, S HICARRBREITMIED
AFIZHTZ0 T A AR E/RESLER R sy ERAHEIC 0 Magko AF08 T
RETH D, RRERIED LM &R ORI Y 7= > TiE, ALFEWE OME & AL O IR
A RARD 2 BN & 508, ARBIEII BB 2 AT 22 < OFWED AREIZLY
I SN TV DBIRFORBEZFET D & ) RFREMER BT I D EER A N
ML TRY  ALFWEOREEEEEE 2 5 ECEEREREZ 52 5, S HITAETE
Pz 2N E 0D BT 3Rs DIFIICEE L TV D Z &b, RBRIEOAZIIZ T A
FUPEIE RV,

ATBL ORI -

AFRERIEIT, JaCVAM Bs A EMERBR G B Z B RIT LV | KeratinoSens™ 35 & 13
ERIZED TRIME LG STV D728, RRBRIE CTHMEOR RN S bNTHGE, £l TY
B2 ROEIEEME Th 5 UN GHS K43 1 IZ/HHHT 5 Z LI TB EARECH D, LinL 7
N5, KeratinoSens™ FRERVERIER, FlZABYEORERNAEL 5 Z LICHE LRITUT e 672
W, — 05 ARRBRIE TRMEDR RO N T HBEREDO RS H v | ARBERMTE D
PR EIE A2 T 2 2 IR LV, ARBRIEIL. 2 OREE 40 ICH R L7z BT TATA
ZRERT D OMOTFRIR &AL D TEUNIFHET 5 Z & 23, ATBI 72521 AU
HThHD,
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A% DT B FEERIZ K - TRl ST & 72, T4 EU BT 2B b Bl <, =
v — & —% W B EREETEMEFB  (Quantitative Structure-Activity Relationship, LA T,
QSAR EFLT) BT AR in vitro RERIEIZ X 2 M HER I TR0 . B FEERIC &
S TRAEMEDFHE ST iisr 2 E T kit O IRFE D 2R 11 (2013 4F 3 A &ffififT) Iz Z
LB invitro REBRIE DR NR LEEN TV D,

ARE-Nrf2 luciferase LuSens test method (LA T, LuSens testmethod & F29) 1%, BEICRRTE )
PHIEHAE (LUF, OECD &5ed) BRHATA RTA4» (LIF, TG &Fd) TG 442D (T8GR S
AL T % ARE-Nrf2 luciferase KeratinoSens™ test method (LA, KeratinoSens™ & 5297) & [AlER
2, EAEMERBURTICIIT 555 2 D Keyevent (2. BBRIEDJREL] M) (T3t d 5 RBRIE
ToH V., EAFHIL Keapl-Nrf2-ARE pathway ZF|H L7 LV R—%—T vt A ThH D,

LuSens test method %, BA%E#E (BASF 1) ([2X DA o 23RS KON 4 #6BI D20
({2 & % TG 442D @ Performance standards (LA, PEREFRYE L GCT7) (ZEES < AU F—2 3 b
TEHMTOIL, Z DOfESR% EURL ECVAM Scientific Advisory Committee (LA T, ESAC &529)
DN = EFHE L. 2018 4F 6 A2 OECD @ TG |ZiBRE &7z (OECD TG 442D Appendix 1B),

A EEIL, OECD TG 442D Appendix 1B 38 L OB #HE B2 K &2 b Lz, WBRFIEE £ &
D, HRESCRAZ EIZONWTEHiL72b DO TH 5,

PERBAEYEICREH S TV D 20 B D 5 b 12 WE A A2 3 BRI & 2 fiak N AL
1T 100% CTdh o7z, MERFHEICRIH SN TV D 20 WEZ AW THEE 2 & 5 kil
T, i &b 1 WHEICHE 3 A B THEM L7 figix MEBMEIE 100%THh 72, Wi
HYEREETER L TVD 80% U LETH D Z & &) FHEA /2 L Tz,

BAREIC L DA D ARBRIZB T, B b7 —% (69 W'E) LR LIzHE, BE
1% 83%., FFELPEIL 78%. IEREFEIT 81%. LLNA 7 —% (72 '8) LIk L7=%b. BUE
75%, FFREEL 71%, IEREEL 74% Th T,

PEREREYEIZ RO STV D 20 'E % HV N THT o 72 LuSens test method /3 U 57— 3 )
gt L KeratinoSens™ DN F—v g 7 —Z B R LT L 2 A, WRBRIEE © 20 WEH 17
WEZELHELTEY ., EMEIL85% Th o7z, MiaBIEORBRAE R OFEMIL, ESAC
TREHl S 4L, WERBRIEIZHOWTE D b —H 2 HET 2R FRRIBILIT VW& S TE Y,
R A O TRIPEIXIFIT RIS & AL B S TIEEHE L7z,

LuSens test method (%, KeratinoSens™ & [AlkR, U ¥ AN RAVICHE & T 2 W HE 131402
PEEHIEIND Z EMEZ LI, HEDVLETH D, ARBRIEITHEH T 5k O REHREIX
REMHTHY ., 7anTT v BLOT LT T ATRIEE R D ATREER S D, — 7, BIEE
DIRNT I ANA Ry — (FIZIEBEA N LV AZFHET 5%'E) b KeratinoSens™ &[]
R, ABBGIE L R D RN B D, S HIZ, VT T = T —BICTWT 2L P WE b -l e 2
T HREMED D D,

VL EOfERA>5 . LuSens test method (%, KeratinoSens™ & [FIfE. RO FEhti & FE D 7=
O OEEREHIKE A 73 (Integrated Approaches to Testing and Assessment, LLT, IATA &F29) (2
BWTHLORERE LA DOED Z LITX 0 BAEEYE & IEEIEEWE & O XBNEEM

5

o

o
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THZENAIETH D, Lo L, ARFUBRE MR CORAEME TR E 55> UN GHS (UN Globally
Harmonized System of Classification and Labeling of Chemicals) D47 47 IV —/3 80 ~DJi
308 S 72y,

AZEERIE, ERROARRBIEDORR A 2BRA L ZET 5 & ARRBRIERM CI3 8 EEME D
HEITI A2 THY, FEOEAFTOMORERE E OHAEETHWS Z & 2T 5,

-
il

PG REAEME A T 5 Z & 3P E ORI B W TEHEETH 5, (LFMEDRK
J& COPEMIBAEED U 27 28 T Tl 23 BRiEE LCTELE Y & WD RERRAENE
R (OECDTG406) °~ 7 A& W2 JFTt Y o/ 3fisdii (LT, LLNA L5293, OECDTG
429) R 5bH, Z D[PH-Methyl]-thymidine BUA &4 HET 25 LLNA DIAMZ, ATP &4 HIE
% LLNA:DA (OECD TG 442A) <° Bromodeoxyuridine % |73 % LLNA: BrdU-ELISA ¥
L U'BrdU-FCM (OECD TG 442B) 2% %,

EU i28B 17 2 M550 Il (REACH: Registration, Evaluation, Authorisation and Restriction
of Chemicals) Tl, Za&MiHiilcB W Tldz s B a—%—%HU 72 QSAR E 7 /LX° invitro
RREIC L DRBREDOIEAHEIE SN TR Y . B ERIC L0 2R S nopn %
G ATEALRES OIRTE DI R I STz (2013 4R 3 A R HMIAT) . £ D72, AL F4E 0 B kA E
P2 B3 2 AEE DO BT 2 R < SR BTz,

BfE, _7F N L oA )G %ZF]H LTz Direct Peptide Reactivity Assay (DPRA, OECD TG
4420) ., %< O FZJERAEMME )Y Antioxidant response element (ARE) (Z#ill##l X415 BIZ T D
R AHET 5 Z & ZFFH L7= ARE-Nrf2 Luciferase Test Method (KeratinoSens™, OECD TG
442D) . HERRMIAEOTEMALZFIH L 72 human Cell Line Activation Test (h-CLAT, OECD TG
442E) . U-SENS™ (OECD TG 442E) £ X OVIL-8 Luc assay (OECD TG 442E) 72 & D 1% J &
TEVERRER D in vitro ¥£7% EURL ECVAM S(Z3BW T Y F—v a IR TR A R 7 A
A Tns,

LuSens test method ' 1%, & 7 ZF /%1 MlERMIEKIZLY 7 27 —EB L AR—F —i&
(BFELERNEAN LT MR 2 M 2 81E Th 5, EURLECVAM IZ KD 77—
3 URFFEIIATDIVT . BASF #E& LI TG 442D OVERBIFHEIZ LS N F— v 3 U
FeHMTOINTZ 23, TOFRERICONT, ESAC 12 K55 =FFHEAThiL, 2018 4 6 AT
OECD @ TG 442D |ZiB7E &7z (Appendix 1B) Y, —J5, KeratinoSens™ |X, OECD TG 442D
Appendix 1A L7257,

JaCVAM B¢ ErERBR G B Z B2 (LR, ZEB%) X, LuSens test method & JZ i j
VEMERBRIRTE & L CORMERIZ Y PEIZ DV T, BASF #LFE iz N 7 — 3 U
FEORERB LOBUEE TIZAH SN TV AHHEREL S L ICFHli L72D T, ZOf5 R4 HiE
T 5,

2. RBRIEDJFHE
FRERAEMEIX, & N CITEEM ER, B (B TIEEAEUE L L Tabh sk
FWEDEMED—D>ThH D, OECD N FE & 7= Adverse Outcome Pathway (5 E M5B



. AOP) TIX. {LF=WEIZ L D RERIEIZRD 4 DD Key event (KE) B/ 5 & &k
TW5,

KEl: {LS#EE X RV EDT AT A VLD DT VUi otFEA
KE2: 775 /%A M (HRBEBEEE S - OIEHELS)

KE3: RRRHIIGE (FRROMREE~—h —, RIEEY A N A o ORBE)
KE4: U 2/ {2 (T Mg oistE b, HEES)

LuSens test method IXBEIZ OECD TG 442D (2 8§k S 41TV 5 KeratinoSens™ & [FIERIC, |
FLO KE2 IZxHGST 23 BRIETH V. FEAFELIE Keapl-Nrf2- ARE pathway (1) #F]H L
TLVR—=F2—=T v, Thb,

Keap1-Nrf2- ARE pathway |3, #5%5-[K- Nrf2 (Nuclear factor-erythroid 2-related factor 2) @
K1 CTd 5 Keapl (Kelch-like ECH-associated protein 1) 35 J O ARE 23BAfR 7 2 & {s 1~
FHREK ThH D, Nrf2 [T Keapl EfES L. ARE (KT L THBLT 5 BE T REO I T & %
L TWD, Keapl DY AT A VERIBIREFHEOCFWEDFERT D & Nrf2 1 Keapl 7>
DB L. BEN~BITL T DNA L0 ARE ICfEAT 5, ZORE, FiOBE RO
WFEE I ALFHEI L DEEN O 2 RHET 572 DIHiET 5, %< ORFEIENEY
'E 78 Keapl-Nrf2-ARE pathway ZiEMHE(LT 2 Z E R BATEY 49, in vitro EAEMERBRIE
DEFEICFIH STV D,

:;I'I\ ey 'n‘f Electrophiles R-X ‘I\" — "’(I

| KEAP1] —————— [ KEAP1

l Ubiguitination
SH SH NAFZRIMAF)

Phase 2
genes,

“Yub E
ARE/EpRE

| KEAP1 )

1. Keapl-Nrf2-ARE pathway 5[]

KeratinoSens™ ® Cld. Aldo-Keto Reductase Family 1 Member C2 (AKR1C2) i&fx1-? ARE
HT N =T HENYT 2T — B UR—F —BIE T ELEMICEA LT HaCaT iy

(e 77T %A FREEEME) 2 HW50I1IZ%f L. LuSens test method ? Tix7 v hd
NADPH:quinone oxidoreductase 1 (NQO1) EfzFHI>kD ARE o Hh—L& 35107
=T —BULR—F —BETEEENIEALLE N T F YA FREEME (BR4AI1EAR
i) ERBRICERT 5,

11
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WD TFE AL FEWEIZ L D Keapl -Nrf2-ARE pathway DOIEMHALIZE > THEE I H /L
V727 —BOIEEE WEEZRN LU CRIBEEREST 2 Z LI L0 ALFWE O KRR
TEMEZ R 2 HIETH 5,

3. REBRFIE HE

LuSens test method % FEfti 92 9 2 TO 7 1 bk 2/LiL EURL ECVAM OF — X ~_— 2%
(DB-ALM) XV, BI5 A2 MU (LuSens) X BASF #1: & © Z 2 Uit
SINTWD, V7 =F7—BLR—F—BxrmaiE, BECHE TG IZ#E I TnD
KeratinoSens™ & [FlkRIZ, DI I Promega N BIEA L, @ LR — % —Eis 1
LTSN TV DAHE LY 7 = 7 —BEEF (Luc2) OMANCERL T, FriftE#E T
5 Promega th& 7 A B A A VE LT 5D,

3-1. BinF MG O HEfi I & OFR R

ARE BlfIFONY T =T =P UR—F =B F 2 ZENTMVIALTE N T oA Y =
=y 7Rk E MWD, MOz %, FRET m b oL THRIE S UM ofia (1
MH 3R BHFEL, EA My ZHildE U THEMRGTT 5, EA by 7 HIIE HHE5E S
WA, F5E S 7ok (20 1) AN CTRABRICAE - 5, ARus 28 5s i AR e~
2 k3 VSRR STV D KD IS EEEERSHE (] : Dulbecco’s Modified Eagle’s medium

(DMEM)) ZER ¥ & HiAEWE & LT Penicillin/Streptomycin 33 & OY Puromycin % /Il
RTebDEMEHT 5, Lo L S R oM I I FTAEME T Ui, BRI,
HERDOREL B 1 EDH 100% 22 7 VT Moo FR 2 WMl % 80~90%= > 7
Ny OB THWS, EBRATAIZ, 587 7 2 a0 G U — 72/ ik 2
96 7 = /L7 L — MMIHEFE (10,000 cells/ well) §°2, 96 7 = /L7 L — b ~OREFEKHT I,
¥ = VI OMIBENTAR © 23 e K5I, R U 7 IR RRE N I — £ R o KO
HET S5, Vo7 =7 —BEEIES L O AFERAE IR, IREBIC3 VoV EE
A R

3-2. HBRWE OFI L OYRERR & FIE

PR E R L OSHIESE & HICFE UCERY A ORI L+ 25 (eI RT
STV DMITFERY AICERT 2), BRWEIZI AF L ALERF T B (DMSO,
CAS No. 67-68-5) D) 7 BERIZIARE LT, Sl (B : 200 mM) D¥EK 2 7%
T % (DMSO [ZZ N BESEEREICSH S B2 5), DMSO IZREDOEA L, WERE
RKSH HVMTEERIRIC CRBICRELL . Zomiii, wE B2 388 +5, 9+
DARHOYERE D4 200mg/mL & 5\ T 20% (wiv) OIRIRE 3%, DMSO, JK#
K& D WKL DR 2 L e85 813, 2 ORFZR 2 Y2 R T 5,
IO DOERAZ DMSO (RNEDGEITIE K £ 21T E R RIKR) T2 ARL T 12
EEPEDYREE (0.098~200 mM) RIRAZ AT 5, ThEMIEEAREIKRT 25 HaRT
Do THADOFBEIE &4 T = VIR, BREIREE % 0.98~2000 uM &35, 43 FEAD
RIAOBERE DG, B IRIZ DMSO & U < 13y 2 ik Tl L, HfRE %



