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IFE IR AP FENAANEY
(ARE-Nrf2 FA| 3 gtolA] A| @) 7ol =84l

re
>
oo
L

1

& UN GHS 7]%9 W& mi2zzas2dy v7xgE2de 1ysisy
AHEE = A9 ARG 7 A H(ARE-Nrf2 FA] ¥ gtotA] Al@¥)oz nizt
A3

2 5408 Z(Adverse Outcome Pathway, AOP)S] F WAl 34 T (Key
Event)l Z@AZAe fA2 Lde WaE Hristes Wy ol
Al SEAvES AR =]t AR A 5 (HaCaT) ol A

4 sEAd Fus WERz
FA] 9 2fo}bA| (Luciferase) -+ A =}
=]
=

Nrf2(nuclear factor-erythroid 2-related factor 2) 2]&
(Antioxidant Response Element, ARE)®] HAIZHS ¥
s SATeEAN AAAEESH AL ELS S Aok A 2 AEH
7bol=gtele] thE ARE-Nrf2 FA| 9 golA] AlF M-S KeratinoSens' & ©] &3 A3
Hol fFdstth B AldHE e 171 2871, ve71d, R aAs(HW A2
=Y3isty AEES 7HAE Ald=Z 8 & Ao 2y 2 AP A kA
HWts S H |3t7|Ht SATAZEY A4 A

Fv= & AW 239t el 854 % 7HIntegrated Approach to Testing
and Assessment, IATA)S] YR 2 AlgE o]of 3t} UN GHSO| wWE 3stEz o 9 A]
TFe BAIY Ao HRAAAGRRANA S o= E4: Category 1)%
HI A ROl AREHAIT 2 AARREe 2+ Category 1A(HEF 7S o= £3),

Z
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IBEIAY 23 248 doss BQ)9 d9)71zor AR & 5 sldh
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Al Adte 1) sAHETH FAFCE Fo3 Zol7t A= Tmax %ko]

HRAALe AEAAEAAN Doy FSHk-sI FAikst/ A2 whE e -0 EA
74 2 [ Antioxidant/electrophile Response Element(ARE)-dependent pathways]¢t #Zo] =
A3 AlE Asdedzst fdd FHA 2] wstel 4ETH FdAdo] dnkar &
B At ARAAd =24y 2 A2 dAARIEE 2dEe Al d@Ed
of 2H-&sto] AAJIAY Nrf2g £~

Y

Keap1(Kelch-like ECH-associated protein 1
B9 Nrf2E U phase II 15845 I3 ARG 28 ARE-2EA FAAES
2/d3skett. ARE-Nrf2 FA|H2holA] AgdHe Ald=2S A9 F242 A E5(HaCaT)
of 48413t F¢F =EAZ F FA oM AR B WSS wEske AAe] ARl

FAHZ oA 72 EH FES FAFZOMA V1ES o]&ste] ERSA7I
(luminometer) 2 430t A3 Hrle= A2 v dS 287 f4
FEA iz Hwd Adede] FAFE oM FAA Ed e ol Wt

3.

~—"

KU

OEE

(

m. A%y 2 A

Keapl-Nrf2-ARE 4= &A4st= AR =488 71 F skt @Al B33,
2 AEHe BERe R slEde] ARpAAdS A48A 7] @] W FEA A
THES ALgslodof ot B AW O ZE UN GHSol| wE IH 724 (Category 1)3 H]
A2 o] 7FssHAITE Category 1A, 1B 319 ER7VIELo 2+ 78T 4 gith

ARE-Nrf2 FA|#gtolA] Aol A4

ojth, FAYUZHAF(LLNA) Ao} vwstS w IH3t
AEE 77%(155/201), WA 78%(71/91), SOl= 76%(84/110)
AR ol A= Category 1A(ZF7F2H/d)ell Hl&ll Category 1B(%F% 1}5.“5})9]
250l WA dEFHe Ao At 2EFHOE B AFHES

st F8otH, O A FHEYD SEAdETEe] wetd

= =z ]
= 1=
&= asfor .
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133 (luminescence) S 57}
27 o] FA|HZoA 8 EH
FRAAE AT FAF SFEA QojR] FA|FHZloA] HH-E AF5HA] E2AF] ofof it

LogP7} 59 7 Alolol] = Ald&=4 dsix= Agte Ryl gle 2 A-z7]ol
SRS Zte BEES B AR wet SA40E HEE F 3o sA4ETAE AFEH
Mgt 3, 2 AN AREEE AEFY ATFAQ] dAbsE 2 AFA =24
ol ZZEEl(pro-hapten, P450 845 T3 &4 437 Bod E4)3 Z g
(pre-hapten, #}7}3bstol]l ojaf &3ty = 24) 22X 548237 =52 5 Aot
AEZ=Go] =2 ARERS A A= F7HE WE7] ofdo. FAIHZ oM a4
24s 15 WHAIA = <
ZE

V. Al

41. A Xuj

KeratinoSens VA X & SElo} AT FAAS L3 M EZujgu] oA 37C, 5%

CO & Tfdte 7tExddA MgFdt AEFE F335 24 Al (passage) 52
A

ﬂd
)Y

Al71aL 743 4« Zst, Ad = 25 AE =#3Y 5 gk

e T ANAE ME} HIAE 13 -
112 (132 2%, 162 3%, L12& 4¥¢ AHAZ 2)HIEE AAdg. AHS
(harvested) A EZ& Al A 4719 96-well Z#o]E 10,000 cells/welle] W=

BEg,

42 AEEZ 2 dxEF 24

AP EAS DMSO(Dimethyl sulfoxide, CAS No. 67-68-5, >=99% <%)d HF F%

200 mM=Z =9Ittt A|FEZo] DMSO9| £3=HA Fe= A9 EdF B A E

Mgty EAFFMW)o] Fal 2] e AFEZY 49 99S 40 mg/mL =& 4%
3

w/v) T2 AZX3T AlFgEZ] DMSO 99S DMSOZ Hapdoz
0.098%-8 200 mM7}A] 127]1¢] wl2H(master) =& YT AFESH &0 9}
ntAE FEE @3s FS AR 1XE 258 Ak, wiF welldl HE 7
Hol F7I2 4v) ¢ s PozZH AIFEZY HF s 098%E 2000 uMo] Htt.
Aggel Agd" SAEMAETS DMSOE ZHOED 6702 wellS 85,
nt2E TR U3 IARRFE AR HE SAHAEMNHERTY == 1%°|th
%A ZT cinnamic aldehyde(CAS No. 14371-10-9, >98% =)= DMSO 54 64 mM<]
AHE e HxpFo R FAE 04904 64 mM7FA 5719 mlAE FEE A X3
A FEE AEEEY s FMstH FANETY HE FETF 494 64 uMo]
1

