EURARS]

AT BATEHEE R S e B e (LFPWE D X 7 bHE43E)

S0 3 — SR AR E

OECD 7w ¥ =7 b+ CTOMIM % AT EITBUI SR S ¥ 5 72 DR
ESZERE R AR et it o Y — R

MEEE

AWFIEIE, AL FECE DIRGY OV Z 7T 5 72O O [FEER 7 6 B % HEitt
95 % % W /1 B % B A% (OECD: Organisation for Economic Co-operation and
Development) DFERIEN A KZ A > (TG: Test Guideline) 7' v 7 7 AL [EHFHEEE
3PE (WNT: Working Party of National Co-ordinators of the TGs programme) (235,
1) HATEHEINZFELY D TGN A X AXE (GD: Guidance Document) , A
PR BLREE  (AOP : Adverse Outcome Pathway) 72 & OHEFRAE A LB L 5 iR Y
BNERSEDHZ L, 2) MENERT S OECD K7y =2 MIEE L, Z0ORk
EMCAROTREKMSED Z &, KT, 260 6ELATEBREZICTFME DR
AR OEEE ORI T 21EE ((kE) Sml Ak OBIMEGHEE (FENE) 7L
DEPEORATEATEICKMSELZ &, 2 BN LT 5,

ZIVE TOATHIIEDO R & LT, T3 E THZE S 7@ B RORE, Bw Rk
VEMERBR AL, Jedt B E, W <8R 7 ) —= 0 7iER 12T %
TG R T D AOP DAEAIZFT G- L, IEEAsFE IS A D ekl D FEii & FEAl D 7=
D OEGIEHIHE A 7 (IATA: Integrated Approaches to Testing and Assessment) <27 & &%
VEMERER OffeE )70 (DASS: Defined Approach for Skin Sensitisation) D BH¥EIZE5-L
TELZEenBT LN,

ARBFFRIETIE, 2B OREZ AN L, TGIZE L TIL, S 345, BEfFD TG Th
5 B JE A EMERRBR (1S ADRA (Amino acid Derivative Reactivity Assay) 0D i
DERZEFTe TG442C DYEE 72T T LN TE Tz, [FIRFIZ DASS A R7 A4 1 497
IR ST,

AN 4R, RS RAEMERBR VS ADRA OEEEOBINE G T TG442C O
ExEIRTENTE =, GD & LT, in vitro %eZE m MR DO (DRP: Detailed
Review Paper) 7% OECD (ZE4R S V72723, in vitro ZEFR R MERBR O ELI IR SRR 12’
Fol,

TS R, BRFED TG Td 2 K FRAFMERBR 1% DPRA (Directive Peptide
Reactivity Assay) O HBEEEOIBINZ &1 TG442C DHLEE 2 Lz, £72, BEED TG
T B 2 RAEMRBRERE IL-8 Luc assay % 50 TG442E DWW EZE 72 LT=, S HIZ,
in vitro % PZ 7 FRER 1L-2 Luc assay 7% TG444A & L TAFRINT-,




AOP (ZBH L T, AOP154 : /b= =a—V UFIC LD T Ml AARHTIRRE A ]
J2 Y AOP277 : IL-1 receptor fii & BHE A ERIR S 4, i-library (ZUE S 47z, £ 72, DA
@ Pathogenesis of chemically induced nasal cavity tumors in rodents: contribution to adverse
outcome pathway 73 J Toxicol Pathol \Z & < i1,

F72, OECD THIEFEMFTII T D DASS ROFEMIRFENE, IEBBFHEFE N A D
IATA IZBT 2 R T 0= 7 MEIZSE LT, TORRMIC AAROZ R R % X
Pz, ZOHMERZT I, TG AOP Zi b I LB e ffi i TR T — ¥ % Hufs
oL L BIT, BAND OECD (22§ 2 & k& S Al A AL ERE L, £72, OECD 225
D RERITHE NS Lz,

i wositEa
N
] 37 1= 6 A dn i AEAFFE BT
BAIRINIES  FRITER
ERE R
FERERT ISR
BinZ TR %
/I
] 37 1% 6 dn i dn i AEAFFE BT
JRELES B
SRt
ESRVACSE SRk et e 0l )
JRELES =R
b e B
[l 371 HE by B dn T AT FE T
BRI =R
SR AT
[ 3712 S by B dn i AE AT FE T
LA THRHME =&
PCCREES
Pz 1 Al AR E BT
AL BAEATER
B b iR
i i) WA ST KA

O - HAVF Y B

ESRVALSE Sh R e )
JRELR =R

I S
] SZ 1= 5 i & dn T AE AT 2T
ZEMETHRHMER =&

A. BB/

AKHFFENL, AL E T DIRGW D24
P %2 R 3 5 720 O E B 70 A E & HEE
I 5 R W W ) B % B A (OECD:
Organisation for Economic Co-operation and
Development) O & BkiEH A4 K7 4

(TG : Test Guideline) 7' 1 27 7 A% [EFH
B {E % 9 (WNT: Working Party of
National Co-coordinators of the TGs
programme) (2T, 1) HARTRIE I
lefe D TG R°HA X AXFE (GD:
Guidance Document) , A 5 P 3 Bl &% B

(AOP : Adverse Outcome Pathway) <CEFAfh
D= OEEIEHIHE S 730 (IATA: Integrated



Approaches to Testing and Assessment) 72 &
DOHFREENLE L T DM Z N E
SHEDH I L,2) MEPRET S OECD KA
TuYxy MIEEL, TOMRWICAK
DERZMEELZ L, L, 2606
13O NT R 2 LT E DA K DG

LEORBNCEET o/ (L) CEYD
K OB EGEE GEBIE) 7o &0 EH
DREAETBITEBII RS EDL Z L, 2 AR
L5,

B. WFZE5ik
B-1. AOP DBH %
B-1-1. #f&EmMED AOP

fFgEoy E O B FINE, B ARG RS
ﬁé%f/ﬂ*k?ém%xﬁﬁﬁéﬁ
= AOP it/ N B2 w1 AOP DB
W aEFEL TWD, CHRFHA DR RITE
3T, MIE (Molecular Initiating Event), AO
(Adverse Outcome)Xx N DEIZITTET D
KE (Key Event)X®> KER(Key Event
Relationship) % & T, OECD |ZfRE S
7258 (& 721F scientific) reviewer & T
a—F ORMHEHEICHIET D & TERD
AOP HEE A HED T,

B-1-2. FEMNANED AOP

WEFE 53 $0E /N R OMIFSE 1 70 3 78 )1 203
FRETRY, FVLT VT b R REs
DS AKERFIZ BT 2 sCIZ 5 & ke &, Ak
FUVE R XD RIEFD VKD AOP

BT DR E LT, Ty b, <
TR, DAY =T RG2Sk
FWEIZOWT, PubMed D ICHRICHNZ T,
NTP (National Toxicology Program), IARC

(International Agency for Research on Cancer),

ARNAFT AT X —DFT —
S RX—= 2L THERINE L2, %
STz EEIE 2 ST, BT, B RR K,
FEART 2 53 %E U, S0, B9 2 FERE S
AR BB FBEOT —ZIZ 20N T HiE

FEMCHET U, (LB 2R 1 D S5
BDAEMD AOP (2T 2imcE LTHY

F LT, BRSO, ARk, IR EE A
DK ZEAT > T2,

B-1-3. JtEttod AOP

e F O R X, B o EE
AOP ZHEHMEFOERIZE SO THE L,
AOP wiki & H 3 L 7=,

B-2. TG X U* DRP DB %
B-2-1. FJE AR

W HH O/ & & BIZ, OBCDOTG
DT v Y =7 PWNTOER IZE D,
PEE &R LT,
1) ADRA

W IR DA & & BT, B REAEE
ABRESE In Chemico Skin Sensitisation :
ADRA (Amino acid Derivative Reactivity
Assay) i IR D FIZE T 28008
U7 = a Ui ER O TG442C DUESR

a2 fﬁf# HERC LTz, w3 R,

ADRA (ZIEEGW D FHE T 2 EHEEEMN
Z 7= TG442C @ﬁﬂﬂzm m, R L,
2) DPRA

4 F1 4 4, DPRA (Directive Peptide
Reactivity Assay) O E&ES[F TG (21BN
T 2728, IR 5EE O AR K ONSZAEZ N
Z, MEORBE] (P&G & T Givaudan) & &
HICHFEFEE EHE L, BRI
a— MEL7z 10 WE % 4 ik 2Bl L,/a\



F20ME (FEPKREL,NNTYRRAE
U5 AHEVED m W EAEMEED) &= vy, B
BIEORRFFREZHERT D& LI
%ﬁ%f%é%w%&%&@w@ﬁn
Fhi L 7= #5 R % OECD 4 L7z,
3) IL-8 Luc assay

WAWTEE O & & HIZ, T 4 4EE,
IL-8 Luc assay TG442E DM E S % OECD (Z
T L, BE S OBEELRITHL LT,
4) EpiSensA

EpiSensA 7% TG442D |ZUX# S5 = &
AW, N TF—v g s E
review report % 43l 4 412 OECD (22 H]
L7, &1 SAREE, I8 OEES &
& BT, TG %% OECD IZ#2H L, & E D
DYEF LN LT,
5) Defined Approach for Skin Sensitisation

(DASS)

TRAEE LY, BRI L & HIZ, DASS O
TuTx s MIBML, A RTA4 DRk

(2L, tE O RPIR & i LT,

& peer

B.2.2. SR
1) DRP

B3R, FRG KR ONERR 72 R 5
L BT, in vitro REFIEICEI 5 DRP
(Detailed Review Paper) & 1EA% L 72,
2) IL-2 Luc assay

DRP OAGREZFF-> TR THZ L &L L
T2 IL-2 ZFRAE & LT e MERBR o TG %8
AR 4 IR L, KED OBERE
TR LT,
3) IL-2 Luc LTT

S0 4 FFE, IL-2 Luc assay DEETH D
IL-2 Luc LTT O 7 — 3 Vi HO[H

BS peer review (ZOW T, AT GEE M

DEFAZE 54 % reviewer ([FAn L, X
ba o SEEIT o TARERIE LY
T —3 g U R % review L7,

B.2.3. A:fl#ERAER O DRP
SR LRE: S BN TR ES S A A E S
& &I, in vitro AR EBIEICET 5
DRP Z Rk L7z,
K/\E’@lljﬂﬂ@ﬁﬁ'ﬂ% EEBIT, in
vitro A EME RSB D ME A ERL L,
Current Research Toxicology (Z#¢f& L 72,

B-2-3. Bhas42 i/ Blfis R RIE D TG B
%

Bhas42 il fld & B fis # K BRIk
(Bhas42CTA) 13, {LW/E O I d nwE
FBAMEDORM T TE 5 OECD ME—
D in vitro WBR{E (GD231) ThHhbH, ol
WF5EE D RKRIIAFERVLED SPSF (Standard

Project Submission Form) 4% {ERk L7,

B-3. IATA Bi%
B-3-1. JEEARFEMER
~Dh7
OECD TI, B BmER B AR %
HAY & L7 IATA BZE DS 2016 40 HATHON
TW5, BHAZE4S ClE Mode of Action
(MoA) 73ifam S 4L, ZAUITEED & JATA

ANED TATA BRZE

REEOT D EBRAE S 4, 2020 13N
ZAZE L Tblm L2 nER L7z, MoA

ZHERT 245 KE MOV ER HITHRG LTz 13
@ Assay Block (235 C, & Fl kB 14 D% H
R OFMIZET 53 2 J7 DIEA K OFF
i Z47 > 72,

Step 1 TiXaBrikEICZ OFIHICET %
FEA A LD FE L DTE X TTEERK



L, Step 2 TIIMD A 23— 3530k 1L D F|
HIZBAT 5% 2 5 OFEME 2 ERk L 7=,
Step 2 DFHAiZE% & & 1T, Assay Block D A
PNR—ERTHEL aELELb D%
Assay Block 7> 6 O#EZEERTE & & ORI
fERE LTI/ N—TRIRICRET S,

AL B, RERIZ, O & o0& IR
PEFEDS ANE TATA BIREEFIZ B2 D web &
HmICSINL, AR GEHCET a3
L7z, HRXIATAIZ351F 5 13 D Assay Block
DN 2OFELIX I DEENETNDHEL, £
DY T TN —TEZHBICSI L, Bl OB
EOFMIZET 2E 257 2B %0
bz iz,

B-3-2. Jt# M IATA

SR3FEELY, NEEFREEEY
JaCVAM EEHREZB 2O 1 %215 T,
FPE IATA % 1ERk L, OECD BEfHZ 7 v —
TIhbOa R MIES TN TATA £
EE LT,

B-3-3. FEMRIREMEICE R T DT BT
(2B 2 R IR
1) FEEMR MR O 72 O O TEIFEATIZ
B3 2 15 ERIEE
INETOERNIMIEBT 2R EMRE
PSR O BLRIC O W TIERINEZFT H &
EBICHEA I Lo, £, BiEdRE
PERRBRIZ B 1T 2 BLRIIE D 72012, KEBR
5if%3%)T (EPA) K UYOECD ¥ A% #
P (Developmental neurotoxicity, DNT) 7
ARNTA KT A BT D, ITERHTICRE
TOHBEHRICOWNWTHNE LR L, i LT,
F 7o, FEMRREMREh O BRI OV T O
SCHRFR A 2L, =5 - AR50 B DA 3

R ERT —Z _X—Z2Tdh5H PubMed KN
MEDLINE % Hv 7=,

< ERMRICH W% —TU — K>

mice, rats, rodents, neurodevelopmental,

developmental, neurotoxicity, test guideline

SR, 24 bV, MEEEN#], 77 AT
7 NEmRL, Tie () ~ 3 ONE%E
Brte Uk A BN L 7=,

(1) ot (w7 A, 7> ) ZH0N
7o RS
(2) LW EREIC L 5 AN
(3) MREEREH], B G, HE%EOERS
=0, AT T2 AT BB O BRI 72 5
i
2) OECD 75 D& REE~DO%IE

JaCVAM F& Mk Bt bR A BT
FTF ==L LTCBHET D EEHIT, A
EARIZ AT CTHEITH O in vitro DNT 4 A &
VAL EOREEENIR LT, OECD 75
DERFEEIZHEYEREZIR LT,

B-4. AOP K, (N TG D 3BT — & 4%

B-4-1. Invivo L FHEENED & 5 in vitro TR
iRl LD AOP KON TG O FBk
T R

SRR OXRE O IXLL FIZ R T
e I LT,
B-4-1-1. & d1 kAl C 36 1 2 R E DI
o

1) Invivo BT MZEBWT AOP L 720155

VLA R O R

1-1) DSS (Dextran Sulfate, Sodium: MP

Biomedicals, MW36,000~50,000 & + 7 «

v LFOCHIEE (BR)) & 7 s oo K

3



C57BL/6] ~ 7 AT 1.25, 2.5, 5.0%DEET
3 HD 2 HEMEKEESE- L,/ Hﬁ&Uﬁ(Hﬁ@
I BEAH AR 7 HOMRAT, AEIRIZ 35 1T 2 RAE R 72
b NI EEE - fr‘é‘éﬁ%czfﬁﬁﬂ“éiﬁﬁ%
BN 21T o 72, XFHEE L LT, RARIC
W25 Uiz~ 7 2 %2 VTl
L7,
1-2) 7 s O #EM: CSTBL/6T ~ ™7 A2 DSS
Z 5.0%DPET 3,5 F721% 7 BBHOKE
B UT, fg5%, /NG R ORI 2 BB L C,
I BELARL % 27 OB 2230 ONC il s - 8 BUARE AT
ZER LT, ZOBEHT &0 RHIERE )
HAEUDLBEDOWREEZRET L L L BIC
AOP DfFEfli & 72 0 15 2 2 JiE B A 7 % 1
U, N 7HEEE, e b= B R+
(ZRIR) ITOWTER L,
2) v U RZENGHFKDOANTT 7 A REHN
Tkt
2-1) IEH C57BL/6) = 7 A SAERL L 715
BANT ) A RICRIEZ Bl S, RIAER
R 7 DO EEIZ OV THEEL 72, DSS T
A STz invivo EBRE VB BT R &
% & 1Z, TNFo ZEERME & L THRE LT,
FRRIL, @EH O~ U AHRGE ANV ) A
RiZ TNFa % 0, 15, 30, 60 ng/mL OJEET
FEHZERIN L, 0, 1, 3, 6, 24 BRI (5841
A B L, MIP-2 (IL-8 D~ 7 ARE R )
D FE B, Al fo #2235 B K] 1 (e-Cadherin,
Tight junction protein-1 (Zo-1)) ~D %2,
fiEdT Lz,
2-2) BEL 1-D) X W BEL L7z C57BL/6) ~ ¥
A X0 REEREEIF NS DSS ALiE % fi L 7= )
WSk DZENGANIT ) A REERLL, &k
Wt -> T~ b U ZF T 4 HIRGE LT21%,
FRIEOANT ) A REFENL L, Bis 15
BT 2 3250 L=, 2 OMENT LY invivo

LB, ~ T A/NGHEEO A VT ) A K
IZBWTH AOP OEM &7 0 55K 1
(W& DORIEBHEK 121X U, BGE NV

THERE, v b= AERHBEE) 1T oW T
KL=
3) 5% BRI SE Caco-2 flfinZ VW=

BRI X D REt
IIE TORET NG, DSS %l RS
(DMEM: Low Glu 1T 10% &1+ 7 > I ik

(FBS) , 1% #H 47 I / B E K
(NEAA) , 1% X=v U+« A LT b=

A T IR T 1% B FE%(wN) TR L,
Caco-2 |Z 24 WFHBREE U7z, OGS AR
FHIGAIZ L DBEEAT O 129, Cell
culture slide (4-well % A 7°) O£ well |Z
Caco-2 % 1.3 x 105 cell/mL T#EfE L7z, 5%
H11E 400 pL/well & L7z, 2 B ICE;#IZcH#HR
ATV, K9 2 1 H14IZ DSS & 1% D#RET
Wiz L7-, DSS ALERZIZ 3%/ N T R/ LT
LT e RCEE L, 0.2% Triton-X 100 CiZ i
LR AT\, FIZ 1% FBS T7 w27
#, e-Cadherin Rabbit Polyclonal Antibody
(ProteinTech) % ¥/l L —WEALEE L, Donkey
Anti-Rabbit I[gG (H+L) Highly Cross Adsorbed
Secondary Antibody, Alexa Fluor 555 (Thermo
Fisher Scientific) % i &, 4',6-diamidino-
2-phenylindole (DAPI) ¥RINANZ TE AL
To BT D W CHOGBAIMEE 2 v TBLES
L7,
4) WEENCE B LI-BEEEIC
JHF gk e D& i 2oh R D Kt