0.98~2000 ug/mL &3 %,

R E DT D ORI FEMER AL LIS SR E 2 RICE R L, A EE
D T5%E 2 DPRE (CVys) ZRET HTDICET H, CVislI s 7 =7 —BIEMHEH
EBLONWAT L CER SN2 MREEREICB T 2 BRERCOBICHERSND (f :
AN 1.2 TRELZRERIZBWT, CVas L0 1 REEWVIEE (CVsx1.2), CVis,
CVis D F 4 ¥R (CVis/1.2,CVys/1.44,CV75/1.73,CV75/2.07) ) o FRRFEEMERTRT X 5 55
TEDL, b LATBEMERE L BEWEBREOHEIL. ES BRI ESERED
RENMEHIND,

AR (] : DMSO) 13, B&EmIZ 1 7L — B2+ T = )V % Rk R
T B EET e o)LL, lREERETIZ 12 Vb LY T =T —BiEHE
HIETIX 24 U = )V), BARITHEERDE O PR R E & RIERICAIR A ATV (B 2 1%) .
MR AEFRICR B Z RIE SN K HI2T 5,

MR b RAEIC 1 L — b +07k v = VR RIS 2 (1] FErE
oS CHED  REMRE TIE3 e LY T = T —EIEMIE TIZ 6 U = L),
LuSens test method CTli. 2GS S5 FNBEEN O IEFEAEM:'E @ DL-Lactic acid
(CAS No. 50-21-5,>99%) % 5000 uM (% L < (%450 pg/mL) (2 CTHWD, Efibisto
BEVERTIEEIZ DWW T L0 RT — 2B oS AIIIEAREE 35, 2. +4
720 = VIR DREFRIE D Fx % RO BN U 7= S VER X ) % [RIAR IS FH A3~ 2 (B« A% m
Fa W ZHEL | MR ERETIE 6 Vb, AT T =2 7 —BIEEHHIETIZ 12 V=),

LuSens test method 23 U112 it S AL TV D ) E MRS 2 HHY T, BBIMERHR 2 M A 12
17V — BT +5070 0 = VEERRRIGRET 2 (B T e /%L, Ml
FERETIE 2V, Vo7 =27 —BIEMRIETIL 5 7 =/L) . LuSens test method T
I%. 120 pM Ethylene Glycol Dimethacrylate (EGDMA, CAS No. 97-90-5,>99%) % #5& ¥
B L RBEOFRRITEIC CEAT 5, 120 uM IZCTHIfa AL D, b L < IR
JEDII BV WG AR, MRREMEDS 2 D vy GIBAEFEERENT0%LL E) & L <1
FOGINI BN D IRE ZERT 5, BRSO B EIC >V TH o mT —4
W DA IIIMERTRE & T 5,

3-3. WRERME B X OV IRE O

BRI B L O B EIZOWTC, 1 P L— MEIZ 3 U o9 D, ML LD
< ED 2 BIOMD IR URE (FEBRWER L OBESBEYEIZ OV Tn=6) % Fhi
T 5, ML L7 2 RIOMAERENAR—BEOEAE. 3RIEOBREL L, ZNEhadEt
Tn=9 &35, EHRAITRIAICE U E V523, & F2BRIIHT - 7o B & 7
RS L OWIRR 2 AV CRTR 2T 9,

AR ZRERE L7 24 BRFFEIIS RO L — FNOERKZHE T 1 U H720 150l O
MG A (FAEMERE) CEXH 5, R LR ERREZ S0ul 7 2o%
U Uz, 48 KEH, 37+ 1°C, 5%CO, 1 v F 2 X—XNTHET S, 72770, 1 ¥
= /VEIERLE (I, 20 L) L35, U b b ORFEOR YA RET D720
27— b LT S,

13
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3-4. V7 =T —BIEEORIE
ﬁﬂﬁwy7:§—fﬁﬁ®mﬂ"J)ﬁﬁmamw:/x—ﬁ—z)%@ﬁﬁ
X DMEDYEE TRy 2 VDOFEEEFf-727L— 1k, 3) +%5 &Wf&
5OXDERWIEMZGD-DDONY T 2T —VREORIR, BLO4) #EEN»OR
LI SENEETH D, N6 &2 fERT 572012 TG 442D Appendix 1B-Annex 3 (271
Sty b7y T HEZRBRANCHR T 5 2 L 28D 5,

Bk 715, BIEE2HBCL U U LA B S K C R O IR AR A AR ETE &
F U VTN A, BT CHa e RS 5 (B2 13X5~104y) o MRy & &t~
L— MR o 3 Ui THRBLL, VI ) A—Z—THlET %,

3-5. MlLAFRONE

LuSens test method (235 (7T 2 #iflc AEAFROWE 1T G TRITHHLZ 0.5 mg/ml D MTT
(3- (4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, Thiazolyl blue tetrazolium
bromide; CAS No. 298-93-1) & A HftEis MU S AHE 5, AT 2 BEfEL 37+ 1°C, 5%CO, A
VX aRN—HNTEET S, HE%. MIT §AEM#Z T, 10% SDS  (Sodium Dodecyl
Sulphate) ¥#ik72 & C—BAlluEfFEZ. 570 nm OBROCE 2 HIET 5,

3-6. T — X DT
LuSens test method Tix, LA N OIEEEAHE HT 5,
- PERE B LG EIRTEIE SNV Y T = T — BIEE O R KFHE
- BRI D T5%EAFHR (CV7s)

5

m

N7 =27 —BIEEN LS (G EOWBRME K REIZOWT, Vv 7 =T —BiE%ED
FENFEH AN EMEIRIZR L TAEE (p<0.05, two-tailed Student’s t-test) T 5 7>
ERGET 5, S HIT, FELOREIZBWTHIREENAONRNWT L 2HRT 5, 77
7%¢ﬂbfﬁimuﬁnﬁé &%%Héh% B & 7R IREEARAE DGR O Bk

B0 BERUG MR Y AR 2 R T IGA T, FIE AR IR L, BRI E R g7,
Ei7—ﬁ@ﬁ @&%%nféogﬁﬁfﬁé EVHERTE AT, BWHoD
ECi s HZ EIRT 5,

3-7. HEREANL O S

LuSens test method (28 W Clx, PATFD 3 {23 XT3 Ak 3 5,

- BEPEXHEE @ 120 WM EGDMA (6 L < 1ZZF N ERIZEORE) 2B\ T, FH DL
7 = 7 —BIEMED 2.5 LA ORI A AF SR DN A BRI & bbl LT 70% 2L BT
<THEHARBZRW,

<[RS (1] : 5000 uM DL-Lactic acid) 35 &8 OVBEAL{E X ] |2 35\ TR oL o
7 = T —BIEMED BRI & bl LT 1.5 K0 RS A uide B ey,

« 7L NE OB RO S ZEEARIDS 20%LL F TR IR B,

<D EBBIE 3 IR ORI AEFER DRI SR & i LT 70%LL BT



X7 B 720, &6, ERPEMEDOLE. D7e &b 1 REOMEAGTRIX 70%
RS T NIE R B0,

3-8. [EtEOYIE
2@@@@LL%%@2@%éwi3E@ﬁDLL%%®2@T VRN S (Htaiey
LGB TR B R E &Il 5, % 9 TRWIGEIT, Bk Ll 5,
'@Mbkﬂhﬂ@®ﬁW(ﬁ@$féﬂ(%uh)%%¢ T2 EEICBWNTILY T
Ii—fﬁéﬁﬁ%ﬁ%&%@LTISPuLT AR & bl UG RH2rIC
AETHDHZ L, LRaiil-9 70121307 < & LW 3 BEICB W CHlin s
PER T WK RN D D,

BERICIN A, 2000 uM (43 - BEAREN DA X 2000 mg/mL) THRER OIS > & 72<
PR, MM S 2 DN WA ORI RITEHIRGE L 75,

4. FEE

AGRBRIE O FANFBHAVE, Fisk NEEME, sk BB IC W Tl BASF ALIZ L B4 2
U ARER, BILOYE 4 JEX NS L7 5 —2 a USRI B W TR S 7L, EURL
ECVAM (2 &> Tl &7 T % 2279,

. iR 2

8 MEZ=H\\WT, EEfEFH D BASF L7 5 Burleson Research Technologies £, DSM
Nutritional Products #1:, Institute for In Vitro Sciences (IIVS) 33 & O The Procter & Gamble £1:™
4 Jiti @~ D A ERNEIT DV TR 2347 A7z (Phase 1) o XD S B 2 Miikix
KeratinoSens™ DN 7 —3 5 FZEIZ H ML TV iz, &Tﬁ@iﬁ‘ﬁi@%ﬁ
(1) 8 W& 6 MELLETELVHERRAGEOND Z &

(2) Validity criteria Z-{ifi 72 95U AE SR OFEIG A BAIKLD 70%LL ETHD Z &

&SN, 1 ERRIIPAFEHE Th % BASF TRl 2 B1F L, 3 fiikid SOP D#gfl72iF T
B A I LT,

R ER 1-1IRT, &2TOMETERL (1), 2) OREMEZHIZLTEY | S ErEc
TN EE X bhiz, AL, BIEIRME TH S EGDMA IZB L Tid, € OfliamErE
(2 R0 MR AEAF DY 60% A & 72 DB 0N b o ToToh, LIBED/NY 7 — a2 If5E (Phase
II) T, Validity criteria & U CREHEs A E 2 050N L 7 BRO MR A A7 DS 70%LL ETHh 5
ZemBemani,

15
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# 1-1.

BN ERIEIZ B 5

AR A R

Lead lab
Results
Human/LLNA data Positive  Negative invalid Final
o —Hexyl-cinnamic aldehyde + 5 0 0 +
1-Chloro—2,4—dinitrobenzene + 4 1 0 +
Chlorobenzene 0 4 0 -
Citral + 2 0 1 +
DL-Lactic acid - 0 2 1 -
Ethylene glycol dimethacrylate + 3 0 0 +
Methyl salicylate - 2 0 1 +
Sulfanilamide - 2 2 0 ?
Total repetitions 30 6/8
Valid repetitions (%) 90
Lab 1
Results
Human/LLNA data Positive  Negative invalid Final
o —Hexyl-cinnamic aldehyde + 2 2 0 ?
1-Chloro—2,4—dinitrobenzene + 3 0 0 +
Chlorobenzene - 0 2 0 -
Citral + 4 0 0 +
DL-Lactic acid - 0 4 0 -
Ethylene glycol dimethacrylate + 3 0 0 i
Methyl salicylate - 2 0 0 +
Sulfanilamide - 0 2 0 -
Total repetitions 24 6/8
Valid repetitions (%) 100
Lab 2
Results
Human/LLNA data Positive Negative _invalid | _Final
& —Hexyl-cinnamic aldehyde + 2 0 1 +
1-Chloro—2,4—dinitrobenzene + 3 0 0 +
Chlorobenzene - 2 2 0 ?
Citral + 2 0 0 +
DL-Lactic acid - 0 2 0 -
Ethylene glycol dimethacrylate + 2 0 0 i
Methyl salicylate - 2 1 0 +
Sulfanilamide - 0 2 0 -
Total repetitions 21 6/8
Valid repetitions (%) 95
Lab 3
Results
Human/LLNA data Positive Negative invalid Final
o —Hexyl-cinnamic aldehyde + 2 1 2 +
1-Chloro—2,4—dinitrobenzene + 3 1 1 aF
Chlorobenzene - 0 3 1 -
Citral + 4 0 0 +
DL-Lactic acid - 1 3 0 -
Ethylene glycol dimethacrylate + 3 0 1 +
Methyl salicylate - 3 0 1 +
Sulfanilamide - 0 3 1 -
Total repetitions 34 7/8
Valid repetitions (%) 79
Lab 4
Results
it Positive  Negative invalid Final
o —Hexyl-cinnamic aldehyde + 2 1 2 +
1-Chloro—2,4—dinitrobenzene + 4 0 1 +
Chlorobenzene 0 4 1 -
Citral + 4 0 1 +
DL-Lactic acid - 0 5 (0] -
Ethylene glycol dimethacrylate + 3 0 2 i
Methyl salicylate - 0 3 2 =
Sulfanilamide - 0 3 2 =
Total repetitions 40 8/8
Valid repetitions (%) 73




4-2. FEFRNEEME 27

BASF AHIC X DA > ZFBRTIE, 74 WHET 69 W (93%) THEHIAMENZLNIZ >,

3EBAIC KDY T =2 g UBFJE TR, PREERYE Y ISR STV D 20 MEOWNA S 12
W DNEIR S Av, FEsx NEFELMEDS R S viz, 3 BB & bR AR 100%TH Y | 1
REARUEIC LR SN TV D 80%LL & ) JEMEA /- L T (& 1-2) 2%, 7272, e M/
LLNA 7—# L k#3425 &, 4-Methoxy-acetophenone (F14/5:. Phenyl benzoate X f&F&MET
b5, BBAZEESTIE, Aoz 20 WE R LV 2 - D Chemical class, Mechanism,
JBEAEM A 7 = U —. Pro/ prehapten (2R3 2 1H# G, 26 OWEITEUNICER IR NS
D Ll LTz,

F 1-2. M FFBMEICBE 9 % BERaE R
[ BN e
Exp2 Exp3 Expl Exp2 Exp3

Laboratory 2
Exp1 Exp2 Exp3

Phenyl benzoate - - = _ E - o
Salicylic acid - - - = = = - - -

—
N =

e

=

+: positive/skin sensitiser prediction; -: negative/non-sensitiser prediction; #experiments conducted

in the transferability phase; *experiments with three repetitions.

4-3. JfaaxHEEME Y

PEREASEYE O (CREE STV D 20 WE Z WV Tk S T S iz, 12 IR
LCiE, Ao 3 fiiz% (Leadlab, Lab 1 35X (ONLab2) Ofzk N HBMERE OB D5 R H
WH LTz, 780 O 8 W'EIZEI L TiX Lead lab, Lab 3 35 K1Y Lab 4 0 3 fiigk Catlih# S0 L
72o F7-Lab3, Lab4 @2 %I & HIC 5 WEORER A FhE LT,

fiR A 1-3 1R, BTOWE THiaRHBBMET 100% TH Y | PEREIREICFH I T
W5 80%LL &V BHER - LT e, 72720, B R/ LLNA T—X LT 5 L 4-
Methoxy-acetophenone 35 1 OY Methyl salicylate X454, Phenyl benzoate |3 {424 CTH 5,

17
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#1-3. SHRICELANY F—3 g UWF5EHER D

reference
test substance NSws S LLNA
potency
+ + + nt nt

4-methoxy-

NS na
acetophenone
NS na - nt nt - -
NS na - = - - =
NS na - - - - -
NS na - nt nt -
NS na + nt nt + +
NS na - - - - -
NS na - nt nt - -
2-
2,4-
4-
Methylaminophenolsulfa S strong + nt nt + +
te
s extreme + + + nt nt
s moderate * +* + nt nt
Ethylene glycol
[Eugenol | S weak + nt nt + +
S moderate + + + nt nt
Methyldibromo
glutas:onitrile = EIETT] * * * * *
S extreme + nt nt + +
S weak - - - nt nt

Predictivi

n ] 20 12 12 13 13
917 875 87.5 100.0 100.0
75.0 75.0 75.0 85.7 85.7
84.6 87.5 87.5 857 85.7
85.7 75.0 75.0 100.0 100.0
85.0 83.3 833 923 92.3

NS: non-sensitiser; S: sensitiser; na: not applicable; +: positive/skin sensitiser prediction; -:

negative/non-sensitiser prediction; nt: not tested; #experiment conducted in the transferability phase.