o
ol
2

0%
5
°

¢
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1 2 3 4 B 6
A comp.1 comp.1 comp.1 comp.1 comp.1 comp.1
0.098 0.195 0.39 0.78 1.56 3125
B comp.2 comp.2 comp.2 comp.2 comp.2 comp.2
0.098 0.195 0.39 0.78 1.56 3.125
C comp.3 comp.3 comp.3 comp.3 comp.3 comp.3
0.098 0.195 0.39 0.78 1.56 3125
D comp.4 comp.4 comp.4 comp.4 comp.4 comp.4
0.098 0.195 0.39 0.78 1.56 3125
E comp.5 comp.5 comp.5 comp.5 comp.5 comp.5
0.098 0.195 0.39 0.78 1.56 3125
F comp.6 comp.6 comp.6 comp.6 comp.6 comp.6
0.098 0.195 0.39 0.78 1.56 3425
Gcomp.7 comp.7 comp.7 comp.7 comp.7 comp.7
0.098 0.195 0.39 0.78 1.56 3125
H blank blank blank blank blank blank
solvent solvent solvent solvent solvent solvent
1% 1. 100 x DMSO ®}2=¥ Z# o] E(mM)
DMSO
master
plate
e A — MIIZZ HYX| 2
= - 25HH B] Al
0.098 mM 200 mM 514
Master
plate with
medium
(4% DMSO) —
g — 4t 3|4
3.9 uM 8000 uM 474 EYO|EZ
= Hif
HE S A E| i
(170 Z2jj0| ) 27}
(371 ==I0]|E)
0.98 uM 2000 uM
oY 2 FAS oA FHL AZEHHI} SeolE BA%



43. N E=2d 2 QxER F&

ztzkel Ald=d3 Iz E- o] 041%—(0 4 Ee 4)S shr] fs & W
3ol HasdiH, o] AL vl3 3719 FUAH(three replicate)S ©]-83F A3k 23] 9]
ZHAQ WA o] dasitin=6). 7 W ZHHQ wHEAF o] Ayt EAX| sk 370
o] FYUAE (triplicate) S E3H3 Al HA BFEAHS Ffof Frhn=9). Zzte] =32
HEARS g8 gl Fdsta auvid AFEdY] dds AR e AXE AR
ANk Tt 2y 2 Ao AZE AHSse A2 S8

AEE 96-well @ o]E EF3 T3 24417 wjg3ch WA S AA3L 2L
Hl| &Ful 2] (KeratinoSens " A1 & Mol A FAAS F3stx] @1 FHS et v gufx
150 uL)E Zols th 259 343 AFE4d e xE4d 50 uLEs HArisid. &4
o]E H]7 #(X)(background values)E H7}3t7] 3] Hox 1H oz

1709 welle BIYEtFAEolw A|FEA FA2]). KeratinoSens™ A& HolA 2] &
ZYClEE 37 + 1T, 5% CO, 7oA 48412 vttt AP EHS vjgstr] 7o
A ARAEAY S8 well F WAt o]l dojuA] FEE FogTh

44. FATZGIA B 33

AEE 4823 B APEBAD 2B =2A F A 4F A ALFPBS) R

AP $HRFAL 7 wello] H7 d
ksl Z g o|EE Wg=A 7)o ARA|7|a1, ZF wellol] FA|H 2}

obAl 712 50 L& A7k ¥ F 12 T /9 g, 2% B FAHHA B4 A

integrate) Ik, LHZAH 7] 71Fo) we} B2 44T 5 Aok

45 AEEH 274

A E Y ES(cell viability, CV) #45 s AdE2d3 dxEds EF3 viA| o] 48
A =&A171 ¥, MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
Thiazolyl blue tetrazolium bromide; CAS No. 298-93-1)& 33t A} wjA 2 Zola,
AEZE 5% CO, 37C Z7NA 4X7F wjgsith,  MTT ®lAE A A ZF wellol
10% SDS &S H7tet] AEE sHF &<t &gt &S F F=A = 600 nmeoll

N EFREE SHIh

H~l

V.dAdLA
ARE-Nrf2 FAHztolA] A|gHE T2 AL AS FFstofoF st}
51 FHNEEHY] FAFHGA] 4 FEs HAT AFEE@-64 uM) T Shtol A

2
NmetobA BAol SAEWMNEE BF 243 gyl 158 B Fe moln,
EAH0z fFel4o] glojol B,



52. AU xzEHEY ECs @S A@7I¥o] AAZRYH Syl dolel HTE @
7IEo 2 EFUAF 28) oW (2SD)ell SoloF gt HE3FH 64 uM FE Y cinnamic
aldehydeo] tat 3¥o] TUAE ZHo FF FAHGoH] F& HEL 201];\1
8AFoloof gttt Fx}e] xxio] FXHA B+ 4F, cinnamic aldehyde®] &%
Z7tel met TASGoA B K F5e B 5 Are P9I §FNLl
JABH= B-Fol g, ANFZ2HE 8L 5 AUTh

53 Z+7b 6702 well2 FAE 3H2 AN SA(E)hEE DMSO2 o33 =3

e MEASF HdL 20% vRtolojof s,
VI. NEZ234 4 vy
6.1. 27 A g

ARE-Nrf2 FAHgolA| AldH AagE AL L. 7, ECis ah ICs 2 1G> ©]&

st o= T4 we A & 5 Aok

611. FATeola] B FEuj

L/\]E_LSL}\]E
O EH A~ — - O M-
T HT L%uﬁ _Lg'—z\]g
Lz : AEEZS A3 welldlAe] @3 43k
Lgaz : FAIZO|M AFED FA 3 wellol Ao g A%k
Lga : Sol(FRA)HETS A3 welldl Ao B &3 A
6111 AAEHATY FEANWETY EE sxoA SAHZ FAFHGHA &4 T HU
‘[Q[‘E HH')I\" jgﬂ- %)]\_ : Imax %}\L
6.1.2. FAF oA A4S SAEMUET EF SHFEY 158 2Hst= AH
=29 F%  ECs &
1.5—1,
EC].S_(CIZ_Q)X [b_[a +C:z
G, : 158 2379 25 717 A FEuM)
Gp : 158 wgke] =5 713 Ha FEuM)
L : 1589 2739 58 7I HAA FxdA 543 F= vl @71 well®] H)
L : 154 m¥he] =& 71X A1 wEdA SHT F= vl G/ well®] B

_11_



6.1.3. AXAEE

NEAES =

Vaz: AREE welld A o] MIT-F3% 3
Vg FAZH Aded F32 3 vlof e welldlM 543

Sis
Vaa: (&) NZTS 223 welldl X 43 MTT-F3% 3o HT

614, MIEZAZES 50%, & 30% AN ANFEAY 25 Gy 2 1Cs,

a
a

(100—z)—V,
16,= (G~ Q)X(W)*

X AEE FEAA AEZAEE TAEE % (ICo 50%, ICe 30%)

Co: MZAESE FAEo] x%ET 2 FE T HAA FEUM)

G AZAES Foso] x%EY 22 v T Hi sEuM)

Vo AZAEES] Tago] x%ET & & T HA F2odA SHS MEZAEE %
Vi @ AIZAEE] oS0l x%RY 22 % T Hi FEAM FAT AZYEE %

62. Ao X % g5 2d
T Y RIEAPAAN F

LA
HEFSTE 1 dae gPor BRI (1Y 3).