6 W s O HETE CSTBL6 ~ 7 A & H W,
1.25%DSS /K% 1 i [ fE O EREok#& 5-%
3MAMFEM L7z, BEHI= Y U RZATFH
=R X - &EN & (CDAA-HF
') &5 x7-, MEHIRECIE, K& OV

R L7



ZERI L, AR T BUARAT B OV BRALAR 7
BIRAT %2 FhtE L7z, Z OREHT L0 IHE
AN T HERE DG EIT XD B g D Y B
YRS L, HBHEL D AOP DM & 70 0 15
% P NE B D 2B 2 YRR LT-,

B-4-1-2. Iz 1 2 RIEIZ BT S st
JFRRHEAC AT 69 2 AORIE O B/ 7 —
B XBEATHMIEE LT, 1) Iz &
T 5 > WHEHET MRS 5 EE LR
FHIEAL KR R DOHR, 2) b MEEFA
HERLIE LX-2 12350 2, st R~
TEVEAL & FFRRME T > T T L & DB
HE, 3) v U AFAIVH ) A REFE O
IR R O RR AL T > lEE T L & O
BEME A M LTz,
1) b2 29 2 o hEE T VTR
(T % EE AR TR K OR - OERR
JFRR AL T LB & L C, ) 72 e
L& FHEFRE LD T v a— VARG MERT
RETNTHDHaY U RZATF A=K
W7 2 /R (CDAA) % i, HEME
F344 v R/ 5T CSTBL/6) ~ T AT, %
NN L7e CDAA % 3 » A5 2 T
PRAEL 2358 L7, B A & 1R
L, BRHEL 2 54l 3 2 72 6D @ Sirius Red %4 f2,
B e DG AL 2 R 2 720 D aSMA
o s, MR AE KOG & #EA 3 5 72 O
Cytokeratin 19 Y% {4 |Z JIl %, SRY-box9
(SOX9) K" Cluster of Differentiation 44
(CD44) 125 H LT, byt &
BRI BURNT 21T > 72, F£72, CDAA %
37A, 13y ARG LIz~ U A FY 7
JV% VT RNA-Seq fifbir &2 920 L, > 77
INDELE R LT,
2) b MERFEMAK LX-2 128105, i

HRAE ZE AR A~ DTS MEL & IFRRAEL T -
WREE T L & o B

JIF 2 MBI 31T 2 BRAEL IS DWW T D in
vitro 7 /L & LC, b b EEEE T 2 A ia Rk

(LX-2) ZHWIeatziTo 72, LX-2 12
TGFB1 10ng/mL 1 W¢fE]E 713 48 FRFfEHITK
%, IEREFBLEE, BIn T H DT X v XY
FEBUZ DWW THRAT L, 2R OGN L,
SOX9 KU} CD44 DFELUZ DUV THRET L7z,
F 72, TGFPl ZAFRHERIORILEIZ XD
[FER DR BT 2 72,
3) v U AMANT ) A REHE O FEREII B
A OSFRRAEA L - i dE T T v & o B
P

~ AN NTT ) A NG O FLER

FE LT, ~UADLGITIEA HEEL, =25 7
F—BREKZIC~ FY SV EICT =R
BB AT, ANVH ) A Rz, Hoh
7oA NT 7 A4 Rizxt LT, CK 19, SOX9,
CD44 DR Yeth 24T > 72, £ 7=, TGFP1
30ng/mL 24 RERETHIL 21T\, TERESEHIEIER
&, CK19, SOX9, CD44 72 &5 TXT aSMA,
Collagen Type 1, Collagen Type 4, Fibronectin
BB FRELOLB 2R LT,

B-4-2. DNAHR{E - i~ — 0 —% 2 F51E
& L7 St b P B RsRIC L D 30 AUtk
Tk

WHE o HE OB HIT, 6 MO LE F344
7 v MZ, LU ORI % 28 H I E#E
A¥ch L7e (458 50),

[5Fn 3 4]

BN A E 5 R 300 ppm
Hexachlorobutadiene (HCBD), 10000 ppm 1-
Amino-2,4-dibromoanthraquinone (ADBAQ),
500 ppm Dimethylnitrosamine (DMN), 1000



ppm N-Ethyl-N-hydroxyethylnitrosamine
(EHEN) & O 40 ppm Azoxymethane (AOM),
HCBD, ADBAQ, DMN (1/Z£H, EHEN, AOM
XK G-, 7272 L EHEN ¢ 5-8£1225\C
i3, Eﬁ%fﬁﬁiiiﬁéﬁﬂi‘fﬂﬁﬂﬁim LoNoY gWielt S
B H AR B EE % 500 ppm (228 5 L/f\—o
[Fn 4 £REE]

BRI AME 6 FE : 0.8% Lead (1) acetate
trihydrate  (LAT), 0.24%  1-Amino-2-
methylanthraquinone (Disperse orange), 0.2%
3-(4-Chlorophenyl)-1,1-dimethylurea
(Monuron), 0.25% Nitrofurantoin (NFT), 5%
Phenolphthalein (Phph)}% Tf 4% Quercetin, 73
b EmMIAEENALME 2
0.04%/1% Carboxin (CBX)M % 0.04%/1%
Fradiomycin sulfate (Neomycin)% & £ $¢ 5-
L7,

[5Fn 5 4]

HRNAME 5 FE 90 mg/kg Tris(2-
chloroethyl) phosphate (TCEP), 50 mg/kg
(1,2,3-TCP), 100
mg/kg Bromodichloromethane (BDCM), 75
mg/kg 8-Methoxypsoralen (8-MOP) X T} 100
mg/kg Hydroquinone (HQ) % 5 il #¢ M52 5- L
7o

B O $ G- T E IR
Rt & E U TRE Lz, *&’%L%ﬁf‘a%%T
P IR L, B et X OV Mgt o> 2 & 2 Il E L
2o TSN oD yp B S OB R & b9 %
L& BT, MEMBE R TFIEIC X D y-
H2AX ﬁéﬁi@fﬁ%ﬁﬁﬁ%%ﬁ’@ L7z, HEBE
Wrial (2 W\ TRVE K OB M A O
m%ﬂ%ﬁ%ﬁ?(mm)f%ﬂ%h4#
iR L, IRE LB o E7e & NS
V-H2AX [GVEfIR 2 7 > 45 2 & T
PEABIE R 2 IE L7z,

1,2,3-Trichloropropane

B-4-3. s MED AOP Bi%s

WFSE S AT O YRR IE, RIS
BOG D RBIR > 2T D EREET D720
7 v v F 5% kB ik (Chromatin
immunoprecipitation; ChIP) K U8 & & 1Y
PCR % ]V 7= DNA 81555 O 0 17
WIRENT 2 FEh L 7=, 7eds, —fkBy72 2 —
T 4 7 DNA fEl & T, URY — A
DNA (ribosomal DNA; rDNA) (% 1 ffifiz &
7D e FTHBEEaIEY =LKL 7 T A
S —ZRLTEY, 7=, DNA {HLUG
TohDEF DT IZ OV T O/
ThHDHZ LD 5, 1DNA %, E &1 PCR % Fl|
M L7= DNA HREGISE M OFERISEE & L
77

Flp-In 293 i % FHV T, DNA 85D
LA ATRE AR ERAMIRIRST (UV-C, 10 J/mz)
IZX Y DNA HEZFE LT, ZO®RER
NI 1%ENV LT IVT e RICK D 2EE LT
#, ChIP |2k L7z,

ChIP |[ZBWT, R 7 a—F Lk &
LTI, 1DNA LR EHE THh 5 RNA
polymerase I (RNAPI) DOkt~ == v
I RPA194, DNA HEINE~—H—Th 2
E A~ U T yH2AX, DNA 55
Bo R ED—>L LTHBILD Kul0,
F 721 DNA AREHUIWHETR O FEFRR AR b
ARBPIZRB W T AN 2 e
% ATPARAFPEDNA U H—F & LCTambi
% LIG4 kT phiihz 2 L
7o

£/ 7 m—F gk s LTI, 4 DNA
E1E K% Y DNA 8588 S R 7 B 2 385%
THHIRD 21 FEEDOE /7 o —F LHiK
EAFL, 25 & FV TR DNA RS
% F5E L 7= Flp-In 293 #i T O T 72



ChIP % J2fi L, &HUAD DNA JLFE &% 5
9 HZ LT ChIP [ZEMHA[RE/RE /) 7
m—J VPR & L C, yH2AX, ATM, MRE11
J OVBRCA1 ZAEH) & 3 B HURIZK Y Z 77,
D DHURZ R fRHTIZHI 2,

HigE 3542 0878 L k4% DNA
%y % ChIP IZ LW ENZENFHRL, Zh b
@ DNA &4y % #5% DNA & L, rDNA unit %
iR GRS ONEHR 5 R & 2 e BRI 40
FTENLEENE LT IA~—F Y
k&AW EER PCR (2L Y, DNA 5
HERFIZRB T ENEThOX T ED
tDNA | CONERIF X &2 2 iR 5
Z & T,DNA ETEZNIZAEALTWND
DNA #{EISE O E & - EVERH % E i
L7ce 70, 0 BICE 2D 5 T, E
J 7 a—F VHURE R B iEFTCIE H42
DT T4 ~—ty MIERH L2172,

B-4-4. BEE - BREELDOS AT =K L
el 5 Y i
TR E O TIL, LF O X 5 7285
% S5hE L7,
[4Fn 3 ]

2R : 6 lHEROHEYESD 7 N & 3RRICEL
L (=5 , BETHD 05%AF Lt
n—2At LE7e 7Y /— (APL) %
100 }2 8 150 mg/kg fAH (5 mL/kg (KHE) &
M&ET 1A 1A, 28 B ME SRR 0 E 5
L7z, REMIEZBEIC 1 [TV, Sk E
WCESWTERGRERZREB LD, miki
H1BRIZA Y INT R TICB VT
HEREIR D & BRI L 7= #4, Jikific L 0 2248
X THIREIT -T2, IR KE
FitH L CHEEZRIE L%, —i%E 10%H
AR R L~ U S TREE L, 5750 OFEHE

(TR ZE T CTHREIEGRE S L <% OCT =
YRy U RICTHET vy 7 ZERLL C-
80°CIZ TIRFF L7, ozt 7
VAR T CEO L2 oL, RE
ZF# (BUN) K7 L7 F = (sCre)
Oz HE L=, £72, 10% 5 HEFE A L
~ U U CHEE L7 BB 2 WV CELE
\ZHEVWNT 7 ¢ AL ) L, HE Yufa
OB E MRz Rk 520 72
Ly RYefa % e U CRBLAER =M R %
1To70, & BITREMBRTFREIT D70,
FARAE A 2 JUR RIS ALE & LT =
FEAE R (pH6.0) IZIR{EL CTA— h 7
L—74LE L (121°C, 1543) , 3% Hy0o/ A
X ) — VI TCHRE~ VA v X —E %
bR L7z, gl&EfiE, FEFFROGZRET
5720 10%IEFYXifEsHNT7 ey
X o JAE i LT- %, BT CD44 Hiik R
Y 7 va—J/b, x10000, Abcam) % 4°C|Z
T—MeA v FaX— kL, KUK RV
v A RNT AUV T NVATA
V) =TT 30 0 A rFa—F LT,
VT I )RV TRISE AL,
AT MR AR BT T,
FER2 : 6 ERORENESD T v b & 3BEICHED
L (n=5) , A THLAHEAE KD LL
I\ a~A v (VAN) % 200 KO 400
mg/kg KE (10 mL/kg (RE) OHETI1 H
1[0, 28 HFEISIEREEN G- L, S5 1 L[
BN TE B ORHT 2 FE 0 L 7=,

FEER 3 6 EORENESD T v b & 3EEICHED
L (n=5) , A THLAHEAE KD LL
IIta—m~A1 > (PAN) % 8 KN 12
mg/kg (A (SmL/kg AHE) OM&ET1 A 1
[, 28 A MRAEFIRNE S L, EiR 1 LD 2
& [RERDOWNTE B OFRHT 24T - 72,



[5Fn 4 )]

1 4 HIZENE L7- APL &2 V7= 8 £ 5
(2 X015 D AT B, MiE R OIRY 7L
ZHWTEL T OB 21T > 72, 2
(22N T 10%HVEfRE ALV~ U o TR E
L 7 B A% 2 Fl W TEIEICIE VWY T
7 el Y (4 um) L, SERER
O T N )

(aSMA) ,  aquaporinl (AQP1) ,
cadherin, vimentin, collagen type IV, nidogen-
1 J X fibronectin DFBL AT LTz, F£72
CD44 & SAERNF D RAEZ fRT9 D726
HAO R T, Fl—fEED 2/
HofRzHNS5813E, F7I N 7T
JVHTEEIC R a2 Efi L 7=, S HIC
fibronectinl (Fnl)?® mRNA D JG1E% in situ
hybridization £1Z & 0 fi##r L 7=,

F 7o kP PREE K O 30 mg/kg BEDEAE 7
a7 %) (16 um) L, onice Tt HE
Yeth s L7c, RFHRBEOIEH JRAIE KO
30 mg/kg DFRAELIHEN O RME %2 L —
WA (/= I i (/A I N K >
L7z, oy 7 b total RNA %
fii U IR E 21TV, <A 77 LA
2 X0 BAs TR B A MR ISR L7,
1EH JRANE & b LT 30 mg/kg BEDBRHME
EIRERN O JRAE BN TREIADOLEE L
TWiz B s FHEZ fii i L, Gene ontology

(GO) fi# #r J Y
Analysis (2 XD /NA T = A T 24T > T2,

PRHEZ X e WG OV L T2 1%,
TRET T 4 TIEICE D CD44 3§
BlZ& it Uiz, F72 ELISA MEIC XV Mk
i CD44 2 IE Lz, F 7B Lz
gt KLk 2> & total RNA % i L, total
CD44 % T} CD44 standard isoform (2%} %

o-smooth muscle actin

N-

Ingenuity® Pathway
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TIA~w—%HNTY T VZ AL PCR &
1TV, B FRBLEZ T LT,
[4Fn 5 FF]

6 R DOHENE SD 7 v M & 3#E (n=5)
Al U, BRI HE VW SEBR I 208 L TR Na &

(0.05%Na) ZHafH L7=, ZEERBHAS 1 JEH
BB THDLA ) —TH A LL
X7 AKRY v (CyA) % 15 KON 30
mg/kg D HET28 HFNER FTHE LT,
BB ERADOBEAICA Y 7T TR
TIZBWTHEKRERD HER I L 721, B
IC XD RS THREIT- T2, D
AT g Y > 77 & R T Caml L
5% 57BfE L, ELISA &I X Y IffE CD44 fi
ZRE LTz,

TS B RO B ELZWE L7-1tk, Mk
D— %z 10%HHEREE RV~ U A TR
L, 7% 0 ORI TR ZE 3R 1T TR RS
HL<IE OCT 2o RNy RIZTHAEE T
oy 7 AERLLC, -80°CIC TIRFE LT, &
FELZ DWW T 10%F PEREfE AL~ U > T
L7 B AR 2 D CREBRICE VST
7 4 @i, D) (4 um) L, TAEHEKRON2
B &[RRI B R 7 RO AT, o0t
FHIFENT KON in situ hybridization % it L
Too FETXIRBEL N 30 mg/kg BEDO AL 7
2y 72V, 2 FHERKRICY A 7 aT
LA 2 difi L, &5 IZHRREIEH L7 Bl
%75 total RNA Z it L, total CD44 Jz O}
CD44 standard isoform DigEfs - E%2 Y
T VA A I PCRIZTHEMT L 7=,

fiti RN HE AR 72 TR LTc, MR
HIfEHT & LC, &7 — 2120 C— Il
5B BT (ANOVA) % i L 7= # 1
Dunnett {EIZ LD ZEMREEIT-T-, £
2 DDOR T OHBEBERE RN 5 720



Spearman DJIANFEBIRE A KD 7=, FE
KHEIT 0.05 1ZREE LTz,

B-5. OECD (22 ¥ 5 &Rt O F iR &
OECD 7> b D E R B~ D XIS
B-5-1. SPSF
NEE & BT, BARD B L7z SPSF O
FRAZAZF - LTz,

B-5-2. Emerging technologies in the Test
Guidelines Programme (Z B 3 5 U — 7
vav/

/NE & L BT, emerging technologies in the
Test Guidelines Programme DV —2 * 3 > 7
[ZBIE- L, 5% D TG DTEY FIZHOW Tl
L7,

B-5-3. Stakeholders Workshop on Operational
and Financial Aspects of Test Methods
Validation

INE R OYEF L & b IT, Stakeholders
Workshop on Operational and Financial Aspects
of Test Methods Validation (2B 5- L, 5 1% DN
UF—a U OLEY FFITHOUWTafgm L 72,

B-6  FEMESEF I A
B-6-1. OECD IATA Case Studies Project i
=

OECD IATA Case Studies Project (Z351F %
FHIFFE DRI EN 0B, o2 &
L C,AOP @ IATA ~DIEFIZBET 5t %
{Tole, SN —ARET ¢ &, %t
R AL a—a A hONFENRE L
7o
“Thttp://www.oecd.org/chemicalsafety/risk-

assessment/iata-integrated-approaches-to-
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testing-and-assessment.htm

2019-5: [y EH AN B2 2 70 VAR LRI K
LY —R7 7 vRx% MW 2-=F VEREED
90 HMIKEEL-#% (OECD408) THl)
2016-5: MRFEDOE[E L IFBMBIFIEIZE D
<AbFWEZ2MHMY —27 7u—]
2020-1: M%7 =/ v =& ) — LEE R
Fynu— 3D IATA & AV egEt
FEAM L 2021-8: TRZEAENE~D TATA D
B -7 7 =4 =%z NGRA 7 L— A
U — 7 OFEGiE-] , OFF 44D AOP & ANz
= ARRT 4 BRIGIT, F, ik L LT,
I AOP r—AREZT ¢ 1 {#,2017-4: [T
U— T )L a— L7 )L )L LR T A
TND TIATA % 7= B8 VEE & 53k
DY —=FT7 7w x] G 5sEofid a5 L
7=

(fi # i~ DELE)

AWFFETIX, B FERZ O 2 WA AT
RNLV, BWFERZ AL ICE D
TH, BRI/ NRIC & £, FEERITE
S5 HE G R A AR A FE T M OVIURUR 2R
FORBRIY PR NREICESE, YD
ER A/ NRET DX OBLE L TIT o 72,