5. EREE (RER X OGRRRE) 23789

BASF #EIZ X 2 74 WEEZ WA T ZFRBROFER 278 BROS fEsRIC L 51N 7
— v a UFRORER (R 1-3) 29000 RE, R X ONEREEEDSEHG ST,

BASF tEIC L B A v ZBBRICEBWTIE, B FF—% (69 WE) & ik Liza . B
1% 83%. FFELEEIL 78%. IEREFEIL 81%. LLNA 7 —4 (72 WE) LIk L7254, BEIX
75%. FEEFEEIT 71%, EHEEILX 14% Th o7z (B A vy ARBREER 7D B0 O%ET
FER YL BALFOMMBENEONE L — B Lo 772, 26O IEMEOBIEIZE DR
WD AREZEBRIC I VHE IR, ARBIEORE L 83% (B K. 75% (LLNA) TH Y |
EVEDFER D ST AL AIRIED ATRENE 2 B R L. ARERIE D A C R RRAENE & 2k
CHIET D LIITERY, ILICABREE -7 13 WE T 2 %8 (Phthalic anhydride %
U\ Propyl gallate) (X UN GHS 1A IZX 3 SN OME ThHh o 7o Z LIZFHIER T HDRERH D,

5



F7o, FFRES 78% (B F) & 71% (LLNA) Th D Z &b, ARBRIE CHIEOR R
LNTGEICS ., BEEORREEN B D Z ITHE LRIT TR 6720,

Phthalic anhydride £ 7 VBRI TH Y D, U U UFREFFRIICHE G T2 2 Rnmbh
TWA 728, Keapl-Nrf2-ARE pathway OJEME(LZ T & 3 2 ARREBRIE CIXARMEIC R - 72
L& ZH5, Propyl gallate (25Tl Prohapten O —F& C& % Pro Michael acceptor T ¥
DR SN E Z L RT LR LR WD BREEIC R o7 B X BN D, EOMOARR
PEMVEIZ DWW TIE, 7 2V EEERE A (Benzoyl peroxide 33 & OF Phenyl benzoate) . Pro/ prehapten

(4-Allylanisole, Ethylene diamine 33 &2 U8 Resorcinol) . ¥ A7 A V5% & WAL L W&E
A A > (Nickel chloride) 72 EDHLHNE 2 Hiviz, —J7, MGIEWEIZ OV TR, JERAEME
W'E & L CTHIH AL TV D 6-Methlycoumarin 7% Michael acceptor & L CH /N7 B LHEET D
AR & D LS, R TH -T2,

5 MBI Z 2 NY T = a UWFFE (R 1-3) IZBW T, JEREET 88-100%, FFALE L 75-
86%. IEFEMEIT 83-92%Th o7z, 722 L. MBRICHWEMIEDOY 7 v MIMERICE - T
5725 T, Lab 3 35 KU Lab 4 DR T JORFRIEPMUAER & 0 @ik, flfise ok
BRIZ I THARRME & 72 5 72 Phenyl benzoate 35 &L OMARGE & 72 5 72 4-Methoxy-acetophenone

B AZEmRL TWRWNWED EEZ BN, 20 MWEETORBREREE L O D & RET 92%.

FRELREIL 75%., IEREREIT 85% T o 7o, MEREEEHE 'O TIE, Z4UH 20 WE 2 V=3I
BT, BE, FRRE R JOUEREE D 80%LL | & 9 FEHEDUR STV 5, ARRBRIE DI
B EOEMET 80%A ETH o727y, FrREILZ OIELR - SR o Tz, FFRIED 80%
Kl 722 T OITFEBAEEDE 8 dhD 5 B 2 MBI I o T2 7e O ThH D | ARRERIE DK
REZHWT 27D Z OWBRMERTIIAR T+ B2 bbb, KRB D
THMEDRERDF LN AR, BIEEO TR & 5 2 L IZEE LRIT TR 5720,

D 20 W O ARFERYE & KeratinoSens™ @ VRM  (Validated Reference Method) (2 X % bt
BEARBRAE R A2 2-1 1T, WIRRBRIE L © 20 WETP 1T WEZIELHEL TRY | IEMgE
1% 85% T o 7o, ABRIETIARNE L 72 > 7= Methyl salicylate |d, KeratinoSens™ ~Cifa
EHE S, AREBREE TR & E & 472 Eugenol 1% KeratinoSens™ Tl fafatt & 72~ 7=,
ESAC opinion® Ti&, MiBRiEDO /N F—3 a3 VAR R OFEIN R SN TEBY, 202
VBT DWW T aBRTE & B I & HE SR OEER (run) & 20 & HE S8
MOEBRBD-T2Z & TbHIO 2 WHITHECH LVWHE THS Lifich T D

(F 2-2), MRERIE T4, & 72 > 7= Phenyl benzoate | Weak sensitizer Th 5, F7z 4-
Methoxy-acetophenone X FERIE TG L 72 o7, 2D OFERD G, ESAC opinion Tl
MRERIEICOWNWT E S B —H 2 HET 2R PR 2B I W L S Tl v | mialER
EOTFRMHITIZERE LB Z N5,

PLE &0 | ABRBRIE B CUI R R O TRIMEIE AR +53 ThH 0 | GELO AT R0fthod
ABRVE LA E DY TORME A2 H#E5ET 5,
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# 2-1.

LuSens test method & KeratinoSens™ & @ thifge-1?

LLNA reference result

test substance NSvs S LLNA potency LuSens KeratinoSens
4-methoxy-acetophenone NS na + +
Chlorobenzene NS na - -
Glycerol NS na 5 =
Isopropanol NS na - -
Lactic acid NS na - -
Methylsalicylate NS na + -
Salicylic acid NS na - -
Sulfanilamide NS na - -
2-Mercaptobenzothiazole S moderate + +
2,4-Dinitrochlorobenzene S extreme + +
4-Methylaminophenolsulfate S strong + +
4-Nitrobenzylbromide S extreme + +
Citral S moderate + +
Ethylene glycol dimethacryiate S weak + +
Eugenol S weak + -
Isoeugenol S moderate + +
Methyldibromo glutaronitrile S strong + +
Oxazolone S extreme + +
para-phenylenediamine S strong/extreme + +
Phenyl benzoate S weak - -
Total n 20 20
Sensitivity 91.7 83.3
Specificity 75.0 87.5
PPV 84.6 90.9
NPV 85.7 77.8
Accuracy 85.0 85.0

NS: non-sensitiser; S: sensitiser; +: positive/skin sensitiser; -: negative/non-sensitiser.




% 2-2. LuSens test method & KeratinoSens™ & o krifg-2 3

KeratinoSens™ | LuSens
LeadLab | Labl Lab 2 Lab 3 Lab 4 LeadLab |Labl Lab2 Lab 3 Lab 4
EIEIES
Non-sensitiser 5 (N-N-N) | (N-N-ND | (NNN) | (NNN) | (v NN) | (NN) | (NN) | (NN
(N-N) (N-N) | (N-N)
(NN) | (NN) | (NN)
Non-sensitiser (N-N-N) | (NEN-N) | (NSN-ND | (NN-ND [ (NEN-ND [ (NN (N-N) (N-N) (N-N) (N-N)
(N-P-N) | (N-N) (N-N)
(N-N) (N-N) | (N-N)
Non semsitiser | (N-N-N) | (N-N-N) | (N-N-N) | (N-N-N) | N-NN) [ (NN (NN) N | ™
(N-N) (N-N)
(N-N)
Non-sensitiser (N-N-N} | (N-N-N} | (N-N-N] | (N-N-N) | (P-N-N} | (P-N-N) (N-N) (N-N)
Non- sensmser (N-N-N} | (N-N-N} | (N-N-NJ | (N-N-NJ | (N-N-N) [ (P-N- - -N
Yo QNN (N | | (v | oy [NEREE | Emmmen|
Non-sensitiser (N-N-N} | (N-N-N} | (N-N-N} | (P-N-N) [ (N-N-N) [ (N-N) (N-N) (N)
™)
Skin sensitiser (P-P-P) | (P-P-P) | (P-P-P) | (P-P-P) | (P-P-P)
(weak)
Skin sensitiser
(weak)
Skin sensitiser
(moderate)
Skin sensitiser
(moderate)
SKin sensitiser (P-P-P) (P-P-P) | (P-P-P) | (P-P-P) | (P-P-P) ] (P-P) P-P)
(strong) (P-P) (P-P)
Skin semsitiser | (P-P-P) | (P-P-P) | (PPP) | (PPP) | (PPP) | (PP) ®-P) (P-P)
(strong/extreme) (P-P) P-P) (P-P)
(P-P) (P-P) (P-P)
Skin sensitiser (P-P-P) | (P-P-P) | (P-P-P) | (P-P-P) | (PP-P) (P-P) (P-P) (P-P) (P-P) (P-P)
(extreme) @) | P | @P)
(P-P) (P-P) (P-P)
Skin sensitiser (P-P-P) | (P-P-P) | (P-P-P) | (P-P-P) | (P-P-P) (P-P) (P-P) (P-P)
(extreme) (P-P) P-P) (P-P)
(P-P) (P-P) (P-P)
Skin sensitiser (P-P-P) (N-P-P) (P-P) (P-P)
Skin sensitiser (P-P-P} | (P-P-P) (P-P) (P-P) (P)
(moderate) P
Skin sensitiser (PP-P) | ®P-P) | (P-P-P) | (P-PP) | (PP-P) | (PP) (P-N-P) | (®P)
(strong)
Skin sensitiser @®-P-P) | PP-P) | (P-PP) | (PPP) | (PP-P) | (PP) (P-P) P-P)
(extreme)

P = Positive run

N = Negative run

() = Tested in addition to what is requested in the performance standards (PS)

() brackets correspond to an experiment, e.g., for experiment (N-P-P) the final conclusion is P.

In bold face are the 12 reference substances for which, according to the PS, WLR information needs

to be generated. BLR information in turn, is required for all 20 reference substances.

6. FHAl ATREZR M E DI L OVE M & R

ARBEIL, S EIERBECWE (L FIOMEE AT 2L FWEICHEARETH D Z &
DRENTND D, £, K?ﬁgﬁ?ﬂl%b‘é?’éﬁiﬁﬁ’éﬁ@ﬁ‘é\ b L IFLEIHIT 210G
YIXiEH ATRE Cdo 5 A3, 3 FH FTRE R MR B IC B W T MR d 23 2 b v 2 W h G AAF
HT0%LA L) ORMRERIE TRHEARRE) & éh‘éo

AGEREIL KE2 Z 3l 5 in vitro 315 Td % KeratinoSens™ & [Flfk, ~ A7 A 5k
& DG INE TR Keapl-Nrf2-ARE pathway OVEMHEAL A FEEEE L TR, U U U R AERF AR
WG Ly B EE 2 R T IR L HESND ZENRBEZXONLT2H, TD XD WE

(1 21X, UN GHS 1A o Phthalic anhydride) DOFEVERERITIEZRNMLETH D D, AilBrik
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AT SR ORBRRIZREN TH Y D KRBREEL DS, TonT T BRI
LT T (Bl %1X, UNGHS 1A @ Propyl gallate) (X[2MEE 72 B A[REMEN B D, —FH . &K
EED 72N I ANV A S Ly H— (BIZEEA N VA Z3HET 5%'E) 13X KeratinoSens™
LRER, AIGIEE R D A[BEMER H D 1D, I I, Vv 7 = T —BIEHIC TS T 2L FWE b
P52 D RTREME D B D 1,

AFRERIEIL, MIEEER OHEIN L 96 U = AXHED VX ) A —F — DR R HIVTE S
\ZF i 7] BE Td> 5, LuSens testmethod (37 7 F / A MZF1F % ARE-dependent pathway (Z
L ABLFRBZRBIEICLTEMREETH S Z LD, [AERIC Keapl- Nrf2-ARE pathway % £
ALV ER—%—7 v A Th b KeratinoSens™ & FEARM 2 BAEIXFIEETH 5, ARBRIED
EhilzmE 72T =7 3 A MMX KeratinoSens™ & [FIERA 1.5 T & BAES 41, LLNA ([A]
110 ) XYVARETH Y . h-CLAT ([FF2 HH) < U-SENS™ ([Ff 1.8 HH) LIiZiE
[FIFEE T o 7o, ARBRIEDOSE | BAFE LD BASF #E L 0 MRk O AF R EE TRIEETH D

(Eee 7o EEER]) , — 8., KeratinoSens™ TIXHUE LMD A FICE L CTIRGE 2 BRE S
#17= acCELLerate f1: 2 ¥ 500 = —n= THEARIBETH D (EE]), WaERIE L bHino AF
B LT TEDTA B ARBKIIAETH D,

AFRBIEIT, TATA IR W TLORBRIE LHAGDED Z LTk D | BAEEWE & IEREAE
PEWE & OFBNAEHT D Z ENARETH D, Lo L, AGUERIE M CORIEMIRE S
GHS DY 7 717 ) — 3~ DISHICITE S 720,

7.