<
i
rr
=,
rZ
lo
=
e
>
oo
of\
<
'z
o
L
i)
BN
M
o
td
<

621 Imx §t°] 1.58) HTh wov SAHWZTH FAHLRE 23 2Fo]7F AUt

6.22. FAHe oA Ao FEulgrt 157 B HATEECs #h)olA MZAYEES
70% 5T =T

6.2.3. EC15 %k°] 1000 uM Htt 2t}

6.24. A PEA h3t FA oA BPFE7 BE SF-39Ss HERAT

o 0

x 3

ml

a

al

ARE-Nrf2 FA|HetolA] Al@e] A7= DB Z2EZ 155W0] AAE 94 9Z31S
A-gte] Ake] Zhssteh
- DB-ALM (INVITTOX) (2013) Protocol 155: KeratinoSens ", 17pp.

Y4 [http://ecvam-dbalm jrc.ec.europa.eu/ ]
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SHO T 5 15H?
]
BUERRC SHHo=

FOUSHA =0t NO

' YES

7 2 SR
HMEMZES> 150 MO
> SOICHEZ 9| 70% 2

jo
0x

,', YES NO

ECy5 < 1000uM
(€= 2REe 2Ee + 59

Eﬂ% A2 <200 pg/ml) ?

., YES NO

Yol 2w B ?

-lv

o z/q=

. YES NO

&g

13 3. ARE-Nrf2 FAHZolA] AW o= 2d
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B3 1. Y E(OECD TG 442D)

Ao vHAAAY . ARE-Nrf2 £A]|H2lolA] A|HH
In Vitro Skin Sensitisation: ARE-Nrf2 Luciferase Test Method

I A8

=
c
Z
Lo
1&‘
o
i
E
(]
41
M
b
=5
>
2
_Y:l,
)

L 7Ae A 28 A 2~5(GHS)2] oo w=w ARaaE
T’:Oﬂ -2} «41‘%%31‘%7%3% H 22 A S st AHSHE= A9 A3 (ARE-Nrf2 F 4
H gtolA] Al AW, ARE-Nrf2 Luciferase Test)S A7 3hchh,

8 AEA Ao EAgT. AFE 32 #EE )
< 58P E Z(Adverse Outcome Pathway, AOP)<]

Jz i)
~
>~

n:Zil'mru{u

<t S+

v Prloz Mg

A0, SALAARE B £F9 27 AN 0 A4 AA 4029, 5 HEA
RS Jdoye BHPo g o] AP0 Bl S0 2y GAE ¥R dlAo] sl =4
of AxFIsHY 4ol TFATs= slolth SAATAZ RN F WA 34 DAl= ZHEAEANA Do
u, ASRESE ksl dARIsHY WRE8A-oEA 7 Z(Antioxidant/electrophile  Response

8
Element (ARE)-dependent pathways)ﬂ- 2ol 5% AE Mg =el AHE At 3] Ws)
Z Yeidth M |A A4 DAE A E(Dendritic Cells, DC)9] &4do|m dnkdoz E4 A
X 34d ZXA, ARETI MolEFIelY] wEo g wrlsit) Y M A dAE T-AXEe Z20)
B vhe-2E o] 83 4 A AP (Local Lymph Node Assay, LLNA)< ©]-&3dt] 71202
B,

3. YR30 Hrbe dutHos AdYTes o8P 7YY aE o8 AEHA BAR
Magnusson % Kligman®] Guinea Pig Maximization Test (GPMT)®} Buehler Test (TG 406)
€ RGN FEGAS FEDIE 25 DD, GARS 188 AU Fad
AW (LLNA, TG 429)% & LLNA/] HPAR WA LLNA: DA(TG 442A)99 LLNA:
BrdU-ELISA (TG 442B)"& =% f=grle] whswhs wtgddh Aol o] M EL TEEX|
Aol ZIUa 2 AdREY ool il fEUAS VRG4S ARHoE SAHL 5
A7) Wl 2R Ao s AF A

N
)
=2
r
X
o
5
§
b
24
_‘Q
?L
oL
S
b
_101'
2
Lo
H
e
1
£
Ho
:?L_"
o,
&
N
N
=2
B

st7] {8l viEsE ABWHE(in silico in chemico in vitro )%

Approaches to Testing and Assessment, IATA)7} & & 3} t}A0)

5. ¥ Jlol=gldol A A3l AW (ARE-Nrf2 FA| 5 glolA] Algw)S 28 7" F ¥
A A dAE gEoh ARAFEZLS ksl vES-2 A (Antioxidant Response Element, ARE)



£ fa4s fEdca g4 g0 sjnziyd 24y 2o g AN #
AlA Gl E ] Keapl(Kelch-like ECH-associated protein 1)°ll Z}-8-3(of| & E0] A]2=HIQ
719 FFA%A WE) AARRIAR] Nrf2 (nuclear factor-erythroid 2-related factor 2)ZH-E &
AlZith 2 E Nrf2= Y] phase II si584E8 I3t A9 22 ARE-9EA F34

, B AEW slol=akele] thE A 9] ARE-Nrf2 FA]9 koAl Al @HL KeratinoSens V&
o] &3 AlFY Tl e, B AFHL #AZAFHo] YV B
H A5 A H (European Union Reference Laboratory for Alternatives to Animal Testing, EURL
ECVAM)-4 EHH AE7 Hrie 25 JHY. KeratinoSens™ Ao 83tEd o] 9134
el Y HAHow R v S FEE ] A% e felld AEH Hoh
e B84 He ARz Algsete Aol o w sttt AR, B AN S
35} oA KeratinoSens™ A1 &AW bz} AFSA AkS A A B A FH| ALLE
= AZXS AEFE 3RS 5 o1.—/]_15)

=2

rr

7. B slol=glolo A AFEE £o]e Aol HE 14| 7&Eo] k.

0. 27 1A ATH

8. Keapl-Nrf2-ARE 73 & &A43}= 74 SALAFE 5 F A A4 A B3] o
woll, ololl gt AFHeT dojxl FEREo R sletEA o] HRAAE HAx s 2ES W
7] olHeh webA B Ay Trel=EilellA o HolHe tE HFR FERE, dF 59
YR 2RI AZY & 34 %ﬁ]%% F= A9 AEHTA FAEE steE ATl g
‘3] (Read-across) & E3H HIAAHOERE fejld ARSI et TH=EH7Ie 22