C. B gefs R
C-1. AOP D BA%S
C-1-1. S mED AOP

) vy =a—Y U AFEICLS T
RAFAOTLARPEE I © AOP154) (2D T
¥, WNT/WPHA(Working Party on Hazard
Assessment) (ZIEHI L72DH, KA Y b3
AL MA@ Y, AOP Wiki DUGETIEHEETT -
2o FA Y6 OEIRfEHIE, TDAR (T cell
Dependent Antibody Response)7” v A @



HEEHA RTA 2 Z LI MCE#T 5 2
&, K AOP DA THRIEFMERBR N R I
% Z LX<, A AOP X IATA BAFIZFIA
ENDHRETHDH I L, A AOP O EU Hulik
T O F o EE M (regulatory significance)
ZOWTHRHiToZ el ThoT, 15
T FEIZ %R L, OECD HF%RICkaT5E T
DffE L FEFREE 7 7 ANV ERT LT E Z
5, OECD F= % & 7» b, & AOP 7
WNT/WPHA TGRS L7z & W5l
oz, Z D% OECD H5 I EFHERETE

CHETL2EERBEOEAFTRHEZRITL,
2021 4 10 H 15 H{Z OECD i-library (230
TR,

2) [IL-1 receptor fEAPAE : AOP277) 12D
WL IL-1IB D L 7 X —fEABEIC LY
T cell DIEHEALDINH] S, HAEHIIZ TDAR
DOIEIZRD LWV D AOP THDH, A AOP
I$9 TIZ OECD IZ & 5405 review IZ A - T
B, EREMEEIL IL-IR 7TV %H
FHIT DALy P —ITRRPURTZT T <
{bEW/ERMZMZ5H Z &, AP-1 72 £ NF-
kB 23BHE LW & BT 5 Z &, T cell
DEA T H MR D Z &, T 5 ke
DEATHRAMICTHZ LR ETH T,
B ORI L, AO % I7E AT RE /e Fi Az
T#®5 TDAR (AOP154 ® AO &4:4) 12
ZEF 9%, KE1 (2 AP-1 2R3 5t & 1B n
TOHREDHIEREZR LI E Z A, A
reviewer [ZKGR ST Z v, AOP wiki D
BEIEZ{To72, EHIZ, AOP wiki ([ZF1F 5
AO DIETEIZFE, AO986 D A0984 ~DiE
#az & KER2928 DIEEHATHTZ, D
9, 2023 45 10 A K OECD £ ¥, A& AOP (%
AR &, AOP No.30 & L T i-library (Z UV
S,

12

3) [TLR (Toll-like receptor) 7/8 ~DE &2 &
% R ERR R R RO AT © AOP313) I, #
RHINLIZAFAET D TLR7/8 ~DFEG DS, Bhik
HIfR OB L TL-23 O pEAE, Th17 12X 5 IL-
17 OWFIFEEL & RAE A TFHE L, RALHIITHE
RO FHRBEZE L SED L) AOP
ThH5bH, &KX AOPIZOWTIE, OECDIZ LY
BE SNz a—F OBMFHEIZOWT, Xt
IS e (LAMER Eozdic, BiET 5
AOPDKE &%y NU—7 ZEHTEH L
9 KE M ONKER DIEE/R ) & a—F|TH
L, wiki DIEEZRAALTW, Lol
A= T 2ROV INBINBL B2 —
% % 7= OECD AOP wiki ~D IV & W45
Z L L7210, Toxicology letter 3 Archives of
Toxicology s ~D¥g#iZ B4 2 & & LT,
Befamm X RUTBIE LR 2R L 7=,
4) [ 5 9% M fa \C /£ /£ 9~ 5 ER (Estrogen
Receptor) DIEMHALIC L D E=H WY T~ h—
7 A(SLE)DHE M : AOP314] 1%, & F & F
75 A T ORPEMIIAFIET D ER OIEH
{E23 Th2 % A 7 D% A F 1A > (IL-4)Dif
FIRBLZFHE L, HOPURES B MO
B ORI H 2R RE TH D SLE &
BHEXE L5 L0 ) AOP THDH, A AOP IZ
DWW, 2 —F b fafi S 7z, KER &4
A— T 5 FEERIE RO D72 20, AO DI
FOBEBEHEOREND, ST L B2 — &%
72 OECD AOP wiki ~DUIL# & Wi 325 = &
L 721, Toxicology letter 5D # %2 H 57
el L, BERamBERITEE LR R A
YERE L7,

5) 1JAK3 OFREIC L D T M KFHPUTR
PEAIE] - AOP315) 1%, FEZ AR TF 1
VX FT—ED1OTHD JAK3 OHEIZ &

VD IL-4 PEAEDMNH] S 4L, Hof$AYIZ TDAR O



PHE L 72D &) AOP TH D, A AOPIZ
DNTIE, I—F 2 L BHNER review 238& T
LTRY, HE review OHED FFIZDWT
a—F %4 LT OECD |[ZHEFB L7z & 2 5,
OECD L MOU of
understanding) & fififit; L7237 ¢ —F /LA v
AN—[EFFIZ X DI review D EH B 73R
FTRELEENRH o, £ T OECD &
MOU % fii#t L 7= ALTEX (Alternatives to
Animal Experimentation) #&(Z %5 D & A &
Rzl 25, RIRERRFEIC D723 % AOP
ME I MR ENVN S FRfENH -T2, ThZ
%L, TDAR @ & 9 72 5% RGO Z in
vitro FABR Tl &z 251213, IL-2, IL4 &
Wo T2 A NI A v DOFEA BRI 5
BRI OMBEDEBAER T % & OECD O
in vitro % mEMERERIZE 2 DRP IZFCHL
WD &b, IL-4 OIFITH HAK AOP
D KE3 3FR IL-4 PEAE ZH5HE & 5 invitro
o R BIE DHRIC ORI 2 & &2 E
EL, B ORT A TETH 5,

(Memorandum

C-1-2. N,
C.1. B AMED AOP B%E

WARERI T UL EE U 7= B s A'E,
b 40 FEOWAFETEI L DENAVWE
(7> b 38WHE, ~V X 11 WHE, ~NLA
Z—5WE) KO3 FRDOIEMAZEEIC LD
ENAE (T h36WHE, ~ U A SWE
INBAZ—1TWE) ITHOWTEHEREINT-&
FPERETS 2, [ Bt — B ks BRI 3 - B2 T

#£(International Harmonization of

P> AOP

Nomenclature and  Diagnostic  Criteria:
INHAND)(Z FE S\ Corda L 7= fE 38, /RF Lk
FLEANE, bR, M, v, R bR

i, PR LR, ARG, R SR T, R
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FME PR, /8 e, . PR, R 2 R, R A
i, B BE S S STV, kb |
BEEE O SE R 1 X b Rz B R D i 2 bRz
FETHY, KEBRKICEARRIBDOON, £
DORIFHZE L LT, ¥ EBLER D E T
(3 b B FLEENE & R | R BT R D3 s e
ST, 2B/BICEZVOIEIRETHY, ZD
AR S & L C T R BGBE A A mie &
Nlze —77, MRIE OO FTBRR 25 13 1 B 9
BLEEZDON, YUARONLAZ—D
T—HIRENTHST2Hb0D, ZhbH0
RIRIZIE, B DRI R bR 5T,
BHENEIZOWT, # L% J Toxicol Pathol \Z
Bfa L, EpifafFEE~OXS T

=Y (W

C-1-3. Jemthd AOP
OECD OHMEZHETCERLEZ KD, K
BRGSO O BICHITEMEIZ IR E L7z AOP
ERCZ HEHE L 72, (RPN ’E&@Liﬂf:i’l’:
B EILE TR EMEMICBIEL, KA
73 W chromophore, & % WM IZARHIC
X o TR S 117= chromophore 73 K J& 450
FTCEFELENKICLTHRFEIND &,
FEERAE D So 7> & bkl — B IIRTE Sy (2 Jih
B IS, b — AR AR OO F A L D
THEL, TRbbHtEH L THELIZE
JEARRE So IR 57>, HFAZZEIZ X0 il
—HIRE T (08B T 5, i =E=ER
RBIZ o DAL AT AJE A L TR
BB So IZIR D, AJERETITE »72<{bF
RiRE LWEtETH, minkzx
XF—a e LS i, 2oz
X —ZBRE ) & L THREA DR ARE
THAHZ 2 EDOLEROE R 232
EINTED, 2O L) ez e b7l



LWV, T U BIVEETH D Type I St
b, —HEAMBHERICTH D Type I Kk &
o bhsd, BHFERSFIIRET L
¥—DT7 787 F—L LTHIEL, Zh
WP W PE A S fL 7o singlet oxygen P
superoxide %5 DIHMEfLFATE (Reactive oxygen
species; ROS) |2 & 2 A RNYE ORRL e
DS FEAIME S ARIE BUE O JE R K D — D &
LTEZALNRTWVWD, Z1bDHIFK
N DAE B A3 R AR o> & FE AR5y T d
DEEITITICRIEZ 5% L, F£72 DNA
DA & 2 W IEM T & - TR
BB AFREMER BT 5, S
TeHMWNT T e 720 BRI E LN
¥ % Tk U7 BRICE, e R 2 7R
FTEITRY, BEMICHET LF—K
SEREETLIbDLEEZLND, WTh
R &, FEAMECRRBEUE OB T & & 2
D&, RObEHER NI =L 50IF
KEHXORIL, = L TENIZESILED
DOETHA9, LarL, MEshits
ToEMRE—RIOtEEELEET 2D
J TR <, EBE BRI ROG & 5
SEIIEEMPBEEEFRETLHO
EER D, ZOBLEND TREGEDOWIL
Ld &) OFEETH D UV/VIS IR
I0b, LLABET R LT —ICL Dk
b BOSH Z BT 57 7' e —F
WEY EEH R EETRICHEETE D
AR DD, Thbb, RIS
IEFE OIS e ED B U T —T
bHEDarv MIESE, UV/IVIS )
I & Z 3T E S T2 e & pre-MIE & L CE
# Lo, 2o MIE I3 bs
Wyin 53 ROS FEA L L, RWT MlfafEsE
% KE, #f&H)7¢ Tissue response % RIE &

14

L7,

C-2. TG & T DRP DfA%§

C-2-1. BZJ MR

1) ADRA

T2 AEENOBRE RS TE In
Chemico Skin Sensitisation, ADRA (ZB L C
I%, ADRA O EIN i % Dt /7 % 45 C i 5
EZ& ImM M5 4mM (25| & EiF7=7 e b
AN EHWZENANY T —2 g rowE
FR O TG442C DIERMELERZIERR L, &
247 HIZ OECD IZ#gi L7, 11 H®D
HAZASHLZ R T, &GT TG 2% OECD 12
e L7z, B34 4 O WNT &R Z %
T, 7 AICE TG BNAE I, 5T,
ADRA O HITIRA W DGR C & 5 B &L
Iz 5 TG442C OFRERE ERK L,
WNT Tifam S ALIZfES, BEEAZINZ -
TG442C DFUEN ST 445 9 HITAFR S
i,

2)DPRA

OECD » b HEFE & %1, & f 4 4,
TG442C 238195 DPRA BE&IEIZEEIT 5
HEIEE FHE LT, TORE, 20 WE T
RTTEMREE L EBEEN B LI
RERDI MR L, SMSHE4 A1
HWiEEHL OECD (T Lz, Z DR,
4 H ® WNT 437 T8 S 41, DPRA EH &4
ZETUUE TGA42C NAFN 54 7 AR
STz,
3) IL-8 Luc assay

IL-8 Luc assay TG442E D E S & 1ERK
L, &5F1 34 7 AIZ OECD 122 L7z, 11
AT peer review panel 705 = A - M &S
Too DFAEEE, ka7 o 72,7 HIC
BEZR % OECD (T2 L, FE DRI &



wim Lo, TORR, SR S54 4 HD WNT
K TAG SN, T Bl sni,
4)EpiSensA

EpiSensA D/NU 7 — 3 3 UREE L peer
review report 235 F1 4 FFEEEICERIR STz,
TG %4144 6 HIZ OECD IZHEH L, &
FI% 7V —7 Je 8 WNT OF R &% Tk
E LT,
5)DASS

T B O RF & & BT, HEEEND
HHZEZ B TR &Rt CT& 72 DASS
DGR F G UToRER, 5 34F 6 HiCH
A RTA4 2 497 DGR S LT,

KA RT AT HLWE A 7D
OECD #iA R4 > Th D, DA T
WE OWERK R in vitro FRERT — X TGk
S 7z OECD DOflAabhE 2 LT
%, TD—>& LT, DA Tl (L WEH
W2 in silico T —X =T ANIND Z & & A
REIC LI OFEFITH D,

ZDOHA KT A U TITLL TSR H
72 mBER S Eh T D,

(1) D TRBIEOFE R A A G DET
R D FEBNAEL S,

(2) ¥ in silico DT DFAAE HOEFE
il FI A & iz,

3) b NORBIEENTHITE H0OTA
KA ThHD,

A4 45, DASS OWEICSHE L, H
ARDOFETEHSH ADRA & IL-8 Luc assay &
TA RTA 2 497 [Tz B 1L, W e
FH OSSR % OECD 2261 L7z,

C-2-2. S E ek
1) DRP
SR 2HEE XV, MR M OVE B 72 B P
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F & & BT, invitro FEEIEIZES T 5 DRP
ZAERL LT=, 45Fn 345/, OECD »MM4EH 7
B RICHRIIS T 2 UEMZ 9 A ICRE Lz &
ZA, 2 WEAEIZBWTBINE RVEE -
7o, EFER 72 Z OW 1% 1T DRP %
SGE L, 2 AIZ OECD IZ#EH L, FF1 4459
AIZDRP IFEIR STz,
2) IL-2 Luc assay

IL-2 ZHEHE & Lz g sl oo TG 3
ZIER L, 044 3 HIZ OECD IZ#H L
7o WNT B REFE LT TBE LR R,
B0 ST AT TGAAA N AR S NI,
3) IL-2LucLTT

B4 LSS ETH 6 RlOS#EE
BAME L, A—/L_"—20D0 L) L8, IL-
2 Luc LTT @ validation report Dz #&{k & peer
review report DIERL & 1T > 7=, [ report % 45
F 54 7 A1 OECD (T#2H L, WNT & 5%
AT CRFT LT,

C-2-3. ESEaE Rl @ DRP

TREELY, FERERREMZEE LY
\Z, in vitro FEFEFE A FENMEIZES 9% DRP OFE
A% Z Okt L CEM L7z, B4
2 H1Z Current Research Toxicology (Z ¢ L,
3 HICHET DR &Z 3T 72, 5 HIZ Current
Research Toxicology |22 B X iz, 7272 L,
Z D% b &I OECD T DRP & EAd
L2 LIEWE LT,

C-2-4. Bhas42 fifl/EE iR IED TG
B
B TRMEIE S A TATA DIRE 2% 1T,
1 5 #E£ 1 Bhas 42 CTA @ OECD TG H#%
@ SPSF JRZZ#{Emk L7=, Bhas 42 CTA ®
SPSF JAZE Tl¥, Bhas42 CTAME/F& L C,

AN
T



ox 3RN 3 BENT G SCAR LT TR E s
W OREER 72 b T A7 Y 7 h— L
Profm L CZEDOMTEY =27 4 7 X
RMEDFmINARINLTWVWD Z L %
R L, HEIZIBUVTH Bhas 42 CTA O
e Tns Z xR, £z,
T R B FE D RRRFRY 22 fh s T D b T
A7 YT b= LIRS OFR LS, AOP D
—f A & H L SPSF JRZIZR L7-, Bhas
42 CTA DFERAMETFRZRIZONVTIE, Y
HIDOJRZE CIIEEHR (Sakai et al., Mutat Res.,
702, 100-122, 2010) % & & T,
Concordance 78%, Sensitivity 73%, Specify
84% LR LTEH, FEMNODI AL FES
FIRHI I RO E O RIE L 217> 72
A5 5, Concordance 83% M (® Sensitivity 83%
iZm bk L7z, 612, BAEGEE O E
LZRmEEICB TS G TSNS
L2 E DFED APVEREf O dE L) & L
THW ST RN &0 s MR
TH2D Ames AR TEMEDY B 1C Bhas 42
CTA ZHi 3 5/ v 7 U =Rl TR
AETRIRZREHLEE 25,
Concordance 88% % U Sensitivity 91% & =il
WZ7xolz, ¥z, BinmtERBi e LT,
Ames ER7Z 1T T7e<, v U RU T 4 —
~ R, REARRERER, MRBRE S
®HTD Bhas 42 CTA L D/Ny T J—TDT
RHFEAEFH L7 L 2 A, Concordance 89%
KON Sensitivity 93% & S HITEE & 2o T2,
L7eh o T, e E o572 2 AL
%Hé%ﬁhﬁ@xﬁu—:yﬁ@ﬁﬁ
AL L TEEINT, BEEERAR e
Bhas 42 CTA O/N > 7 U —RGeHE, FEN
AMET RO R AR & LTERLTWD Z &
% SPSF JRRIZBWTHEII RS Z LA T

& 7=, —J7C, Bhas 42 CTA & SPSF Jf %
ORI, FER (k) R"EHT
B o720, NGTxC « IATA (281 D8 H
7 v A O TG HEE & O NGTXC -+ IATA @
GD & L TOKGEHFESE, NGTxC - IATA
BRI LA %O L OFHFEED Bhas 42
CTA ® TGARIZ[ANT CH 72 DT HFHETH
HEEZLNTZ,

C-3. IATA DBF%

C-3-1. FFE = 3 M % 2 A M IATA
(NGTxC - IATA) BHIZE~D1 )
OECD Ti®d 51T 2 IEEBFMERE M
ANMED TATA BHFEIZH /) LTz, AR 30 4F 6

SHITBNT, IEBARFMERE D AN
RLRER - RED /T A — 2 BAESIANIZ
BALTC 4 20h 73— bZ &Iz

ole, Flo, GMiERDT vEA% 13D
Ty 70T, gL TLEa—LT
W5,

IATA BHFEIZ DWW T, NITEFE S 1%
cell proliferation &2 X resistance to apoptotic
cell death D7 7 /v —71Z, W)IIFSEH /)
#1X cell transformation, indicator of oxidative
stress & O resistance to apoptosis cell death ™
VT IN—=TICBEL, T A TR YT
DFHM 21T > 72

Cell proliferation D7 7 /L — 721>

WX, AR EE5E O B B3 D in vitro /
short term in vivo 7 v E A DL « B E
o R BB SEimIc S Lz,
F72, in vivo FHlE DR E RITHOWTHHE
BHEL, web DX HR TREREERM L,

IR FENIS R T, RS, £
7=, resistance to apoptotic cell death DY 7~
=B NWT, TR b — AEEASA A