LuSens test method (%, BEIZ OECD TG 442D 2%k X431 CU % KeratinoSens™ & [FIER I
FBAEMER BB FICI 1T 5 KE2 IZxHhT 2 RBRIETH 5,

KeratinoSens™ Ti%, AKRIC2 &I {®D ARE # = NP —LF51L0 727 —EB LR
— X —BAFEALEMITEA LT HaCaT Ml (v 7T F 7 %o FRERRME) 202
DIZkF L. LuSens test method TliL 7 v F® NQO1 &InFHKD ARE # =N\ H—L35
N T 2T =R UR—F—BIaF 2 ZEMNIEALIZE b7 F Y1 hREERME (B
LARGE) AT S, WL B IEEWEIZ X D Keapl-Nrf2-ARE pathway DIEMHALIZEES T
FHEINHNT T 2T —BOIENE WEZRML CHRLMEZREST 52 LIk b, b

W'E D R eI EIE 2 -3 5 HiETh 5,

LuSens test method |, EURL ECVAM (2 X 53U 75— a3 UHFEIZ T T, BASF #EIiC
KDoA vy A BRI L OYNE 4 BRI SN L 7o MERRIEHEIZ LS N Y F— 2 3 UBFZEN
1o, DA% EURLECVAM 7233l L T, 2018 4F 6 /12 OECD TG 442D (ZiBRE S
7= (Appendix 1B),

AABIE T, MIEEOHIFE 96 U = AxHEDN I ) A =2 —DERER D HAUTES
[CFEMFRETH D, F7o. ARBRIEIZH 2 MIIakKkIL BASF #2025 AFHHRETH 2,

BASF tHIC X % 74 WHE 2 T RER BRI 93% TdH v | 3 BREAIC & 2 sk N AL

(12 WEIZHWT) 13 100% T~ 72, 20 WE Z MW T BASF tE2 & T 5 fiigkiZs VT
2 &b I IO E 3 MR A LAY FENE L 72 i ik M A BL B O R R IE 100% Th > 72, W
TAUH PR UE TR LT D 80% LA LD BEHEZ- 7= L Cuh /e,



BASF #hZ K54 o0 ZFBRICIS W TR, B b7 —% (69 WE) LHL7o8E . &
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PEREAEYE|Z FUH S LTV D 20 - %2 FV TYT 404172 LuSens test method & KeratinoSens™
DB OFER TIE, MRBEEL S 20 WET 17T WELZELHELTBY . EMEIT
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H O —H a2 HET 2R R BT VW E LTV D, AZBSITMRBRIED THIMEIXIZ

)45 &Rl L 72,

LuSens test method (3, KeratinoSens™ & [FIERIZ T AT A U FEIE & OIS LB 7R Keapl-
Nrf2-ARE pathway OVEMALAFRIE L LCTEHY . U VU RERREOICHEAS L, BUEHEZ R
VBB HESND T ENBIONLIOTHEEDLETH D, ARBIEIMERT 2
HUIRE D RHREIZIRERI TH Y | 7HA7%yﬁiw7VA7%yi@@&ﬁéﬂ*ﬁﬁ
bb, = BAEHEDRWT IV A F Ly — (BT A N LA 2FHEETIWE) |
KeratinoSens™ & [FAlEk, AMEEL R D FREMER H D, DI, V7 =T —BICTHT 51k

FWE SR RSB D RREMED B D,

Ui@ﬁ*%#% LuSens test method |3, TATA (2 W THLOFERE & MLASHE S Z LT

BAEMEWE & IR E & ORI T 5 Z LA EETH D, L, AL
ﬁ@T@WWﬁﬁf PSP UNGHS O 7 H 7 2V — 38 ~OIE I3 S 7220,

AZEERIF, LFRORBRBRIEDORR % 2RI A R 2 & | ARRERIE R CTIL A EMED

HEEA TS THY | O BT OMORERIE L OMEF THWD Z L 2H#ET 5,

NIF

51 A 3k

1) OECD (2018). Key event based test guideline. In vitro skin sensitization assay addressing the
AOP key event on keratinocyte activation. OECD Guideline for the Testing of Chemicals. No.
442D, OECD, Paris. Accessible at: https://www.oecd-ilibrary.org/docserver/9789264229822-en.
pdf?expires=1540286232&id=id&accname=guest&checksum=F9DC614E0BBF02D46223CS8F
CABCFBASE

2) EURL ECVAM (2018). The LuSens Test Method Validation Study Report. Accessible at;
https://tsar.jrc.ec.europa.eu/test-method/tm2011-10

3) ESAC (2016). ESAC Opinion on the BASF-coordinated Performance Standards-based validation
of the LuSens test method for skin sensitization testing. Available at: http://publications.jrc.ec.
europa.cu/repository/bitstream/JRC103706/esac_opinion_2016-04 lusens_final.pdf

4) AdeN, Leon F, Pallardy M, Peiffer JL, Kerdine-Romer S, Tissier MH, Bonnet PA, Fabre I, Ourlin
JC; HMOX1 and NQO1 genes are upregulated in response to contact sensitizers in dendritic cells
and THP-1 cell line: role of the Keap1/Nrf2 pathway. Toxicol Sci. 2009; 107(2):451-60.

5) Vandebriel RJ, Pennings JL, Baken KA, Pronk TE, Boorsma A, Gottschalk R, Van Loveren H;

Keratinocyte gene expression profiles discriminate sensitizing and irritating compounds. Toxicol

23



24

6)

7)

8)

9)

10)

11)

12)

13)

Sci. 2010; 117(1):81-9.

Emter R, Ellis G, Natsch A; Performance of a novel keratinocyte-based reporter cell line to screen
skin sensitizers in vitro. Toxicol Applied Pharmacol, 2010; 245: 281-290.

Ramirez T, Mehling A, Kolle SN, Wruck CJ, Teubner W, Eltze T, Aumann A, Urbisch D, van
Ravenzwaay B, Landsiedel R; LuSens: a keratinocyte based ARE reporter gene assay for use in
integrated testing strategies for skin sensitization hazard identification. Toxicol In Vitro. 2014;
28(8):1482-97.

Kolle SN; Corrigendum to “LuSens: a keratinocyte based ARE reporter gene assay for use in
integrated testing strategies for skin sensitization hazard identification.” by Ramirez et al., Toxicol
In Vitro. 2014; Dec; 28(8):1482-97. doi: 10.1016/j.tiv.2014.08. 002

Ramirez T., Stein N., Aumann A., Remus T., Edwards A., Norman K.G., Ryan C., Bader J.E.,
Fehr M., Burleson F., Foertsch L., Wang X., Gerberick F., Beilstein P., Hoffmann S., Mehling A.,
van Ravenzwaay B., Landsiedel R; Intra- and inter-laboratory reproducibility and accuracy of the
LuSens assay: A reporter gene-cell line to detect keratinocyte activation by skin sensitizers.
Toxicol. In Vitro. 2016; 32: 278-286.

OECD (2015). Guidance Document No. 213. Performance Standards for assessment of proposed
similar or modified in vitro skin sensitisation ARE-NrF2 luciferase test methods. Series on
Testing and Assessment. Available at: http://www.oecd.org/env/ehs/testing/series-testing-
assessment-publications-number.htm

Fabian E., Vogel D., Blatz V., Ramirez T., Kolle S., Eltze T., van Ravenzwaay B., Oesch F.,
Landsiedel R. ; Xenobiotic metabolizn enzyme activities in cells used for testing skin sensitization
in vitro. Arch Toxicol. 2013; 87: 1683-1969.

EURL-ECVAM (2014). Recommendation on the KeratinoSensTM assay for skin sensitisation
testing, 42 pp. Available at: http://ihcp.jrc.ec.europa.cu/our_labs/eurl-ecvam/eurl-ecvamrecomm
endations/recommendation-keratinosens-skin-sensitisation.

Thorne N., Inglese J., Auld D.S. ; Illuminating Insights into Firefly Luciferase and Other
Bioluminescent Reporters Used in Chemical Biology. Chemistry and Biology. 2010; 17: 646-657.



OECD/OCDE

KEY EVENT BASED TEST GUIDELINE 442D

442D

Adopted:
25June 2018

IN VITRO SKIN SENSITISATION ASSAYS ADDRESSING THE AOP KEY

EVENT ON KERATINOCYTE ACTIVATION

GENERAL INTRODUCTION

Keratinocyte activation Key Event based Test Guideline

1. A skin sensitiser refers to a substance that will lead to an allergic response
following repeated skin contact as defined by the United Nations Globally Harmonized
System of Classification and Labelling of Chemicals (UN GHS) (1). There is general
agreement on the key biological events underlying skin sensitisation. The current
knowledge of the chemical and biological mechanisms associated with skin sensitisation
has been summarised as an Adverse Outcome Pathway (AOP) (2), starting with the
molecular initiating event through intermediate events to the adverse effect, namely
allergic contact dermatitis. This AOP focuses on chemicals that react with thiol (i.e.
cysteine) and primary amines (i.e. lysine) such as organic chemicals. In this instance, the
molecular initiating event (i.e. the first key 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 changes
in 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

3).

2. This Test Guideline describes in vitro assays that address mechanisms described
under the second Key Event of the AOP for skin sensitisation, namely keratinocyte
activation (2). The Test Guideline comprises test methods to be used for supporting the
discrimination between skin sensitisers and non-sensitisers in accordance with the
UN GHS (1). The test methods currently described in this Test Guideline are:

o The ARE-Nrf2 luciferase KeratinoSens™ test method (Appendix IA), and
o The ARE-Nrf2 luciferase LuSens test method (Appendix IB).

3. These two in vitro ARE-Nrf2 luciferase test methods have been considered
scientifically valid. The KeratinoSens™ test method first underwent a validation study
followed by an independent peer-review by EURL ECVAM Scientific Advisory
Committee (ESAC) and positive recommendations by EURL ECVAM, and is considered
the validated reference method (VRM) (3) (4) (5) (6). The LuSens test method later

© OECD, (2018)

You are free to use this material subject to the terms and conditions available at http://www.oecd.org/termsandconditions/.

In accordance with the decision of the Council on a delegation of authority to amend Annex I of the decision of the council on the Mutual
Acceptance of Data in the assessment of chemicals [C(2018)49], this Guideline was amended by the OECD’s Joint Meeting of the Chemicals

Committee and the Working Party on Chemicals, Pesticides and Biotechnology by written procedure on 25 June 2018.
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underwent a Performance Standard-based validation study based on which it was also
reviewed and received positive opinion by ESAC (7) (8) (9) (10).

4. The test methods included in this Test Guideline may differ in relation to the
procedure used to generate the data and the readouts measured but can be used
indiscriminately to address countries’ requirements for test results on the keratinocytes
activation Key Event of the AOP for skin sensitisation while benefiting from the Mutual
Acceptance of Data.

Background and principles of the test methods included in the Key Event based
Test Guidelines

5. The assessment of skin sensitisation has typically involved the use of laboratory
animals. The classical methods that use guinea-pigs, the Guinea Pig Maximisation Test
(GPMT) of Magnusson and Kligman and the Buehler Test (OECD TG 406) (11), assess
both the induction and elicitation phases of skin sensitisation. The murine tests, the
LLNA (OECD TG 429) (12) and its three non-radioactive modifications, LLNA: DA
(OECD TG 442A) (13) as well as LLNA: BrdU-ELISA and BrdU-FCM (OECD TG
442B) (14), all assess the induction response exclusively, and have gained acceptance
since they provide an advantage over the guinea pig tests in terms of animal welfare
together with an objective measurement of the induction phase of skin sensitisation.

6. Mechanistically-based in chemico and in vitro test methods addressing the first
three key events of the skin sensitisation AOP have been adopted for contributing to the
evaluation of the skin sensitisation hazard potential of chemicals: the OECD TG 442C
describes the Direct Peptide Reactivity Assay (15) addressing the first key event; the
present Test Guideline assesses keratinocyte activation addressing the second key event
and the OECD TG 442E addresses the activation of dendritic cells, the third key event of
the skin sensitisation AOP (16). Finally, the fourth key event representing T-cell
proliferation is indirectly assessed in the murine Local Lymph Node Assay (LLNA) (12).

7. As keratinocyte activation represents only one key event of the skin sensitisation
AOP (2) (17), information generated with test methods developed to address this specific
key event may not be sufficient to conclude on the presence or absence of skin
sensitisation potential of chemicals. Therefore data generated with the test methods
described in this Test Guideline are proposed to support the discrimination between skin
sensitisers (i.e. UN GHS Category 1) and non-sensitisers when used within Integrated
Approaches to Testing and Assessment (IATA), together with other relevant
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 (17). Examples on the use of data generated with these methods
within Defined Approaches, i.e. approaches standardised both in relation to the set of
information sources used and in the procedure applied to derive predictions have been
published (17) and can be employed as useful elements within IATA.

8. The test methods described in this Test Guideline cannot be used on their own,
neither to sub-categorise skin sensitisers into subcategories 1A and 1B as defined by UN
GHS (1), for authorities implementing these two optional subcategories, nor to predict
potency for safety assessment decisions. However, depending on the regulatory
framework, positive results generated with these methods may be used on their own to
classify a chemical into UN GHS category 1.

© OECD 2018
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9. 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 test methods to the testing of mono-
constituent substances, multi-constituent substances and/or mixtures. When testing in
submerged cultures, it should be determined that the test chemical is dissolved in the
exposure medium or at least forms a stable dispersion (e.g. by visual inspection of the test
chemical dissolved/prepared at the maximal final test concentration in the exposure
medium, showing that no undissolved residues remain and that no precipitate or phase
separation forms if the solution is left to settle for several hours).

10. Limited information is currently available on the applicability of the test methods
to multi-constituent substances/mixtures (18) (19) (20). Although not evaluated in the
validation studies, the test methods may nevertheless be technically applicable to the
testing of multi-constituent substances and mixtures. When considering testing of
mixtures, difficult-to-test chemicals (e.g. unstable), or test chemicals not clearly within
the applicability domain described in this Guideline, upfront consideration should be
given to whether the results of such testing will yield results that are meaningful
scientifically. Moreover, when testing multi-constituent substances or mixtures,
consideration should be given to possible interference of cytotoxic constituents with the
observed responses (e.g. the presence of a high content of non-sensitising cytotoxic
constituents may mask the response of weakly sensitising components or sensitising
components present at low concentration). It might, depending on the particular case, be
scientifically justified to test either single main constituents forming the major fraction or
several fractions of the mixture to conclude on the sensitisation potential of the complex
mixture.
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Annex I - 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 (3).

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 Nft2, it mediates the transcriptional induction of these
genes.

CV: Cell viability

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.

CV75: The estimated concentration resulting in 75% cell viability.
EC1.5: Interpolated concentration resulting in a 1.5 fold luciferase induction.

Fold luciferase activity induction: Represents the ratio of luminescence of treated cells
(minus blank) over the luminescence of the cells exposed to the concurrent
solvent/vehicle control (minus blank).

IC30: Concentration effecting a reduction of cellular viability by 30%.
IC50: 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.

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

Keapl: 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.
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Covalent modification of the reactive cysteine residues of Keap 1 by small molecules can
lead to dissociation of Nrf2 from Keapl (4) (5) (6).

Mixture: A mixture or a solution composed of two or more substances in which they do
not react (1).

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.

Negative control: A sample containing all components of a test system and treated with a
substance known not to induce a positive response in the test system. This sample is
processed with test chemical-treated samples and other control samples.

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 (4)

(5) (6).

Performance standards: Standards, based on a validated test method, that provide a
basis for evaluating the comparability of a proposed test method that is mechanistically
and functionally similar. Included are (i) essential test method components; (ii) a
minimum list of reference chemicals selected from among the chemicals used to
demonstrate the acceptable performance of the validated test method; and (iii) the
comparable levels of accuracy and reliability, based on what was obtained for the
validated test method, that the proposed test method should demonstrate when evaluated
using the minimum list of reference chemicals (3).

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.

Proficiency chemicals (substances): A subset of the Reference Chemicals included in the
Performance Standards that can be used by laboratories to demonstrate technical
competence with a standardised test method. Selection criteria for these substances
typically include that they represent the range of responses, are commercially available,
and have high quality reference data available.