L & ofok :l‘:]'- ARE-Nrf2 FA]#gtobA] AR S & AR

AR AT WA

3ralo] AL e Edlo] Hiiwo] 9 riIenas)
9. & Zhol=eilelM AR AgHE TREFHE 7 u“'“/%ﬂ*i ¥ 3424(UN GHS Category
7 HRES FEsked AFEE S gtk 1A9) 1BY ERVIES *9ske AT A,
w ZhelEsIvte R WRAAEES UN GHSOA] ?ﬁﬂd °f F 7 sVl R Awd

S flon, obdy WAE AT dlFolE e S gick 2 A Al wek FAze
2% 3824& UN GHS Category 12 #F& 4 itk

10 2 A9y S9E A3 Bl AH8E A% A7l Adel B Agyel A APl
= ™ Ho Al

dojz dlo]HAE] <A3HH, KeratinoSens = Aazuf kel Aol A= A
Zleoldo] Zhsalthe Aol gRlEal Stk £ AlFHe=E 58 e 434 W AdvsA
I AP 7t AL BF dF 85% ol B AF 9 ‘§7]' 2 ZHA2 6%7]' 3

7}Z EURL ECVAMe| A|&¥ EE dolgd w2, LLNA Z3}
of 9% IRPAHEZUN GHS Category 1) H]ﬁ&*é%’é% 2]

49
lI.
El
rol
ol
g o
W
§
5
@]
P
5
»n

6}—5 A
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77%(155/201), D EE 78 %(71/91) Eolxt 76% (84/110)01AtH 0] FX= FHTo] Ux
145719 APEAL o= 3 g Y Ald ﬁy,}(xgﬂt 77%, N1E 79%, &
1‘%-/\]-3}1”4-( %), KeratinoSens™ ]}j 2 Category 1A(ZF72Ad)oll vl  Category 1B(2FE7H4Hd)
oo FRZIRE] Ui o ZHE= 61:0] QB 235w o) e A K= KeratinoSens ™
]@go] 5832 @ 4E Aete d f8stthe e vehdoh 2y o7]dA AAE
KeratinoSens' '] T A| ¥ (Stand-alone) 0.2 2] HS& zhe theedl A FY o)t} frts}
W ool AUe SetEd A4 AR Bkl e BRY Wel Yol G guge
&S sl oF &t %ol AAE FEIHE X Hojof &7] wfZo|tt Hgh, 9 F7HA 3%
SEAYEN ofyzt LLNA A QA9 %

HJIO o, N
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T Alxsdo] =& AlPdEde A4 £ Wg7] g wARgoe g Ao}
Al (luciferase) EAE Waldle AFEEZDLS AX 7|9 Ao FA|HotAe] SA4S
AlA ¢ (luminescence) S 7M1 71 AY &3] 7 2 & Jdg®, d= 5o, 1 uM o]
TR AEA2EZAL OE FAFHGoM-7IRE A PolA] FA|FHolA B EE FHAA
(reporter gene)E & JA|A AT 4EA AT, gets 159 2 Ed
2ER Ee AEANZERANIG o] FAFoA] I FHAE ABAHA T FAEE 3t
FEAA Fofxl FAHe oA B A= AlFsiA d&sfof g = -
o A=A st £ AAH ZholEgils AL F lve AV e AFdde o Al

AW AHglA ojof Ftt.

13. $Jolx 2w ulel o], KeratinoSens' ™ AW 327247 v A4S FEstET)
AHEE = S By olye TE-RES AHE A FstY BFEE5AAEe 22 59E HE W
Aoz ALgE A

23] AAAE O e AR(ES, QA doldel IS E 4 dE A7)

ko
-
au)
£

A A AE AE FoS JEFS FA E= FE(1000 yM w1 TE L
ANZRAEE0] 70%27 FEO0Ne A FAwetold] &Ado] Rult xR}t 15 W) EE 50%
ZHsHA BAACE Fo4T AS APREAS FHoE FTH olF Hste U=
Zad vk FA oA Ao HY f= Hl
activity over negative control, Imax 35 A STh T3 A2V ddY AFED TR0 &5
7] W&o, FAALCE FY3HA ECis g2 st FAIFHZOHA E4S FEse &5
| FE FAG28Y AR FX)d ddsted FEoh iAo 2 FAIFH oA 4 F =
7 AEEAS UBle sEEH @ oA dojueA] #Estr] et AEEGATS
st SA 3

¢

maximal fold induction of the luciferase
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17. A2 L& KeratinoSens'™ A BT AL W3 22 ARE-Nrf2 FA HgtolA] AFHS
HASsta o]5& EFe7] 8l B AP Jlol=glEs A Al7]o] MAY & AEF A
5 } 715 (Performance Standards, PS)®¢] mt#E it o] A F WS OECDOIA HES L
2 A3 Trol=gklddl 23E A5, AW el AR EIIEe T8k ASEHAS wiwt

K

2,

“ j=

Q17 (Mutual Acceptance of Data, MAD)S B35 + it

18. A, & A1EH 7tol=aRlE FHA7I= Al
AW o 3o MM KaratinoSens™ Al & ol ] 8
Procedure, SOP)7} wl#E = o] lom AgPHA o] AFH S o Fstoior &
o® B AHHS 283117 st AP AL KeratinoSens ™ A EW Aakaiel AR A oFS
AAdste] & A A8 EHE AxY AEFE GRE F vk o3 FolA ARE-Nrf2 FA4]
HgtolAl AldHY Fo FAY HAE APt

do -
oft
-
B =
2

7v BAAAE WY

19. ARE-24:9] 4o os] FAHeobA] ZEH A7 dHez AU

3 F(transgenic cell line)?! KeratinoSens™ HEFZ o] &3ty AEFZ 1

(passage) 27| #Zd3 ddom PdF AGIH o Hx AR HY Ads

(KeratinoSensTMQ] A9 BAWMNA FAAE £ A3, FAI {6 YW (maintenance
o)

medium)(KeratinoSens™¢] 7% &3 3} Geneticing ?}Trf?} DMEM)l A 473421 AlES &

] YaiM AZE ZHolES 80%~90%H= AYA ojok &, AE7}
A3 @A s FYdth AP A AEZE AHFHEEA 96 well FHCOIE
o EAkA] 71 th(KeratinoSens 9] 7% 10,000 cells/well). Welloll A7} @Qd381A EAE ==
3t7] flsted AMEZE EF3t=(seeding) A ANA AZ7F JAEHA FEE FYgit). o] o]
ZEEHE well 1Fe] WEAo]l ARG v WHEA Y (repetition)tth 3709 & YA 5 (three
replicate) & AH&-3to] FAIFH oAl S SAHSIH, Y B3l ASE AE AEE 430l

U AdEdS dxEd A

21 NAEADR HrEDe AY gdo Ax3th KeratinoSens™ A HHA A|FEHL
DMSO(dimethyl sulfoxide)oll #<& 3%-&%(200 mM)E &3f3tt. DMSO &2 A How