~ — A — DOIEBInEIEIE D APEREIIZ D
WC, IEFERAL & RIS AR TIE R 55
BLEFOAREMEIC OV THEmREZ ERN, i
bz iz,

0 34, Block 3 ™“Cell Transformation”
CTl¥, SHE Cell Transformation Assay (SHE
CTA), Bhas42 CTA, Balb 3T3 CTA, Balb
¢/3T3 transformics assay SFFAMixf 5 & 72 >
7o SHE CTA } X Bhas 42 CTA D &3,
NGTxC * IATA D4 T Assay O T
OECD DA A v A RFar e LTH
s 70 Assay Tl %, Bhas 42 CTA KO
SHE CTA (%, #&HEPERe & OBHIEE DR
AET — ZIZH-5 X Assay description 23 ERK
S, FHlFEOM Y FIT LV A FHGE A
(ZBWT A FFfli &2 15721, Block 3 A >
N—DEXZ—KTT V7 A DEBERT,
—7J5, Balb 3T3 CTA (22T, 2 step
assay & 1 step assay 2B I TWVWAH Z &
MBH, WThod e hajbk Assay
description (ZFE#K Ll 21T 9 2222\ T
e L7, TOREE, 722 T European
Centre for the wvalidation of Alternative
Methods (ECVAM)7> 5 OECD (224 & UET
W S 4172 1 step assay 235aEfili 7 = K
anbigole, 7w baniZiEs5< b
7 A7 VT b7 AEHTIED Balb ¢/3T3
transformics assay &, *4#Ji% Balb 3T3 CTA
EITBINT Assay description 235ERE S L7273,
FREESE D SERE DI T & D B iR
3 Balb 3T3 CTA @ optional assay & L T Balb
3T3 CTA @ Assay description (ZHLAIA F 4,
Balb 3T3 CTA & L TaHiinzfTiohiz, Balb
3T3 CTA Tl¥, NGTxC xt&{bA&H TD
T —%, PEREFEAM & O PR B FE D LA
MBHIRENTHDLZ L s, &Kl
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AT A & BANRIEL, T2 % 75F
22V T % Block A 273 —N T 4
FL 72, Bf&rIZ1% Balb 3T3 CTA (Balb
¢/3T3 transformics assay #¢p) (7> 7 A
THEINT, LIZR->7T, 3 fD Cell
transformation assay [342C7 > 7 A OFHI
&7, 10 HIZBAfE S 47z Expert working
group DRRZFE CTOREIZTE ST,

Block 4 ®“Gap Junction” ClE, £ L 7=
Dye transfer assay & Inhibition of metabolic
co-operation Assay (DT, #%M49 5 3F#
@ Assay (Metabolic cooperation assay with
(HGPRT+&-) V79 cells (using 6-TG), Gap
junction dye transfer assay — combined, Gap
junction multiparametric scrape loading-dye
transfer assay (mSLDT)) % ftho X > /x—L
F:|Z3%®H L7z, Metabolic cooperation assay
with (HGPRT+&-) V79 cells (using 6-TG)iZ,
467 (LM THER & 166 1G4 T OVERERT
DWW THRER (ATLA) DSENE D 5
HEINTEBY, Enad b &IT Assay
description DIERR Z4T > 7=, i 2 FED
Assay 1%, LD 24D A X— 1 FEHT D
Assay description Z1FR L7z, £ 6 DFF
A% 51X, Metabolic cooperation assay with
(HGPRT+&-) V79 cells (using 6-TG)IZ-D\ T
X, BEE (49%) KOKFEME (63%) 28
++53 T 7 < W ER R BLUMEREARL OO 5 R AN AR
BERold 77 B &k ol, Gap
junction dye transfer assay — combined (¥,
ECVAM O~ b 2L Cliddb 57, 17164
WMODT — 2 DK THRAET — Z DNEN T2
77 C &lgoiz, mSLDT i% 328 L&)
TOFER L TARC 7 V—71 2 D 724k
B TOMERERMMAHME SN TR D, &
BEE T5% LA 1T 2 D3RR RIEDS 45% LK



BTHDZ LTz, Husx B rEEh
MREMTHLZ NPT I BERST,
Z 5 Block 4 @ 3 Ff Gap junction assay 7
FEAmAS RIZHOWTH, 10 HOHEMZE S
V=T DERZHETOWREICE ST,

A0 3 A RIZIE, Bhas 42 CTA O
BRI BT DR N T RS

U7 b — DM R 2 fm SCFEFR L, Bhas 42
CTA DIGVERRIL D TPA 1T K 2408
% ORI 72 4 55 TO RNA i#FTICEBW T,
Fa ek FREE & bel LA B ISR B K £ 72
XD Lz 22 2000 % i 2 72 s 1
DINA YA RN &2 FEHE L7 kR,

WZRE L72% < DN F-
\CHBEB N A ST, L - T, Bhas 42
CTA DM EEHIERICI VT, A
DR 70 F 5 & @O K 1 3 S BB
LTWabZEehd, o, Kmstix, &
4 FREICAFR ST NGTXC @D Special
Article & LTI 7z, Mz T,
S04 4EFEITIE, Block 3 TF > 7 A DR
HEHTHDH 3 D CTA (SHE CTA, Bhas
42CTA, Balb3T3CTA) BIL T, L E=—
#33E LA L7z, Bhas 42 CTA IZ2W\ T
X, BERHAHRE S TWD 22 D
NGTxC ##g/rL, D55 8 {bHmico
VN CIXBEIZ Bhas 42 CTA (231 D O
EbmXARINLTWAHZ bR LT,

ARKUE 2—DfE#mIZB W TIE, CTA I3fE
I ER O = KRR A b &2t 5
Me— in vitro TT LV THY, I v 7 A
fEMTIZ X D CTA D in vitro TEESTE sl

ORNDLEM T 0 2 DOEFIL, AR
TOLEMRNAL T XTI T
WO E —BMER OB H 2 EHE
REZRTHLIMERET IO TH D

Hallmark of Cancer

Issue IZ
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Z &L,

B 4HEFEITAF LT CTA @ Block 3 ©
77 ADFHi%457- 3F CTA (SHECTA,
Bhas 42 CTA, Balb 3T3 CTA) DL E =—
B SCIZHB VT, NGTXC Oy fig B} OY
NGTxC - IATA L1281 5 CTA O Ek%E
195 Assay & L THHERMEDSITTHDH
ZEPIRES T,

C-3-2. e IATA
ERCL7= AOP 5k & LT, T
HDIENTIEREEZ BRI~y 7 L

7o KM ET 5 R+ & LT, )
Exposure  consideration, (i)  Chemical
descriptors, (iii) Skin penetration, (iv)

Photoexcitation, (v) Oxidative stress, (vi) Cell
injury ZEFR L, TNHICEDD FRIF %
U MELTz, BARRYEMIRE L CTI3BE
WZHA RTAMEENTNDLEHDIEHHA
ADZE, NYTF—a VRN ER S
TWRNT v AR THI AR EICE
JoHEOHEMMEEZE L CRR L,
ZHVE TITERIRIT IS 1T 2 SEAIME i
JEZWr & L Cid Photopatch test <°FZ & D
biopsy N IERFENE S 4v, FFICHTE L in
vivo JEIEAERER & L CTIRIA S I ST
—J5, ARV, I ers
'ri%aﬂﬁﬁ“éjﬂi%é: L T in vitro 3T3 NRU
(PT) UERABRIEL L
THIHEN TS, Lo L72eh LAY
W TIEAZ U —=2 7 O HEshsik
T2 DT D ICHBBUE U A 7 AT A 5K
DO, THETICSEZE < OFFHMR A
e SHINTWS, Zhbix
Ay V== T — R0, AR &
ol & L7eor s, & 2 W35 Hl

phototoxicity test

, in silico



PES R R 72 AL T > ' A
ERENEGENTND, ZNHDT vEA
FHEFAERDO 2T =2 L > CTEOR S
EONME ST R RS TEY, il
DEREK <> HOMO-LUMO Gap %% in silico
yx%Afi@%iﬁkLTmA%ﬁiﬁ

ARSI DRTBRE T A Otz 4

‘@?YEU%TT ST EEAMTHAEIATWD,

—77, JALFERIREREI Y — VX EBRIC A
AR S VBT S Ot & FRE & L
TS 2 EIR L L, B9 L EE%

VA EAERY ISR AT RE 72 1 TRV A3,

eSO DFEFINT T E LI 2 b F R
JEDH OV TEWN AL —T > hTRIE
THZENHKRD, F, SRR O
72OV =TT ETICH S S BHFE S
Ty, FEE, AMmEROHRMERZ A
=T veA RO b SR ERKET L
Z R U723l R 28 in vitro Yt aEakBriks &
LTEHTHAS, ZIHD invitro iR, in
HERDHT2 57, in silico X° QSAR “E
7 /L% information sources (23 H 5 2 L L
L, ZkRte et iz e Lz,

FlTH 21T, PUBNENREIE i & O SUSTE
HREMET D2 LI L > O
OTHREEZR ESEHZ 2B LML
TWABD, FENEREIC W CIT s
OB FRVRFE D B B EB 5 HIIZ T A 5B

ToH Y, ROS assay 7 — X T L D IsME
B & OMABA DI X > TEERIZK
17 L7 WL R IRIE & 2 T b OHEEE )N v]
BICRDbDLBERD, ZOBENLHEY
REIZ BAMR T 2 AR T2 DWW TH ERERY
\ZFtik L7z, ¥£7-, OECD HfFESHIC L
LHLEa—DOfE, & HFHRE 2oV T
validation status & weight of importance % /Il

Vivo
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RLEOBEENRHY, ZHITEDSNTHK
T & BRL L7z,

¥7-, OECD HPIZ &I
DIFITHE, THFHPIIRT U TR 2R REid
EMz bz EL, BEBIICE Q)
Regulatory use, (2) Validation & regulatory

B DA

acceptance status, (3) Potential role in the IATA,
(4) Description, (5) Scientific basis including
MoA, (6) Protocol available, (7) Strengths and
(8) Applicability domain and
(9) Predictive (10)
Reliability % 45 SCHRIF @1 BT A >
R AOOIERE LTc, ETOMHRIEIH L
TINLDERZ ATTLDIFES TR
<, g, EHRPBHEBAFLLT L,
BREBPOBEBEOREWIA K74 4bsh
7otz VR R I E R 2 & T TRtz
Bl Fl, o OFHRIEEMEAAE D
W7o SR L BMERIIZ B L T decision
tree ZRT7ZICIRE L, BB OFHMNFR & # 7
BRI ENRHRO—# & LT IATA
\ZRek L7z
PRIERE 1T FIT
THES,
potential,

of

weakness,

limitations, capacity,

3ODHAr—FRIZE»
(i) Initial assessment of

(i)
phototoxicity,

Experimental
(iii)
Pharmacokinetic characterization 2> 572 %,
I ) O G 2 AR I 2Ok S B R 1 & FR
RELIEbDOTHY, £& L TUVNVIS K
ILEFMERS ROS assay 22 DAL XD, %
MR O FIHI BB T 2 b O bRy
PEZ B 5N F 2 2 LT ICHSI0 & &7 &
Y, BNAL—T >y MK o TREIZ
JeEMEY 27 fzﬂtﬂ*"’ﬁ"é ZEMWTED,
INONREETH - ZEEITITE LR
ZHFIZIBIN T Dt ek aﬂﬂﬁ%%%k L

phototoxic

evaluation



RN, ARIZHEEME Y R 7 gD DA
BThoTmHmAIZ 7+ u—7 v 7R
ELTHREMZENT veA RICE->THE
AR AT ZENTE D, T DR
TOYtEME Y A7 FHii 21X 3T3 NRU PT &
LT SR e FEREZET L (RhE) PT
DHVL, Zhbidk v EENRERE
WG ERBETHEDTHL, EHHD
FEA R A D T ERICHE LR,
BB E O W ERAL FE R REE ORI 2 B B
L7299 2 CREEFE N EYICERNT S Z &
NTED, ZO74+u—7 v 7HRETRE
PEDOG AT LB OBRENFFIT VD
DOLELTHBTZENTES, —77,

HwmEY 27 REEDLILDEAITE VT,
Wl 7xru—7 v 7Rk e L CHEYE)
RERRBR 2 S0 L, #REGHEH 0% A&
JEEmNE - RS EEEE, Z LT
B ¥ 5- O 5 IXR ERBATIES B2 i ¥
MEEZEET LI LI - T, EEMNLR
KTV AT ERGET HZ ENTE S,

=1L, ENEIREICRET 5 —EDOMIE A
RETHZ LT L, HRYWEEIIL
BOGHE, S PR G B4 B
L7z ECmblZefiWraiked b, 612
A D 24 M DU TR R A B
TEINDFEA DFERBRT— 2% b o CFE
MEBEBHIZL > CGGEH SN DM ER D 5,
HWyEERBRICOWTIZTEOME I
“Optional” 3k & L TV H> Z & & L,

C-3-3. FEEMPRE TN 9 2 1 TENRAT
(2B 2 TR
1) FEAPREEEMEREAL O 72 8O D 1T B i b
(2B 2 TR
%%, EPA & " OECD DF& MR AR
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B4 o7 A MITA RTA U fERL, T
B 6 D ATEMRAT IR T 2 A &
DN HER AT o 72, FEIEM R T 12 B
3% OECD TG426 (%, 2M%IZ EPA A R
7 A~ (OPPTS 876.6300) (Zih > 7= NE
ToH Y, EPA DT A RT A T~
L I T, RBRIEE ONFICE L
TIE, REL< 3T T8 AE) , THRIE
g, DEHROEEEE] , [FE LD
FLIE (2B D HERE A B B SE
WZOWTIERBI TV, L LR G,
FEha T DATE R OB IRUZ DV TITEAE
HI7ZREREE 72 <, IR ST 5 DI
DxFGe & 72 HHEEE K OFRBR 21T 9 BROHE
WHEOA ThoTo, Fio, MEmikBEEEIC
BT 2BRIEH & LTk I8 KOGEE]
DT 208, BRI IEDOFTLR IR 22 3R
Bz L EEoTnWiz, 618, 1TER %
TOITHTY, RITERE ORI OV T,
BARMIZ2BHNRZ L2 &0, FrE OBk
AL E DTN R 2T 570 &, 1%
i (—fk) Sz m b= LTIk
WZEBPLMNE ST,
PubMed % V>, TG426 3l & S huiz
2007 4702, 2021 4F F T O T SCHREGR
BxTol &I A MFEF—U—FR
l“developmental neurotoxicity”| O f& 58 5&
T, Bk IR R T O STHREL Y 1001 4T
bV, TOWREBITFELEML Tz, —
¥ T,
"test guideline"] DFRFEMFTIT 8L, IF
EAEFE LN ERg o,
SCHRIR 3R DI FE C, Mundy © @D Review
(Expanding the test set: Chemicals with

["developmental neurotoxicity” AND

potential to disrupt mammalian brain

development, Neurotoxicol. Teratol., 2015) %



b &g, FEEMREMEICE T D SRR T
DATENENT OFHBE 2R T 5720, £
ONEZEFE LT, ZORER, MRRIEE~
DB IRTT — 2 O HLEME T,
TERESLIOMRNT, & D\ M T RAL 2O T &
EBIATRIT AR L, 2D OMAE
bEICEVFHE L T\, fscicRt1
DR B TE 3 e b2 < (42 220
W, 97 O FWEOEY A DS H
145 ) , {TEMET A= RARA > b &L
TN =N THDHIENI MBI,
INETHA RTA NTHEILL 7-1bF
WVE D FBAR IS DUV TIE, EPA XU TG
426 |ZHEHL L TR EEAPRR R ME SRR DY FE e X
NIZEED YL, TORBRENFEEY R
IR S 72 b oI, KENC BT 5 2008 47
EERE T OIRFRERIRELI T 1150 A 2hpk sy, Bk
INIZHVNTIE 2020 FEEERE T 479 AR
Thd eI FEREGT (EEMREN
DK TOFIIRIL L Y in vitro FEEEMRFE
AL O RETIR DL AL Al AR PETE B
RPN 2 — EIRAE 2020 £ V),
ERRAERICN %, R AR RN L R
DG E U CUEE L2 SCkIc DWW T, g
FERFHI O, SR, FEAT I N T2 ATE)
RER, A BT A o ~OHEHLEIZDONT Y
A2 MEZEAT> T, ATV OEB IZOW
TUE, RBEERE ~ D BN (S Eh[E]kERL
B, £ AKKEEE) & W SCERD R B
% <, WO CHEB) K ERIEHEEE (—7"
74—V R, n—2 1y FRRE) %
AWt OnE oz, it 2HA &g
T LHUTD I, fhatk (B &I,
BB —U,3 Fx o N—T A NE) O
TTENREAT 2 B 0 AL TV D TR S A77E L,
TN OMENTIEE A B AR T D SR,
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FICEREOBRFELEZEMLZ DT
HoT,

2) OECD /b D& REEHEA~D RN :
JaCVAM J Mt s M BHR R L2 B
F TP ==L LTEERIIBHT D &
& H 12, in vitro DNT A ¥ A X &E
(Guidance on the Interpretation of Data from
the Developmental Neurotoxicity (DNT) In-
Vitro Testing Assays for Use in Integrated
Approaches for Testing and Assessment (IATA))
K& O Case Study (29 L C, OECD HE R
T 23X FERIDS U, kAT
T IE O TR, R in vivo iR 21T > T
WDSIIZING, KITA Z v ADYE R
BRI OWT, UM T & 9 I e o H
PR 23 D TR = A v B RPS LTe,
(D) BEINTWD in vitro iRER/N v 7 U —
Vitro

(Developmental ~ Neurotoxicity In
Battery (DNTIVB)) (Z X Y in vivo FEIEMHE
#BHEETHT2ICH> T, bW ERE
OffiFE (THREBITHS) | HEICET S S
KBS 72NT &,

(2) in vivo FRER THIZE S DA E] K OB
REZRAL-P, BAMEAL T 2ATEIC BRI L C, in
vitro ERICB W TR O T—XIT L
ETHIEL D D2DD, &2 WITZGENRD
DDy, BRI E k21BN 5 2 &,

(3) R E OB EIRTRIZ & 5, AN - FRZR
MBI DOV T O,

@) TowmEORKELLTOET I 7 1>
2T K BIRHTIZ OV T, B R O %
#, R 7 e havoi—t (EEECS
k) Zigmd o2 &,