Reference chemicals (substances): A set of chemicals to be used to demonstrate the
ability of a new test method to meet the acceptability criteria demonstrated by the
validated reference test method(s). These chemicals should be representative of the
classes of chemicals for which the test method is expected to be used, and should
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represent the full range of responses that may be expected from the chemicals for which it
may be used, from strong, to weak, to negative.

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 (3).

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 (3).

Reproducibility: The agreement among results obtained from testing the same substance
using the same test protocol (see reliability) (3).

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 (3).

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 (3).

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 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.
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Validated Reference Method (VRM): the first method(s) endorsed as scientific valid
and used as a reference for performance-based validation studies.

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 (3).

Xeno-free: which does not contain any element that is not from the same species as the
cells used, in this case, human.
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Appendix IA: In Vitro Skin Sensitisation: The ARE-Nrf2 Luciferase
KeratinoSens™ Test Method

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

1. The test method described in this Appendix to Test Guideline 442D addresses the
second key event of the skin sensitisation AOP (1), namely keratinocytes activation, by
assessing with the help of luciferase, the Nrf2-mediated activation of antioxidant response
element (ARE)-dependent genes. Skin sensitisers have been reported to induce genes that
are regulated by the ARE (2) (3). Small electrophilic substances 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 (2) (4) (5).

2. The in vitro ARE-Nrf2 luciferase KeratinoSens™ test method (hereafter called
the KeratinoSens™ test method) underwent validation studies (3) (6) (7) followed by an
independent peer review conducted by the European Union Reference Laboratory for
Alternatives to Animal Testing (EURL ECVAM) (8). 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
identification (8).

3. 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 techniques (8). The level of
reproducibility in predictions that can be expected from the KeratinoSens™ test method
is in the order of 85% within and between laboratories (8). The accuracy (77% -
155/201), sensitivity (78% - 71/91) and specificity (76% - 84/110) of the KeratinoSens™
test method 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 (8). These figures
are similar to those published based on in-house testing of about 145 test substances (77%
accuracy, 79% sensitivity, 72% specificity) (7). This information indicates the usefulness
of the KeratinoSens™ test method to contribute to the identification of skin sensitisation
hazard. However, the accuracy values given here for KeratinoSens™ test method 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 a Defined Approach or an
IATA and in accordance with the provisions of paragraphs 7 and 8 in the General
Introduction of this Test Guideline. Furthermore when evaluating non-animal methods for
skin sensitisation, it should be kept in mind that the LLNA test as well as other animal
tests may not fully reflect the situation in humans.

4, 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 (3) (6) (7) (8). The test method is applicable to test
chemicals soluble or that form a stable dispersion in the exposure medium (i.e. a colloid
or suspension in which the test chemical does not settle or separate from the solvent into
different phases). Test chemicals that do not fulfil these conditions at the highest final

© OECD 2018



OECD/OCDE 442D I

required concentration of 2 000 pM may still be tested at lower concentrations. In such a
case, results fulfilling the criteria for positivity could still be used to support the
identification of the test chemical as a skin sensitiser. In cases where a negative result is
obtained in a test with a maximal concentrations < 1000 uM and no cytotoxicity is
reached, the result should be considered as inconclusive (see prediction model in
paragraph 32). If cytotoxicity (< 70% viability) is reached at a maximal soluble test
concentration < 1000 uM, criteria for negativity can still be applied. In general mono
constituent substances with a LogP above 7 may be insoluble in the exposure medium,
however, if solubility or stable dispersion can be obtained and documented, testing may
still be conducted.

5. 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 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
sulthydryl groups) of Keap-1. Complementary information from peptide reactivity assays
may help addressing this uncertainty, in particular assays able to distinguish between
cysteine and lysine reactivity. Furthermore, because of the limited metabolic capability of
the cell line used (10) 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. However, it has been shown that the majority of pre-haptens
(i.e. chemicals activated by auto-oxidation) and pro-haptens (i.e. chemicals requiring
enzymatic activation for example via P450 enzymes) are sufficiently well identified by a
combination of test methods covering key events 1, 2 and 3 on the AOP so that negative
results can in general be used to support classification (12) (20) (34). On the other hand,
test chemicals that do not act as a sensitiser but are nevertheless chemical stressors may
lead to false positive results (8). 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 (13). 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 (14) 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 (14). In cases where evidence can be demonstrated on the non-applicability of
the KeratinoSens™ test method to other specific categories of test chemicals, the test
method should not be used for those specific categories.

6. In addition to supporting discrimination between skin sensitisers (i.e. UN GHS
Category 1) and non-sensitisers, the KeratinoSens™ test method also provides
concentration-response information that may potentially contribute to the assessment of
sensitising potency when used in integrated approaches such as IATA (11) (15).
Examples on how to use the KeratinoSens™ test method results in combination with
other information sources are reported in the literature (7) (11) (16) (17) (18) (19) (20).
Specifically, the use of KeratinoSens™ test method dose-response data along with
quantitative peptide reactivity data to assess potency in the LLNA and in human tests has
been described (21) and has been used in Bayesian integrated testing strategies on LLNA
potency (11) (22). Furthermore, evaluation has been conducted on how to specifically
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address potency in humans (23). Finally, the use of KeratinoSens™ test method to assess
potency of specific chemical classes has also been described (21) (24).

7. Definitions are provided in the Annex 1 of the General Introduction.
PRINCIPLE OF THE TEST

8. The KeratinoSens™ test method makes use of an immortalised adherent cell line
derived from human keratinocytes stably harbouring a luciferase reporter gene under the
control of the antioxidant response element of the human AKR1C2 gene (25). This gene
is known to be up-regulated by skin sensitisers (26) (27). The cell line contains the
luciferase gene under the transcriptional control of a constitutive promoter fused with the
ARE element. 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 (28). 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.

9. Test chemicals are considered positive in the KeratinoSens™ test method 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 pM and at a concentration at which the
cellular viability is above 70% (3) (6). 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, 5 value) should be interpolated from the dose-response curve obtained from the
series of tested concentrations of the test chemical (see paragraph 26 for calculations).
Finally, parallel cytotoxicity measurements should be conducted to assess whether
luciferase induction occurs at sub-cytotoxic concentrations.

10. Prior to routine use of the KeratinoSens™ test method that adheres to this Test
Guideline, laboratories should demonstrate technical proficiency, using the ten
Proficiency Substances listed in Annex 1 of this Appendix.

11. Performance standards (PS) (29) are available to facilitate the validation of new or
modified in vitro ARE-Nrf2 luciferase test methods similar to the KeratinoSens™ VRM
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

12. A DB-ALM protocol for the KeratinoSens™ test method is available and should
be employed when implementing and using the test method in the laboratory (9).
Laboratories implementing the test method can obtain the recombinant cell line used in
the KeratinoSens™ test method by signing a standard agreement with the test method
developer® which includes the licence for the commercial use of the luciferase gene. The

* Givaudan Schweiz AG, CH-8310 Kemptthal
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luciferase reporter gene assay is also subject to a Promega limited use licence that
requires the use of luminescent assay reagents purchased from Promega. The following
paragraphs provide with a description of the main components and procedures of the
KeratinoSens™ test method. Furthermore, an adaptation of the KeratinoSens™ test
method to xeno-free culture conditions using human reagents is described in Annex 2 of
this Appendix (33). However, it is recommended that the relevant regulatory authorities
be consulted before deciding on the type of serum to be used in the KeratinoSens™ test
method.

Preparation of the keratinocyte cultures

13. The KeratinoSens™ transgenic cell line having a stable insertion of the luciferase
reporter gene under the control of the ARE-element should be used. Upon receipt,
KeratinoSens™ cells are propagated as defined by the test method protocol (e.g. 2 to
4 passages) and stored frozen as a homogeneous stock. Cells from this original stock can
be propagated up to maximum 25 passages and are employed for routine testing using the
maintenance/growth medium (Dulbecco's Modified Eagle's medium (DMEM) containing
serum and Geneticin to allow maintaining the gene) as described within the test method’s
DB-ALM protocol (9).

14. 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 at a cell density of 10,000 cells/well. 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 rise to high
well-to-well variability. For each repetition, three replicates are used for the luciferase
activity measurements, and at least one parallel replicate is used for the cell viability
assay.

Preparation of the test chemical and control substances

15. The test chemical and control substances are prepared on the day of testing. Test
chemicals are dissolved in dimethyl sulfoxide (DMSO, CAS No. 67-68-5, > 99% purity)
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 chemicals not soluble in DMSO
are 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 the default concentration of 40 mg/mL or 4% (w/v). In case
solvents other than DMSO, water or the culture medium are used, appropriate scientific
rationale should be provided.

16. Based on the stock solutions of the test chemical, serial dilutions are made using
DMSO or a suitable solvent (i.e. sterile water or culture medium) to obtain 12 master
concentrations of the chemical to be tested (from 0.098 to 200 mM). 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 uM
(based on a dilution factor of 2). Alternative concentrations may be used upon
justification (e.g. in case of cytotoxicity or poor solubility). For a test chemical which has
no defined MW, serial dilutions are made using DMSO or a suitable solvent to obtain the
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desired final concentrations of the test chemical (e.g. 12 concentrations ranging from
0.196 to 400 pg/ml).

17. A concurrent solvent/vehicle control should be tested within each repetition (i.e.
DMSO), for which a sufficient number of wells should be prepared per plate (i.e. six).
The solvent/vehicle control undergoes the same dilutions as described for the master
concentrations in paragraph 16, so that the final solvent/vehicle 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. This solvent/vehicle control (i.e. DMSO) also represents the negative
control for the KeratinoSens™ test method.

18. A concurrent positive control should also be tested in a sufficient number of wells
within each repetition as described within the DB-ALM protocol (9) to demonstrate
appropriate response of the test system. For example, five concentrations of cinnamic
aldehyde (CAS No. 14371-10-9, > 98% purity) are used within each replicate in the
KeratinoSens™ test method, 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 16, 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

19. 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 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.

20. After seeding as described in paragraph 14, 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 as described
within the DB-ALM protocol (9)) 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.

21. The treated plates are then incubated for about 48 hours at 37+1°C in the presence
of 5% CO,. 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 during incubation with the test chemicals.

Luciferase activity measurements

22. The following factors are critical to ensure appropriate luminescence readings:

e the choice of a sensitive luminometer,
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o the use of a plate format with sufficient height to avoid light-cross-contamination,

o the use of a luciferase substrate with sufficient light output to ensure sufficient
sensitivity and low variability; and

e an appropriate and stable background level.

Prior to testing, a control experiment setup as described in Annex 3 of this Appendix
should be carried out to ensure that these points are met.

23. After the 48 hour exposure time with the test chemical and control substances,
cells are washed with a phosphate buffered saline, and the relevant lysis buffer for
luminescence readings added to each well for a sufficient time (e.g. 20 min at room
temperature).

24, Plates with the cell lysate are then placed in the luminometer for reading which is
programmed to: (i) add the luciferase substrate to each well (i.e. 50 pl), (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 of this Appendix is successfully fulfilled.

Cytotoxicity Assessment

25. For the KeratinoSensTM cell viability assay, medium is replaced after the 48 hour
exposure time with fresh medium containing 5 mg/ml MTT (3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide, Thiazolyl blue tetrazolium bromide; CAS No. 298-
93-1) and cells are incubated for 4 hours at 37+1°C in the presence of 5% CO,. The MTT
medium is then removed and cells are lysed by using an appropriate lysing agent for a
sufficient amount of time (e.g. 10% SDS overnight). After shaking, the absorption is then
measured at i.e. 600 nm with a photometer as described in the test method protocols (9).

DATA AND REPORTING

Data evaluation
26. The following parameters are calculated in the KeratinoSens™ test method:

o the maximal average fold induction of luciferase activity (Imax) value observed at
any concentration of the tested chemical and positive control;

o 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 ICsy and IC;, concentration values for which 50% and 30% reduction of
cellular viability occur respectively.

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 =
(Lsowent—Lblank)

where
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Lgmpie 18 the luminescence reading in the test chemical well

Lpank 1S the luminescence reading in the blank well containing no cells and no
treatment

Loowvent 1S 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.

Equation2:  ECL5 = (Cp — Cq) X (12) + C,
Ip—1Iq

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
I, 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:

Equation 3:  Viability = % % 100

where

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

Vpnk 18 the MTT-absorbance reading in the blank well containing no cells and no
treatment

Viowent 18 the average MTT-absorbance reading in the wells containing cells and solvent
(negative) control

ICso and IC;, are calculated by linear interpolation according to Equation 4, and the
overall ICs and IC; are calculated as the geometric mean of the individual repetitions.

Equation4: IC, = (C, —C,) X ((100—x)— Va) re,

Vp=Va
where
X is the % reduction at the concentration to be calculated (50 and 30 for ICs, and
1Cs0)
C. is the lowest concentration in uM with > x% reduction in viability
Gy is the highest concentration in pM with < x% reduction in viability
V. is the % viability at the lowest concentration with > x% reduction in viability
Vy is the % viability at the highest concentration with < x% reduction in viability
27. For each concentration showing a luciferase activity induction equal or higher (>)

than 1.5 fold, statistical significance is determined (e.g. using a two-tailed Student’s t-
test) by comparing the luminescence values of the three replicate samples with the
luminescence values in the solvent/vehicle control wells to assess whether the luciferase
activity induction is statistically significant (p <0.05). Furthermore, it should be checked
that no significant cytotoxic effects occur at the lowest concentration leading to >1.5 fold
luciferase induction and that this concentrations is below the IC;, value, indicating that
there is less than or equal to 30% reduction in cellular viability. In addition, at least two
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consecutive concentrations should have > 70% viability, otherwise the concentration
range should be adjusted.

28. 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 concentration,
i.e. when the threshold of 1.5 is crossed the first time should be reported.

20. In the KeratinoSens™ test method, in the rare cases where a statistically non-
significant luciferase induction equal or 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 equal or above the
threshold of 1.5 was obtained for a non-cytotoxic concentration.

30. Finally, for test chemicals generating in the KeratinoSens™ test method a 1.5 fold
or higher induction already at the lowest tested concentration (i.e. 0.98 uM), the
EC1.5 value of <0.98 is set based on visual inspection of the dose-response curve.

Acceptance criteria

31. The following acceptance criteria should be met when using the KeratinoSens™
test method.

o 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 (4 to 64 pM).

e The EC1.5 value of the positive control should be within two standard deviations
of the historical mean of the testing facility (e.g. between 7 pM 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 uM 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.

e The average coefficient of variation of the luminescence reading for the
solvent/vehicle control (i.e. DMSO) should be below 20% in each repetition. If
the variability is higher, results should be discarded.

Interpretation of results and prediction model

32. 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):

o the I, is equal or higher than (=) 1.5 fold and statistically significantly different
as compared to the solvent/vehicle control (as determined by a two-tailed,
unpaired Student’s T-test);
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o the cellular viability is higher than (>) 70% at the lowest concentration with
induction of luciferase activity >1.5 fold (i.e. at the EC, 5 determining
concentration);

e the EC, svalue is less than (<) 1000 uM (or < 200 pg/mL for test chemicals with
no defined MW);

e there is a dose-dependent increase in luciferase induction (or a biphasic response
as mentioned under paragraph 28).

