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LI 0ot

e
2 AYHS UN GHS 7|&0) w2 n 83245243} vz 542 :rL k= o ARSE=
AH(ARE-Nrf2 FAH oA Ald¥(KeratinoSens ™) 02 W B2 EA13HE 2 2 (Adverse

Outcome Pathway, AOP)9] & WA 4 A (Key Event 2, KE 2)?l 1*1 29| g/g3lo
gt BAL(in vitro) A@el sHHT.

2 AAHS AEE SSAnEE FYH 0 R wQAg A E RN 2T (HaCaT)E ©l-&-5t]
Nrf2(nuclear factor-erythroid 2-related factor 2) &4 (ARl FAkSH HRS Q4
(Antioxidant Response Element, ARE)2] AAIZEES dh= ZA|H oA (Luciferase) F4AF
TS S =A AT B EES FEE o Ut @A 2 AR 7tol=gRlolA
TF2 ARE-Nrf2 ZEA|HZoMA] AJFHLS KeratinoSens '@} AWl LuSensE ©]&3t
AlFHo] Qlrt 2 AIFHE teet §7] 287, W71, HRARS AW Aldaa), EEekekE
AEE 7HE AlEEE A8 4 Ao Ty 2 AW Ak kA BUE SRt
T UA A H(Stand-alone) 2 & ARESH7IET AOPY HA SAE tFe e AFH 2xe}
Zghoto] SN 7P (Integrated Approach to Testing and Assessment, IATA)9]
YFE AREEoloF gttt UN GHSOl we sfeh=do] {sid #7et BAY HXo=
A (AFlAl A do7le &4 Category 1)} HIZHEMY 2] /\}QHX]U B

T
/\]@‘ﬂ‘{ﬁ— CategorY IAGHE F2h2 dovl= =4), 1B(EsHAY 3t 432 427

£ AEHe gyHow A}&o} AFAL Fo|=ekI(RE 1A% 544 DA AXE 1072]
SoE BUS A8Sl] 7167 SRS YFSok 51, Zlol=eRlolA ANISHL G AR
27 ¥ WA rold Utk 3 9A SAL AR BHES o] 1% BAelm,
5 WA S AZEAL BosHe GAlIt A 2B L GBS FH R

EE SkoA S FAIHEOH 84 & Hd 7 HH—’F Hatgh), ECis gHFAHzOHA] 2ol
SiidiEs WFSAgE oivl 1.5 23ele A=Y vk), AZAEEoH



SIKE S DR S2OMNEHARE-NT2 ZAHRIOR AlZi(KeratinoSens™) 710|=2fQl

ANg A= 1) & Wé%ﬂr EAXCZ GOt ZFo|7t U= Lnax &) 1.581 23} 2) ECys
Zroll A AZAYZE-L 70% ©JAL, 3) ECis ZF 1,000 uM m]gE, 4) A FEZ0] et FA|H oA
SHRE et S-S 7HES W PO g wsitt Av AL = Ho 593

[e)
SRl ¥ 5o} poldl QPO Tystel, T Mo] wAY Auh QXS 9k

A5 Al WA Alde s3ste] Al H F F Ro] Y o o= Tt

ERNEE

o] R4 AN A A Do FFERET} F4ksl/ ARFRISH] ¥ R4-0E4 H=
[Ant1ox1dant/e1ectroph1le Response Element(ARE)-dependent pathways]2} Zo] E43t
Al Aodgd=et deld Fax Edo] Holet BEch] Aol vl d3A Ao
YR 22 A2 AR 282 AlA ol Keapl(Kelch-like ECH-
associated protein 1)°f 285t AARRIAICl Nrf2E sfg]A|IZIt}. alg]d Nrf2+= & Y phase
I f=a4s FJ5H= AR} 22 ARE-&EA FARES SA4SHA7IT KeratinoSens™
AR AREES AAEFEZAEA 2T (HaCaT)oll 48417 B¢ =EAIX] & FA|m o]
TR EE ok WSk AA(n virro) AT FAHEOHA] A I S
FA|E o 718E ol&sto] 'WFE47(luminometen) 2 S73%. 23} B7l= M= AT

MRS s 91 8u/5GA) tHaaa vEst AR SAwto] $HA

Keapl-Nrf2-ARE 3= &43= wF424d =48d 714 5 shte] dA o Extsto],
AEHY] FERe R SRkEd] wEAAIS A7 oF7] deol SEEYd AEHEs
Agotofof sitt, E AIFHOZE UN GHSO| wE 3 X172 (Category 1)3} B2 Lo
7FsSHAIRE Category 1A, 1B 19 £72+ 18 & glth

10 f
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Ho

ARE-Nrf2 FA|HEolA| A[EHY A4 Y 2 AYA 7t A2 o= 85% =oltt.
SAHIHAAA(LLNA) 20}t HwolgS wf o2 at v S ke A9ee 77%
(155/201), WIF=E 78%(71/91), ol 76%(84/110)5 VERAE I=]1 & Aol
Category 1ACFAZMI)O] vl Category 1B(FRE7EA)Q] #AQols mi7ASso0] 3
diSEE= Aol Utk AEHCE E AFHE HREAE vﬁﬁ*é% Adske o -85,

A AAHET o FEY] FokE IEdof St

H AEHOZ LogP7t 57HIQ] A|EELS 32 0E AT 4= QAT LogP7t 72 236k
A9l A EE2 E AIEH 189 o] St %IEW Atk LogP7t 58 7 Aol
A= AlEE ] tisiAl= AR gEHTo] gict. olil-zb7lofgt ¥kAS Zh= E82 2 AR
uet 230 % A& 4 Slo] 3T 4S5 SRt 3L l‘;u ATERoA ARBE = A9
AFAR] HiAeE B AR 24 wio] Z=ed®l(pro-hapten, P450 845 &3 a4 245t
gt 24)7} Zl(pre-hapten, A7HS] o5 E/stEl= E4) E4olA 4437}
T2 ¢ AUtk AEEgo] E2 AREES A e B7FE WE7] ofgh FAIE oM

T4 BHL Wt AREES SAHeoHe] $4S TRAA (luminescence)S
NG B8] FaND S o], TEEo ARo|AERd Zo] FAHelold 2y
SAAE TR 94 SREBOIH Hojdl ZA|metob] Aok AFsHA EAEolof Tt

4.1. MIZEHIQ

KeratinoSens™ M2 S-gjo} @33} FAAE 233t viFeiAE AMSsto] 37 + 1T, 5%
CO, HiY7ZIoIA HigFEnt. AZFE i) 2-4 AHQ-4)st 43t A8 (stock
solution) 22 Ak, A 4= 25 AE 273 4= Qltk. KeratinoSens™ A X ZFo]E0]|
80~90% AL MYAH MES} HiXE 1:3 - 1:12 (1132 29, 1:62 3%, 1112+ 49 F=
2 QHIEE A, HFHHharvested) M= AR A 4719] 96-well EF0|E] well T
10,000 AlZE E53itt.



SR S MR SSHHMSHARE-NT2 ZALIOM| AlEi2(KeratinoSens™)) 7101=2401

AEEZ-2 DMSO(Dimethyl sulfoxide, CAS No. 67-68-5)°] & &= 200 mM=Z =9It}
A@EZo] DMSOO| €8x &= AS B Ex HGHIAE ARSI EAFMW)o]
oA 2 AFEE] HE- AL H(stock solution)S 40 mg/mL E= 4% (w/v) &=
ZH)sk} AFEZ 9] A2 (stock solution)S DMSOZE <4 3]415}10] 0.098~200 mM7HA]
12719] 27] SJ4 A (master) =5 TH=th. ARESE Grfjet Aegle] 27 SAEA ==
S et Wi gHiA R 258 B SAska, HFA o 48 T SAFo RN AIFEEY] T
S 0.98~2,000 xMo| Hot. AlHo] AREH EHiti£+-2 DMSOE Ed°lE 7 6719
well& R[S, 27] S| Tt AT SIS AR 2F Gt 2+2] DMSO 5=+
1%°]t}t. FA R+ cinnamic aldehyde(CAS No. 14371-10-9)= DMSO®°|| =] 6.4 mM<]
A& (stock solutionyg THEAL AEH 0= 5|4510 0.4~6.4 mMZ7HA] 5719 27] SIATHA|
FEE AR v e AlREEY FYsH lAste] iRl 2F St 4~64 pMO|
g (3" 1, 2)

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

A comp.1 comp.1 comp.1 comp.1 comp.1 comp.1 comp.1 comp.1
0.098 0195 039 0.78 1.56 3125 625 12.5

B comp.2 comp.2 comp.2 comp.2 comp.2 comp.2 comp.2 comp.2
0098 0195 039 0.78 1.56 3125 625 125

C comp.3 comp.3 comp.3 comp.3 comp.3 comp.3 comp.3 comp.3
0098 0195 039 0.78 1.56 3125 625 125

D comp.4 comp.4 comp.4 comp.4 comp.4 comp.4 comp.4 comp.4
0098 0195 0.39 0.78 1.56 3125 625 125

E comp.5 comp.5 comp.5 comp.5 comp.5 comp.5 comp.5 comp.5
0098 0195 039 0.78 1.56 3125 625 125

F comp.6 comp.6 comp.6 comp.6 comp.6 comp.6 comp.6 comp.6
0.098 0195 039 0.78 1.56 3125 625 125

G comp.7 comp.7 comp.7 comp.7 comp./ comp.7 comp.7 comp.7
0098 0195 0.39 0.78 1.56 3125 625 125

Hblank blank blank blank blank blank 0.4 mM
solvent solvent solvent solvent solvent solvent cinn. ald.