(5) 4%, DNTIVB THi % DAL FHEIZ DN
THETT DBRIZ, in vitro RBR CHER S 11L72



3 T 5225705 in vivo i BR D - THEGR S L7
Bt OFFRIZ SN T

(6) ITENERMEIC BT, in vitro i BR DS
DT v A EDLELE LTS TH
NEREEZRE 3035 0, in vivo IMEIREERER
B (FECRE) OFMITBUREE L W E
EZONDN, EDOBRC, BB in vivo
T A THIFRT R E KBNS OV T
EBINTHZ L,

C-4. AOP KON TG D FBrT — & 2
C-4-1. In vivo EFABEVED & B in vitro Tk
FERIC L D AOP KON TG D KB
T R
C-4-1-1. PB7E BRI 3510 B AR E DR
o
DSS #5102 & 0, AR I, —fReIRTE
DEALE BT DRI LR A b LT,
i RF LTI IBE Z i L, B I BUAR AT
Al O 5 BLAR R = RO AR AT 21T > 72, DSS
1.25% KON 2.5%BE U, 2 ORI
PR ERCRE TR R bz, —
5 C, KIGITIEH & 23R 28 2 o) S 72
EHEIESH, WREIZIES >E AU,
DSS5%HE T, #% 5 3 H CRIE/NT A —X
DREN e AN RS, 5 7 Hick-
TRBIZBT DAL RIERERL, &
LT IRRE I BL N BIZ2 S 172, TNFa
IL1B I, #¢5-3 H CHERFBEE LR 2R L,
Be57 HTIEH&E 3 H &g LTl
o LTz, & DO—JT,MIP-2X°HMGBI i
5 3 B BEEEREB LA AZRL, 5
7THTIHIZHWE L, LEoZ &b
DSS 5% K523 F 7 6 % E L T2 R ke
FKHRAFEL, &OICRIEDHMICE 59
LHRFNHASMNE ol BB
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AT RN AT BRI o T2 D3, RIE
B[R 1 & LC, MIP-2 (CXCR2) D51
FELNBEICEMT 2 2 LR M ST,
1) InvivoET WMZIBWTAOP L7220 455
FEMERT R O MG
DSS fRKE 512 XV, 5.0%1% 7 B O
HCRBNTREEO NS A - 18, F4/80 Btk
~ 7 v 77— O, SAE AR 6E
WO b, —F, RGO /NMEGIZE
W, B D R PR E TR O e
ol L L, /MEDOBIEFRELCK
T, 5.0%3 85 3 72 L 5 B BICIE%
iE BELEAR 12N %, KRS U 7 R, B L
A ML AR, £ r b= AERICBE T S
SREFRBEA~OEENRL LN, Zh X
0, NBIZ IRV T, B B 2 ek PRI 221t
DAELCDDIZHES D, L0 BEHOBM) G
2 DB TRIICEENELTTND D
EMHALMNE IR ST,
2) v AZENGHR DA NI ) A K&
Tkt
TNFo i1 1 Kgfi] 2> 5 MIP-2 DR
FEBL T R AERIZHE AN L 7=, DSS DU
THOREIZEB T EH MIP-2 %81 TNFa
Wt 1Bz e—27 & LC 24 MRl T
Bz 255 Lz, & 512, TNFaifshintg o e-
Cadherin DALY BIZIB N T,
BB T DYttt O T AN EE R FHIC
PO BT,
1E~ 7 A ONT DSS AL~ 7 AH D
EEANT ) A RICBITHEEFREE
et L7z, #rickoe =1/ K 1
WCHEH LT LI E 2 A, L0 EREO
5.0%DSS 3 H [E# 5-2> 5 5-HT3 5 25 R BE i
AR AEIME R 2 o8 Uiz, s, il sz
F M O R O 5 B B AR T (2 DWW TR



B O e BT v o T2,
3) A% BRIk Caco-2 Ml 2 FHV 7= FEim
b2 N Y <)

2 JH Pre 5538 L 24 K§f#] DSS % B HUIZ TR
MU=E Z A, 1% TITMEss Rl
Control & B O ZEIT R BRI T2,
e-Cadherin D 90 FH kL7 Yt T3, Ml
DB PEALIZ 31 D Ye k0 5055 53 58
Wb,

4) IFEENCER LI BEEEICRR L
I igkss i D & ifizoh e D et

DSS #H5HED KGN T, KIEBEE
B FFEBLO EF K OV AR AR 7 1) 72 K e
DB SN, KIBROFREDPHER Sz,

E 5102, [FREORTIEIC 3T b 2E BEE
BFHBN ERMEm 2R L, KIBROWE &
DRIB S N7, CDAA-HF FGEERED AT
BT, RIE - FRHECBIEER T BLO |
51 R OV B 7 10 7 JHE R Bt oD B Ak I
CIZRIEDNBLE SN, FET V= — LR
Wi e D AR SRR S a7z, OF B
TIE, IV T TLR4 2 &t B %K
EBEEAR T BLOSHEIR L, 8 B AR 7 AY
\Z CXCLI16 BEtEffansgmL -, 51T,
HRAE AL B AR 1 0O FE BLAS HE SR AL ) & 7=
L7z, BEIZHB W TIE IL6 O s 3N
HETR L, 95 BRAR AR RIS & B2 O 4L
B ST,

C-4-1-2. Iz 3 F 2 RBVE Ot

) 7y b, ~UREBICENENICHE LT
CDAA % 3 » A 59 % &, Sirius Red [fifg
DG, aSMA B FEO KM, CK19 Bt
RO % 7~ L, FFRRME L, AR O TEME
b, HERRE SOt DM 7R S 7=, SOX9
DRBERP LIZE A, 7y PED= Y
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A D#RHME 1T SOX9 MWEPNTHEHLL, CK19
EDO—EERBDTZ LD, SOX9 IFHRHE
BLICEAE L, MIARAE BOG & — L TN
DI ENRB I N, CD44 DI BT,
7 v MZEBWT, b3 tEdeic o T,
FEHLNZEINCHEM L=, CD44 X7 v D
AR RIS R EBL A B i, £ D JE
PHICE 7 v m U S 2 X7 ETEL
TWeZ &R, B LR A/t L7 iF
B bicFEE L Wb EE bR, —
FHT, v TAZBWCE~r a7 77—V
DAMBNZ BN BT T2, [F T > Bl
FIZBWTY, 7y b&~ U A TIEIEELE
KN ER D AN R I N, T A
BT DY 7T LE3 » ADEM
BEHAZ X0 A RRHEIE O Az 3N L, IR
BSOS TRN R 72, RNA-Seq.
AT DGR LV, BAEALEALIZ BV T,
Rho-family GTPase <> Estrogen receptor
signaling DIEMHALZ X LD & LT~ DX
bz R L7z,

2) LX-2 & H W72 5t i, TGFB1 ORI
X0, MEROHER & HHER TR e A
%7~ L, aSMA & H 51, Smad2,3 DY >
21, Collagen Type 1 2 O Type 4 D& {s 1
HERIMZROT=, o, ZThbOEIX
TGFBl ZHFMEEFER TR, —F
T, SOX9 & CD44 I3 TGFB1 DORIBLIZHF L
THRBAEIIA LR 2Tz,

3y v U AFANT A RERWTZHRET
X, oA A4 Rid CK19 B3R5
THY, IBEORHMER LT\, S5HIZ,
SOX9, CD44 MHPETH ¥, invivo THIZE &
AR Ch s = OE R C e SR B N g ) )
T D AREME DN "R X 7=, TGFPL HilliE
\ZEBW T, CK19, SOX9, CD44 i8-8l



TGFB1l OFIFLIZ L Y Control & ik L TH
BTN L7, oSMA X Control TIX&ME
TohoTleDIZHK LIGMEIZER U7z, Collagen
Type 1, Fibronectin 711X, Control & kil L
THEIZEM L,

C-4-2. DNAHE - i~ — 7 — 55 2 F A%
& LT S R L PO R I KL DR A
R

Pe 5 Wl [E] #& T W 51T, HCBD, DMN,
EHEN, AOM, Disperse orange, Monuron, NFT,
Quercetin, 1,2,3-TCP 2 ) BDCM ¢ 5-#£12 35
WA B R E I 253D b L7,
8 #F £ |Z HCBD, DMN, EHEN, AOM,
Disperse orange & TN NFT #¢ 5-8F, K &lT
EHEN, AOM # 5 CIRAE O ) 2 7 L7z,

HCBD, ADBAQ, 1,2,3-TCP, 8-MOP % 5-#%
T UL A RS/ 6 R O N, 0.2% CBX,
LAT, Monuron, NFT, Quercetin, TCEP, BDCM
B GHETIEB R EEOHINDS, HEFH 7Y
AEZZb> TR b, 7z, DMN,
EHEN, AOM # 5 CIXB et O T
K OVE > E & O N, Disperse orange % 5-
FECITE S EREOET, 0.04% CBX, 1%
Neomycin 58 TIXE X EREOMEL TN
s b LTo, AT IC S T, ADBAQ,
Disperse orange, TCEP, 1,2,3-TCP, 8-MOP #%
5B CHaet/AH kS48 1, HCBD, Monuron,
Phph, Quercetin, BDCM, HQ ¢ 5-#f CFA %} #
O N 73 BL%2 S 7Lz, DMN, EHEN,
AOM, NFT # 5 TIIFHE HEDIR T,
1% Neomycin $% 5-#f T I3kt /F0 %) &
DIKTFRBE ST,

HCBD, ADBAQ, DMN, Disperse orange,
0.04%/0.2% CBX, 8-MOP #¢ 5-# Tl AR
#i%, DMN, AOM # G- TIZRHEIZB T 5
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&% JE M A8 2 i2 1, HCBD, EHEN, AOM,
Monuron, NFT, 0.2% CBX, 8-MOP # 5-#C
I PR M4 b B2 R B o> 28 14/ 58, HCBD,
ADBAQ, NFT # 5B CIFRME LE~D
I Bt RERI TR & B8 N, LAT, Monuron 3% 5-1¥
TITRANE BRI B 580 KA
D3, FEABHE O R /e N4 7~ L7z, Phph,
Quercetin, TCEP, BDCM, HQ ¥ 5#£C% =
LD OFT AN BRIICBIEE S, gt
FTHAEBEEXRELNL R P51, 1%
Neomycin & T8 1,2,3-TCP # 5.8 TiE, 15
DR BIRARIIBIE SN o Tz,
BREOBIRME LEMRIZE T 5 y-
H2AX AL % So /R AL - OISR L 72
F, xHREECIXG Y E IR Th o 7o DI
%t L, HCBD, ADBAQ, DMN, EHEN, AOM,
Monuron, NFT, Phph,
Quercetin, LAT, 1,2,3-TCP, BDCM, 8-MOP #¢
HRECIIRE £ 7 3B AN B 2B 1T
% y-H2AX IR OF B RN FEO i
Teo BEMEFERD AWEREEETIE, 0.2%
CBX #G-REORENHINEIZB N T v-
H2AX JERL DA B 2R EEIMNA 2 b T- D%t
L, 0.04% CBX #&5-HE Tl EEL R U L
~JLiz & & o 72, Neomycin, TCEP, HQ
B HBETIL, v-H2AX FERROFHEITED
oz,
C-4-3. EIn#MED AOP BA%E

AR BRI E O O AR 2 A
T LHEZIZ AV 2 DNA unit O 7T A
~—% v h HI~H42.9 ®WN, H1~H13 |3z
GREIR, H18~H42.9 13 FFHA 5 AE e 2 f HH 5~
LHZENTED,

KU 7 v —F PRz O T T,
DNA HEZFE R L2 WVWFRMFITEWT,
RNAPI 37k DNA H12 13 H1~H13 D5 5458

Disperse orange,



15,00 DNA O H 93— |7 T % —F T, 4%
%ﬁDNAE@%%ﬁ@RNM&ﬁmDmx
2T, R EAEIk O T % HI & H4 D DNA
BRI Z SAFIET D 2 DRSS LT,
FE 72, DNABEZFHH L2 WRFIZEB W T,
YH2AX, Ku80 % % LIG4 7k DNA HiZix
rDNA unit 258D H1~H42.9 7345 — (217
TEL TV DM, 6508 DNA %a{%%%éﬁﬂ%@
yYH2AX, Ku80 & O* LIG4 71 DNA (2
HI~H42 R & 512 y<ﬁfb-%@¢f%
KFIZ H18 M2 OV H27 @ DNA 1803 % < 174E
THZENRINT,

£ 7 v —F PR E W fi#T T
fmmxk mﬁéﬂmAiiﬁ%ﬁ%%

X WHER L, FFlZ, HI8 & TN H27 @ DNA
TRV LR &z, [FAERIZ, ATM
& T 5 (DNA EILERAMRIRE 1T L 0 1
KL, FlZ, HI8 LY H27 @ DNA Ik 5
WZ LIRS NIz, £D—J7 T, MREI1 K&
OYBRCAI1 & 3E303 % rDNA IZ2W\ ¢, 284+
FRO B & ARBFHZE D 53 1DNA ETo
& PRTEIC RE BT A ONR o7

S, SRV L 0 895 1DNA &Y
imm_ﬁﬁ_ﬁyﬁé:&ﬁ%émto

C-4-4. BEIEE - FMELDOS T A T =X LI
Fa'gﬂ“élﬂi‘ju
[0 3 ]
EBR 1 APL % 5-8F CIXEBRMIM 4@
IREHEININEI 2358 B4, APL 100 mg/kg ﬁi
TIESEBRBM 1 226 2 %12, APL 150
mg/kg BECILFERRBLS 1 0D 4 BZ TS
TxPMRRE L il U CH B R IRME 2R LTz,
Mg AL R T, BUN X O'sCre & b
\Z APL 100 mg/kg BED HHAMMEM %2~ L,
APL 150 mg/kg B CIIAE R BN Z R 7=,
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R E R OWIE TIE, APL 100 J OY 150 mg/kg
BE & b IR & OV % 81 8 08 F SR A7
RS THBICHM U, B A
ERWIZT U TR Ly RYAIZ X5 e
45@%%% %, APL 100 }% 0" 150 mg/kg & &

(2 FHVE DB FHRAE D B 5 7> 72 H3 N0 2 58
@ko%ﬁﬁﬁ®%MLk%@?1%ﬂ
BITIED 2 WIEEMR L TBY, 2hbo
PRAME 1T Y a2 C CDA4 [ 2 o= LTz,
B 2 REHFIEICH VT VAN 505
BIIFRO SN o T, MIEAEL AR
A TlE, BUN OF E 22 EA VAN 200 & OY
400 mg/kg #EIZ, sCre DA E 72 = EA VAN
400 mg/kg FHIZERD HiLTz, B HEENE T
1%, VAN 400 mg/kg FEIZ 30 THEkT & UHE
MNEBOHBRBEMBRD bz, vV
U ALy RYTliE VAN 200 K& T 400
mg/kg FEL & (T 22 B RRRHE O HE N 2558
D B, BIRBRMEORIN L 72 sEkIc BT 5
PRAME I TIEIES DT ZEM L TR Y, %
Yeft |2 C CD44 [t 2 7R LTz,
B3 REMHEICIB VT PAN B 5- D8

RO LN o7z, MIEALFRIRAE
T, PAN 12 mg/kg #EIZIW\ T BUN OF
HARER R v, B HEENE T,
PAN 12 mg/kg BEICE W CHXTEEOAE
@%Mﬂmwantommsﬁoun@@
BE D B M C IR BR AR B OVR A 45 e
@?6%&ﬁﬁ%ﬂk%@@,&9?x
Vy}w:ié%%ﬂb®§%5’%uvmﬁg
DIBIFARHED B & 2 INTER O b T,
PERR/ZERE IR Bl SN e o Tz, &
72 CD44 OFEREIZB T Y, BPEE R
FTIRAE TR SN2 - T2,

(404 ]

YU TR Ly REEE KDY oSMA G



B TIE, ENEN OGRS APL & 55

TIEXREE L i L CHEICHIML Tv
720 HE YA & Fu 7= BRAE AR 2o fig
HriZdWC, APL BE5-EIZ 31T 2 e Ip
N O JRAIE IXIEE & 2 VI ZEM LT
7o SR AIMRT TIZ 2 S O SR
BIX CD44 It Z R L, APL e H5-RED
CD44 [ JRAIE 130 HREE & bl L T E

WAL T ie, E£72, CD44 [k IR ME
OEIFTT Y U A Ly REEMERAE R O aSMA
PEPEmEfE & IEOBE A R Lo, @t
PG ClE, APL I 5#FIZHB VT CD44
B PR A O T I aSMA BRI it 53 e
AREINT,

~A a7 AT —H %R GO kT
T, PRAR/ZEMRPRARAE |2 3\ Tl R
R 5B REORBN LR L TR
D, N7 AR—=Z =K M & W o T2 R
A DI B 2 BAR T HEO R BLAMK
TLTWe, /SR T = A T, CD44
1% fibronectin DREAICEEI 5 Fnl Z & 1ok
HEALBLE B AR FREO BB AFE L T D
ZEMNRENTZ,

FIE AT LV RME Db~ — T —
DIEBLA R LT /G R, YRR/ Z M RS <
< AQP1 } OY N-cadherin D FE BN 59 & 5
WITHALTEY, 2RIt E
RTIRIE O#IE APL 5 BEIZR VTR
ML L CTAEICED LTV, £
72 AQP1 } O} N-cadherin (25 % 7~ §7 R
F OHUL CD44 BHIEIRANE DL & ié@*EIB‘é
o Lz, #@ft “HAEY T, CD44
1< AQP1 } OY N-cadherin & HEfLIY) 72 38 Bl %
R LT, SR~ — I — DR T, Rk
FEME R AN 1T vimentin & OV aSMA (Z [514: %
7L, ENENDBGHERE DXL APL $¢
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HREZ B W TR AR & i L THEICH
ML Tz, F 7 vimentin 2 (Y aSMA |25
M2 R RAE DT CD44 B R AAE D
B L IEOMBEAEZR LTz, 8Ot _HEmFEY
6, ClE, CD44 1Z vimentin & O aSMA & [A]
—DRMEICIBOTRIL T, —7,
RN~ —J— T 5 collagen type IV L
nidogen-1 DHEYLE TlL, CD44 Bt % 7R
J LR/ MG PR A D JE P I8 I JEJE L
Te BB AR D T2,

Fibronectin ¢ 4% Yx £, "C X415 5R/Z M IR

A O JE PRV B B ROG 2358 BTz,
Fibronectin B A 1L APL B G-HEIZ 35T
SR I L CTHRICHEIML TR Y,
CD44 PPEIRANE OF L IEOMB 278 L7z,
HOL T EGE YA TIE, CD44 B IR A
D JEPHIZ fibronectin D [5G350 H AL
72o —77 in situ hybridization (233 T, Fnl
mRNA O %8 BLIE )V oD #AE 2 M e 120 2
T APL HG-HEDPLIR/ZMRAE 2B\ T
HEIRD BT,