If in a given repetition, all of the three first conditions are met but a clear dose-dependent
increase in 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 test chemicals tested at a maximal test
concentration < 1000 uM (or 200 pg/mL for test chemicals with no defined MW) and
which do not reach cytotoxicity (< 70% viability) at the maximal tested concentration
should also be considered as inconclusive (see paragraph 4).
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Figure 1. Prediction model used in the KeratinoSens'" test method.

A KeratinoSens™ prediction should be considered in the framework of a Defined Approach or of
an IATA and in accordance with the provisions of paragraphs 7 and 8 of the general introduction
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Perform at least two
independent repetitions

- If the two repetitions are
positive, final outcome is:
POSITIVE

- Ifthe two repetitions are
negative, final outcome is:
NEGATIVE

In case the first two repetitions
are not concordant, perform a
third repetition and conclude
on the basis of the mode of the
outcomes (i.e., 2 out of 3).
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33. In cases when test chemicals induce the luciferase activity very close to the
cytotoxic levels, they can be positive in some repetitions at non-cytotoxic levels (i.e.
EC, s determining concentration below (<) the IC;), and in other repetitions only at
cytotoxic levels (i.e. EC;s determining concentration above (>) the IC;). Such test
chemicals shall be retested with more narrow dose-response analysis using a lower
dilution factor (e.g. 1.33 or \2 (=1.41) fold dilution between wells), to determine if
induction has occurred at cytotoxic levels or not (3).

Test report

34. The test report should include the following information:

Test chemical
e Mono-constituent substance

o Chemical identification, such as IUPAC or CAS name(s), CAS number(s),
SMILES or InChl code, structural formula, and/or other identifiers, like batch/
lot number and expiry date;

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

o Statement on (in)solubility or stable dispersion in exposure media;

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

o Treatment prior to testing, if applicable (e.g. warming, grinding);
o Concentration(s) tested;
o Storage conditions and stability to the extent available.

e  Multi-constituent substance, UVCB and mixture:

o 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;

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

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

o Statement on (in)solubility or stable dispersion in exposure media;
o Treatment prior to testing, if applicable (e.g. warming, grinding);
o Concentration(s) tested;

o Storage conditions and stability to the extent available.

Controls

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

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

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

o Treatment prior to testing, if applicable (e.g. warming, grinding);
o Concentration(s) tested;
o Storage conditions and stability to the extent available;

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

Solvent/vehicle/negative control

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

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

o Physical appearance, molecular weight, and additional relevant
physicochemical properties in the case other solvents/vehicles /negative
controls than those mentioned in this Appendix are used and to the extent
available;

o Storage conditions and stability to the extent available;

o Justification for choice of solvent/vehicle for each test chemical.

Test method conditions

© OECD 2018

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 14);

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 of this Appendix;

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.
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Test procedure
e Number of repetitions and replicates used;

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

e Description of evaluation and decision criteria used;
e Description of study acceptance criteria used,

e Description of any modifications of the test procedure.

Results

e Tabulation of Imax, EC, s and viability values (i.e. ICsy, ICs) obtained for the test
chemical and for the positive control for each repetition as well as the mean
values (Imax: 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;

o Coefficient of variation obtained with the luminescence readings for the
solvent/vehicle/negative control for each experiment;

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

e Description of any other relevant observations, if applicable.

Discussion of the results

e Discussion of the results obtained with the KeratinoSens™ test method,;

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

Conclusion
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APPENDIX IA - ANNEX 1: PROFICIENCY SUBSTANCES

In Vitro Skin Sensitisation: The ARE-Nrf2 Luciferase KeratinoSensTM Test
Method

Prior to routine use of a test method that adheres to this Appendix of Test Guideline
442D, 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, 5 and ICs, 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

Proficiency
Substances

CASRN

Physical
Form

LLNA
Prediction

(1)

Human
category (2)

KeratinoSe

Prediction

(3)

EC1.5 (IJM )
Reference
Range (4)

ICso (UM)
Reference
Range (5)

Salicylic Non- Negative

acid sensitiser

Lactic acid 50-21-5 Liquid Non- Cat. 6 Negative > 1000 > 1000
sensitiser

Glycerol 56-81-5 Liquid Non- Cat. 6 Negative > 1000 > 1000
sensitiser

Isopropanol 67-63-0 Liquid Non- Cat. 5 Negative > 1000 > 1000
sensitiser

Ethylene 97-90-5 Liquid Sensitiser Cat. 4 Positive 5-125 > 500

glycol (weak)

dimethacryl

ate

Cinnamyl 104-54-1 Solid Sensitiser Cat. 3 Positive 25-175 > 1000

alcohol (weak)

2- 149-30-4 Solid Sensitiser Cat. 3 Positive 25-250 > 500

Mercaptobe (moderate)

nzothiazole

4- 55-55-0 Solid Sensitiser Cat. 3 Positive <125 20 - 200

Methylamin (strong)

ophenol

sulfate

Methyldibro  35691-65-7 Solid Sensitiser Cat. 2 Positive <20 20-100

mo
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glutaronitril (strong)

e

2,4-Dinitro- 97-00-7 Solid Sensitiser Cat. 1 Positive <12.5 5-20
chlorobenz (extreme)

ene

Notes: (1) The in vivo hazard (and potency) predictions are based on LLNA data (7). The in vivo potency is
derived using the criteria proposed by ECETOC (15); (2) According to Basketter and co-workers (32). Cat. 1
represents clear evidence of contact allergy, Cat. 2 a frequent cause of contact allergy, Cat. 3 a common cause
of contact allergy, Cat. 4 an infrequent cause of contact allergy, Cat. 5 a rare cause of contact allergy, and Cat.
6 essentially absent evidence of contact allergy (32). (3) A KeratinoSensTM prediction should be considered
in the framework of a Defined Approach or of an IATA and in accordance with the provisions of paragraphs
7 and 8 of the general introduction. (4) Based on the historical observed values (6).
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APPENDIX IA - ANNEX 2: ADAPTATION OF THE KERATINOSENS™ TEST

METHOD USING HUMAN REAGENTS TO ACHIEVE XENO-FREE CELL
CULTURE

The following adaptation to the KeratinoSens™ test method may be performed using
human reagents (human serum and recombinant human trypsin) to achieve xeno-free cell
culture, subject to demonstration of technical proficiency (as described in Annex 1) using
the adapted method (33).

Table 2. Summary of adaptations

Aspect of the Validated Reference Method Xeno-Free Adaptation (this
Method (KeratinoSens™) (Appendix 1A) Annex)

Serum “ » i
States “serum” (DB-ALM protocol 155 Specifies 10% human serum
states Foetal Calf Serum) (paragraph 13)

Cytotoxicity . . - . .

measurement? MTT: 4hrs incubation; solubilise in 10% MTT (1mg/ml): 3hrs incubation;
SDS overnight; read at 600nm solubilise in isopropanol; read at
(paragraph 25) 570nm

Positive control?
v Cinnamic aldehyde 4-64uM (paragraph 18)  Cinnamic aldehyde 8-128uM.

Trypsin'
yps! Not specified (DB-ALM protocol 155 states  Non-animal recombinant trypsin

Trypsin EDTA) (TrypZean, Sigma-Aldrich T3499)

Note: 'adaptations to achieve xeno-free conditions; “other adaptations to the method (33).

Prior to use for testing purposes, the KeratinoSens™ cell line should be adapted to
routine culture using 10% human serum. Human serum (from pooled donors) should be
obtained from a reliable commercial source, with appropriate donor consent and QC
testing for cell culture applications. As with any type of serum, when a new batch is used,
an internal validation of the batch including cell morphology, growth rates and Imax /
EC, s values with at least the positive control, and preferably representative reference
chemicals (at least one sensitiser and one non sensitiser) should be conducted, with
subsequent reservation of successfully performing batches for long term use. If the cells
have previously been cultured in foetal calf serum, they should be weaned into human
serum over at least 3 passages. Provided that the cells are showing healthy morphology
and comparable growth rates with those in foetal calf serum, a cell bank should then be
created for future use. It should be noted that the KeratinoSens™ cell line, when cultured
in human serum, should be cultured up to a maximum passage number of 22 for optimal
performance, including the number taken to adapt them to human serum. To achieve fully
xeno-free cell culture, a non-animal source of recombinant trypsin (for example,
Trypzean™) should be used to harvest the cells during sub-culture (33). In all other
respects, the cells should be cultured in the same way as described in this Appendix to
Test Guideline 442D and the DB-ALM protocol (9) for the reference KeratinoSens™ cell
line

With reference to paragraph 18, the xeno-free adaptation of the KeratinoSens™ test
method using human reagents has been optimised using cinnamic aldehyde (CAS No.
14371-10-9, >98% purity) as a positive control, at a final concentration range from 8 to
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128uM. Other positive controls, preferentially providing EC1.5 values in the mid-range,
may be used if historical data are available to derive comparable run acceptance criteria
(33).

With reference to paragraph 25, the xeno-free adaptation of the KeratinoSens™ test
method using human reagents has been optimised using the following method for
cytotoxicity assessment. Medium is replaced after the 48 hour exposure time with fresh
medium containing MTT (3-(4,5-dimethyl2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide; CAS No. 298-93-1) at a concentration of 1mg/ml, and cells incubated for 3
hours at 37 £ 1°C in the presence of 5% CO,. The MTT medium is then removed and
cells are solubilised by the addition of isopropanol. After shaking for 30 minutes, the
absorption is measured at 570 nm with a spectrophotometer.

All other aspects the xeno-free adaptation of the KeratinoSens™ test method using
human reagents should be conducted in the same way as described for the standard
method described in this Appendix to Test Guideline 442D and the DB-ALM protocol (9)
for the reference KeratinoSens™ cell line.
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APPENDIX IA - ANNEX 3: QUALITY CONTROL OF LUMINESCENCE
MEASUREMENTS

Basic experiment for ensuring optimal luminescence measurements in the
KeratinoSensTM test method

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).

Table 1. Plate setup of first training experiment

1 2 3 4 5 6 7 8 9 10 1 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 CA 16 CA 32 CA 64 Blank

Notes: EGDMA = Ethylene glycol dimethacrylate (CAS No.: 97-90-5) a strongly inducing compound.

C = Cinnamic aldehyde, positive reference (CAS No.: 104-55-2). Concentrations are given in uM

The quality control analysis should demonstrate:

a dose-dependent increase in luciferase induction in row D, with the 1., > 20 fold
above background (in most cases Imax values between 100 and 300 are reached);

a dose-dependent increase in luciferase induction in wells H7 to H11, with a fold

induction of 2 to 8 in well H11;

no dose-dependent increase in luciferase induction in row C and E (no induction
value equal or above 1.5 (ideally not above 1.3) due to possible light

contamination especially next to strongly active wells in the EGDMA row;
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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).

99



321 442D OECD/OCDE

Appendix IB: In Vitro Skin Sensitisation: The ARE-Nrf2 Luciferase LuSens Test
Method

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

1. The test method described in this Appendix to Test Guideline 442D addresses the
second key event of the skin sensitisation AOP (1), namely keratinocytes activation, by
assessing with the help of luciferase, the Nrf2-mediated activation of antioxidant response
element (ARE)-dependent genes. Skin sensitisers have been reported to induce genes that
are regulated by the ARE (2) (3). Small electrophilic substances 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 (2) (4) (5).

2. The in vitro ARE-Nrf2 luciferase LuSens test method (hereafter called the LuSens
test method) underwent a Performance Standard-based validation study based on the
KeratinoSens™ Validated Reference Method (VRM) (6) (7) (8) (9), followed by an
independent peer review conducted by the European Union Reference Laboratory for
Alternatives to Animal Testing (EURL ECVAM) (10). The LuSens 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
identification (10).

3. The LuSens test method proved to be transferable to laboratories experienced in
cell culture techniques and met the reproducibility performance standards required both
within and between laboratories (10). Additional information from earlier in-house study
on 72 test chemicals showed similar predictive capacity as the VRM (74% accuracy, 74%
sensitivity, and 74% specificity) for discriminating skin sensitisers (i.e. UN GHS Cat. 1)
from non-sensitisers when compared to LLNA results (7) (10), indicating the usefulness
of the LuSens test method to contribute to the identification of skin sensitisation hazard.
However, the accuracy values given here for LuSens test method 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 a Defined Approach or an IATA and
in accordance with the provisions of paragraphs 7 and 8 in the General Introduction of
this Test Guideline. Furthermore when evaluating non-animal methods for skin
sensitisation, it should be kept in mind that the LLNA test as well as other animal tests
may not fully reflect the situation in humans.

4, On the basis of the current data available, the LuSens 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 (7) (8). The test method is applicable to test chemicals soluble or that
form a stable dispersion in the exposure medium (i.e. a colloid or suspension in which the
test chemical does not settle or separate from the solvent into different phases). Test
chemicals that do not fulfil these conditions at the highest final required testing
concentration (i.e. 2000 pM or 2000 pg/mL if no molecular weight is available) may still
be tested at lower concentrations. In such a case, results fulfilling the criteria for
positivity could still be used to support the identification of the test chemical as a skin
sensitiser. In cases where a negative result is obtained in a test with a maximal
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concentrations < 2000 uM (or < 2000 ug/mL if no molecular weight is available) and no
cytotoxicity is observed, the result should be considered as inconclusive (see prediction
model in paragraph 32). If cytotoxicity (<70% viability) is reached at a test concentration
<2000 uM (or <2000 pg/mL if no molecular weight is available), criteria for negativity
can still be applied. In general mono constituent substances with a LogP above 7 may be
insoluble in the exposure medium, however, if solubility or stable dispersion can be
obtained and documented, testing may still be conducted.

5. 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 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
sulthydryl groups) of Keap-1. Complementary information from peptide reactivity assays
may help addressing this uncertainty, in particular assays able to distinguish between
cysteine and lysine reactivity. Furthermore, because of the limited metabolic capability of
the cell line used (12) 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. However, it has been shown that the majority of pre-haptens
(i.e. chemicals activated by auto-oxidation) and pro-haptens (i.e. chemicals requiring
enzymatic activation for example via P450 enzymes) are sufficiently well identified by a
combination of test methods covering key events 1, 2 and 3 on the AOP so that negative
results can in general be used to support classification (13) (14) (15). On the other hand,
test chemicals that do not act as a sensitiser but are nevertheless chemical stressors may
lead to false positive results as shown with the VRM (11). 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 (16). 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 (17). 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 (17). In cases where evidence can be demonstrated on the non-applicability of
the LuSens test method to other specific categories of test chemicals, the test method
should not be used for those specific categories.

6. In addition to supporting discrimination between skin sensitisers (i.e. UN GHS
Category 1) and non-sensitisers, the LuSens test method also provides information (e.g.
dose- response) that may potentially contribute to the assessment of sensitising potency
when used in integrated approaches such as IATA such as described for the VRM (13).
However, further work, preferably based on human data, is required to determine how the
LuSens test method results can contribute to potency assessment, especially in the context
of an IATA (18). Examples on how to use the ARE-Nrf2 luciferase test methods in
combination with other information are reported in literature (15) (18).