J% 1. 100 x DMSO OfAE E2|0[E(mM)
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Ho

DMSO
master
plate
M| HX| =2
- HH &S] Ad
0.098 mM 200 mM 2abil-2k

Master
plate with
medium
(4% DMSO)

: auy 5|4

3.9 uM 8000 uM 47 =01 E=
=i

A|TH 2O} A
(17} Z=40] =) =t 7|

0.98 uM 2000 uM

28 2. SADROW 24 Y HESNTIL ZHOE BT
(ORAE| ZO|E ZH| X 514 hy)

4.3. A

0%

=2 # Hx==E HE

7t A EEAT} FIHREDY ASHFE = 29 Yl o Ho] A|Fo] Hasi, uf3
3719] WA &(three replicate)s T 4% F WO FHAI vHEAIFo] R 5ITHn=0).
& wo] =Yzl HE AR Aut BYXFHE 37H9] v A R(riplicate)S EFHRE Al WA
HHEA| S ook tthn=9). Z7te] Sl WHEAIH2 T2 dofl Se¥otal JIufmict A|FEZ9)
A& (stock solution)y& A= FHELL A= A& fFsHoF gt 1=y 22 Adis9] Alz2s

8T % 9tk

(KeratinoSens™ A|@HolA FRAAE EgoA] Fa & 3k vz 150 pl)= w3
3 2540 3l AlEE T tiREE 50 plE F7RICE E9o|E - v ghbackground values
H7¥s7] §i8 Fol 17]9] EHolE B 1709] well> H|YECHE Ao A|FED FA).
KeratinoSens™ Al@HollAl &gt ZF0]Ex= 37 + 1T, 5% CO; HiY710A1 48417t vloFetct.

AEEES wigsl] Aol F18g Ald=Ee] 383 well 7+ AL Fo] LojuA] ehes Foleitt.

Kl



SE S IEZAN SSHHMEARE-NT2 ZAMIOK] AlRi(KeratinoSens™)) 710|=240!

AES 48ARE 5 A= Hi2EEo] =341 H At 95 AR AR(PBY)= AlXetaL
WSS fIote] At LS AS 2 welloll 7180 202 57t =0l =t AlZ &=
Lt EF0|ES TFSA 710 BRAZIAL, Z wellol] A O] 718 50 pl2 H7IRE &

1% 7F 71t o2, 2% 7t FAHEo] Z4S ZAHintegrate)dteh. BEg=77] mdof wet

A3 E-Ecell viability, CV) 412 ol A=Y} RS 2L HiR[ofl 48417t leEAlX]
% MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Thiazolyl blue
tetrazolium bromide; CAS No. 298-93-1) =33t A ¥iRA= wekstal, AZ2E 37 + 1T,
5% CO, BiY710A 4AIZE vigRITE. MTT BiA1E AlASIL 2} welloll 10% SDS 82 7ot
A2E olF B9t &gttt wiket & FEARE 600 nmolA =S ST

r 1 a

KeratinoSens™ A& t}29] 91g QAL FZ3lojof gt}

5.1. FdIxT FAHOH| 24 e A AldEE(d~64 uM) - SHoA FAHZOH]
27go] gl o =97k tiv] 154 2 gk Holw, SAR 2= #eldo] lojof gttt

-

5.2. FNZETY ECis w2 AlF7180] BAZEE 352 tlole Bl 7|08 HEHX
24 oJi(2SD)ell Eofof 3t} T3t 64 1M 5= cinnamic aldehydeo] 3t 39| FUA]
Z749] P FAm o €4 R Hl&S 2~80]oof gt} Tk 70| FFEA] Y=
7%, cinnamic aldehyde®] &% 370l met FAHOH &4 29 452 & ¢
Uth= LS GFRESo] A== A9l §stof, AdErE 8 o Utk

il

i

6749 well2 T4 310 AlFA] Gulcheze) U Sk WA BT 20%

5.3. 47
ujgtojofof ght.
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6.1. 2| x|
ICso0 ¥ ICs0

KeratinoSens™ A& o] Azt
SAlo] wrek AXE 5 ek

7:]]/1\_]:'8_: Imax %1]\-, ECI.S %1]\-,

6.1.1. AT 49 Fruls

Lys — Lygas
g =
Ly~ Lyns

H

o
T

2 A3t wellolA] g S43%

Lyz ]%1
Lenz @ FAIZOIH AFEE FAS wellolA9] &g S78%%
Lew : BWEHRTES A2 wellolAY B+ g S
6.1.1.1. A 17} R 2O RE k=LoA 23t 2A|mElo] 84 = HY 9%
HH O:&%}: Imax %}\-
AEEdEY 5k ¢

e guitiEa WY SPgEc 156 Egeks

6.1.2. FA|metorA &4
ECi5

15—4
—1

+C,

EC;=(G~G)x

Ca t 1581 299 =5 7H A 5= (M)

b ¢ L5 mlee) SES b HI BE (M)
L @ 15W 2740) RS 711 HA SEolA 243 f& Wi G welld] B
Aot 8% Hig 371 well] B

I : 154 lgte] SRS 7 Ha sEold &



SHE S MR SSUHMAEARE-Nf2 ZAL0MH| A& (KeratinoSens™)) 710|=2f0!

6.1.3. AIZAYEE

V;\] a = Vj_,\] a
/l—]]ji‘}\g_f_-% =7 7 100
Vaw = Vaxa

Vaz: AIEEE wello|A9] MTT-S°3% &

Vagz: FAEoIH AFEA 243 vlo] 9t welloA 2A3 MTT-Z4% 3t
Vao: SU(ESA)HZES ATat wellA 243 MTT-S3= o] B
6.1.4. NIZERZEE 50%, T2 30% A= AIFEEY 5% ICso Y ICs
(100—z)— V.
= (G- o

X AREE sEA AZABEE TAE % (ICso 50%, [C302 30%)

C. : AIZAEE T480] x%E2T 2 5= 5 FA 5= (M)

Co » NEABEE A0 x%ET A2 5% F I 5% (uM)

Va @ AEZAPEE9) 7.% 0] x%HTH & 5k 5 A sEolA ST AZBEE%)
280] x%ETH 22 5 F 1L FEoA ST AEPEE(%)

=
>

|
oX,
i
fifo
AQ

o

6.2. Zno| M U o=

5 o] SEARO)A ¥ B EE 4] 8o MEAY § 5 do] ofd) 242 1Y itk

1 Aie FHeE B (aH 3).

6.2.1. Tnax F°] 1.5H] Hoh Forf SAUETY SAZCE Fofgt Zpol7} ok

6.2.2. TATR] B4 SEMiGTl 157 Y= HABEEC s oIH AEHZEL
7T0%ETH =T}

6.2.3. EC15 4ol 1,000 uM R} At}

6.2.4. NP2 et RAoA] RS WA BH-uRSHS hekict,
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KeratinoSens™ AJ@%9] A= DB TEEZ 15540] AAE A =312 ARg3lo] Aito]
7Fsstt.
- DB-ALM (INVITTOX) (2013) Protocol 155: KeratinoSens™, 17pp.

A4 [http://ecvam-dbalm.jrc.ec.europa.eu/]

S A" "X}
stMe15H =0 ZEAL 3H oM
()RE810], 2= 21} il
HW Al SHAXHSE |o3i?l? | NO
‘YES
28E 1.5H) =ob ZFALL
2(z) RESE 1Y e g4
SZOM MZzYEZ0]
T0%2CH £27}H(>)? NO
L ves
ECy5 240l 1000pMELCE
FH27H<) ? 24
(EEE =2 |.EI:° 717:10!- A
e 8= < 200 uglmL) NO
L ves
B 22-g2 DAL Ol Z/uh=AE
., YES NO
U

I3 3. KeratinoSens™ A|&H o] 24






. HAZ(OECD TG442D)

|_11 HOZ(OECD TG442D AMZ)

Aix|Q] mEZEEEAM : ARE-Nrf2 2A|m2}o}N] KeratinoSens™

In Vitro Skin Sensitisation: The ARE-Nrf2 Luciferase

KeratinoSens™ Test

!

A I8 ZAEME 2

1. BEMEEolst UNS| 3lsha4o] 27 9 HAof #et FARSAIAR (United Nations
Globally Harmonized System of Classification and Labelling of Chemicals, UN
GHSY"o] 2] vlok o] W] X% 4% 5 P27 W3 ok BAL v
wjR7ko] Bolele Fat At 7120) theld Fold Aot ol T B
3leh4 /BT 714 =AU A2 (Adverse Outcome Pathway, AOP)PE E3 ”tg
% qlov] AOPE ¥R 520 A% Bl 57t BAS A% Q24 H% HRge

o i

Fols A73Ro19% I o= o] FojXtt. o|2fgt AOPE f712FlEda 22 E&(thiol,
AIZHQD) 9 12} of¥l(amine, 2olA)T ¥Hg5h= SPokEdo] 23S WL Qi o9t
s, BAF ] AR AAD A A A4 dA(Key Event 1, KE 1) o5 Thio]
X314 SA(nucleophilic centres)ol] RS &2 (small electrophilic substances)=©|
S Ak she Aotk = HA A4 DA(Key Event 2, KE 2)&= ZFEAEA F54E3}

ot
b
=
)
_,>i

ZISH WS- Q 4-9]&4 ZZE(antioxidant/electrophile response element
(ARE)-dependent pathways)?} 22 ME AloAg FZ B8 4R HH9 HlE
ZRit Al WA Y GA(Key event 3, KE 3} diFd o= 54 A2 37 #A|RKsurface
markers), AIZ7F1(chemokines), AO1E7FR(cytokines)e] LHS SRl5k= FAAMA
(Dendritic Cells, DC)9] &4do|t}. Y] HA A4 TA(Key event 4, KE 4)+= T-A|=E
Z2]o1}®,

)

1
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SHE S MR SSUHMAEARE-Nf2 ZAL0MH| A& (KeratinoSens™)) 710|=2f0!