VIAZ TRy T 4 TEICED
CD44 DI BUFEHT T I, B MM & OVFR
H1Z CD44 KR 703 R fERE STz,
APL 5 HE TR IRAE & i L TIRED
AREBREMEZBOTZZ LD, RO
AL TWeWnWeEx bz, 7 ELISA
HEIZ & 24 Ci, i CD44 {73 APL
FHREC IV TR e & ik L TR RIS
ML TRY, miFH CD44 fHIXE ki3
F % CDA4 IGVERMAE LR O ) U A Ly
NGt mfE & EOMBEZR Uiz, £72&
& PCR (T &V APL 5B TIiT CD44
standard isoform 23 =FEHL L T\ 5 Z & 23R
Sz,

[5Fn 5 4]



CyA BERETIHXT U DAL v R
(2B 2 s TR AE LSRR AN N L T T,
FRHEALIR AN O JRINGE I X ZE0E, PEsR & 2 W
TR L TV e, b DORME L CD44
\ZBPEZ R L, CD44 BhtE R O 5T #R
He(L RS & EOARRE AR LT,

~A a7 LAIZBITD GO T
M AL TR AR R PR AN E | iﬂ\fﬁmﬂzﬁa
& LRI A B I B S L B AR R
DOFRBENEML THBY, NT U AR—F—
&Uﬁ%kwotﬁﬁﬁ®$@%**%

T 5 BB RO LT,
F N AT = A R TIE CD44 1
fibronectin 1 (Fnl) % & ToRpiE (LB EE
F O ERRET- & LTt &z,

Fo SRR FHIRAT I B T, BRI AN
D ZEAEAEIRNER RS CIETAL R 53
{b~—H—>D AQP1 DFENHA L TEY,
AQP!1 [GMEFRHIE DEIT CD44 BotE RARA
D EADHEAEZ R L, 12 b0
JRAME CIEfEER~— A —TH D vimentin
MNEBLL TE Y, vimentin B RE D
13 CD44 [GPER IS D% & IEDOFBI %27~ L
Too O THBEYAICIVT CD44 1
AQPl & FH I HEM A 22 Bl 2 7R L,
vimentin & (ZHHFEHL L Tz, M ILE
DEBERBRBERERDO—DTHDLT7 471
X7 FrOBEEEREIL CyA &5 W
THEBEIZHML TRV, CD44 Bk R ME
EIEOMHBEE R LTz, EER~—H—T
& % collagen type IV DO FfEYuta T, Brifk
AT 22 PR OD IR 87 T DR o B L IR L 7
FEEPSBIZE S Tc, CD44 O iK1
fichhy 74 Taux s FrEa—KT5
Fnl ® mRNA [ZIEF JRABE & b U CgfEdb
Ji5 25N O JRAAE DA 1T I VTN L

=

27

TWED, 74 70X F o E R\ 73%
B D IRME O JEPHFEIZIEAE LTz,
ELISA {12 X % IfiLiE CD44 B O HIE Tl
CyA 15 KT 30 mg/kg & G5EEICB W TEN
et REE & b L C BRI R OV B
EHER LU, F2MmiE CDA4 1T B
BT %5 CDA4 B5 RS O K% O i
FE & IEDOFB &R LT,
UT7WHALPCRIZED CyA HERET
X CD44 standard isoform A E R L T\ 5
ZENIRS T,

C-5. OECD (Z#2 4 % BB S Al e
OECD 7> b D F AL~ DRI

C-5-1. SPSF
HADHLLT D SPSF A4 H L7z, #2i

(ZHT= 0, BATEE L bR EZRE LT,
[5Fn 3 4]

1) Epidermal Sensitization Assay (EpiSensA):
An In Vitro Method for Identifying the Skin
Sensitisation Potential of Chemicals

2) Use luciferase

of an interleukin-2

lymphotoxicity test for identifying the
immunotoxic potential of chemicals that is
caused by anti-proliferative effects
WFNHEF 4 FD 4 FITIEERENIC
oo,
[5Fn 4 4]
1) Proposal for a-Sens® as FBS-free test
system for detecting Key Event 2 (ARE-
Nrf2 activation) of skin sensitisation.
Proposal for TG 493 (Performance-Based
Test Guideline for Human Recombinant
Estrogen Receptor (hrER) /n Vitro Assays to
with ER Binding

Detect Chemicals

Affinity) performance and acceptability



criteria to make it realistic.

WL A 5 FD 4 A
#HoTo,

[5Fn 5 4]
1) TG for Bhas 42 cell transformation assay
2)

WAEZER

Guidance Document on an Integrated
Approach on Testing and Assessment
(IATA) for immunotoxicity
3)  Me-Too validation of the reconstructed
human epidermis EpiDerm model for the
EpiSensA method
4) TG455  Performance-Based  Test
Stably

Transactivation In Vitro Assays to Detect

Guideline  for Transfected
Estrogen Receptor Agonists 2 iE

B, NET T A, A)TEE K OKE &

DILFHERTH 5,

R6 D 4 ] IT/E3ERTHI

o7,

2,1 KOV2)iE#H 5

C-4-2. Emerging technologies in the Test
Guidelines Programme (Z B 3 5 U — 7
av/

Lesson and Learned for a Validation Study &
WO BT FIAGE8 A3 ISR L7z, =
DIFERE % 5 D208, E ORISR DDA I
D HANCPfE ST,

C-4-3. Stakeholders Workshop on Operational
and Financial Aspects of Test Methods
Validation
A SH12H ICOECD TR 727 — 2

va vy IZBWT, BHARNLOERAE BT
MFERTE D LI FHITEAERE L &b
(i 2 AT A, R SERE O R &
D, AAOERE MIUIEEFETE,
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C-6. mPEFE AR A
OECD IATA Case Studies Project Ti%, AOP
TRl O TATA ~T5H L7350

T BN ZS>OH 5, AOP 1L, V—R7 7
1 2 7¢ N MR 1 D < BRI R O
HMEICAEHTHDLZ LIL, <GBk T
W5, AOP ZH#ERT %5 MIE °4% KE %l &
3% in vitro #ERIT, BETHIO AN HEEM A
WS, FGEEELRODL ETHMTH D
LEZHNTND

AL 4 D AOP W e — AR ¥
T4 &, iR E LT 1 DI AOP & —
ARABT LIZONWTHAE L,

T AABT 4 TSN e D T VIR
VEBIZE DV — T e R EHWE 2-F
JVEERRD 90 H I E#H-#E (OECD408)
FH X, IFIEIAEICEES 282> AOP
G LT AOP Xy N —7 5L, &
ZICNEEh D MIE & KE #3L, U —
N7 7 a2 L0, Bt I A~
K wvw Z & % PBPK  model
(physiologically-based pharmacokinetic model)
EHEEL, 7 v b, b MIBTHRO0ERH
BEEAREMH L, BFoOFE#EM MIE 7=
7 7 A VORI 2R FHE AN < G S A7z,

~ oL,

FFIZ,AOP 2y hT—2Z L) a7k
DOIFENWERE, — 5, ZIRWE D invivo

T—H DI ERLAOP R v U — 7 PRI
WTHD DN DT,

3D — A A Z T 11X, BaER & T
L2V R Y 2 7 57T (NGRA) @ IATA
U—r77u—%REL, 81T, BRSE
DT D, BEAAHEROINEIZ K DR OHE
i, WHEIREE OHEE MG O E, FEE)
W FIEIZ K DR A MR 72 & D



BtBEA T, TTC U — K7 7 m X2 kY
UAZ5HIZ1T 5 & LTV,

MR OB JE & FFEHITFIEICES <L

YR EENHM Y —7 7 a—) 1%, V—
J7u—%EL, ¥tXa=L7 hFUR
DALFESh & LT ORI OWT, ]
I U ATHS S BRER RIS L, JRIUIAT, BT
HRHERE D AOP % JTIZHFFME Y A 7 23 L
oo FEAl O B VB PE THREEZ B8 L,
TTC(Threshold of Toxicological
) N 7 4 = 2,
QSAR(Quantitative Structure-
Activity Relationship), in vitro 7R, 43 7 &
72 BRI TFEE A LTV D B0 eHl &
AL, FEEWFEICE S Y TN b IE
HaNl, — 5T, FEFICEMERY—2 7
2 — D7z, BRSO W & FEA 72 1
DIRFIINLEEL 725 Z LR E o T2,

M%7 =/ %% ) —LVEERT 4
n— 3 O IATA & W72 5 w3
X7 /XX ) —NOREM 7 = 7 %
VHERBIZE R LegdmEEas TRILZ, S F
JERAOPICBHET HE M2 /T HRE
i E W Te R B (A7) —=v 7
v R, TR T VT N— AT D
PoD (Point of Departure) % & L, FlED
BEMENZ &, RNZOFIERTHF 90
ARBRIZEEDS < PoD KV MR EN T &
s LTz, RN A TIEHL DD,
BRSO HE AR D FESE D 2 Y S0, AR I
~OEBIZOWTHERRETH Y, RIEHM
RILGEERE I H D LR S LT,

2021-8: [ JFEEAEM~D IATA O -5

=F— v ZHWIZNGRA 7 L — LU —7
D FEGE-1 1% OECD |2 THKFR éhﬂ\é&
JEEAE AOP IC D &, fEE /730 (DA) |

Concern ),

—
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v, REREMEE PRI L7, DAIXRMFIC
K BRI HWr &2 S EE T, in vitro FRERSC in
silico Y —IVDFERZE, HHNLDED B
TeT — ZRRFNRICESEMRT 5 2 & T,
FERRL o THIE UKo N2 FETH
%, OECD GD256 & OECD TG497 |[ZF0#
NTCWBEF S O DA Z Mt L72, WoE
(Weight of Evidence) & L CTOfEHIZIT4TF
BHIRBISHF BT, DADT —4 & v
DT &7 EORHERIEDTERN B - T,
T TICEREBR O FERE A IE STV D
Lt R D =— X253 %, NGRA 7 —
7 7 v — g U7 SeEE, SR g s i
B H AL TN D Sk Jete i) 7o FEB AR
LT MY =L EHEEICHW A, B A
RDOFRERRIZ L FEMIMEN R L 22 D 5
PSBUBRTR U,
HAOPHFITHL [TV —NT La—
TR IR T AT LD TATA % H
W HE Mg R G BEO Y — R7 7\ X
X, #51&, in vivovitro D TK(Toxicokinetic)/TD
(Toxicodynamic) bRy, W9 FE BAEH
DOILBYEIZFE B U, R E R O s
M7 — LT a— R EEE ST 5T E
FRE L, V—R77rRAILY#EE
A U7z, JAEEZAR T — Z 12 K D WoE 23 il
=5, invivo T — X DRERLEIZET
DEEMMEET BTz, AOP D KD 7o mghk
FFamrsT eb, Ll E R LRI
RORDRLZHOWEE T ) —{LL T
— 5N T & 2 AUZBLRIZR Y,

D. B

D-1. AOP D BR%

D-1-1. #fE#HMED AOP

AOP 154 |22\ T, S mtt & v 9 g



B O TRNER Y FHA T d > 7228, LA
R EIT L E B 25, ZOERE
LT, 1983 DA AMERRSEAEIC K 5 IL-2 &
forsun—=2r7%¢ (IH) HBRELL
LA INY=a—)f L EEX—
(CNDT&® D FK506 (#7271l LX) DI
REBRIEANZET b5, s
HE D, FIEFMEFERIT IL-2 KO OFEL
PREMF IR 2 AT D EH Lo
722 EMAR AOP FRNLIZDMMN~ =2 & &
R L2,

AOP277 (2O T, M58 review (2% hts L
T AOP wiki % KIRIZEIE L7254, OECD
KO ERITEKROERE 27, ZHHIZ
DUWTIE, IATA FENLIZ %545 AOP % v k
T — 7 HEROBLED, D AOP & AO X°
KER Z#HAHF L TV T EREELEEZ BN
77

D-1-2. D AMED AOP

FCICHD £ &L, Ty b, vwU
A, NI A =BT DACFEE 5
FEDS A DGR FRAT OFE R, AFH S i 55
DORIERIFZENE, 5K & OEEBEEOR
HEIZRAMR 72 <, — BT EFH MO
HIRE T ME 2 R 98B AL & BEE L T D ARE
PER® 0, 73 1 BAdEA R M ORI, B
BERMER N AME L IEBEFEIERD ALY
BOBTEBEL TWDAREMEN SV & E
b,

D-2. TG }2 " DRP DB %
D-2-1. B R

BEAED TG Td 2 B Ji A EE R A
ADRA (T LTI, R E DL HE K UEH
Bik%Z, DPRA ICB L CIXEEEEZ &

30

TG442C DFHSE % 72 L7z,

F70, BEIFD TG T % G EAEERER
L IL-8 Luc assay % & T» TG442E D
ExEITZEMTET,

H A CRHYE S 72 S EAEMEABR O TG
2, tORBIEDORIZ k A3 R
Do, ZORELEETHLEBER D,

D-2-2. 60 % F R

TEEMERBR A oS FmIEICET S
in vitro TG OBIFIZRIFIN /2, 2T ET
bR ZZL TR, EHbmA T
%, OECD I, 29 L7zmifflo7en TG %
BAFET D720, £ 1L DRP 2R L, £
FHD 0 TREFEMERBRO TG 1EA E TilE
W T &7, RAFEIZDRP /A% L, RS54, in
vitro S TR O IL-2 Luc assay @ TG
HNFTETZ, 5T IL-2 Luc LTT O
LD L TODH, WThoRERIED
B CII s m it 2 3l T & vy, 51%,
Z OB ORBIECE M ALK L T <
72, IATA OB #0ns, 22
TTERVWEZNETD DRP X TG 34
ETCIRNZ NG, JZEOME ET LD,

D-2-3. B has42 ffi fal JZ B A a5 o> TG B
3

Bhas 42 CTA OFIZRET 2 5 S04~
ML TEY, 4% % Bhas 42 CTA DT
%, ZHE D OMHTIZ LY, Bhas 42
CTA (BT il EisuEfE s v R T
DFENVEFE L OFENPRIND Z & T,
Bhas 42 CTA OFHMEN LV IS b
D LBpns,

DN AT RIEER & LT Bhas 42 CTA
DOEIL, Bhas 42 CTA OO HEITY



b5, BEHmERRZ T CIImH TR
WRNAWE, ThebbIFRRFEEEN
AVENGTXC)DIRIHCTH v, BinmEER
B & Bhas 42 CTA O3 v 7 U —AHHHE
Bhas 42 CTA @B O HAJIZ 07”_‘60)“(
» 5, FEERITZEOTHIZRIT Concordance
89% M N Sensitivity 93% D Eifi & 72> 72 2
LMD, BPEOENTZFED AT HRT
¥HE, 4% b Bhas 42 CTA O A H 7215 FH
ELTRTZENARETHD EBEZ DI
77

Bhas 42 CTA @ SPSF JFZED#HIZEB W
Tix, MEE i) 1328 TdH o7,
NGTxC * IATA 2B T BEHT v A D
TG HE#E % O NGTxC * IATA O A X2 A
F#:%ykkbf@%%$m#,
NGTxC * IATA (Z8F 55 % O & O
#£ 73 Bhas 42 CTA @ TG LI T T’CEf;Zg
M HEHETH D LB X BT,

=k A

D-3. IATA @ B3

D-3-1. FEBEIEmIERNANED TATA B3
~DW)
IATA BAZE B WL, LT v B A ED

ARPECHOWTIERT S &30S, 7oA
ROFHh @GN RS D KD, 5l &k E
W aHe T DERDH D EEZ BT,

D-3-2. JtEM AOP & IATA

FEHEMEO R\ EMEREE S X T A
Z 81 LT AOP 72 & TNT TATA 1ERICIES
L7z, BRI wiki ICATI L7 AOP #& S 6
(ZHERE L, YERBEIMEIC BT 2 @it A 7 —
RIZHESEZ L TELDITEYE L, ST
MCET L2 DICHESETZ, ZD AOP
EHLEIWZIATA 2T v 77— 3oL ed

31

iz, THEHIR BT A mAE S <N, L
T RER ZHBICHRE L, WETLE
IATA 1T HHZE S WNT O 2 2 > RO
FIC xS L CEEEEEIT - 2 E,
2024 4F 4 AT KRB ST,

D-3-3. FEiEMRE RSN T DT BT
(2B 2 U

ARG KD D, FEIEMIR B, R CITENE

Hradthis 2 BT, BELARITIITR B2

WERE L LTiE
- 223 SRR LA O Ak i YR B BE oD AR I H
DEEt

LEM, FEMEOH 5 EREEHT 57
W, BREESEMIC L o THESZ T 2 HIERE
AR
CEIRPEA R LN D, Bk T
a kL DORENT
ENEZ LI,

OECD /b D EWE4E (in vitro DNT A
A H o AE) ICELTIE, 3 A s
DOEEICFRELIEART A X ADE -
BRSSO W T, Gl D RS 3 72 &
NTWLEMPEEAZ TN, —F
T, BUTD invivo iR & DOXFIES0, ik~
THEIZ OV TORRHIZ DN TILREEAR
T2 N D EEZ BT, invivo iR
B & in vitro R TIT O 57 Tk & 15
LINDFERDOT Y v P ZIZONWTIE, &
DICHEm RO DMLENDH D,

D-4. AOP KON TG D EBRT — & L2

D-4-1. In vivo EAHEEMED & 5 in vitro 751
FHERIC LD AOP KON TG D 3B
T — 5 Ik

AWFIETIE, IS THARE MR ONT AT i



\ZBWNT, in vivo EFHBIMED & B in vitro 7
PERHIRIZ L D AOP KON TG D FEBRT — ¥
AR, S BT, REFIEICHBUV T AOP DRRAZIC
WHETHHRAESLZEEAME LI, &
3~5FFEzZ@ELT

B ERACE T D EMEREm & LT in vivo
& invitro DFERZ NG 2 B D FE A ORGE
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Foreword

This Adverse Outcome Pathway (AOP) on Impaired Interleukin-1 Receptor Type | (IL-1R1)
signaling leading to Impaired T-Cell Dependent Antibody Response has been developed under
the auspices of the OECD AOP Development Programme, overseen by the Extended Advisory
Group on Molecular Screening and Toxicogenomics (EAGMST), formerly an advisory group
under the Working Party of the National Coordinators for the Test Guidelines Programme
(WNT) and the Working Party on Hazard Assessment (WPHA).

The AOP has been reviewed internally by the EAGMST. The scientific review was conducted
by experts nominated by the WNT. The WNT and the Working Party on Hazard Assessment
(WPHA) endorsed the AOP on 6 July 2023.