7. Definitions are provided in Annex 1 of the General Introduction.
PRINCIPLE OF THE TEST

8. The LuSens test method makes use of an immortalised adherent cell line derived
from human keratinocytes stably harbouring a luciferase reporter gene under the control
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of the antioxidant response element of the rat NQO1 gene (20). Genes dependent on the
ARE such as NQOI1 are known to be up-regulated by contact sensitisers (21) (22). The
cell line contains the luciferase gene under the transcriptional control of a promoter fused
with the ARE element (7). 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 directly demonstrated for the VMR (23), and
indirectly demonstrated for the LuSens (7). 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.

9. Test chemicals are considered positive in the LuSens test method if they induce a
statistically significant induction of the luciferase activity above a given threshold (i.e.
> 1.5 fold, or 50% increase) in at least two consecutive concentrations which do not
significantly affect cell viability (i.e. at which the cellular viability is above 70%) (7) (8).
For this purpose, induction of the luciferase activity over solvent/vehicle control is
determined. Furthermore, parallel cytotoxicity measurements should be conducted to
assess whether luciferase activity induction levels occur at sub-cytotoxic concentrations.

10. Prior to routine use of the LuSens test method that adheres to this Test Guideline,
laboratories should demonstrate technical proficiency, using the ten Proficiency
Substances listed in Annex 1 of this Appendix.

PROCEDURE

11. A DB-ALM protocol for the LuSens test method is available and should be
employed when implementing and using the test method in the laboratory (24). A
summary of the main protocol steps of the LuSens test method as compared to the VRM
is given in Annex 2 of this Appendix. Laboratories implementing this Test Guideline can
obtain the recombinant cell line used in the test method by requests to the test
developers’. The luciferase reporter gene assay is subject to a Promega limited use licence
requiring 1) the use of luminescent assay reagents purchased from Promega; or ii) to
contact Promega to obtain a free license for commercial use. The following paragraphs
provide with a description of the main components and procedures of the LuSens test
method.

Preparation of the keratinocyte cultures

12. The LuSens transgenic cell line having a stable insertion of the luciferase reporter
gene under the control of the ARE-element should be used. Upon receipt, cells are
propagated as defined by the test method protocol (e.g. 1 to 3 passages) and stored frozen
as a homogeneous stock. Cells from this original stock can be propagated up to a
maximum of 20 passage number and are employed for routine testing using the
appropriate maintenance/growth medium (e.g. Dulbecco's Modified Eagle's medium
(DMEM) containing serum and antibiotics such as puromycin in the maintenance
medium (for selection) and penicillin/streptomycin (to prevent contamination)) as
described within the test method’s protocol (24). No antibiotics are added however to the
medium during testing.

> BASF SE, 67056 Ludwigshafen, Germany.
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13. 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 at the appropriate cell density (i.e. 10 000 cells/well).
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
result in high well-to-well variability. For each repetition of the main luciferase test for
each test chemical concentration, three replicates are used for the luciferase activity
measurements, and three replicates used for the cell viability assay.

Preparation of the test chemical and control substances

14. The test chemical and control substances are prepared (or thawed in case of stable
frozen solutions) on the day of testing. Test chemicals are dissolved in a suitable solvent,
e.g. dimethyl sulfoxide (DMSO, CAS No. 67-68-5, > 99% purity) to the final
concentration that allows reaching the maximum concentration tested (e.g. 200 mM). The
DMSO solutions can be considered self-sterilising, so that no sterile filtration is needed.
Test chemicals not soluble in DMSO are dissolved in sterile water or culture medium, in
which the appropriate measures should be taken to ensure that the final solutions are
sterile. For a test chemical which has no defined molecular weight (MW), a stock solution
is prepared to a default concentration of 200 mg/mL or 20% (w/v). In case solvents other
than DMSO, water or the culture medium are used, appropriate scientific rationale should
be provided.

15. Based on the stock solutions of the test chemical, serial dilutions are made using
DMSO or for test chemicals not soluble in DMSO, using sterile water or culture medium,
to obtain master concentrations of the chemical to be tested (e.g. 12 concentrations
ranging from 0.098 to 200 mM). 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 are reached (e.g. ranging from 0.98 to 2000 uM
based on a dilution factor of 2). For a test chemical which has no defined MW, serial
dilutions are made using DMSO or a suitable solvent to obtain the desired final
concentrations of the test chemical (e.g. from 0.98 to 2000 pg/ml).

16. A cytotoxicity pre-range dose finding test is first performed, based e.g. on the
above concentrations, to determine the concentration at which cell viability is reduced to
75% (CV75). The CVys is then used as a basis for determining the concentrations to be
tested in the main luciferase test and the parallel cytotoxicity test (e.g., one concentration
above CVs, the CV5s and four concentrations below CV5 using a serial dilution factor of
1.2 resulting in the concentrations CV;5/2.07, CV45/1.73, CV4s/1.44, CV3s/1.2, CV45 and
CV3s5x1.2 uM). Alternative concentrations may be used upon justification (e.g. in case of
too low or too high cytotoxicity or poor solubility) (24).

17. A concurrent solvent/vehicle control should be tested within each repetition (e.g.
DMSO), for which a sufficient number of wells should be prepared per plate (e.g. 12 for
the cytotoxicity pre-range dose finding test and 24 for the main luciferase test as
described in the protocol (24)). The solvent/vehicle control undergoes the same dilutions
as described for the master concentrations in paragraph 15, so that the final
solvent/vehicle control concentration should correspond to the same concentration as in
the tested chemicals and in the positive control (i.e. 1%), and should not significantly
affect cell viability. For a test chemical not soluble in the used solvent (e.g. DMSO), for
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which the dilutions were made in water, the solvent level in all wells of the final test
solution of this test chemical must be adjusted to be equal to the solvent concentration
used for the other test chemicals and control substances (i.e. 1%).

18. A concurrent negative control should also be tested within each repetition, for
which a sufficient number of wells should be prepared per plate (e.g. 3 for the
cytotoxicity pre-range dose finding test and 6 for the main luciferase test as described in
the protocol (24)). In the LuSens test method, the concurrent negative control tested is
5000 uM (or 450 pg/mL) DL-Lactic acid (CAS No. 50-21-5, > 99% purity), known to be
a non-sensitiser and to result in a negative prediction with the LuSens test method. Other
suitable negative controls may be used if historical data are available to derive
comparable run acceptance criteria. Furthermore, in the LuSens test method a sufficient
number of wells (e.g. 6 for the cytotoxicity pre-range dose finding test and 12 for the
main luciferase test as described in the protocol (24)) containing blank medium controls
are prepared consisting of untreated cells and culture medium only.

19. A concurrent positive control should also be tested in a sufficient number of wells
within each repetition to demonstrate appropriate response of the test system (e.g. 2 for
the cytotoxicity pre-range dose finding test and 5 for the main luciferase test as described
in the protocol (24)). For the LuSens test method, 120 pM Ethylene Glycol
Dimethacrylate (EGMDA, CAS No. 97-90-5, > 99% purity) is used. The positive control
is prepared using the same dilution steps as described for the master concentrations in
paragraph 14 and as described in the test method’s protocols (24). If the positive control
concentration of 120 pM is too toxic or not able to induce luciferase > 2.5 (see paragraph
31) due to e.g. a new laboratory facility or a new batch of EGMDA, the performing
laboratory may run a range finder experiment with EGDMA (confirmed in at least two
more runs) in order to set the concentration at which luciferase induction is > 2.5 folds
compared to solvent/vehicle control, and for which cell viability is > 70%. Finally, other
suitable positive controls, preferentially providing EC, s 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

20. 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 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.

21. After seeding as described in paragraph 13, cells are grown for 24 hours in the
96-wells microtiter plates. The medium is then removed and replaced with fresh culture
medium (i.e. 150 ul DMEM containing serum but without antibiotics as described within
the method’s protocol (24)) 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.

22. The treated plates are then incubated for about 48 hours at 37+1°C in the presence
of 5% CO,. 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 during incubation with the test chemicals.
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Luciferase activity measurements
23. The following factors are critical to ensure appropriate luminescence readings:
o the choice of a sensitive luminometer,
o the use of a plate format with sufficient height to avoid light-cross-contamination,

o the use of a luciferase substrate with sufficient light output to ensure sufficient
sensitivity and low variability; and

e an appropriate and stable background level.

Prior to testing, a control experiment setup as described in Annex 3 of this Appendix
should be carried out to ensure that these three points are met.

24. After the 48 hour exposure time with the test chemical and control substances,
cells are washed with a phosphate buffered saline, and the appropriate lysis buffer for
luminescence readings added to each well for a sufficient time (e.g. 5-10 min in dark).

25. Plates with the cell lysate are then placed in the luminometer for reading using the
specific program prescribed within the test method’s protocol (24). 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 of this Appendix is successfully conducted.

Cytotoxicity Assessment

26. For the LuSens cell viability assay, medium is replaced after the 48 hour exposure
time with fresh medium containing 0.5 mg/ml MTT (3-(4,5-dimethylthiazol-
2-yl) -2,5 diphenyltetrazolium bromide, Thiazolyl blue tetrazolium bromide; CAS
No. 298-93-1) and cells are incubated for 2 hours at 37+£1°C in the presence of 5% CO,.
The MTT medium is then removed and cells are lysed by using an appropriate lysing
agent for a sufficient amount of time (e.g. 10 % (w/v) SDS and 0.4% (v/v) acetic acid
solution in DMSO for 5 min). After shaking, the absorption is then measured using the
parameters described in the test method protocol (24).

DATA AND REPORTING

Data evaluation

27. The following parameters are calculated in the LuSens test method (see Annex 4
of this Appendix for the detailed equations):

e Fold luciferase activity induction at all concentrations of the tested chemical,
positive control and negative control.

o Cellular viability (CV) at all concentrations of the tested chemical and for all
controls to determine (by interpolation) the concentration value at which 75% of
cell viability occurs (CV7s).

28. For each concentration showing a luciferase activity induction equal or higher (=)
than 1.5, statistical significance is determined (e.g. using a two-tailed Student’s t-test) by
comparing the luminescence values of the three replicate samples with the luminescence
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values in the solvent/vehicle control wells to assess whether the luciferase activity
induction is statistically significant (p <0.05). Furthermore, it should be checked that no
significant cytotoxic effects occur at these concentrations (i.e. that the cell viability is
> 70% at the concentrations leading to > 1.5 fold luciferase induction).

29. 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 concentration,
i.e., when the threshold of 1.5 is crossed the first time should be reported. However, a
concentration delivering an EC; 5is not a requirement.

30. Finally, when in the LuSens test method a > 1.5 fold luciferase activity induction
is observed only at the lowest tested concentration (e.g. CV5/2.07), re-testing should be
conducted using at least one additional lower concentration.

Acceptance criteria

31. The following acceptance criteria should be met when using the LuSens test
method. If any of the criteria listed below is not met, the data should be discarded and a
new repetition should be performed.

o The average luciferase activity induction obtained with the positive control,
120 uM EGDMA (or comparable concentration — see paragraph 19) should be >
2.5, and the positive control should have a relative cell viability > 70% as
compared to the solvent/vehicle control.

e The average luciferase activity induction obtained with the negative control, i.e.,
5000 uM DL-Lactic acid, as well as the basal expression of untreated cells should
be < 1.5 fold as compared to the average solvent/vehicle control.

e The average coefficient of variation of the luminescence reading for the
solvent/vehicle controls (e.g. DMSO) should be below 20% in each repetition.

e At least three test concentrations should have cell viability of at least 70% relative
to the solvent/vehicle controls. Moreover, in case a result is to be considered
negative, at least one concentration should be cytotoxic, i.e. have a cell viability
< 70%, or the maximum concentration of 2000 uM (or 2000 pg/ mL for
substances with no defined MW) should have been tested.

32. In some cases, test chemicals may induce no cytotoxicity, in which cases the
maximum concentration tested should be 2000 uM (or 2000 ug/ mL for test chemicals
having undefined MW). If in the main luciferase test no concentration is cytotoxic, i.e.
has a cell viability <70%, and no luciferase induction is observed, then a second
repetition should be performed using e.g. a 1.44 serial dilution factor based on the CV75
(i.e. starting with 1.44 x CVs) instead of the 1.2 serial dilution factor used in the main
luciferase test. If in the second repetition cytotoxicity and luciferase induction are still not
observed, a third repetition should be run with the maximum concentration of 2000 uM
(or 2000 pg/ mL for substances with undefined MW). This repetition should then be
confirmed by performing a fourth repetition.
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Interpretation of results and prediction model

33.

34.

A LuSens prediction is considered positive if the following conditions are met in
2 of 2 or in the same 2 of 3 repetitions, otherwise the LuSens prediction is considered
negative (Figure 1):

the luciferase induction is above or equal to (>) 1.5 fold and is statistically

significant compared to the solvent control in at least 2 consecutive non-cytotoxic
tested concentrations (i.e. cellular viability is equal or higher than (=) 70%),
whereby at least three tested concentrations should be non-cytotoxic (cellular
viability equal or higher than (>) 70%).

In addition, a negative result obtained with test chemicals that do not form a
stable dispersion and were not tested up to 2000 uM (or 2000 ug/mL for test chemicals
with no defined MW) and for which no cytotoxicity is observed in any of the tested
concentration (see paragraph 31) should also be considered as inconclusive (see
paragraph 4).

Figure 2. Overview of the criteria leading to a prediction in the LuSens test method.

A LuSens prediction should be considered in the framework of a Defined Approach or of an IATA and in
accordance with the provision paragraph 4 and paragraphs 7 and 8 of the general introduction.
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Test report

35. The test report should include the following information:

Test chemical

e Mono-constituent substance

o Chemical identification, such as [UPAC or CAS name(s), CAS number(s),
SMILES or InChlI code, structural formula, and/or other identifiers like batch/
lot number and expiry date;

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

o Statement on (in)solubility or stable dispersion in exposure media

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

o Treatment prior to testing, if applicable (e.g. warming, grinding);
o Concentration(s) tested;
o Storage conditions and stability to the extent available.

e  Multi-constituent substance, UVCB and mixture:

o 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;

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

o Statement of (in)solubility or stable dispersion in exposure media

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

o Treatment prior to testing, if applicable (e.g. warming, grinding);
o Concentration(s) tested;

o Storage conditions and stability to the extent available.

Controls

e Positive control

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

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

o Purity, chemical identity of impurities as appropriate and practically feasible,
etc;
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o Treatment prior to testing, if applicable (e.g. warming, grinding);
o Concentration(s) tested;
o Storage conditions and stability to the extent available;

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

Solvent/vehicle control

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

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

o Physical appearance, molecular weight, and additional relevant
physicochemical properties in the case other solvents/vehicles than those
mentioned in this Appendix are used and to the extent available;

o Storage conditions and stability to the extent available;
o Justification for choice of solvent/vehicle for each test chemical.
Negative control

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

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

o Physical appearance, molecular weight, and additional relevant
physicochemical properties in the case other negative controls than those
mentioned in this Appendix are used and to the extent available;

o Storage conditions and stability to the extent available;

o Justification for choice of the negative control in the case other negative
controls than those mentioned in the Test Guideline are used.