ATHATL 7] wEe] BEedv A2 e vk A@EAe] DMSO &8
E AL dd4 w5 g &8 b o7 dd A7t KeratinoSens™ A& o] 4]

&2 ru
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MW)o] AaAA & AFEZDY A9 NS 40 mg/mL E= 4% (w/v) TEZ Al
. DMSO, &, wiA o]&]e] &wiE AME3tE ¢ #3H o2 et o|f& AlFshoIof

%
ol
oo

22. A@EAe DMSO YNe DMSOZ HxHoz 3Asle] 127]9 vl2E(master) FEE
KeratinoSens ™Al & H ] A& 0.098 mM~200 mM). DMSO®] &35 %] ¥ AT EZ
g e gl gdul A2 345ty wiaE g vhETh AMES Sujel Aaglo
BE 84S 03 AR 25u) o et HFHoE 4u) o 34t AL
to}, webA KeratinoSens™ A& WA AFEH HE w5 098%EH 2000 yMo|th. A
=

HEE ve §AEs 2e B olfv Ae B UE FES AT £ Ak

=)
i
£

o o

23. KeratinoSens™ Al @ oA ALgH SA(EM)NETL DMSO(CAS No. 67-68-5, =99%
t}. DMSOE 2284 7|&s nl2E vx9 59
T FEE 1%°|th. DMSO+ 1% &XZolA AX
Tl 2E FrE HrEol At DMSO

24. KeratinoSens™ Al@HoA AgHE FAHETS  cinnamic  aldehyde(CAS No.

14371-10-9, >98% <=Xx)°]t}. Cinnamic aldehydeE DMSO9] =& 64 mMe 9AS wHEN
HarH o g2 sAste] 045 H 64 mM7HA 5719 whAE BEE Axdh whiEH FEE 22
oAl Arg vk} o] | Aste] FANETY HFT FE7t 49014 64 pMo] HA gtk v
d F&IIES T BAA dolErt ddd HES FIF W99 ECs #S Ze uE A
T3 FANETES o] & F U
G AEEZATY HEEZY &
25. Z4724e] AP EAIG FAzEL tial dF(FE Ee 5A)S st A8 & WY 43
o] Badtn, o] Age Zt7t 3749 FIAEE EFI H23I F Ho EHPZFHA wrEAY
(repetitions)©] B Q3slth(n=6). F W] ZHA] wrEAYP ] A7t BAX|sHH 3742 F LA
B5 X3 A WA wEAddS sfof Athn=9). A7t FHA] wRddLe gE g
B4 dAS A= B AXE Q2 AFHA ok o 2 A

a7 e Al

3
AEES AESE AL

-

26. 20 7lEE WE AEZE 96-well Flo]AZELo]H F ©] E(microtiter plate)oll &gt
o2 2447 m T WA AASI AMEL H %) A (KeratinoSens ™A F W o] A geneticin

[e]
g1 dAHS xgste wigEiA 150 uL)2 ZotE the 25H] 33 APER

= XA |
e dx2EE 50 uLs H7istth. EdolEY w7 gk(X])(background values)E §713}7] €
3 Aoz 1Z8 o E /1Y well> BIYETH(FA2Zolal FH ).
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7 + 1T, 5% CO, 7ol A 48A|7F vl
it AP EZAS wdsty] ol A AFEAY Sy well ixeFo] Loy fFx
SR

F3t7] 3
g FoAHIE o] YR FeolES ¥

2. ZAT ol B 23

- Y A v WEAe B S8 SR WS Wshe AT A 71 AAE
AL A

9e AR Aol B2 30] Aud tlxAY ARl ek ARste] o Al 744 2ol F
ZeA g

29. KeratinoSens™ A|@HoA] A ELE 48A7F T ANFEAT Q2EA =247 5 A
45 AP AAFPBS)E MASty dFSAFS ot HES SHLFTAES 7L wellel 7S

208 & A= £

31. KeratinoSens™ A|&@H ] A FEAYZES(cell viability, S f8 MRS AEEEY gx2E4
S 23 wiR|ol] 48A17F =FA1Z] ¥, MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, Thiazolyl blue tetrazolium bromide; CAS No. 298-93-1)5 3t A A2 ZolF11,
5% CO,, 37CEZAANA 4A17F wjeFstty. 27 o3 MTT HiAE A A3 ZF welloll 10% SDS
|HE st AEE sHF F<t(over night) &3¢ttt & F FEAZ 600 nmol| A &

£ SAH
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FA A EolA FAFE 154 Bk =24
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS

In Vitre Skin Sensitisation: ARE-Nrf2 Luciferase Test Method

INTRODUCTION

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

2. There 15 general agreement regarding the key biological events underlymng skin sensitisation. The
existing knowledge of the chemical and biological mechanisms associated with skin sensitisation has been
summarised in the form of an Adverse Outcome Pathway (AOP) (2), going from the molecular imitiating
event through the intermediate events up to the adverse health effect. 1.e. allergic contact dermatitis in
humans or contact hypersensitivity m rodents (2) (3). The molecular mitiating event 1s the covalent bindmg
of electrophilic substances to nucleophilic centres in skin proteins. The second key event in this AOP takes
place in the keratinocytes and includes inflammatory responses as well as gene expression associated with
specific cell signalling pathways such as the antioxidant/electrophile response element (ARE)-dependent
pathways. The third key event is the activation of dendritic cells, typically assessed by expression of
specific cell surface markers, chemokines and cytokines. The fourth key event is T-cell proliferation,
which is indirectly assessed in the murine Local Lymph Node Assay (4).

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

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

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

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

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

8 Smce activation of the Keapl-Nif2-ARE pathway addresses only the second key event of the
skin sensitisation AOP, information from test methods based on the activation of this pathway 1s unlikely
to be sufficient when used on its own to conclude on the skin sensitisation potential of chemicals.
Therefore data generated with the present Test Guideline should be considered in the context of integrated
approaches, such as IATA, combining them with other complementary information e.g. derived from in
vifro assays addressing other key events of the skin sensitisation AOP as well as non-testing methods
including read-across from chemical analogues. Examples on how to use the ARE-Nrf2 luciferase test
method in combination with other information are reported in literature (13) (16) (17) (18) (19).