2. B AW 05 7 AOPY] KE 291 ZHA| = EA43Hkeratinocyte activation)?o]]
gt A Q(in vitro) Bl STt £ A1@H2 UN GHSol| whe} w254y
HIAM I EES FFoks Ul AREEE F 719 ARHOE o]FoXit
* ARE-Nrf2 FA/HZoH4] KeratinoSens™ AFH (F= 1A)
* ARE-Nrf2 FA|HzobA| LuSens Al8H (= IB).

3. o] & 7j9] ARE-Nrf2 FA|mlolA] AlFHL Fstz oz AZH< It KeratinoSens™
AdHE A5A7-5 714 EURL ECVAM 3t AR 91943](ESAC)S] =42 Q] H2g7tet
EURL ECVAMO] 24219l 4L vloror A=y 231 AJFH(VRM)OZ £Q1E|QrfId60),
LuSens AlFHE SAAHEH7171&(Performance Standards, PS) 78 AEAT1LE A
% KeratinoSens™¢} op71x| 2 ESACT®O100] Armrlel FH=Q1 oAL gt

Ay}

fujru

4, & 7lo|EeRle] AP dlojg Ait 33}t it FAlE O E 4 AT, HEEM
AOPS] SATAIR] ZEAE E4d5k= ZF =7Fe] I Q3 REZ 7|&sh] o +& glo
ARES 4 Q7] Wi glolg AFS Q1 (Mutual Acceptance of Data, MAD)°] 7}ttt

=

e Tl 7180 AlRlE J101=2tRlo) HetEl Aol uiE R A

5. BRG] Brke AR o R & AYE Rt 7|UYS ARNShe 1A A el
Magnuson, Kligman®] 7|U® Zdis} A& (Guinea Pig Maximisation Test, GPMT)
2 Buehler A|F(OECD TG406)'Ve mE724 9] 9% 7|(induction phase) ¥ S5
(elicitation phase)Z B713tch, HfQAZ 0]83F A|&¥ol LLNA(OECD TG429)"?2}
A /9] BgARs Al@H Q] LLNA: DA(OECD TG442A)™, BrdU-ELISA 2 BrdU-FCM
(OECD TG442B)'"& B f= ¥hguhe Hrtes SjRAA f27]o) tfe) ZAdalos
ST 4= 3loH T&E HX] SHAE Z7[Ug Aol BIsf] ARge] qi7] izl BolEoi ATt

6. TR AOPS] A 714 814 THAIS Tk 71-ol| ZA3E 38F(in chemico)A S H T
AR (in vitro) AAHZ 3ot £49] v RG] ¥4 B7HE S1s A=A OECD
TG442C= KE 1 T MHElo|= BkS4) AJ31H (Direct Peptide Reactivity Assay)™ o],
2 AR 7ho| =2l KE 28 HF= ZHEA1E 8438kE B7Iske Algiolal, OECD
TG442E% KE 390 44 Ao ggsts ohfx Qoo mgez, T-AIE 342
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Uelfi= KE 4+ PFAE o83t =4 HZd AY¥H(Local Lymph Node Assay,
LLNA) P& 53] 73 oz B7hdc,

= =

stekEdo] nizs oS 2E 2710 25k &= o Utk ek 2 7lo|=ERkjlol
AE AEHO Ait= OE HAHQ HJEE, A& 50 o4& 4 dA =S dF=
BAL(in vitro) AR A H(non-testing methods)(fAFR Stot=aate] /w2
(Read-across)& ZFhHoz AL ZHIET Xoto] FAAFAH 7T H(Integrated
Approaches to Testing and Assessment, IATA) WollA AR82 wfj IF7E2J(UN GHS
Category 13t H]ZHAS 1T 4= 9Iti'?. Defined Approach(DA) ZEAAS} o &
Aol Qlo] DM HW oA ofet Wil Qs AAdE dvEe &8 A7t
BaEdon!” o= JATA Y 483 848 289 4 Ut

. & 7lo|=RlolA dE AFHtte Rt DRAAEES UN GHSY 400 oIt 1A%

=
1B= 59| 7 o glon, ek H7tol Eas A4eE A5 828 AT &
At Ty A A ol 2 A FdAx AATEe 2 UN GHS category 12

H=23%)F A~ O
HRE 4 9k

Al

R
i
>
il
)
WA,
~—
hal
rir
r}oll'
E?l_t
i
>
ol
=
=
ok
>
el
oL
10
)
ofo
N
o
0.
1=
rir
r o)
W,
o,

10, WA CHYRE/EFRIIW] e A19Y 18 7Hs Aol e PR ATl
Hl2 ATl WAEAL AT £ AYHE F1&Hel Wolq thiRed 9
BUEL AW o A48T 5 U Aolth. Tl TR, AlFo] ofgle Fat B
2QHg) B 2 JlolseiololA] AuE 48 Wg) tol Wes) sidEA S AusaR

V2013 6%, FSEQ0M AFAS CFT O “AFSE0RHE UZ A7 L JHET AIFY 710|=21RI00M
7tset o B} UEEA AFZol|= 3T
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B84 1. 20| Ho)

8% (Accuracy): Al 27} o858 X9 Uz A2, AEH HHE SHok= 7|=0|#}
B (relevance)?] 840 g, AFAHS] HLEE ou|sk= “UA]/4(concordance)”
2L oug 3850 ARRY

EARSAFZ(AOP, Adverse Outcome Pathway): ¥4 SRFEA = SARH 159 S22 5 E
B} 5320] A2 HAS AH AA(in vitro) §3 BH-S o717k Do) A

FPAIS) HS-Q A(ARE, Antioxidant Response Element): A2} 98- A(EpRE, electrophile
response element)2%= S8 H, AZHE S 9 phase I FAA A T2 HE FEQ(upstream
promoter region)°ll A= BH84. Nrf20o] 9ot} &Ad5keH At v-8- 3 AMARE)= °l&

AR AAF FE 4o
CV(Cell viability): AIZYZ=&

H=A5(Coefficient of variation): 3¢ A|E2XHE AL folgo HEAS UehyH
EEHAE PHO0E Y= g 1002 Joko] WEgs Yehd £k 9

CVys: 75%9] AIZAZES Jehfe 24 55

ECis gt 1.58) FAHoMHA] 4 F=8 Yed

4 B

i

Fold luciferase activity induction: AlHEZ2] &uj/FFA| 2o =& Alx YFL
tisto] AEEES AYg AEe] Iy vE

[Cap: MZEAEES 30% AN & 55
ICso: MZREZES 50% A= 55

8V (Hazard):: A4, A, 54 W] Bt o] =2HAL W, R4 FFL Lo
Fsdol U B E: 349 A 54
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S EH7PETHIATA, Integrated Approach to Testing and Assessment): SFSHE2
= IohEd 89 994 EIFEE 7t o), A8 2H@EY An) 2/Es A
B7Hts oF/2E8 Ak, =)o ARk #+2F HS 9. QA foid(hazard)
E= AoiE(isk) Tz AT 4 FR8A0 e FAIZAE ot EE #H HolHES

AFHOE BUHL BFS 71H0RA AT AP ST F
Lo 35 573 ABRY SEOIA §u) izt vmste] FAsetol] B SEo] A

Keapl(Kelch-like ECH-associated protein 1): Nrf2 42 Z&5k= A Wl &(sensor
protein). 4 FE7F A 2k AJEiollA Keapl 7] @ &(sensor proteiny:> Nrf2 HARIA
ubiquitin A& "j7H5k2L proteasome©l|A] T 355t Keapl®] WA AIAHIQ 2717k
AEZ} B2 o8 T2 W= o] Nrf27} Keapl o 2R e Bag@Woo

BRBMixture): A2 WS = T A oy SetRAR T4E BUS EE 80

G BEZ(Mono-constituent substance): 3% Ao wh o] FQAEO] A4

80%(w/w) ooz EAok= &4

A EEA(Multi-constituent substance): J%3 Ao w2t &=
10%(w/w) °14, 80%(w/w) H|Fte] w2 £A5h= 4. AR 842 A IF9] A=Y,
SHET AR EA9 Aol EFEQ] AF- F 7HA] o)A S kS glo] &3totod

A =, tHw S8 siehkse] A=Y

1=

Sh

S| ZF(Negative control): A|FAQ RE 24 QAE FeHlT FAURS-S FLdlA] U=
Aog 47 EA7 AH AR, o] AlgE APER A AR U Vet dR2T A5} 3
ARgE

Nrf2(nuclear factor (erythroid-derived 2)-like 2): nuclear factor (erythroid-derived
2)-like 2+= A} HES- =20 Tofok= AAL Q1AL Nrf27} ubiquitin FEA|EA] O™ A3 2o
oA 1, o7 o]Fsto] W AZHT AR AF ZeHE F9(upstream promoter

region)®] ARES] Zak1 ol S| g FEFIOO
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A1 ATBAE B3 S BN SEOR e AUS EHY
(1) B4 AR g TR
() AFE ARPEY 58 F5e 48 452 99 ASH FRUE SolA AehE gt