Through endorsement of this AOP, the WNT and the WPHA express confidence in the scientific
review process that the AOP has undergone and accept the recommendation of the EAGMST
that the AOP be disseminated publicly. Endorsement does not necessarily indicate that the AOP
is now considered a tool for direct regulatory application.

The OECD's Chemicals and Biotechnology Committee agreed to declassification of this AOP
on 6 October 2023.

This document is being published under the responsibility of the OECD's Chemicals and
Biotechnology Committee.

The outcome of the scientific review is publicly available at the following link: [scientific
review] and the AOP corresponding [discussion page] of the AOP-Wiki includes follow-
up comments and discussions.
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Abstract

The pleiotropic cytokine IL-1 mediates its biological functions via association with the
signaling receptor IL-1R1. These may include initiation of innate immunity as well as
acquired immunity, which are essential for assistance of host defense against infection. The
trimeric complex consists of IL-1, IL-1R1 and IL-1R3 (a coreceptor, formerly IL-1R
accessory protein) allows for the approximation of the Toll-1L-1-Receptor (TIR) domains
of each receptor chain. MyD88 then binds to the TIR domains. The binding of MyD88
triggers a cascade of kinases that produce a strong pro-inflammatory signal leading to
activation of NF-«B. In addition to the NF-xB pathway, IL-1 receptor-associated kinase
(IRAK), which is one of the kinase consisting of the cascade, activates a variety of
transcription factors, including Adaptor protein-1 (AP-1). The activation of NF-«xB plays a
principal role in the immunological function of IL-1. Namely, it stimulates innate immunity
such as activation of dendritic cells and macrophages. It also stimulates T cells via activated
dendritic function or directly. The activation of T cells is crucial for B cell proliferation and
their antibody production. The cooperation by T cells and B cells constitutes a main part of
host defense against infection. Therefore, the impaired IL-1R1 signaling either by the
decreased IL-1 production or the inhibition of IL-1p binding to IL-1R1 by IL-1 receptor
antagonist (IL-1Ra)or anti-IL-1B antibody) results in the blockade of the effects of the
pleiotropic cytokine IL-1B leading to suppressed T cell dependent antibody response
(TDAR).

In this AOP, we selected the impaired IL-1R signaling as a molecular initiating event (MIE)
in T cell, and suppression of NF-xB (and/or AP-1), suppression of T cell activation,
and suppression of TDAR as key events (KE).

Although the purpose of this AOP is to elucidate biological pathways that lead to immune
suppression caused by impaired IL-1R signaling by chemicals, most of the stressors
presented in this AOP were limited to pharmaceuticals because of the lack of information
on chemicals.
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Background

The pleiotropic cytokine IL-1 mediates its biological functions via association with the
signaling receptor IL-1R1. These may include initiation of innate immunity and assistance
of host defense, and sometimes, mediation of autoinflammatory, such as cryopyrin-
associated periodic syndrome, neonatal-onset multisystem inflammatory disease and
familial Mediterranean fever. The trimeric complex consists of IL-1, IL-1R1 and IL-1R3
(a coreceptor, formerly IL-1R accessory protein) allows for the approximation of the Toll-
IL-1-Receptor (TIR) domains of each receptor chain. MyD88 then binds to the TIR
domains. The binding of MyD88 triggers a cascade of kinases that produce a strong pro-
inflammatory signal leading to activation of NF-xB and/or AP-1and fundamental
inflammatory responses such as the induction of cyclooxygenase type 2, production of
multiple cytokines and chemokines, increased expression of adhesion molecules, or
synthesis of nitric oxide. (Dinarello, 2018; Weber et al., 2010a, b; Jain et al., 2014).

Molecules like nuclear or mitochondrial DNA, adenosine triphosphate (ATP), uridine
triphosphate (UTP), uric acid and high mobility group box 1 (HMGB1) are classified as
damage associated molecular patterns (DAMPs). DAMPs are secreted or produced upon
cellular injury or death and induce sterile inflammation. On the other hand, bacterial
products like lipopolysaccharide (LPS), peptidoglycans, lipoprotein flagellins, bacterial
RNA and DNA are some of the well-characterized pathogen associated molecular patterns
(PAMPs). These DAMPs and PAMPs with a few exceptions bind to pattern recognition
receptors (PRRs) such as toll-like receptor (TLRs) and nucleotide oligomerization domain
(NOD) like receptors (NLRs). Proinflammatory mediators such as DAMPs, PAMPs, and
various inflammatory cytokines or mediators including IL-1p itself activate innate immune
mechanisms in the host leading to IL-1p production (Handa et al., 2016; Newton and Dixit,
2012; Yang et al., 2017). Besides transcriptional regulation and posttranscriptional level by
RNA-binding proteins, pro-IL-1p protein requires proteolytic cleavage by active caspase-
1 as the effector component of stimulation-induced multi-protein inflammasomes to
acquire functional activity. Altogether, these different layers of regulation allow to fine
tune IL-1B production under different pathophysiological conditions (Bent et al., 2018).

Therefore, the inhibition of various targets in different layers from the stimulation of PRRs
or the receptors of proinflammatory cytokines, e.g., IL-1, IL-18, or TNFa, to the activation
of NF-xB and/or AP-1 or the inhibition of posttranscriptional regulation of pro-1L-1p cause
impaired IL-1R1 signaling. In addition, since IL-1 also mediates autoinflammatory
syndromes, such as cryopyrin-associated periodic syndrome, neonatal-onset multisystem
inflammatory disease and familial Mediterranean fever, several inhibitors against IL-1R1
have been developed. They are IL-1 receptor antagonist(IL-1Ra), anakinumab (anti-IL-1§
antibody) and rilonacept (soluble IL-1R). Several reports described that the administration
of these drugs led to increased susceptibility to infection(De Benedetti et al., 2018;
Fleischmann et al., 2003; Genovese et al., 2004; Imagawa et al., 2013; Kullenberg et al.,
2016; Lachmann et al., 2009; Lequerre et al., 2008; Migkos et al., 2015; Schlesinger et al.,
2012; Yokotaetal., 2017). In addition to these human data, the experiments using knockout
mice revealed that the lack of IL-1 signaling led to bacterial, tuberculosis or viral
infection(Guler et al., 2011; Horino et al., 2009; Juffermans et al., 2000; Tian et al., 2017;
Yamada et al., 2000).
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Summary of the AOP

Events

Molecular Initiating Events (MIE), Key Events (KE), Adverse Outcomes (AO)

Event

Sequence Type Title

1D
1 MIE 1700

Impaired IL-1R1 signaling in T cell

Short name

Impaired IL-1R1 signaling

Inhibition, Nuclear factor kappa B (NE- Inhibition, Nuclear factor kappa B

(NF-kB)
Suppression of T cell activation

Impairment, T-cell dependent antibody

Impairment, T-cell dependent

2 KE 202 kB)
3 KE 1702 Suppression of T cell activation
4 AO 984
response
Key Event Relationships
Upstream Event A EOTEE
Type
Impaired IL-1R1 signaling in T adjacent
cell
Inhibition, Nuclear factor kappa B adiacent
(NF-kB) ]
Suppression of T cell activation adjacent

Stressors

Name
IL-1 receptor antagonist (IL-1Ra) (Anakinra)
anti-1L-1b antibody (Canakinumab)
soluble IL-1R (Rilonacept)
anti-1L-1b antibody (Gevokizumab)
Dexamethasone
minocycline
Belnacasan (VX-765)
Pralnacasan (VX-740, HMR3480)
Cinnamic aldehyde
Dimethyl fumarate
curcumin
iguratimod

Inhibition, Nuclear factor

Suppression of T cell

antibody response

Quantitative

SVILETEE Understanding

Downstream Event

kappa B (NF-kB) High Moderate

activation High Moderate

Impairment, T-cell
dependent antibody High High
response

Evidence
High
High
High
High
High
High
High
High
High
High
High
High


https://aopwiki.org/events/1700
https://aopwiki.org/events/202
https://aopwiki.org/events/202
https://aopwiki.org/events/1702
https://aopwiki.org/events/984
https://aopwiki.org/events/984
https://aopwiki.org/relationships/2002
https://aopwiki.org/relationships/2002
https://aopwiki.org/relationships/2003
https://aopwiki.org/relationships/2003
https://aopwiki.org/relationships/2928

Name Evidence

(-)-Epigallocatechin gallate High
TAK-242 High
IRAK4 inhibitors High
Dehydroxymethylepoxyquinomicin (DHMEQ) High
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Overall Assessment of the AOP

Domain of Applicability

Life Stage Applicability

Life Stage Evidence
Not Otherwise Specified High

Taxonomic Applicability

Term Scientific Term Evidence Links
Homo sapiens Homo sapiens High NCBI
Mus musculus Mus musculus High NCBI

Rattus norvegicus Rattus norvegicus High NCBI

Sex Applicability

Sex Evidence
Mixed High

Although sex differences in immune responses are well known (Klein and Flanagan, 2016),
there is no reports regarding the sex difference in IL-1 production, IL-1 function or
susceptibility to infection as adverse effect of IL-1 blocking agent. Again, age-dependent
difference in IL-1 signaling is not known.

The IL1B gene is conserved in human, chimpanzee, Rhesus monkey, dog, cow, mouse, rat,
and frog (https://www.ncbi.nlm.nih.gov/homologene/481), and the Myd88 gene is
conserved in human, chimpanzee, Rhesus monkey, dog, cow, rat, chicken, zebrafish,

mosquito, and frog
(https://www.nchi.nlm.nih.gov/homologene?Db=homologene&Cmd=Retrieve&list uids
=1849).

The NFKBL1 gene is conserved in chimpanzee, Rhesus monkey, dog, cow, mouse, rat,
chicken, and frog.

275 organisms have orthologs with human gene NFKB1.

(https://www.nchi.nlm.nih.gov/gene/4790)

The lower level of stress-induced IL-1b expression is demonstrated in the aged murine
keratinocytes (Pilkington et al., 2018).

The IL-1b production by mouse oral mucosal leukocytes stimulated with candida albicans
was reduced with aging (Bhaskaran et al., 2020).

The baseline IL-1 signaling of the upper respiratory tract lavage was reduced in murine
newborn mice (Kuipers et al., 2018).
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Essentiality of the Key Events

The experiments using knockout mice revealed that the deficiency of IL-1 signaling led to
bacterial, tuberculosis or viral infection (Bohrer et al., 2018; Guler et al., 2011; Horino et
al., 2009; Juffermans et al., 2000; Labow et al., 1997; Tian, Jin and Dubin, 2017; Yamada
et al., 2000).

IL-1 receptor antagonist (IL-1Ra)was purified in 1990, and the cDNA reported that same
year. IL-1Ra binds IL-1R but does not initiate IL-1 signal transduction (Dripps et al., 1991).
Recombinant IL-1Ra (generic anakinra) is fully active in blocking the IL-1R1, and
therefore, the activities of IL-1o and IL-1B. Anakinra is approved for the treatment of
rheumatoid arthritis and cryopyrin-associated periodic syndrome (CAPS). Since its
introduction in 2002 for the treatment of rheumatoid arthritis, anakinra has had a
remarkable record of safety. However, Fleischmann et al. (Fleischmann et al.,
2003) reported that serious infectious episodes were observed more frequently in the
anakinra group (2.1% versus 0.4% in the placebo group) and other authors reported the
increased susceptibility to bacterial or tuberculosis infection (Genovese et al., 2004,
Kullenberg et al., 2016; Lequerre et al., 2008). As IL-1 signaling antagonists, two drugs
went up to the market, canakinumab (anti-IL-1b antibody) and rilonacept (soluble IL-1R).
Several reports described that the administration of these drugs led to immunosuppression
or increased susceptibility to infection (De Benedetti et al., 2018; Imagawa et al., 2013;
Lachmann et al., 2009; Schlesinger et al., 2012).

In a similar way, defect of MyD88 signaling caused by knockout of mice gene or deficiency
in human patient leads to the increased susceptibility to bacterial or tuberculosis
infection (von Bernuth et al., 2012).

Mice lacking NF-kB p50 are unable effectively to clear L. monocytogenes and are more
susceptible to infection with S. peumoniae (Sha et al., 1995).

Weight of Evidence Summary

The recent review of IL-1 pathway by Weber et al. (Weber, Wasiliew and Kracht,
2010a) has clearly described the intracellular signaling event from the binding of IL-1a or
IL-1p to IL-1R to the activation of NF-kB through the assemble of MyD88 to the trimeric
complex composed of IL-1, IL-R1, and IL-1RacP. The sequentiality and essentiality of
each signaling molecule have been demonstrated by mice lacking relevant
molecules (Dinarello, 2018; Weber, Wasiliew and Kracht, 2010a, b).

There were several reports that described that administration of IL-1R antagonist or
neutralizing antibody led to the suppression of downstream phenomena, which included
internalization of IL-1 (Dripps et al., 1991), production of PGE, (Hannum et al., 1990;
Seckinger, Kaufmann and Dayer, 1990), IL-6(Goh et al., 2014), and T cell
proliferation (Seckinger, Kaufmann and Dayer, 1990).

Several reports described that the administration of IL-1 receptor antagonist(IL-1Ra),
canakinumab (anti-IL-1B antibody) and rilonacept (soluble IL-1R) led to increased
susceptibility to infection (De Benedetti et al., 2018; Fleischmann et al., 2003; Genovese
etal., 2004; Imagawa et al., 2013; Kullenberg et al., 2016; Lachmann et al., 2009; Lequerre
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et al., 2008; Schlesinger et al., 2012; Yokota et al., 2017). In addition to these human data,
the experiments using knockout mice revealed that the lack of IL-1 signaling led to
bacterial, tuberculosis or viral infection (Bohrer et al., 2018; Guler et al., 2011; Horino et
al., 2009; Juffermans et al., 2000; Labow et al., 1997; Tian, Jin and Dubin, 2017; Yamada
et al., 2000). Moreover, polymorphism of IL-1b or IL-1Ra leads to the increased
susceptibility to tuberculosis, severe sepsis or fungal infection (Fang et al., 1999;
Motsinger-Reif et al., 2010; Wojtowicz et al., 2015).

Biological plausibility

e Inhibition of IL-1 binding to IL-1 receptor leads to Inhibition, Nuclear factor kappa
B (NF-kB)

IL-la.and IL-1p independently bind the type | IL-1 receptor (IL-1R1), which is
ubiquitously expressed.  The IL-1R3  (formerly IL-1R  accessory  protein (IL-
1RACP)) serves as a co-receptor that is required for signal transduction of IL-1/IL-1RI
complexes.

The initial step in IL-1 signal transduction is a ligand-induced conformational change in
the first extracellular domain of the IL-1RI that facilitates recruitment of IL-1R3. the
trimeric complex rapidly assembles two intracellular signaling proteins, myeloid
differentiation primary response gene 88 (MYD88) and interleukin-1 receptor—activated
protein kinase (IRAK) 4. This is paralleled by the (auto)phosphorylation of IRAK4, which
subsequently phosphorylates IRAK1 and IRAK2, and then this is followed by the
recruitment and oligomerization of tumor necrosis factor—associated factor (TRAF) 6.
Activation of NF-xB by IL-1 requires the activation of inhibitor of nuclear factor B (IkB)
kinase 2 (IKK2). Activated IKK phosphorylates IkBo, which promotes its K48-linked
polyubiquitination and subsequent degradation by the proteasome. kB destruction allows
the release of p50 and p65 NF-kB subunits and their nuclear translocation, which is the
central step in activation of NF-kB. Both NF-«kBs bind to a conserved DNA motif that is
found in numerous IL-1-responsive genes (Weber, Wasiliew and Kracht, 2010a, b).

e Inhibition, Nuclear factor kappa B (NF-xB) leads to Suppression of T cell
activation

In T lineage cells, the temporal regulation of NF-kB controls the stepwise differentiation
and antigen-dependent selection of conventional and specialized subsets of T cells in
response to T cell receptor and costimulatory, cytokines and growth factor signals.
Cytokines include cytokines produced from macrophage or monocyte such as IL-
1B (Gerondakis et al., 2014).

e Suppression of T cell activation leads to suppression of TDAR
T cell-derived cytokines play important roles in TDAR. Among them, IL-2 promotes
proliferation of B cells, and IL-4 affects maturation and class switching of B cells as well

as proliferation.

Th2 cells produce cytokines including IL-4. Suplatast tosilate (IPD) is known as an
inhibitor of the production of IL-4 and IL-5 in Th2 cells and reduces the production of

72



antigen specific IgE in human cell culture and mice (Yanagihara, 2013). These findings
suggests that the reduction of IL-4 production by the inhibitor of

Th2 cell cytokines results in reduced production of IgE and/or IgG1 through inhibitions of
maturation, proliferation and class switching of B cells.

IL-2 binds to IL-2 receptor (IL-2R) and acts on T cells. CD25 is one the of IL-2R.
Basiliximab (Simulect) is known as anti-CD25antibody. Basiliximab binds to IL-2R and
blocks IL-2 signaling. Clinical transplantation study of basiliximab reveals decreases in
rejections. On the other hand, basiliximab inhibits the activation of antigen specific T cells
(Kircher, 2003).

Based on these evidences, the insufficient T cell or B cell function causes suppression of
TDAR.

Empirical support
e Impaired IL-1R signaling.

Decreased production of IL-1 or inhibition of the binding of IL-1 to IL-1R impair IL-1R
signaling.

o Decreased IL-1 production

Decreased IL-1 production by macrophages or dendritic cells can be induced by suppressed
IL-1B mRNA induction or suppressed maturation of pro-IL-1p. Dexamethasone is one of
the representative drugs that significantly suppress IL-1B production from
monocytes (Finch-Arietta and Cochran, 1991). Other than dexamethasone, the inhibition
of various targets in different layers from the stimulation of PRRs or the receptors of
proinflammatory cytokines to the activation of NF-kB or the inhibition of
posttranscriptional regulation of pro-IL-1p cause impaired decreased IL-1p production.