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

10. Based on the dataset from the validation study and in-house testing used for the mdependent
peer-review of the test method, the KeratinoSens™ test method proved to be transferable to laboratories
expernienced in cell culture. The level of reproducibility in predictions that can be expected from the test
method 15 m the order of 85% within and between laboratories (14). The accuracy (77% - 155/201),
sensitivity (78% - 71/91) and specificity (76% - 84/110) of the KeratinoSens™ for discriminating skin
sensitisers (1.e. UN GHS Cat. 1) from non-sensitisers when compared to LLNA results were calculated by
considering all of the data submitted to EURL ECVAM for evaluation and peer-review of the test method
(14). These figures are similar to those recently published based on in-house testing of about 145 test
substances (77% accuracy, 79% sensitivity, 72% specificity) (13). The KeratinoSens™™ is more likely to
under predict chemicals showing a low to moderate skin sensitisation potency (i.e. UN GHS subcategory
1B) than chemicals showing a high skin sensitisation potency (1.e. UN GHS subcategory 1A) (13) (14).
Taken together, this information indicates the usefulness of the KeratinoSens™ assay to contribute to the
identification of skin sensitisation hazard. However, the accuracy values given here for the KeratinoSens™
as a stand-alone test method are only indicative since the test method should be considered in combination
with other sources of mformation in the context of an IATA and in accordance with the provisions of
paragraph 9 above. Furthermore when evaluating non-animal methods for skin sensitisation, it should be
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kept in mind that the LLNA as well as other animal tests, may not fully reflect the situation in the species
of interest i.e. humans.

11. The term "test chemical" is used in this Test Guideline to refer to what is being tested’ and is not
related to the applicability of the ARE-Nrf2 luciferase test method to the testing of substances and/or
mixtures. On the basis of the current data available the KeratinoSens™ test method was shown to be
applicable to test chemicals covering a variety of organic functional groups, reaction mechanisms, skin
sensitisation potency (as determuned with in vive studies) and physico-chemical properties (9) (12) (13)
(14). Mamly mono-constituent substances were tested, although a limited amount of data also exist on the
testing of mixtures (20). The test method is nevertheless technically applicable to the testing of multi-
constituent substances and mixtures. However, before use of this Test Guideline on a mixture for
generating data for an intended regulatory purpose, it should be considered whether, and 1f so why, it may
provide adequate results for that purpose. Such considerations are not needed, when there 1s a regulatory
requirement for testing of the mixture. Moreover, when testing multi-constituent substances or nuxfures,
consideration should be given to possible interference of cytotoxic constituents with the observed
responses. The test method is applicable to test chemicals soluble or that form a stable dispersion (1e. a
colloid or suspension in which the test chemical does not settle or separate from the solvent mnto different
phases) either in water or DMSO (including all of the test chemical components in the case of testing a
multi-constituent substance or a mixture). Test chemicals that do not fulfil these conditions at the highest
final required concentration of 2000 uM (cf. paragraph 22) may still be tested at lower concentrations. In
such a case, results fulfilling the criteria for positivity described in paragraph 39 could still be used to
support the identification of the test chemical as a skin sensitiser, whereas a negative result obtained with
concentrations < 1000 pM should be considered as inconclusive (see prediction model in paragraph 39). In
general test substances with a LogP of up to 5 have been successfully tested whereas extremely
hydrophobic substances with a LogP above 7 are outside the known applicability of the test method (14).
For test substances having a LogP falling between 5 and 7, only limited information is available.

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

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

' In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the term “test
chemical” describing what is being tested should now be applied in new and updated Test
Guidelines.

_39_



TG 442D OECD/OCDE

further work preferably based on reliable human data is required to determine how KeratinoSens ™ results
can contribute to potency assessment (24) and to sub-categorisation of sensitisers according to UN GHS

(D).
PRINCIPLE OF THE TEST

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

15. Test chenmucals are considered positive in the KeratinoSens™ if they induce a statistically
significant induction of the luciferase activity above a given threshold (1e. > 1.5 fold or 50% increase),
below a defined concentration which does not significantly affect cell viability (1e. below 1000 uM and at
a concentration at which the cellular viability 1s above 70% (9) (12)). For this purpose, the maximal fold
induction of the luciferase activity over solvent (negative) control (I,..) is determined. Furthermore, since
cells are exposed to series of concenfrations of the test chemucals, the concentration needed for a
statistically sipnificant induction of luciferase activity above the threshold (ie. EC;s value) should be
interpolated from the dose-response curve (see paragraph 32 for calculations). Finally, parallel cytotoxicity
measurements should be conducted to assess whether luciferase activity mduction levels occur at sub-
cytotoxic concentrations.

16. Prior to routine use of the ARE-Nrf? luciferase test method that adheres to this Test Guideline,

laboratories should demonstrate technical proficiency, using the ten Proficiency Substances listed in Annex
2

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

PROCEDURE

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

the ARE-Nrf2 luciferase test method.
Preparafion of the keratinocyte cultures

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

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

FPreparation of the rest chemical and control substances

21. The test chenucal and control substances are prepared on the day of testing. For the
KeratinoSens ™ test method, test chemical are dissolved m dimethyl sulfoxide (DMSQ) to the final desired
concentration (e.g. 200 mM). The DMSO solutions can be considered self-sterilising, so that no sterile
filtration 1s needed. Test chemical not soluble in DMSO 1s dissolved in sterile water or culture medium,
and the solutions sterilised by e.g. filtration. For a test chemmcal which has no defined molecular weight
(MW), a stock solution is prepared to a default concentration (40 mg/mL or 4% (w/v)) in the
KeratinoSens™ assay. In case solvents other than DMSO, water or the culture medium are used, sufficient
scientific rationale should be provided.

22 Based on the stock DMSO solutions of the test chemical, serial dilutions are made using DMSO
to obtain 12 master concentrations of the chemucal to be tested (from 0.098 to 200 mM i the
KeratinoSens ™ test method). For a test chemical not seluble in DMSO, the dilutions to obtain the master
concentrations are made using sterile water or sterile culture medium Independent of the solvent used, the
master concentrations, are then further diluted 25 fold into culture medium containing serum, and finally
used for treatment with a further 4 fold dilution factor so that the final concentrations of the tested
chemical range from 0.98 to 2000 pM in the KeratinoSens ™ test method. Alternative concentrations may
be used upon justification (e g 1 case of cytotoxicity or poor solubility).

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

24 The positive control used in the case of KeratinoSens™ is cinnamic aldehyde (CAS No. 14371-
10-9, = 98% purity), for which a series of 5 master concentrations ranging from 0 4 to 6.4 mM are prepared
m DMSO (Erom a 6.4 mM stock solution) and diluted as described for the master concentrations in
paragraph 22, so that the final concentration of the positive control range from 4 to 64 uM. Other suitable
positive controls, preferentially providing ECy s values in the mud-range  may be used if historical data are
available to derive comparable run acceptance criteria.

Application of the test chemical and control substances

25. For each test chemical and positive control substance, one experiment is needed to derive a
prediction (positive or negative), consisting of at least two independent repetitions containing each three
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replicates (1.e. n=6). In case of discordant results between the two independent repetitions, a third repetition
contaiming three replicates should be performed (1e. n=9). Each independent repetition 1s performed on a
different day with fresh stock solution of test chemicals and independently harvested cells. Cells may come
from the same passage however.

26. After seeding as described in paragraph 20, cells are grown for 24 hours in the 96-wells
microtfiter plates. The medium 1s then removed and replaced with fresh culture medium (150 pl culture
medium containing serum but without Geneticm in the case of KeratinoSens™) to which 50 pul of the 25
fold diluted test chenuical and control substances are added. At least one well per plate should be left empty
(no cells and no treatment) to assess backeround values.