—_

IO A2 Y82 7IHte R FEAT AFE] vl . ol AlAlE AlFHo

sfelE A o] 24510 FAEE 0|23 HAHS © Zwxo]op 3O

SN ZFH(Positive control): A|FA S RE FTAAERS ZSsH A[FA A PSS
dozicky Al BAR A A= APY 2 o2 2245} Zo] APE. Azl B2

PR WSO WEHS WAL & ULE P4 U] HEs W5 glolof T

%% E4(Proficiency chemicals or substances): E53He A|@HO R 7|[&Z9l &
P53H7] Al NN ABD 5= U= A AR B7F 7120 Zobd FaE4. o] 4
Ae 7182 gibd o g vk S diidithe 2 ASolA 2 4= Qe A, T18a AFEY
&8 AR e A

ZEZ(Reference chemicals or substances): 22 AldHo] AZE 211 A|lgHo g =y
518 75 55 oRE USche Ul ARREE SEEA AR o] IBEAS ARl ARE
Aog A== SehEd o] RS tisfof ot dshEdo] dod Ao o= vhE9
e HAG, &F 249)E YEYor &

=

A4 (Relevance): AT Yok At Alole] WA 9 S AlFo] B4 E2o] o]
Solujs}e 9-8Hx|o] B3k A, AT Aol Yol AEHY Jake Lxled 245
oEsis A Uehd AwALS Audel FRQAD)E Yugd

A% Reliability): $YT A¥Yo] wiz AFaie o Azl A= $U 4P e

A AoA *1%“%‘3% AT =+ e A= S4% AFes 494 W/AEd T Al
H

(reproducibility) @ 2434 W BFEA4(repeatability) 2.2 B71E®

A@d(Reproducibility): 5L Aol et LS AIFEZ et 515 A|Ho R d2
A3} 7Ho] YAZ( Ao gt Ao Fa)®
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A% (Sensitivity): AFHOZ LE F/EA sIstEdo] JgolA ERE+e vE IEE
A o] HE Ao thgt Al A o] How Ao S H7

Lo /B A 2 (Solvent/vehicle control): &1 5 A|FA Q) HE FALAE ESISIA|TH
ANPEAL Hejslr] o= 2o weh Eost fujo] kol AIEMZ Aot AR

7]E8F3(baseline response)& H7Is7| Yol AHE

Eo|%(Specificity): AIFHOE HE 4/H] 4o A EREe HIE Eole=
HF 2] tigt AFY Aalwo] Hroln AFH] A Wik $8 v

E4(Substance): A IS ol FARAY = AFA AEiE AojR stk AE(elements)¥t
ol o]0zl —TU\é%él(compound) AARES] JMYAE FAIAZ]= ] East H7EAIeE A
YoM Feficte B ETFOHAN, ofd E249] ePgdoly A9l H3tof JE 4]
Oy BEE 4 9t g AgFY

AEEA(Test chemical): “A|HE2"0lgk= goj= A4 BHrtE= SIS Aok o
AHEE

UN9| 315240 55 9 Ao #3t IAZSAAH] (United Nations Globally Harmonized
System of Classification and Labelling of Chemicals, UN GHS): #&35ke E2|%], B4,
A FAEY 7 9 o wE IeEHAEHEEE £y £RE Akl
IHE A pictogram), A1@0](signal word), Foll e (hazard statement), AYFR|EF
(precautionary statement) 2 QPR ARFE(safety data sheet) 53 -2 SISFER9] {540
}Sote 45 WAS = AAIR. ofF B9l ARHILES, Z&2Ah 54 48l SuAA A 9

0
AL BEsts EA seEEo] EA4(adverse effect)o] e ARE HAgdt 4 gV

o>~

UVCB (Substances of unknown or variable composition, complex reaction products

or biological materials): &A4J°| ¥EA UA| LAY Tkt 24407 o|FojA I|hE, EXISH
HkS AME E= AESH B3
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AZH A ¥¥H(Validated test method): &7 E2of gt il 4
o A7 SRE A, 45H AlgHo] AjbE EHoA 8= Ao =

r HO

o

= o

Aeteol AlElg SHoA SESE As{performance)E HO|A| & & k= Aof| Fo5fof &

Xeno-free: AREH A2} FATE F(0] FLoll= A7holA FElohA] &2 ojH BT X3}5}HA|

o}ro
1o w1
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HE A MQ DEAE : ARE-Nrf2 ZAIHOMH AlH
In Vitro Skin Sensitisation: ARE-Nrf2 Luciferase Test Method

S|
(=]

o3

Mg o

o

L

2 7jolTelel 442D9] B BEo|x HPsks AFES BRI AOPYS) KE 2.
ZYAM| 3ol A Nrf2 w7 gHAESE B8- 9 A(Antioxidant Response Element, ARE) 2J&43
A4S S FAHNA RO WHIE NI A GIELE ARES

FHHE GRS Sty EuEHY. nRagedn g ARz
23] =& (small electrophilic substances) AA] @& (sensor protein)Ql
Keap1(Kelch-like ECH-associated protein 1)°]| Z-&-3lo{(d& 0] A|AHQI 21719
TATA HE) HAARIARI Nrf2 (nuclear factor-erythroid 2-related factor 2)25-§
2. sfi=lE Nrf2= & W phase II si=84F FY5he AR 22 ARE-2]E4
SRS AN T 1;]_(2)(4)(5)'

1o Ho JN
>~l

2

)
N

A4, 2 AFH 7loj=gRlof|A T2 ABA|Q(in vitro) ARE-Nif2 FA1H2loA]| KeratinoSens™
A[8R(e5} KeratinoSens™ Al@®olztal $-8)2 54 SEHAAIEY HSAE (Buropean
Union Reference Laboratory for Alternatives to Animal Testing, EURL ECVAM)2]
=P ARY/OE AHPgon 1 T 7HAZ2PpBON O‘JHO*E} KeratinoSens™
|IHL [ATAS] SF @47 ER8x]o] WSk elAS HaolFglom o|of ua} B A|gHL
A A O

>~

Jo
ol

el
o
sl
=
ot
>,
juel)
>,
=
X
e
el
™

2 Aol =HAQ1 gl ARSE ST H 2 A
Hlo|El | Eo] &AM, KeratinoSens™ A&
SolCH SRIEAHGY. 2 Aoz o5 4 9l
7] AA7RsA3L ek 85% S32oltk®. 2 A3jo] B} H2Ql A=¥7I= EURL
ECVAMOl Al&¥ 2E dolejo] wh2H, LLNA Z3}e} H]i A] KeratinoSens o] oJgt
¥ 742d=E(UN GHS Category D WRHMIEES AEske Ag=e 77%(155/201),
M= 78%(71/91), Bolxe 76%(84/110)019tH?Y. o] £X& 145749] AQEAS
o 3 A W A AINHSE 77%, UHAE 79%, Eolk 72%)9F SAIEH.

ol#gt B KeratinoSens™ A|@Ho] H¥2} R3S Aldske o 7]o0E & 92
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UeRdHT, T2uh 2 A2 d9ks 712.9] 7, 830] wEbA DA T IATA WEolA o

JHe} x3tE|o] ARgEojof 517 Wi, £ 2| (stand-alone) A|ZH KeratinoSens™
Al A g2 T Aol EXolth. ESE, p| RS vl E AlHoR Brkd

T, e 5= AlRERE ofye} LINA A= QIAlo] miRl= S S5] HidsHA] Hitth=
A= FFol Fofof gt

. @A o8 7153 HloJElo] =W KeratinoSens™ AlE -2 E}O@ 71 2871, HE714,

SRS AN vivo) AFOIA E1g ulet o)), Belsiels 4ug M ATEE
AT 5 AP, B AFRL s1gHolAY HANA S AeH(ErhEyE

N9 0] AL o] $elEA S TEOIE Ei WeloEE AUEL B8
%9tk H3 A3 BT 2,000 MOl ol 2AL FE Tk BRI
e STold NPT 4 Atk T AL, P 1ES FIAE Ane APEY

>4
mlo fin

TRFAYELR FHol: o o8 4= et ofF AlFolA A 5k 1,000 #M HlFelA
ARAE AASHL 11 Hdf skolA AlisAgo] gle 482 vER 3th32%9]
A g Hx). ek AIFEZ 1,000 ¢M wTHe] FHdf 8514 oA AlZEEA( < 70%
BEE)0] TEEH 34 718 A8 4 Ut GH o= 7 o9 LogPE ZA= T
g B2 wiAolA E8A4Y 4 o 71 Es QPERt dE AH S I 5
U= AE7F JAHHE ARE A& FFT S A

. Keap1-Nrf2-ARE Z29] 4315 FEsl= 8 7|Ho] Keapl9 A E]2(cysteine
sulthydryl Z15)3 A AEHA QIR] ARG ¥EERl A= Ueh7] wZo
2holAl-Zk7] o9t BHdS Hole S48 2 AIFRA 34808 g 4 JoHE 34
= T2 siAlsfof itk Hefolt BRG] FAJoA A FH = ol2et EEHAA(ET]
] Q1 golAl ¥H/dE FET & W)= Mok T TRl 2 & Atk ERE ARG
Azz0] ARt diab 5210 2 AjERA wjio] E3), Al =gl T2eEl(pro-haptens,
P450 E4F B0 a4 &/t 283 seheEd)a}t Zejtdl(pre-hapten, AF7Hitslo]
ofsf &/g3kd sk A¢E o4 S AT & Aok 29U, gEkEeR
A= EFoke T Qo & AMgE
AOP9| KE 1, KE 2 @ KE 3 A|@HQ] oz 83| & g 4 IrfI2%06, vt

AR ohAet Siek AEEA Q] AIRRAS SIop TS 2T S .
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. A7} KeratinoSens™ AL nBARHEL 0 A EAS 1E5HE A

MR SSHHASH(ARE-Nf2 A0 A&l (KeratinoSens™)) 710[=210!

oin

opx|eto 2 FAJE o | (luciferase) B B4S IHAdoke AIEEE-2 Al 7]9E A[FolA
FAm oA 9] B/ WA g (luminescence)E 5] FT7HIZIAY AAAE
ALB, A2 Bof, 1 uM B} &8 5o ABoAERAL T2 ZA|HlolA-7]ut 2|2
A8 reporter gene)S TAAIA WG ATE THIFT dA Y. wEkA
1550 ABJAERA FL ABAEZZT Zo] FA|mold ZxE {AXS
A7 AL BFEOIA ol FAHEoH] WE ATk A1%81A| AEE ook Y,

Z9] A|gEAo] tislo] KeratineSens™& 283t 4 Qtk= A7} AA == 4¢

B AHES A8 olok g

Q.