Test method conditions

© OECD 2018

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 13);

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 of this Appendix;
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e 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

e Number of repetitions and replicates used;

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

e Description of evaluation and decision criteria used;
e Description of study acceptance criteria used,

e Description of any modifications of the test procedure.

Results

o Tabulation of fold luciferase induction activity and viability values (i.e.CV75 for
the LuSens test method) obtained for the test chemical and for the positive control
for each repetition;

e The mean values (i.e. arithmetic means of cell viability and luciferase activity
induction) and SD calculated using data from all individual repetitions;

e An indication of the rating of the test chemical according to the prediction model;

o Coefficient of variation obtained with the luminescence readings for the
solvent/vehicle control for each experiment;

e A graph depicting dose-response curves for induction of luciferase activity and
viability;
e Description of any other relevant observations, if applicable.
Discussion of the results
e Discussion of the results obtained with the LuSens test method;
o Consideration of the test method results within the context of an IATA, if other

relevant information is available.

Conclusion
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APPENDIX IB - ANNEX 1: PROFICIENCY SUBSTANCES

In Vitro Skin Sensitisation: The ARE-Nrf2 Luciferase LuSens Test Method

Prior to routine use of a test method that adheres to this Appendix to Test Guideline
442D, laboratories should demonstrate technical proficiency by correctly obtaining the
expected prediction for the 10 Proficiency Substances recommended in Table 1 and by
obtaining the raw values that fall within the respective reference range for at least eight
out of the ten 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 LuSens test method.

Table 1: Recommended substances for demonstrating technical proficiency with the LuSens
test method.

Proficiency Substances

CASRN

Physical
Form

LLNA
Prediction

(1)

Human
category (2)

In Vitro
Prediction (3)

LuSens

CVrs (UM)

EC1.5 (UM)

Reference

Reference

Range (4) Range (4)
Salicylic acid 69-72-7 Non- Negative >1000 > 2000
sensitiser
Glycerol 56-81-5 Liquid Non- Cat. 6 Negative >1000 >2000
sensitiser
Isopropanol 67-63-0 Liquid Non- Cat. 5 Negative >1000 > 2000
sensitiser
Sulfanilamide 63-74-1 Solid Non- Negative Negative >1000 >2000
sensitiser (Basketter et al.
1994)
Eugenol 97-53-0 Liquid Sensitiser Cat. 3 Positive <500 <1000
(weak)
Cinnamyl alcohol 104-54-1 Solid Sensitiser Cat. 3 Positive <170 > 420
(weak)
2- 149-30-4 Solid Sensitiser Cat. 3 Positive <800 <2000
Mercaptobenzothiazole (moderate)
4-Methylaminophenol 55-55-0 Solid Sensitiser Cat. 3 Positive <30 <50
sulfate (strong)
Methyldibromo 35691-65-7 Solid Sensitiser Cat. 2 Positive <25 <50
glutaronitrile (strong)
2,4-Dinitro- 97-00-7 Solid Sensitiser Cat. 1 Positive <5 <10
chlorobenzene (extreme)
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Notes: (1) The in vivo hazard (and potency) predictions are based on LLNA data (25). The in vivo potency is
derived using the criteria proposed by ECETOC (18).

(2) According to Basketter and co-workers (26). Cat. 1 represents clear evidence of contact allergy, Cat. 2 a
frequent cause of contact allergy, Cat. 3 a common cause of contact allergy, Cat. 4 an infrequent cause of
contact allergy, Cat. 5 a rare cause of contact allergy, and Cat. 6 essentially absent evidence of contact
allergy.

(3) An ARE-Nrf2 luciferase test method prediction should be considered in the framework of a Defined
Approach or of an IATA and in accordance with the provisions of paragraphs 7 and 8 of the general
introduction.

(4) Based on the historical observed values (7) (8). Although the EC 1.5 is not part of the LuSens prediction
model, it can be calculated from the obtained data, and used to determine the ranges of LuSens response for
the Proficiency Substances. The EC 1.5 values were calculated according to Appendix IA (paragraph 26).
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APPENDIX IB - ANNEX 2: Comparison of the main protocol steps of the LuSens

and the VRM KeratinoSensTM test methods

VRM (KeratinoSens™)

Preparation of the keratinocyte cultures

LuSens ‘

Propagation 2 to 4 passages

1 to 3 passages

Cryopreserved storage 2 to 4 passages

3 passages

Cell passages before main At least 2

experiment

At least 5

Maximal passage number
propagation from frozen
stocks

25 passages

20 passages for cytotoxicity range finding

test
15 passages for main luciferase test

Propagation medium DMEM containing serum and

DMEM containing serum,

Geneticin penicillin/streptomycin and puromycin
Cell confluence for testing 80-90%
Harvest of cells prior to 1 day

testing

Plate format used for
testing

96 well-plates

Cell number seeded for
testing

10 000 cells/well, except in the well that is used for measurement of
background

Number of replicates for
each test chemical
concentration (in each
repetition)

3 wells (on independent plates)
for luciferase measurement

1 well for cytotoxicity assessment

3 wells (in the same plate) for all tests
i.e. the cytotoxicity range finder test and
the main luciferase test (including 3 wells
for luciferase measurement, and 3 wells
for parallel cytotoxicity assessment)

Preparation of the test chemical and control substances

Preparation

Same day of testing

Solvent

DMSO or media for those test items not
soluble in DMSO

DMSO, sterile water or media for
those test items not soluble in
DMSO

Stock concentration

200 mM

Test items with no defined
molecular weight

Stock solution prepared to a
default concentrations (40 mg/mL
or 4% (wiv))

Stock solution prepared to a default
concentrations (200 mg /mL or 20% (w/v))

Final tested concentration
range in 96 well-plate

Cytotoxicity range finder test:

12 concentrations (2 fold dilution) ranging
from 0.98 to 2000 pM

Main luciferase test:

6 concentrations (1.2 fold dilution) ranging
from CV75/2074 to CV75X1 2 |JM

12 concentrations (2 fold dilution)
ranging from 0.98 to 2000 yM

Solvent control

1% DMSO
(18 replicates per repetition)

1% DMSO
(12 replicates per repetition for
cyototoxicity range finder test, and
24 replicates per repetition for main
luciferase test)

Negative control

5000 M DL-Lactic acid
(3 replicates per repetition for cyototoxicity
range finder test, and 6 replicates per
repetition for main luciferase test)

See solvent control

Positive control

120 M EGDMA
or alternative concentration that induced

Cinnamic aldehyde
Four concentrations (2 fold

dilution) ranging from 4 to 64 uM
(3 replicates per repetition)

luciferase =2.5 folds, and for which cell
viability is > 70%
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(2 replicates per repetition for cyototoxicity
range finder test, and 5 replicates per
repetition for main luciferase test)

Medium control

Not applicable

6 replicates per repetition for cyototoxicity
range finder test, and 12 replicates per
repetition for main luciferase test

Blank control (no cells)

3 replicates per repetition

1 replicates per repetition

Application of the test chemical and control substances & endpoints assessed

Number of repetitions for
each test chemical
concentration

At least two independent repetitions containing each three replicates (n='6),'
and in case of discordant results, a third repetition should be performed (n='9).'
Each repetition is conducted on a different day with freshly prepared test
chemicals and independently harvested cells (but eventually having the same
passage number)

Cell treatment medium

150 pl culture DMEM containing serum but without antibiotics (i.e. Geneticin,
penicillin/streptomycin and puromycin)
to which 50 pl of the 25 fold test chemical and control substances are added

Exposure time

48 hours at 37+£1°C in the presence of 5% CO,

Plates are covered with a foil to avoid evaporation of volatile test chemicals
and cross-contamination between wells

Luminescence activity
measurement

After exposure, cells are washed
with phosphate buffered saline,
and the relevant lysis buffer for
luminescence readings added to

each well for 20 min at room
temperature.

Plates with the cell lysate are
placed in the luminometer for
reading which is programmed to:
i) add the luciferase substrate to
each well, ii) wait for 1 second,
and iii) integrate the luciferase
activity for 2 seconds.

After exposure, the relevant lysis buffer for
luminescence readings added to each
well for 5-10 min, under agitation in the
dark.

Luminescence is measured for 2 seconds
using a luminometer.

Other conditions may apply depending on
the luminometer used.

Cytotoxicity assessment

After exposure, 5mg/ml MTT

solution is added and cells are

incubated 4h at 37+1°C in the
presence of 5% CO;

Cells are then lysed overnight
(with 10% SDS solution), agitated
and absorption measured at 600

nm

After exposure, 200 pL of MTT working
solution (0.5mg/ml) are added and cells
are incubated 2h at 37+1°C in the
presence of 5% CO;

Cells are lysed for 5 min (with 10% (w/v)
SDS and 0.4% (v/v) acetic acid in a
DMSO solution), and absorption
measured at 570 and 690 nm

Endpoints evaluated

Imax: maximal average fold
induction observed at any
concentration tested
EC..5: interpolated concentration
for which there is a 1.5 fold
induction of luciferase activity
ICso / IC30: interpolated
concentration at which 50% and
30% reduction of cell viability
occurs respectively

Fold luciferase activity induction as an
average of each tested concentration
Cellular viability as an average of each
tested concentration
CVjys: interpolated concentration at which
75% cell viability occurs

Acceptance criteria

Positive control luciferase
activity

>1.5 fold statistically significant
induction in at least one of the
tested concentrations of the
positive control (4 to 64 uM
cinnamic aldehyde).
EC; 5 value of positive control
should be between 2SDs of
historical mean (e.g. 2 to30 uM in
validation dataset)
Average induction of 64 uM
cinnamic aldehyde should be

= 2.5 fold induction with the positive
control (e.g. 120 M EGDMA) relative to
solvent control at a non-cytotoxic
concentration, i.e., cell viability = 70%
relative to solvent control
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between 2 and 8.

Negative control
luciferase activity

Not applicable

< 1.5 fold induction with the negative
control (5000 uM DL-Lactic acid) relative
to solvent control

Solvent control variability

Coefficient of variation = 20%
(18 replicates)

Coefficient of variation = 20%
(of at least 21 replicates)

Others

Not applicable

Mean basal expression of medium control
(cells with medium only) should have <
1.5 fold luciferase activity induction
relative to solvent control

At least three test concentrations (of 6 in
the main luciferase test) should be non-
cytotoxic (cell viability = 70%). In addition,
in case of a negative result, at least one
tested concentration (of 6 in the main
luciferase test) should be cytotoxic (cell
viability < 70%)

Prediction model

A prediction is considered
positive whenthe
following conditions are
metin2of2orin2of3
repetitions, otherwise the
prediction is considered
negative

1. Imax equal or higher than (>)
1.5 fold and statistically
significantly different to the
solvent control (two-tailed,
unpaired Student’s T-test)
2.The cellular viability is higher
than (>) 70% at the lowest
concentration with induction of
luciferase activity equal or above
1.5fold (i.e. atthe EC+5
determining concentration)
3.The EC45 value is less than (<)
1000 uM (or < 200 pg/mL for test
chemicals with no defined MW)
4. There is an apparent overall
dose-dependent increase in
luciferase induction

1. A luciferase induction above or equal to
(=) 1.5 fold as compared to the solvent
control is observed in at least
2 consecutive non-cytotoxic tested
concentrations (i.e. cellular viability is
equal or higher than (=) 70%)

2. At least three tested concentrations
should be non-cytotoxic (cellular viability
equal or higher than (=) 70%).

Chemicals that do not
form a stable dispersion

Negative result obtained with test
chemicals that do not form a
stable dispersion < 1000 pM (or <
200 ug/mL for test chemicals with
no defined MW), should be
considered inconclusive

Negative result obtained with test
chemicals that do not form a stable
dispersion and were not tested up to 2000
MM (or 2000 pg/mL for test chemicals with
no defined MW) should be considered
inconclusive
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APPENDIX IB - ANNEX 3: QUALITY CONTROL OF LUMINESCENCE
MEASUREMENTS

Basic experiment for ensuring optimal luminescence measurements in the
LuSens test method

In order to ensure optimal luminescence measurements, when performing the assay for
the first time, it is recommended to perform one or two runs of the LuSens test method
using increasing concentrations of EGDMA as a test substance and using the plate layout
as described below. By performing these repetitions, the following aspects should be
considered:

luciferase induction should be increased in a dose-dependent fashion (in wells
A-C:1-6) after treatment with increasing concentrations of EDGMA;

no dose-dependent increase in luciferase induction should be observed in wells
D:1-6, and A-D: 7 (empty wells) in comparison to luminescence values in wells

A-D: 8-12;

the average percentage Standard Deviation of the variability in at least
21 solvent/vehicle control wells (F-G: 1-12) should be below 20% and should not
show any “gradient-like” pattern.

Table 1: Plate setup of first training experiment

1 2 3 4 5 6 7 8 9 10 1 12
A EGDMA EGDMA EGDMA EGDMA  EGDMA  EGDMA
CV752.07  CV75/1.73  CV75/1.44  CV75/1.2 CV75 CV75x1.2
B  EGDMA EGDMA EGDMA EGDMA  EGDMA  EGDMA
CV752.07  CV75/1.73  CV75/1.44  CV75/1.2 CV75 CV75x1.2
C EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA
CV752.07  CV75/1.73  CV75/1.44  CV75/1.2 CV75 CV75x1.2
D
E  Medium Medium Medium Medium Medium Medium  Medium Medium Medium Medium Medium Medium
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 DL-Lactic acid 5000 M EGDMA 120 M Blank
© OECD 2018
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APPENDIX IB - ANNEX 4: CALCULATIONS USED IN THE LUSENS TEST
METHOD

1. The fold induction of luciferase activity (L) is calculated in the LuSens test method
by Equation 1, and the overall maximal fold induction (Imax) is calculated as the average
of the individual repetitions.

; : . L -L
Equation 1: Fold induction = (Lsampte=Lblank)

(Lsolvent_Lblank)

where
Lemple 1 the luminescence reading in the test chemical well

Lpank 18 the luminescence reading in the blank well containing no cells and no
treatment

Loowent 18 the average luminescence reading in the wells containing cells and solvent
control

2. Viability in the LuSens test method is calculated by Equation 2:

Equation2:  Viability = EZLM x 100
solvent™V blank

where
Veample 15 the MTT-absorbance reading in the test chemical well

Vo 18 the MTT-absorbance reading in the blank well containing no cells and no
treatment

Vsowent 18 the average MTT-absorbance reading in the wells containing cells and solvent
control

3. The concentration at which cell viability is reduced to 75% (CVs) is then
calculated in the LuSens test method by linear interpolation according to Equation 3, and
the overall the CV s is calculated as the geometric mean of the individual replicates.

Equation 3: CVys = (C, —Cy) X (;i_?/g) + G,
where
C. is the tested concentration in uM with cell viability just above 75%
G is the tested concentration in uM with cell viability just below 75%

V. is the % viability obtained with C,
Vi is the % viability obtained with C,
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