2T The treated plates are then incubated for about 48 hours at 37=1°C in the presence of 5% CO, in
the KeratinoSens " test method. Care should be taken to avoid evaporation of volatile test chemicals and
cross-contamination between wells by test chenucals by e g. covermng the plates with a foil prior to the
incubation with the test chenucals.

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

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

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

30. Plates with the cell lysate are then placed m the luminometer for reading which in the
KeratinoSens ™ test method is programmed to: (1) add the luciferase substrate to each well (1.e. 50 pd), (11)
wait for 1 second, and (111) mntegrate the luciferase activity for 2 seconds. In case alternative settings are
used, e.g. depending on the model of luminometer used, these should be justified. Furthermore, a glow
substrate may also be used provided that the quality control experiment of Annex 3 is successfully
fulfilled.”

Cytotoxicity Assessment

31 For the KeratinoSens ™ cell viability assay, medium is replaced after the 48 hour exposure time
with fresh medium containing MTT (3-(4,5-Dunethylthiazol-2-y1)-2_5-diphenyltetrazolium bromide,
Thiazolyl blue tetrazolium bromide; CAS No. 298-93-1) and cells mcubated for 4 hours at 37°C in the
presence of 5% CO,. The MTT medium 15 then removed and cells are lysed (e.g. by adding 10% SDS
solution to each well) overmight. After shaking the absorption is measured at 1e. 600 nm with a
photometer.
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DATA AND REPORTING
Data evaluation
32. The following parameters are calculated in the KeratinoSens " test method:

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

e - the EC;s value representing the concentration for which induction of luciferase activity is
above the 1.5 fold threshold (1.e. 50% enhanced luciferase activity) was obtained; and

e - the IC5, and IC;; concentration values for 50% and 30% reduction of cellular viability.

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

Equation 1:  Fold induction = Lo

(Lsolvent—Lblank)

where

Lomple 15 the luminescence reading in the test chemical well

Ltk 1s the luminescence reading in the blank well containing no cells and no treatment

Leoivent 15 the average luminescence reading in the wells contaming cells and solvent (negative) control

EC; 5 1s calculated by linear interpolation according to Equation 2, and the overall EC; 5 1s calculated as the
geometric mean of the individual repetitions.

£ _ _ L5-1I,
Equation2:  ECL5= (C,—C,) X (:b— ;a) £E,
where
C, 1s the lowest concentration in uM with > 1.5 fold induction
Gy 1s the highest concentration in pM with < 1.5 fold induction
L is the fold induction measured at the lowest concentration with > 1.5 fold induction (mean of three
replicate wells)
L, is the fold induction at the highest concentration with < 1.5 fold induction (mean of three replicate
wells)
Viability 1s calculated by Equation 3:
Bqubniy Viabiey =, e Tise) o0

(Vsotvent—Vbiank)
where

Viomgple 15 the MTT-absorbance reading in the test chemucal well

Vilank 1s the MTT-absorbance reading in the blank well containing no cells and no treatment

Vi.ohent 15 the average MTT-absorbance reading in the wells containing cells and solvent (negative)
control

ICsy and IC3g are calculated by linear interpolation according to Equation 4, and the overall ICsp and IC3;
are calculated as the geometric mean of the individual repetitions.
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Equation4:  ICy = (€p — Co) X (%) T
where
X is the % reduction at the concentration to be calculated (50 and 30 for ICsq and ICs;)
C, 1s the lowest concentration in pM with > x% reduction in viability
Gy is the highest concentration in pM with < x% reduction in viability
Y, 1s the % viability at the lowest concentration with > x% reduction in viability
Vi 15 the % viability at the highest concentration with < x% reduction mn viability

For each concentration showing > 1.5 fold luciferase activity induction, statistical significance 1is
calculated (e.g. by a two-tailed Student’s t-test). comparing the luminescence values for the three replicate
samples with the luminescence values in the solvent (negative) control wells to determine whether the
luciferase activity induction is statistically significant (p <0.05). The lowest concentration with > 1.5 fold
luciferase activity induction 1s the value determuning the EC; s value. It 1s checked in each case whether
this value is below the IC;; value, indicating that there is less than 30% reduction in cellular viability at the
EC; 5 determining concentration.

33. It 1s recommended that data are visually checked with the help of graphs. If no clear dose-
response curve is observed, or if the dose-response curve obtained is biphasic (i.e. crossing the threshold of
1.5 twice), the experiment should be repeated to verify whether this is specific to the test chemical or due
to an experimental artefact. In case the biphasic response is reproducible in an independent experiment, the
lower EC; s value (the concentration when the threshold of 1.5 1s crossed the first time) should be reported.

34. In the rare cases where a statistically non-significant induction above 1.5 fold 1s observed
followed by a higher concentration with a statistically significant induction, results from this repetition are
only considered as valid and positive if the statistically significant induction above the threshold of 1.5 was
obtained for a non-cytotoxic concentration.

35. Fmally, for test chemicals generating a 1.5 fold or hugher imnduction already at the lowest test
concentration of 0.98 uM, the EC; s value of <0.98 1s set based on visual mspection of the dose-response
curve.

Aceceptance criteria

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

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

38. Fmally, the average coefficient of variation of the lumumescence reading for the negative (solvent)

control DMSO should be below 20% 1n each repetition which consists of 6 wells tested in triplicate. If the
variability 1s higher, results should be discarded.
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Interpretation of results and prediction model

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

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

2. the cellular viability 1s higher than (=) 70% at the lowest concentration with induction of
luciferase activity above 1.5 fold (1.e. at the EC, ;s determining concentration);

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

4. there 1s an apparent overall dose-response for luciferase induction (or a biphasic response as
mentioned under paragraph 33).

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

Procedure for one repetition

Induction = 1.5 fold?
AND )
Statisncally significantly |:> Negative
higher than
solvent control? NO
Perform atleast two
@ YES independent repetitions
- If the two repetitions are
Viability at lowest positive, final outcomeis:
concentration with = 1.5- : ; :
fold induction = 70% of :> Negatwe POSITIVE
solvent control?
NO - If the two repetitions are
YES negative, final outcome is:
NEGATIVE
EC;5<1000 uM . In case the first two repetitions
for = 200 ”%"2‘1’,—7” 1 Negative are not concordant, perform a
okl NO third repetition and conclude
on the basis of the mode of the
YES outcomes (i.e., 2 out of 3).
Clear dose-response? Inconclusive /
Repeat
NO
YES
Positive
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Figure 1: Prediction model used in the KeratinoSens™ test method. A KeratinoSens™ prediction should
be considered in the framework of an IATA and in accordance with the provision of paragraphs 9 and 11.