=
=3

ool o

A
IATASH Zhe B4 2 4] oA AGSE 49 A2 Brlo] =28 4= G 843
ARE A oV g2 Yreto] 2ol 9Jo] KeratinoSens™ AJ& o] ojE]
ARLEE=R]0] dst a7} RiEo] 9}\]—4_(7)(11)(16)(17)(18)(19)(20)' E3|, LLNAS} °1AAE
A s(potency)E H715t7] 18 H7F Hetol= whg4 Het KeratinoSens™ AlH 9]
8F-4H3 At 4Eolglom® LINA #2Hsol i3t Bayesian 5% Al¥ ko]
ARGE ATV A7} QAo RS (potency)dll Histe] FAHOR ThEE WO
gt B7pt $REAGD. d2Aoz sstEd 279 #%(potency)S FAHOE
B7¥e}7] 95t KeratinoSens ™ A|&¥ 9] AlLo] thaf A=) o] Qri?hed)

7. 2 7Pol=ERRIoA AREE gol9 Foe M2 F5A 10 ZIeHo]

o| &g

8. KeratinoSens™ A|@HL 917k AKR1C2 {-AA] 4k}t vk Q40 RFL Hi:

FAmEoH EE FARE dFFHeRE Tt AAHBEAHINEF(HaCa)Z HE
FeElE g BYst AEFE AR, dg Gt gRARAEA 8] Wido]
Z7Hup-regulation)=h= A0 2 LAY} Axz=t ARESH 23k T2 W (promoter
fused with the ARE element)?] AAIZAE W= FA|HE oA §HAE Zdlstal 9t
FAHoH] Ale= 7FFgEA Qs Held Nrf2 928 Fdxp 4dels= A %51,
ANz AmFo)A EA Mo 4159 Nrf2o] tigh oj&A4o] UYZEHYH®. olof wlap
ZA = glolA| 718 (substrate)S AF8sto] FA|H oA AL W Qo] AeFA = (s
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HE)o] 7heotH HAARISHY A=l =5d & Nrf2 JARIASY] 845 Ui
ARZA S-GH.

9. KeratinoSens™ A[HHA MZAYZE Oﬂ FFE FA %= 5=(1,000 M =T A
R ZAPZEE0] 70% PRI H=Y0)0]lA 2] oA (1.58] o4 E= 50% S7hHe] EA w0k
24 F=E FAXCE [osH —7}*] 71e BF YR WFUT ol st
Suf(SA)) 221} v et FA|HEtolA] &40 2] 3% i (maximal fold induction
of the luciferase activity over negative control, Iy DS 2793 ESH A7 IHO]

AFEE =0 EH7] Wizol, AXCE o3t JX(EC,s 4b) °o1Fe] FAHoH]
24 ol 8% wew AREE0] 4919 AldsEaiE o2 &3-S S42639
AP Z)el tidste] ettt mAutoE FAJERoM]| 84 Rt AlEEAde Yeid=
ST F2 FEoA dojueA] TS| fiste] AlZ5dAIdS Hegste] S4R

10. £ 7to|=g}elof A A3}t KeratinoSens™ A|PH< ?:_‘”’7‘4% ARE517] Ao AFALL
FE (A BEA 19 588 s9E 2482 o8t 7|ed s1=E YSdlioF et

r l

ot

11. KeratinoSens™ VRM} G-A1et AAQ)(inn vitro) ARE-Nrf2 FAIHZoA] AIFHE o]
At T HPE AIFHY HSS B ol AIEH 7R f1g AR TteltEle] A
W40l 7FsdleE SAR A E 77| &(Performance Standards, PS)< ©Fs1%ith MAD
PSol wet HSE o] OECD7t AESHL A 7to|=gielo] ke AlgHolvt BAE

r&"

i

AlEX}

12. KeratinoSens™ AJ@®o| it DataBase on Alternative Methods (DB-ALM)
TREZY o]gd & 9lon, AAoA E AP 53 A] ARgElofof B, B AjHHS
FSIA She AEAS FATE o] FAAe] A ARGl tigt 2to]Ad A9t o
KeratinoSens™ A1¢Y 7HA"e} ARSH Aok A dsto] & AlFHol| ARGHE A2
AZFE & o Aok FATEoH| 22y 82 £4 T3 Promega AR xﬂb‘}xq o]
E’ro]/ﬂi 2 90| W} Promegaol A TUTH e B Aok Akg3fjof g}, The oA
KeratinoSens™ AJ&He] 8 A7} A3 A3t} E3L human reagents AFSH=

2 Givaudan Schweiz AG, CH-8310 Kemptthal
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StE

MR SSHHASH(ARE-Nf2 A0 A&l (KeratinoSens™)) 710[=210!

oin

xeno-free HIORS QI3 KeratinoSens™ A|FHO] 28-2 B H=E [A0] K] 20 AL]o]
ATE. T2t KeratinoSens™ Aol @3o] 98-8 AAsh] Aol o 4] 7187}

oS A AT,

ZFAAE WY o]

13. ARE-82f o3 2&=le A|wejolq] 2jxE 527} g2 0= 41914 KeratinoSens™
FAHG AEFE ALESfok Sttt KeratinoSens™ AEFE 3T T g AlEH
T2 EZo| wet Al2~4 Aot #E3 AR AR (stock)E @ ARt =%t
M Z(original stock)= Hd| Atis(KeratinoSens™9] F¢- 25 A7HA] FAAL &
911, DB-ALM Z2EZ9| APy Mux wje} Zo] 2 & A% wix(FH <

14.

Geneticing 83t Dulbecco’'s Modified Eagle’s medium (DMEM)E AR&5}o]
AR Alof AMHT

Algof AREal7] YAl M 2= (confluent)”t 80~90%HE FojoF 51, 100%7t
SJR] Q=5 FolRit Al g AlEZE AFot] 96well EF|°IES] welld 10,000 HZE
3T Wello] #det #4ks fIsf A2 25 (seeding) THFolA AlL7F IAEA] QFes
Fogteh. O%A] 2 A9, well 7F W50l AXIth v} Al (repetition)7tt 3709
HHEA| S (three replicate)E FAIHEOMHA] B4 S750] ARSIl 24 17]9] 5Lt =S

AZAEE Ao AR

15. AFEE 2 272 A9 G0 ZH]3t) KeratinoSens™ AJFRoIA A|EHAL
O

28

DMSO (Dimethyl sulfoxide)oll & 5=(: 200 mM)7HA] &3gtct. DMSO &4

A BtE AoR 7w ug Hetolyh A2]7 B asHA| gty DMSO] &3i=A] %=
ARAEEL B T viiAI ol Bafieh the o7t EHAIXIH. EAFRHMW)O] 8 2=A]
ko AHEAY AL AAEM(stock solution)S 40 mg/mL Fx= 4% (w/v) 5=
FH[SITE. DMSO, =, HigHIA] o]9]o] Guj7h AR == 3% At ez A7

A A= ojoF Jht.



16.

17.

18.

. HIYR(OECD TG442D)

AA-&M(stock solution)& DMSO E&= HZAgt guj(cf: B E= sz A
sj4ste] 12709 27] s EA(master) =5 TH=TH0.098 mM~200 mM). ARt
SHiet Aaglol 271 SATA s B4 ZAT widHiAR 254 o 45t

=
HZ %157} 0.98~2,000 xMo| F7] FHI|A i 2 712). Eldst o]} e A
08 8 AT & ATl AZ=A B 3t Y2 49). 24l geehA]
A= AFELY A4S FF 52 0.196~400 pg/mL WS 12714 5k)
ol&] DMSO FL A3t {ujS Al&sta] d& 3AsHT}

|t
ne
N,

Al FEE Sl /g4 2wt DMSOo|H, Z- HEA|gultt ZE0|E o FEsgt
T2 well6719] well)& o183t} =asfiof e}, gull/F-A| tixt 16olM gt

A
=
27] 4 =t FAT SHIF S ARNER AZAYEEC] FFE FA de Ao=

DMSOo|| &al=A] ¢l 5of A== AEEA9 - tE AEEE 9 25T
Zro] FF AIF-8H] DMSO k= 1%ooF gttt o] &ull/EFA] t2H(c]l: DMSO)
KeratinoSens™ Al&®Ho]| tfst S zFLo 2T AR83ic}

SAOl FREE PR EI ARAAS] AEet vg2 ASSH] Hsl DB-ALM
229 7|49 vie} go| 7 wEARuITE S8% 539 wellg o]-&3lo] Al s|of
3t} 25 KeratinoSens™ AJ&Hol4= cinnamic aldehyde(CAS No. 14371-10-9)2]
57H &, = DMSOO| 0.4~6.4 mM H(6.4 mM9 A-8M(stock solution)
SEERE)E A AR 57| 27| 314 @A =Tt 7 HEEA ] ARSEW 1639
27| 3|4 @A T Fi= Farste] PR 2 557t 4~64 pMo] HA| 314
T Y S FE5he LA HlolE 7t JHhd HEE S MY ECys 4k A= TE
Zﬂ|

= =2
3 PYNEEL A8 5 S

D



Al SR HEEARS asfol Stin=9). ZHAQ! /HE SHEAIAS Az A8 (stock
2

& st BER NES QI AT 2L Atheo] NES

R

solution)©. 2 tk
AREE 4= ol

20. 143}of A% uie} ZHo] 96-well vlo] A ZEto]E Ed| o] E(microtiter plate)ol] AZE

_1:,1__'1_3].04 477} iRt ofuf, WiXE A AL AHZL- wiflR(DB-ALM Z2EZ o)A
H vle} Zo] Geneticine 3 @HS Z3E viFuiA] 150 pL)E w3k F, 25H)
A5t A d E= iR 50 LB A7Ist 293 v 3 gHbackground values)&

A
st7] 918l ECIE B F4 well S Bl Folof tp(AIZ 5l & H27h

21. Alg=Eo] Azld EFolEs 37 £ 5% CO; Y7194 48A17t vttt AldE4S

HiFsl] dofl FLA Ald=22 ZHUr wellZF WAL Fo] PojUpA] QFLes FOJRITHC:

FAIBEFolA] B
22. AE% W= 4L 99 oS 847t F8sih
- ATt B UYSY

o H19] Wx}Q A(light-cross-contamination)= %< & Y& FE
ARE-

J]N'

J(luminometer) A&}

-

S
p

=0|9] SF°|E
o FZEIF U(sensitivity)?} 2 W5 (variability)S ol &3 W& WHilol=

FA|m oA 71 (substrate) A
P

Adslal oFgA Q1 v (background) +F

ANEE AZoE7] Aol HE [AS] H4:4 30 Agsh tixA]
FZfoF gt

23. AIZE 48A17F 31t AlEAT tizEdo] =2AR] H At &S =4 ¥(Phosphate

Buffered Saline, PBS)Z A|&s}al 2g =42 Hoto] 435t &3 Ld=NS 7+
Wrhsto] 23 A AL0IA 208) B9k HEIALIT
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24, AZ §oHBLS TP BAoES VS| FHAIT b AAE mE. () 2
el FAsetolAl 718l 50 D& AR () 1220 Aekint i) 2220
Ao 24 %—Xéﬁiﬁk 2Y277) 29 5o w2 4HY A9 AAT

AIEEY 53
25. KeratinoSens™ A& o] AZPZE(cell viability, CV) B4 5] ajkufzo] 4847
LE2A71 & 5 mg/mLe MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, Thiazolyl blue tetrazolium bromide;)7} Z&4H A w2 w&star, 37 + 1T,
5% CO, #7104 44171 viofetet. 19 oh3 MTT B E AlAskL 245 oA (lysing
agent)S AREsto] FE3t A1ZF 59K 10% SDSOl O/N) 34171t} W (shaking)3t &
Ay Z2&20 Mgl viel Zo] BLAZ 600 nmolA TFES 2HTh

L=

p 1=

Al2

oo

Zu

jojg FHI}
26. KeratinoSens™ A|@HoA o9 WiAH4ES AARck:

o AREU PYIREEE) BE FEolA 2He TATelol] 24 F o) $= v
Hit (Inay) #F

o FA|HElolA] /o] oty W3F SHFET 1.58] 2 R=(FA|H oA &4
50% 57h AlE9EdY =5 YEl+= ECis &

o A|ZAZGo] ZF 50%2F 30%E TAEE ICso2 ICy Bk g

1) FAJmelobd] B4 = Bi(old induction)= WA} 12 FBHI, A Atk FE ¥l D
7} g AR BEoR i

o P L"]E_L’g"]i
WA e s ——————
Loy —Lgxz
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>
Qb
=z
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D
S
5
(@]
w
D
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w
AN}
=
rn
18]
F‘é

Lyze AEEZES AT wellof|A9] W) SH%k
AFE2 BA S welloA9] 2t 24
2 A wello|A Q] Hit W3 4%

2) ECi5 362 4] 20 w2t AguialilE ol-8ste] ieteh. AA| ECis 32 ZF HHEA|H Y]
7|58 H(geometric mean) o= 3},

WA 2: BC ;= (G—C) < LA )-I—
a -1 o
a : 1.58] 239 =2 7H A BT (uM)
b i 1.54] mgte] =5 7k Hi 5= (uM)
a: 158 2379 F=F /M A sZolA S8 & wiGo welld] BH)
b i 1.58) 9] f=5 7H i woAd ST F= w7 welle] BH)

3) AMZAEES A4 322 TRl

WA 3 AEAEE =

Vyee AEEE wellodA9] MTT-E3% 4

Vaqeis FAIZCIH AHED LA wellold 43 MIT-5%% %
Vearl AE 2 8j(S4) 222 J23t wello]d =43 MTT-S%% o] B

4) ICs02t ICs0 AP o]&5to] A4 42 bt AA| ICsot 1Cs0 2 HHEAIH
715l g4 o2 F3it.

WA 42 1C, = (G- ) rq

a

(100 —2)—V,
V,—V,

a

X AEE XA NzPEE TAaE%, [Csox 50%, 1C30 30%)

C.e NZAEE FAago] x%ET 2 5% T A % (M)

Cre MERAZE 7Hago] x%ET 22 5% T i 5= (M)

Ve AZAEE a0l x%ET & 5% 5 A sZolA S8 AZY2E%)
Ve NIZREE 48] x%ET 22 5 5 I XA SHT NZBEE%)
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27. ZF SOl FAHOA] B4o] 158 older FiHE Feole Y w=9 37
REEAR B9 g 80/ F-8A tizate] B5g gt viastel BA14 folde el
E L5 ol(z)e] FAMEoR] FHE sk 78 RE Sl Fefet AlEEA
ol UehHA] gL o] F=7t AlZAPEES 30% oIt A7) AHS 1G5 Hrt
W22 gelsfof gt Bttt 24 2719 A Fiew AEE0] 70%S 23| 51,
JgA 2 A = MAE 2AsfoF A

28. Hlo[HE 1R HAJSIo] SRtO = SIS A Wit weF 8-k
AAY, 24K (biphasic)?] FEi(1.58 IA7F = H
E0A] = Al A9 FRIAIE ERlsh] £1%t
2% (biphasic)?] FE= ¥H3o] AAE= B¢ o B2 5%, & 1.548)
99E f Easjof it

1
.
)
g
1o
%

o
il
o

i
19

N m
I‘:
i
Buj
i
rir
ok oM,
o
>
ek

==
>,
ol
filo
>
>,
ol
(o]
.
v}
(T TNY
>,

oA

do oot o

-
h

2

29. KeratinoSensTM /\]a‘ﬁg 1.5 oJAFe] FA|F oA S-S FEsHATE SAA f-2)4o]
(o]

=
Sl it 5440 9150l AZSA0] G ST 2 A
S Yoz UF

30. WO, KeratinoSens™ Al@HAIA 71 e AlFEE(: 0.98 xM)ellA] of|] 1.54]
e o =2 ZAHgolA &4 S5t BEEW 8e-ukg TAHS {eto R 71;1 Abato]
€0.9821 ECi5 %< A3t

g7

31. KeratinoSens™ Ag¥& ARgS 4
o PR cinnamic aldehydeof 2]t
(4~64 M) F stHolA (rtest B 52=) 1.5H] 2Tl FOE SAZ 7240
Lo1of gttt
o P HEEEY ECis w2l HSH HolHAES] ZAst 7~30 uM AteloflA))
AIR718e] 718 0= ZAlE B 4e] EEHAL 28)(2SD) ololof gt E3F 64 uM
59 cinnamic aldehyde©] thet 3719] RHEA|= £79] Hot FA|m oA &4 =
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SHE S MR SSUHMAEARE-Nf2 ZAL0MH| A& (KeratinoSens™)) 710|=2f0!

H|&-2 2~8Ato|ofof Sttt BR}9] 2 A0] 2R Y= AL cinnamic aldehyde?
s S7M0 wet FAEEoHA] &4 9 45 % T U= et &3]
A== Afol gsto], AdETE Wolsd

o 7} 6719 well2 /3E 3¥19] AlHoA &Hf/F Xﬂ 2 DMSOQ] g Sk
HEAT B2 20% "[Tto]ofof Stk Tk WsAlTE 20% Bt =2 % AldAT=
AMEE 4 Qi

O
.—‘1

g9 94 ¥ 432
32. KeratinoSens™ 23} 4 A] i) T ¥ BHEAFOA LFE ELX ij) A Ho] vlEAY =
T Holl 24 oS Y] 7] 270] B S5EH FH0E wolal, O8] koH 2402
o @5‘}3}(13] D).

max w°| 1.5 o H(=)ol1l, S/8/FFA| it vlwsto] BAHCZ [oJ6HA Alo]7t
O‘I‘J(two tailed, unpaired Student’s t-testZ #HA).
o FAEE oA E4Z 1.5H] oH(>) Feshks 7H B2 koA AlZgEE0] 70%

Hoh =H0)ECs @ 24 s5).
* ECis %ol 1,000 M Hoh AT wARRS 28T & e AlREEe] 745 200 pg/ml).
o ZATEoLA B fEt 85 oEFHOZ ZURIKEE 28FoA AFTH 249
|58 TA).