40. In rare cases, test chemicals which induce the luciferase activity very close to the cytotoxic levels
can be positive in some repetitions at non-cytotoxic levels (i.e. EC; 5 determining concentration below (<)
the IC;p), and in other repetitions only at cytotoxic levels (ie. EC, s determining concentration above (=)
the IC;). Such test chemicals shall be retested with more narrow dose-response analysis using a lower
dilution factor (e.g. 1.33 or \2 (=1.41) fold dilution between wells), to determuine if induction has occurred
at cytotoxic levels or not (9).

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

Test chemical
- Mono-constituent substance

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

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

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

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

» Concentration(s) tested;

e Storage conditions and stability to the extent available.

- Multi-constituent substance, UVCB and nuxture:

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

* 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;

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

* Concentration(s) tested;

e Storage conditions and stability to the extent available.

Conirols

- Positive confrol
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e Chenucal identification, such as TUPAC or CAS name(s), CAS number(s), SMILES or
InChI code, structural formula, and/or other 1dentifiers;

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

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

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

¢ Concentration(s) tested;

e Storage conditions and stability to the extent available;

e Reference to listorical positive control results demonstrating suitable run acceptance
criteria, 1f applicable.

- Negative (vehicle) control

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

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

¢ Physical appearance, molecular weight, and additional relevant physicochemucal properties
mn the case other negative controls / vehicles than those mentioned in the Test Guudeline are
used and to the extent available;

s Storage conditions and stability to the extent available;

s Tustification for choice of solvent for each test chemical.

Test method conditions

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

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

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

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

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

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

Test procedure

- Number of repetitions and replicates used;

- Test chemical concentrations, application procedure and exposure time used (if different than
the one recommended)
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- Description of evaluation and decision ecriteria used;
- Description of study acceptance criteria used:;

- Description of any modifications of the test procedure.

Results

- Tabulation of L., EC; s and viability values (i.e. ICsp, IC5q) obtained for the test chenueal and
for the positive control for each repetition as well as the mean values (In.,: average; EC; s and
viability values: geometric mean) and SD calculated using data from all individual repetitions
and an indication of the rating of the test chemical according to the prediction model;

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

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

- Description of any other relevant observations, 1f applicable.
Discussion of the results
- Discussion of the results obtained with the KeratinoSens ™" test method:

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

Conclusion
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ANNEX 1

DEFINITIONS

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

AOP (Adverse Outcome Pathway): sequence of events from the chemucal structure of a target chemuical
or group of similar chemicals through the molecular initiating event to an in vive 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 I genes. When activated
by Nfr2, it mediates the transcriptional imnduction of these genes.

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

EC;;: Interpolated concentration for a 1.5 fold luciferase induction.
IC3p: Concentration effecting a reduction of cellular viability by 30%.
IC;;: Concentration effecting a reduction of cellular viability by 50%.

Hazard: Inherent property of an agent or sifuation 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 chemucals, 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.

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

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

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

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

Multi-constituent substance: A substance, defined by its quantitative composition, in which more than
one main constituent 1s present in a concentration = 10% (w/w) and < 80% (w/w). A multi-constituent
substance 1s the result of a manufacturing process. The difference between muxture and nmlti-constituent
substance 1s that a nuxture 15 obtained by blending of two or more substances without chemical reaction. A
multi-constituent substance is the result of a chemical reaction.

Nrfl: nuclear factor (erythroid-derived 2)-like 2, is a transcription factor involved mn the antioxidant
response pathway. When Nrf2 1s not ubiquitinylated, 1t 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,
mitiating their transeription (8) (10) (11).

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

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

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

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

Sensitivity: The proportion of all positive / active chemicals that are correctly classified by the test
method. It 1s a measure of accuracy for a test method that produces categorical results, and 1s an important
consideration in assessing the relevance of a test method (29).

Solvent/vehicle control: A replicate containing all components of a test system except of the test
chenucal, but mcluding the solvent that 1s used. It 15 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 / mactive chemicals that are correctly classified by the test
method. It is a measure of accuracy for a test method that produces categorical results and 1s an important

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

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

Test chemical: The term "test chemical” 1s used to refer to what 1s being tested.

United Nations Globallv Harmonized Svstem 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).

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

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

TG 442D

PROFICIENCY SUBSTANCES
In Vitre Skin Sensitisation: ARE-N1rf2 Luciferase Test Method

Prior to routine use of a test method that adheres to this Test Guideline, laboratories should demonstrate
technical proficiency by correctly obtamning the expected KeratinoSens™ prediction for the 10 Proficiency
Substances recommended in Table 1 and by obtaming the EC;s and ICsy values that fall withun 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 vive reference, and availability of high quality

in vitro data from the KeratinoSens " test method.

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

method
EC A | IC M
. . Physical In Vive KeratinoSens™ 1s (1M) so (M)
Proficiency Substances CASEN . L Reference | Reference
Form Prediction (1) Prediction (2)
Range (3) | Range (3)
Isopropanol §7-63-0 Licuid Non-sensitiser Negative = 1000 = 1000
Salicylic acid 69-72-7 Solid Non-sensitiser Negative = 1000 = 1000
Lactic acid 50-21-5 Liquid Non-zensitiser Negative = 1000 = 1000
Glycerol 56-81-5 Liuud Non-sensitiser Negative = 1000 = 1000
Cinnamyl alcohol 104-54-1 Solid Sensitiser (weak) Positive 25-175 = 1000
Eluylenc glyeol| o7 905 Liquid | Sensitiser (weak) Positive 5-125 - 500
dimethacrylate
: : Sensitiser i
i B T L L I g
2-Mercaptobenzothiazole 149-30-4 Solid fmiodesatr) Positive 25-250 500
Methyldibromo glutaronitrile | 35691-65-7 |  Solid i Positive =20 20-100
7 (strong)
4-Methylaminophenol sulfate | 55-55-0 Solid BcAtier Positive <125 20-200
(strong)
2 4-Dinitro-chlorobenzene 97-00-7 Solid ol Positive <125 5-20
(extreme)

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

proposed by ECETOC (24).

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

QUALITY CONTROL OF LUMINESCENCE MEASUREMENTS

: ; A . : . o T
Basic experiment for ensuring optimal luminescence measurements in the KeratinoSens — assay

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

Prior to testing it 15 recommended to ensure having appropriate luminescence measurements, by testing a
control plate set-up as described below (triplicate analysis).

Plate setup of first training experiment

1 2 3 4 ) 4] 7 8 g 10 11 12
A | 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

EGDMA EGDMA EGDMA EGDMA [EGDMAEGDMA EGDMA | EGDMA EGDMA|EGDMA EGDMA EGDMA
0.93 1.95 30 7.8 15.6 31.25 62.5 125 250 500 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 | CA 4 | CAS |CA 16 | CA32 | CA64 | Blank

g0 o w

ooGoHom

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

The quality control analysis should demonstrate:

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

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

- no statistically significant difference between the rows A, B, C, E. F and G. (1.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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