SRR 2] 4] 2AS FESIA SAlmetol 24 ol thele] Wakt 8% oJEAel
27 WA ehodl 1 uRAIRe) Avke nlaR 1ET S7bAde] 278 4 UrKIE 1),
2o} 1 1,000 xM FRelA AR UABEL 1 HY SEolA] AEEAo] g 24 At
A HldE FEHAY FD).
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HHE A

—

oo

=

ojo
ox

=
SE810], 20Tz 21}
AN EAH2= Qol37h | N

s

=98 150 2OF ZALE
AA(z) RSt 7HE He 24
SEZ0AM MZYZE=E0|
70%2C =27H(>)? N

L ves

ECy5 240l 1000pM=ZCH
EH27k<) ? M

b ves

W3l g2k Hhe A 0ITh olE/mEAd

= 0 oo U

O

@)

£Q
rir
0N H
Ho
A
Ny
=
IS
=
]
S~
3
-
z
o

=<

m

n
P4
O

2 1. KeratinoSens™ A|SHOIM AIRE= 0| BY. KeratinoSens™ G|&2 DA E= |ATAS
HA U™ JHQo| 78tut 88to] X0 it 112{%|0{0F Sict.

33. AZ=A 20 Wlf 7R sEoA FAIEEOH] B4 fecke AldEd2 od
HEEATRoM = AES/dE o714 S=(non-cytotoxic) MM (ECs 4k 274 &=t
(QIC Htt %), ThE BEEAIAOIA = HlZ=(cytotoxic)S Lo7h= SEoNM(EC:s
24 B Oy Hr 52) FIo= U 5 3t Aldede] 24 vt A=A =0lA
dofurzAlol tigh of i 21 fiste] B w2 SPAulR(Cll: well 71 1.33 Ex= V2 (=1.41)H
SPA)E ARgato] Hot ARHARl §RF-NES BT 9 AlEE ohA] Sadfor gt
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Al H 124]

34, ARRIAE theo] ARFS Eatslolof gt

> o

Ol

- =94 A, 83l DMSO &4, A 9 7|8t o Eslehs S48 7Fsgt
1ol A1)

- HiR|oA 9] G =(EEA) Ev B4 Aol TSt U

- <k, B5EY e A

- ok S, A A Al 7R, &)

- Al e

- ZH 7hett Mol B 243 oHgAd

o tHIEEY, UVCE ¥ 29&

- BA9 EA4(O: HEA AEGE(S] FR), FH 7T HYoA ¢k, TaE E
g Awe T STy A ).

- 294 A4 8o, DMSO &4l 9 7|et I Eejsietd E4EE 71s3t Helelk)

- B = 2AJ0] gl SE/SHAIY] A9 BEY] BEAHapparent molecular
weight) = AIE 33 I 7|e 4

- HiR|o A 9] G =(EEA) Ee B4 Al gt A

- ok S, A A Al 7R, &24)

- Al BE

- B35 7B WolH B 271 2 o9y

BN

4
e
- [UPAC E+= CAS 8%, CAS ¥1%, SMILES = InChl &, 24 94/E+= 0E

Juxz 5o ke AEYn

2L

9 UVCB: Unknown or Variable composition. Complex reaction products and Biological materials
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O

- B9)4 44 8491w, DMSO 84w, 4= 9 7|et 3= Ea)siehy EXER 7153
2 A-E 7hsgt #flolA)
- vk, E4EY e AEYE

- fgshe A AlE A AR 7R, 24)

- 3 7Fs M9jolA] B 24 E by
- ofgoks A, ARt RS ATT 5 U 7S PHRT Aol oigt FaAls
o Bui/RPA /S xR

- TUPAC E+= CAS B4, CAS 15 9/EE= tE AEAE 59 3had A8

- £k, EEEY FstEd AR

- & Ztoj=eiRle] AgE A v &ui/R A 5 thExto] AHgEE A EY4
o, A 9 7Iet I ETsisty 44

- SH 7hae ool Byt 21 9 oHgA

- ZF AIFEH] et 8/ FBA Aeol] gt A AAl

45

2,
w9
uE
by
Ry

o AHOAFR}, A7, AAHURY olFT F4

o AREHE AW Higt Y

o ARG AlRF, AlEF B 24 W 3FAC: AEFE Al 71

o MZFS A, Aol ARSI M| Eoh:

o Al A A E5 A ARSRE Al S R ot Al Hﬂ_,_o1] et W14 =)

o AGE TSI D), 7171 A, ARE FAEROH] 718 (substrate), 2 75 1A
FEA 304 gt dizAgoll AR g S99 A4 A

o AW oA APAY Yk B AT ASS Sl A

Al A3t

o WA (repetitions)¥ ¥ (replicates)?] 3=

[ ]
>
ook
ru{n
i)
orr

=, AR A dA AF AR AR O E 45

[ ] [ ] [ ]
W~
@ op op
o di )
£
S o —_
eI
[1'1\[:_1( N AE,
=2 m
rE 2
Oﬁa i‘
> MX
ok 2,
9
= )
) ol
rol
- e
ﬂ% oH,
O.
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BE A - HB&M 1 S 22
(In vitro I|E1ZEEHA A|SH: ARE-Nrf2 SA|I2I0IN| A|&H(KeratinoSens™))

B 7}°1Eﬂ}‘ﬂ 442D HES E5F AEHE B24F 0 ol&s7] Hof|, A # 1904
Huske £HE B4 1020] thsto] KeratinoSens™ &2 Akl whEsta, 10714 S8
435 3x 7}11 opgel Hisll 7+ 71 HAE 5E5h= ECis 42t ICs = Y2 2H 71&4]

Y5stolof 3t o] ¥k B IEAE {49 vHE S UEZ] sk
o o2 24 A% 71802 A9E ) 7k AR, AFd vt AW (n vivo)
23 dlol8 ¥ KeratinoSens™ A@HoA U2 A9l (in vitro) HlolEl7} SFHLT.

i
39 mlm

E 1. KeratinoSens™ AIZH0IM 718 £BTE UB3| 2051 0I8EE T 22

Keratino
=c|x LLNA Human ECis (uM) | 1Cso (UM)
S8z 23 CASRN = ) Sens™ | A
mes =S 84 W50 categoy® “poe  HZHAY  ZuYC
Salicylic acid 69-72-7 k| H| 2=k Cat. 6 =4 » 1,000 » 1,000
Lactic acid 50-21-5 R | H1Z&- Cat. 6 =24 > 1,000 > 1,000
Glycerol 56-81-5 OHR| HIZZH Cat. 5 = » 1,000 » 1,000
Isopropanal 67-63-0 QR HIZZHS Cat. 6 34 » 1,000 » 1,000
pAZNDS|
Ethylene ghveol | g7 955 | oy | B ez | o 5-125 | ) 500
dimethacrylate ol
] ZHxEN
Cinnnamyl alcohol| 104-54-1 | 11X orsn Cat. 4 24y 25 -175 | ) 1,000
2-Mercaptobenzo A s e oFA -
thiazole 149-30-4 TR (HE) Cat. 3 U+ 25 - 250 > 500
4-Methylamino e s ! obAd _
ool sl | 02 G cat2 9 (125 | 20 - 200
- ZHEEA
Methyldibromo | ape1 65-7| m8l | S0° | cat 3 o (20 | 20 - 100
glutaronitrile (#gh
2,4-Dinitro - PaEses
: 0N - OpA -
—chlorobenzene 97-00-7 b oz Cat. 1 A (125 5-20

(1) MHLH(n vivo) QBN ZZS) 6IES LLNA H0[EZS 7[Etoz SiTf” MHIQA(n vitro) ZAHsS ECETOCT}
Horst 7= 0183510 75Tt

(2) Basketter 2 19 HEIO| [EEE32), Cat. 12 &Y LY 27|12 FEoH QEdHD, Cat. 2= HIHEP|(frequent)
QUEBH, Cat. 32 LEHOZ(common) REGIL, Cat. 4= =27((infrequent) RESLL, Cat. 5= 7H2(rare)

SQUSIA| M, Cat. 62 TEY Y27|S RUOHK| H=CH

(3) KeratinoSens™ OIZ2 M29| 78t 8819 0 W2t DA E= IATAY APl LGN 12{7} Zasict,
(4) 7120 BEE gt 7[R,
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HE2 |A - B&M 2: Xeno-free ME H{YS s
Human reagent= 0|23t KeratinoSens™ Ao Mg

KeratinoSens™ AlglHo] thgt #22] A8-L xeno-free A|E HFS 93] Human reagent
(human 8% 9 AZS human EHANE o]&slo] =349 4= 9oy, 7|&4 S-AE(F5A 19

4 st 2o)g UFY 4 Uk

E 2. M8 Q2%Summary of adaptations)

Ao =m #3E = AEH Xeno-Free X2
sET e (KeratinoSens™) (%2 1A) (B B24)
5% 2 oREZS e .
&3(Serum)’ state(DB-ALM = 155014 10% O1ZHhuman) SIS DIl

QLEHOF EHE HAEH(13EY)
MTT: 4AIZt 81, O/N S 10% SDSO| | MTT(1 mg/mL): 3AIZt HiQY, O]ATZ2TS0

NE=Y 25

2alAIZ] & 600 nmOIAM SH(258) 25iA1Zl = 570 nmOiA] &Y
QkN [fxF2 Cinnamic aldehyde 4~64 uM(18&}) Cinnamic aldehyde 8~128 uM
af AKX Y2(DB-ALM ODZEZE 1650|ME | HISSA XS EZA
=au EZAl EDTAZ BAE (TrypZean, Sigma-Aldrich T3499)

' Xeno-Free X212 Z4517| LIt 171X X
? OE geol Hg®

AF B2 o7 ALg3l7] Ao KeratinoSens™ AJEF= 10% Q7 S AF8sH= IAFAQI
ol Aedsfiof gtk A7t AT 7ISARTE ) At 7154 59 & Al w282
(o]

PR QC HIAER A= 4 Sl EA25E ofof e}, tE §39 X vRVHR A=
A BT AC A RS A viREM
=4 shse Zd)E ol8sto] AlZ FH|, SAE H Lw/ECis & 5 G HIXS] Wi A5l
Zgxlojof oj, JFH 0T YR A5o] AaH v 7] A Qe Bl ojHd] A2t
SEof @AM wiFE Aol = B, Ha 3 Atl(passage) °1F AUt P2z HjfHofoF
gtet AlE7E bg ARl Ael(healthy morphology)% Hol1 Qejo} X} uxdt AFLS
Holohd, 35 A8l 9fs e 208 ARE ¥E A(cell bank)?tet. QIZF E3oflA]
e o KeratinoSens™ AlZF= Q17 @3]l 2§t Slal e A =5 x5loto] 249
352 S5t 2= 22 A Hﬂokﬂcﬂok Stk He AOHOF gtct. AT xeno-free AIE BiYE
913l A2 EAIC: Trypzean™)] HIEEA FFEE ol8sto] Al Foll s A& o
ARg3fof FIS. ThE BE ZHojlA, AL 3% Ke ratmoSensm A|apo]] gt Al Zlol=2iR]
442D 9 DB-ALM Z2EZ09] R=o 4ugl Ay} Y PAog wjg=|ofof gict,
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HE A - B0 3: Y
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MK

HoIE 48

1 2 3 4 5 6 7 8 9 10 11 12
A | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
B | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO

EGDMA | EGDMA [EGDMA EGDMA EGDMA EGDMA|EGDMA | EGDMA EGDMA [EGDMA EGDMA EGDMA
0.98 195 39 78 156 | 3125 625 125 250 500 1000 | 2000

DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | DMSO
DMSO | DMSO | DMSO | DMSO | DMSO | DMSO | CA4 | CA8 | CA16 | CA32 | CA64 | Blank

]

T O T m

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

2. 2 #2 2N ZuoM C=2S YSol0{0F st
o DYofA FA|HE oA & 7t FotA &5 AEHO R JIVOIAL, ey w2 HHT
2o 208 232 YEpof SHHREE T > 100~300 Atol).
e H7~H11 wello|A] FA|HetolA9] & vt &5 &3 o2 F7tslal, H11 wellolA+=
2~871A19] RujE YEeRtof 3t
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OECD KEY EVENT BASED GUIDELINE FOR THE TESTING OF

CHEMICALS

In vitro skin sensitisation assays addressing the Adverse Outcome Pathway Kev 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:

© OECD, (2022)
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e 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 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.

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

© OECD, (2022)
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framework, positive results generated with these methods may be used on their own to
classify a chemical into UN GHS category 1.

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: 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 Il genes. When activated
by Nfr2, 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).

1C30: 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.

Keap1: Kelch-like ECH-associated protein 1, is a sensor protein that can regulate the Nrf2 activity. Under
un-induced conditions the Keap1 sensor protein targets the Nrf2 transcription factor for ubiquitinylation and
proteolytic degradation in the proteasome. Covalent modification of the reactive cysteine residues of Keap
1 by small molecules can lead to dissociation of Nrf2 from Keap1 (4) (5) (6).

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

Multi-constituent substance: A substance, defined by its quantitative composition, in which more than
one main constituent is present in a concentration =2 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) @ 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 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).
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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 thatis 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.

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 Keap1 (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 Il 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.
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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 required
concentration of 2 000 uM 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 sulfhydryl 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 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).
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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 uM 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 (Imax) 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. EC1.5 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
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).

2 Givaudan Schweiz AG, CH-8310 Kemptthal
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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 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.
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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 EC15 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% CO2. 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

Prior to testing, a control experiment setup as described in Annex 3 of this Appendix should be carried out

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

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), (i) 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.
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. ¥2(OECD TG442D)

OECD/OCDE 442D

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% CO2. 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
ati.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:

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

» the EC15 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

o the ICs0 and IC3o 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 (Imax)
is calculated as the average of the individual repetitions.

(Lsample_Lblank)

Equation 1: Fold induction =
q (Lsolvent_Lblank)

where

Lsampie is the luminescence reading in the test chemical well
Loiank  is the luminescence reading in the blank well containing no cells and no treatment
Lsovent is the average luminescence reading in the wells containing cells and solvent (negative) control

EC15is calculated by linear interpolation according to Equation 2, and the overall EC15is calculated as the
geometric mean of the individual repetitions.

. 1.5-1,

Equation2:  ECL5= (Cp — Cg) X (zb—la) 1,
where
Ca is the lowest concentration in yM with > 1.5 fold induction
Cob is the highest concentration in yM with < 1.5 fold induction
la is the fold induction measured at the lowest concentration with > 1.5 fold induction (mean of three
replicate wells)
Ib 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 = W x 100
solvent™V blank.

where
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is the MTT-absorbance reading in the test chemical well
is the MTT-absorbance reading in the blank well containing no cells and no treatment

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

Iculated as the geometric mean of the individual repetitions.
Equation4: IC, = (Cp—C4) X (

(100-x)-V,

Vp=V, )+ Ca

is the % reduction at the concentration to be calculated (50 and 30 for ICso and ICs30)
is the lowest concentration in uM with > x% reduction in viability

is the highest concentration in uM with < x% reduction in viability

is the % viability at the lowest concentration with > x% reduction in viability

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 Iluminescence 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 IC3o value, indicating that there
is less than or equal to 30% reduction in cellular viability. In addition, at least two
consecutive concentrations should have > 70% viability, otherwise the concentration range
should be adjusted.

28. Itis 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.

29. 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 uM).

o 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 yM and 30 pM 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
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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.

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):

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

the Imax 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);

the cellular viability is higher than (>) 70% at the lowest concentration with
induction of luciferase activity >1.5 fold (i.e. at the EC1.5 determining
concentration);

the EC15value is less than (<) 1000 uM (or < 200 pg/mL for test chemicals with
no defined MW);

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

should also be considered as inconclusive (see paragraph 4).

© OECD, (2022)
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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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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. EC15
determining concentration below (<) the ICso), and in other repetitions only at cytotoxic
levels (i.e. EC1.5determining concentration above (>) the IC30). Such test chemicals shall
be retested with more narrow dose-response analysis using a lower dilution factor (e.g.
1.33 or V2 (=1.41) fold dilution between wells), to determine if induction has occurred at
cytotoxic levels or not (3).

Test report

34.  The test report should include the following information:

Test chemical

e Mono-constituent substance

e}

o

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;

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

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

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

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

o Multi-constituent substance, UVCB and mixture:

o

o
o

e}

Controls

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;

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

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

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

Storage conditions and stability to the extent available.

o Positive control

(e}

© OECD, (2022)

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

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

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.

Test procedure

© OECD, (2022)

Number of repetitions and replicates used;

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

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

Description of any modifications of the test procedure.
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Results

o Tabulation of Imax, EC15and viability values (i.e. ICso, IC30) obtained for the test
chemical and for the positive control for each repetition as well as the mean
values (Imax: average; EC1.5and 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;

o A graph depicting dose-response curves for induction of luciferase activity and
viability;
o Description of any other relevant observations, if applicable.
Discussion of the results
» 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 EC1.5 and ICso 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

72

Proficiency Physical LLNA Human KeratinoSe  EC1s5(MM) 1Cs0 (UM )

Substance Form Prediction category NS_TM_ Reference Reference

s (1) ) Pfe‘:'s‘;m“ Range (4)  Range (5)

Salicylic 69-72-7 Solid Non- Cat. 6 Negative > 1000 > 1000

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

Isopropano 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)

dimethacry

late

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

Mercaptob (moderate)

enzothiazol

e

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

Methylamin (strong)

ophenol

sulfate

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

omo
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glutaronitri (strong)

le

2,4-Dinitro- 97-00-7 Solid Sensitiser Cat. 1 Positive <125 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 |A - 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’ -
States “serum” (DB-ALM protocol 155 Specifies 10% human serum
states Foetal Calf Serum) (paragraph 13)
Cytotoxicit
o esuromant? 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 Cinnamic aldehyde 4-64uM (paragraph 18)  Cinnamic aldehyde 8-128uM.

T int
rypsin Not specified (DB-ALM protocol 155 states Non-animal recombinant trypsin

Trypsin EDTA) (TrypZean, Sigma-Aldrich T3499)

Note: 'adaptations to achieve xeno-free conditions; 2other 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 / EC1.5 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 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).
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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% CO2. 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;
e having no gradient over the plate due to long reading times; and
e 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

EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA EGDMA
0.98 1.95 3.9 78 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:

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

o adose-dependent increase in luciferase induction in wells H7 to H11, with a fold
induction of 2 to 8 in well H11;

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

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