Quite a few compounds have been reported to inhibit NF-«xB signaling by several different
mechanisms reviewed by Fuchs (Fuchs, 2010). In fact, dimethyl fumarate inhibits the
activation of NF-kB, resulting in a loss of proinflammatory cytokine production, distorted
maturation and function of antigen-presenting cells, and immune deviation of T helper cells
(Th) from the type 1 (Thl) and type 17 (Thl17) profiles to a type 2 (Th2)
phenotype (McGuire et al., 2016; Peng et al., 2012). Several studies have shown intriguing
pharmacologic effects associated with curcumin, which inhibits NF-kB expression by
regulating NF-«kB/IkB pathway and down-regulates expression of pro-inflammatory
cytokines, such as IL-1, IL-6, IL-8, and TNFa (Wang et al., 2018). Iguratimod, a
methanesulfonanilide, that is a novel disease-modifying antirheumatic drug, inhibits NF-
kB but not its inhibitor, IkBa, and inhibits the production of IL-1b (Mucke, 2012).
Epigalocathechin gallate (EGCG) has been reported to inhibit NF-kB activation through
inhibition of p65 phosphorylation (Wheeler et al., 2004) and suppress the production of
LPS-stimulated IL-1b (Wang et al.,, 2020). DHMEQ inhibits LPS-induced NF-xB
activation by inhibiting its nuclear translocation from the cytoplasm. It also inhibits LPS-
induced secretion of IL-1b (Suzuki and Umezawa, 2006).
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Other than the inhibitors for NF-kB signaling, which can be stimulated by various
stimulations other than TLR4 stimulation, there are signaling molecules that are specific to
TLR4 signaling, such as TLR4, Mal, TRAM, Myd88, IRAK4, and
IRAK1/2 (Vallabhapurapu and Karin, 2009). There are several chemicals that target some
of these molecules, inhibitors of TLR4 such as TAK-242 (Matsunaga et al., 2011) and
various IRAK4 inhibitors (Lee et al., 2017). IRAK4 has recently attracted attention as a
therapeutic target for inflammation and tumor diseases (Chaudhary, Robinson and Romero,
2015).

Beside transcriptional regulation of IL-1b production, minocycline, and two prodrugs,
pralnacasan (VX-740) and belnacasan (VX-765) that are orally absorbed and converted
into the active principle, VRT-018858 and VRT-043198, respectively (Fenini, Contassot
and French, 2017) suppress IL-1 signaling by the inhibition of caspase-1 activation.
Caspase-1 is an essential enzyme for maturation of pro- IL-1 and the secretion of mature
IL-1B (Vincent and Mohr, 2007). Recently, it has been reported that cinnamic aldehyde
suppresses serum IL-1p level in endotoxin poisoning mice (Xu et al., 2017).

e Blocking of binding of IL-1 to IL-1R1

IL-1a. and IL-1p independently bind the type I IL-1 receptor (IL-1R1), which is
ubiquitously expressed. IL-1Ra binds IL-1R but does not initiate IL-1 signal
transduction (Dripps et al., 1991). Recombinant IL-1Ra (anakinra) is fully active in
blocking the IL-1R1, and therefore, the biological activities of IL-1o. and IL-1p. The
binding of IL-la and IL-1B to IL-1R1 can be suppressed by soluble IL-1R like
rilonacept (Kapur and Bonk, 2009). The binding of IL-1p to IL-1R1 can be inhibited by
anti-IL-18  antibody (canakinumab and gevokizumab) (Church and McDermott,
2009) (Roell et al., 2010).

Several reports described that the administration of IL-1 receptor antagonist(IL-1Ra),
canakinumab (anti-IL-1B antibody) and rilonacept (soluble IL-1R) led to increased
susceptibility to infection (De Benedetti et al., 2018; Fleischmann et al., 2003; Genovese
etal., 2004; Imagawa et al., 2013; Kullenberg et al., 2016; Lachmann et al., 2009; Lequerre
et al., 2008; Schlesinger et al., 2012; Yokota et al., 2017).

e Immunosuppression by impaired IL-1 receptor signaling

In addition to these human data, the experiments using knockout mice revealed that the
lack of IL-1 signaling either by the lack of IL-1a or IL-1b or the lack of IL-1 receptor led
to bacterial, tuberculosis or viral infection (Bohrer et al., 2018; Guler et al., 2011; Horino
etal., 2009; Juffermans et al., 2000; Labow et al., 1997; Tian, Jin and Dubin, 2017; Yamada
et al., 2000). Moreover, polymorphism of IL-1b or IL-1Ra leads to the increased
susceptibility to tuberculosis, severe sepsis or fungal infection (Fang et al., 1999;
Motsinger-Reif et al., 2010; Wojtowicz et al., 2015).
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Quantitative Consideration

IL-1Ra blocks IL-1 signaling:

IL-Ira alone at concentrations as high as 1 mg/mL did not induce IL-la, IL-1B, TNFa, or IL-
6 synthesis. Suppression of IL-1-induced IL-1, TNFa, or IL-6 synthesis was dose-
dependent (P = .0001). At a twofold molar excess, IL-Ira inhibited IL-1-induced IL-1 or
TNFa synthesis by 50% (P < .01); an equimolar concentration of IL-Ira inhibited synthesis
of these two cytokines by over 20% (P < .05). A 10-fold molar excess of IL-Ira over IL-1p
reduced IL-1B-induced IL-la by 95% (P = .01) and IL-la-induced IL-1B by 73% (P < .01).
In elutriated monocytes, a 10-fold molar excess of IL-Ira reduced IL-1B-induced IL-la by
82% (P < .05), TNFa by 64% (P =.05), and IL-6 by 47% (P < .05). (Granowitz et al., 1992)

Canakinumab (ACZ885, llaris):

The antibody binds to human IL-1p with high affinity (about 40 pmol/l). The antibody was
found to neutralize the bioactivity of human IL-1B on primary human fibroblasts in vitro
44.6 pmol/l (7.1+£0.56 ng/ml; n = 6) of ED50. Application of Canakinumab
intraperitoneally 2 hours before injecting the IL-1p producing cells completely suppressed
joint swelling (0.06 mg/kg of EC50) (Alten et al., 2008).

Primary human fibroblasts are stimulated with recombinant IL-1b or conditioned medium
obtained from LPS-stimulated human PBMCs in the presence of various concentrations of
Cankinumab or IL-1RA ranging from 6 to 18,000 pM. Supernatant is taken after 16 h
stimulation and assayed for IL-6 by ELISA. Canakinumab typically have 1 nM or less of
EC50 for inhibition of 1L-6 production (Canakinumab Patent Application W0O02/16436.)

Rilonacept (IL-1 Trap, Arcalyst):

Incubation of the human MRCS5 fibroblastic cell line with IL-1p induces secretion of IL-6.
At a constant amount of IL-1B (4 pM), the IC50 of the IL-1 trap is ~2 pM. Another unique
property of the IL-1 trap is that it not only blocks IL-1p, but also blocks IL-1a with high
affinity (KD = ~3 pM; data not shown). The titration curve of IL-1 trap in the presence of
10 pM IL-1B shows an IC50 of 6.5 pM, which corresponds to a calculated KD of 1.5 pM
(This affinity is 100 times higher than that of the soluble single component receptor IL-
1RI (Economides et al., 2003).

Considerations for Potential Applications of the AOP
The impaired IL-1 signaling can lead to immunosuppression. Therefore, the test guideline

to detect chemicals that decrease IL-1 signaling is required to support regulatory decision-
making. This AOP can promote the understanding of the usefulness of the test guideline.
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Appendix 1 - MIE, KEs and AO

List of MIEs in this AOP
Event: 1700: Impaired IL-1R1 signaling in T cell

Short Name: Impaired IL-1R1 signaling
AOPs Including This Key Event

AOP ID and Name
Aop:277 - Impaired IL-1R1 signaling leading to Impaired T-Cell

Dependent Antibody Response

Stressors

Name
IL-1 receptor antagonist (IL-1Ra) (Anakinra)
anti-1L-1b antibody (Canakinumab)
soluble IL-1R (Rilonacept)
curcumin
iguratimod
epigallocathechin gallate
TAK-242
IRAK4 inhibitors
Dehydroxymethylepoxyquinomicin (DHMEQ)
Dimethyl fumarate
anti-1L-1b antibody (Gevokizumab)

Biological Context

Level of Biological Organization

Molecular
Cell term
Cell term
T cell
Organ term
Organ term

immune system

Evidence for Perturbation by Stressor

Overview for Molecular Initiating Event

Event Type

Molecular Initiating Event

Dex inhibits IL-1p gene expression in LPS-stimulated RAW 264.7 cells by blocking NF-

kB/Rel and AP-1 activation (Jeon et al., 2000).
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Dex suppresses LPS-induced gene expression of IL-1p in rat lung. (in vivo) (Qiu et al.,
1997)

Dex inhibits the release of IL-1f by human leukocyte stimulated with Streptococcus
pneumoniae stimulation (van Furth et al., 1995).

Treatment of peripheral blood monocytes with 2 mg/ml LPS potently increased IL-1p
release (p= 0.001) and Dex (10 ~* M) significantly reduced both resting and stimulated IL-
1B release (p 0.009).) (Morand, Rickard and Goulding, 1993)

Dex effectively blocks the glutamine antagonist acivicin-induced expression of IL-1p
MRNA by HL-60 leukemia cells (Weinberg, Mason and Wortham, 1992).

LPS treatment induced a significant upregulation of the mRNA and release of IL-1p from
retinal microglia. Minocycline inhibited its releases. Thus, minocycline might exert its anti-
inflammatory effect on microglia by inhibiting the expression and release of IL-1p (Wang
et al., 2005).

Caspase-1 inhibition reduced the release of IL-1B in organotypic slices exposed to
LPS+ATP. Administration of pralnacasan (intracerebroventricular, 50 pug)
or belnacasan (intraperitoneal, 25-200 mg/kg) to rats blocked seizure-induced production
of IL-1p in the hippocampus, and resulted in a twofold delay in seizure onset and 50%
reduction in seizure duration (Ravizza et al., 2006).

Belnacasan, an orally active IL-1p converting enzyme/caspase-1 inhibitor, blocked IL-1
secretion with equal potency in LPS-stimulated cells from familial cold urticarial
associated syndrome and control subjects (Stack et al., 2005).

In LPS-induced acute lung injury (ALI) mice model, LPS induced inflammatory cytokines
such as TNF-a, IL-6, 1L-13 and IL-1p were significantly decreased by cinnamaldehyde
(CA) (Huang and Wang, 2017).

The suppressing capacities of six cinnamaldehyde-related compounds were evaluated and
compared by using the LPS-primed and ATP-activated macrophages. At concentrations of
25~100 uM, cinnamaldehyde and 2-methoxy cinnamaldehyde dose-dependently inhibited
IL-1p secretion (Ho, Chang and Chang, 2018).

In vitro, CA decreased the levels of pro-IL-1B and IL-1p in cell culture supernatants, as
well as the expression of NLRP3 and IL-18 mRNA in cells. In vivo, CA decreased IL-1
production in serum. Furthermore, CA suppressed LPS-induced NLRP3, p20, Pro-IL-1p,
P2X7 receptor (P2X7R) and cathepsin B protein expression in lung, as well as the
expression of NLRP3 and IL-13 mRNA (Xu et al., 2017).

IL-1 is known to mediates autoinflammatory syndrome, such as cryopyrin-associated
periodic syndrome, neonatal-onset multisystem inflammatory disease and familial
Mediterranean fever. Blocking of binding of IL-1 to IL-1R1 by anakinra, canakinumab,
and rilonacept have been already used to treat these autoinflammatory syndrome associated
with overactivation of IL-1 signaling (Quartier, 2011).

Various inhibitors for NF-kB, such as dimethyl fumarate, curcumin, iguratimod,
epigalocathechin gallate (EGCG), and DHMEQ inhibits LPS-induced NF-«B activation
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and LPS-induced secretion of IL-1b (McGuire et al., 2016; Mucke, 2012; Peng et al., 2012;
Suzuki and Umezawa, 2006; Wang et al., 2020; Wang et al., 2018; Wheeler et al., 2004).

Several chemicals that targe some of these molecules, an inhibitors of TLR4 such as TAK-
242 (Matsunaga et al., 2011) and various IRAK4 inhibitors (Lee et al., 2017). IRAK4 has
recently attracted attention as a therapeutic target for inflammation and tumor diseases.

IL-1Ra binds IL-1R but does not initiate IL-1 signal transduction (Dripps et al., 1991).
Recombinant IL-1Ra (anakinra) is fully active in blocking the IL-1R1, and therefore, the
biological activities of IL-1a and IL-1f. The binding of IL-1a and IL-1p to IL-1R1 can be
suppressed by soluble IL-1R like rilonacept (Kapur and Bonk, 2009). The binding of IL-
1B to IL-1R1 can be inhibited by anti-IL-1B antibody (canakinumab and
gevokizumab) (Church and McDermott, 2009) (Roell et al., 2010).

Various IRAK4 inhibitors are currently under the investigation on the possibility of clinical
use for autoimmune disorders (Chaudhary, Robinson and Romero, 2015).

Domain of Applicability
Taxonomic Applicability

Term Scientific Term Evidence Links
Homo sapiens Homo sapiens High NCBI
Mus musculus Mus musculus High NCBI

Rattus norvegicus Rattus norvegicus High NCBI

Life Stage Applicability

Life Stage Evidence
All life stages High

Sex Applicability

Sex Evidence
Unspecific High

Although sex differences in immune responses are well known (Klein and Flanagan, 2016),
there is no reports regarding the sex difference in IL-1 production, IL-1 function or
susceptibility to infection as adverse effect of IL-1 blocking agent. Age-dependent
difference in IL-1 signaling is not known.

The IL1B gene is conserved in human, chimpanzee, rhesus monkey, dog, cow, mouse, rat,
and frog (https://www.ncbi.nlm.nih.gov/homologene/481), and the Myd88 gene is
conserved in chimpanzee, rhesus monkey, dog, cow, rat, chicken, zebrafish, mosquito, and
frog

(https://www.ncbhi.nlm.nih.gov/homologene?Db=homologene&Cmd=Retrieve&list uids
=1849).

The lower level of stress-induced IL-1p expression is demonstrated in the aged murine
keratinocytes (Pilkington et al., 2018).
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The IL-1B production by mouse oral mucosal leukocytes stimulated with candida albicans
was reduced with aging (Bhaskaran et al., 2020).

The baseline IL-1 signaling of the upper respiratory tract lavage was reduced in murine
newborn mice (Kuipers et al., 2018).

Key Event Description
Decreased IL-1 production

Decreased IL-1 production by macrophages or dendritic cells can be induced by suppressed
IL-18 mRNA induction or suppressed maturation of pro-IL-1B. Dexamethasone is one of
the representative drugs that significantly suppress IL-1B production from
monocytes (Finch-Arietta and Cochran, 1991). Other than dexamethasone, the inhibition
of various targets in different layers from the stimulation of PRRs or the receptors of
proinflammatory cytokines to the activation of NF-kB or the inhibition of
posttranscriptional regulation of pro-IL-1p cause impaired IL-1R1 signaling. Among
various PRRs, the signaling through TLR4 is best characterized. In addition, it is beyond
the scope of this AOP to cover all signaling through each PRR. So, this AOP focuses on
TLR4 signaling.

Lipopolysaccharide (LPS) from the bacteria binds to TLR4 in complex with myeloid
differentiation factor-2 (MD2), and this complex initiates signalling by recruiting the
adaptor proteins MyD88, TIR domain containing adaptor protein (TIRAP), TIR-domain-
containing adapter-inducing interferon-f (TRIF) and TIR-domain containing adaptor
(TRAM). MYD88 associates with IL-1R-associated kinase 1 (IRAK1) and IRAK4 and
recruits TNFR-associated factor 6 (TRAF6). This complex recruits TGF-B-activated kinase
1 (TAKZ1), leading to phosphorylation of NF-kB inhibitor (IkB), activation of nuclear
factor-«B (NF-kB) and consequent transcription of a range of genes coding for pro-
inflammatory cytokines, including tumour necrosis factor (TNF), IL-6, pto-1L-1b, and pro-
IL-18 (Mills, 2011).

Therefore, chemicals that affect the signaling pathway leading to the activation of these
transcription factors are supposed to suppress IL-1 production. Among them, the chemical
substances that affect NF-xB signaling have been investigated most thoroughly. Quite a
few compounds have been reported to inhibit NF-«B signaling by several different
mechanisms reviewed by Fuchs (Fuchs, 2010). In fact, dimethyl fumarate inhibits the
activation of NF-kB, resulting in a loss of proinflammatory cytokine production, distorted
maturation and function of antigen-presenting cells, and immune deviation of T helper cells
(Th) from the type 1 (Thl) and type 17 (Thl7) profiles to a type 2 (Th2)
phenotype (McGuire et al., 2016; Peng et al., 2012). Several studies have shown intriguing
pharmacologic effects associated with curcumin, which inhibits NF-kB expression by
regulating NF-«kB/IkB pathway and down-regulates expression of pro-inflammatory
cytokines, such as IL-1, IL-6, IL-8, and TNFa (Wang et al., 2018). Iguratimod, a
methanesulfonanilide, that is a novel disease-modifying antirheumatic drug, inhibits NF-
kB but not its inhibitor, IkBo, and inhibits the production of IL-1f (Mucke, 2012).
Epigalocathechin gallate (EGCG) has been reported to inhibit NF-kB activation through
inhibition of p65 phosphorylation (Wheeler et al., 2004) and suppress the production of
LPS-stimulated IL-1p (Wang et al., 2020). DHMEQ inhibits ILPS-induced NF-
kB activation by inhibiting its nuclear translocation from the cytoplasm. It also inhibits
LPS-induced secretion of IL-1B (Suzuki and Umezawa, 2006).
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Other than the inhibitors for NF-xB signaling, which can be stimulated by various
stimulations other than TLR4 stimulation, there are signaling molecules that are specific to
TLR4  signaling,such as TLR4, Mal, TRAM, Myd88, IRAK4, and
IRAK1/2 (Vallabhapurapu and Karin, 2009). There are several chemicals that targe some
of these molecules, an inhibitors of TLR4 such as TAK-242 (Matsunaga et al., 2011) and
various IRAK4 inhibitors (Lee et al., 2017). IRAK4 has recently attracted attention as a
therapeutic target for inflammation and tumor diseases.

Beside transcriptional regulation of IL-1B production, minocycline, and two prodrugs,
pralnacasan (VX-740) and belnacasan (VX-765) that are orally absorbed and converted
into the active principle, VRT-018858 and VRT-043198, respectively (Fenini et al.,
2017) suppress IL-1 signaling by the inhibition of caspase-1 activation. Caspase-1 is an
essential enzyme for maturation of pro- IL-1p and the secretion of mature IL-1 (Vincent
and Mohr, 2007). Recently, it has been reported that cinnamicaldehyde suppresses serum
IL-1p level in endotoxin poisoning mice (Xu et al., 2017).

Blocking of binding of IL-1 to IL-1R1

IL-1a. and IL-1p independently bind the type I IL-1 receptor (IL-1R1), which is
ubiquitously expressed. IL-1Ra binds IL-1R but does not initiate IL-1 signal
transduction (Dripps et al., 1991). Recombinant IL-1Ra (anakinra) is fully active in
blocking the IL-1R1, and therefore, the biological activities of IL-1o. and IL-1B. The
binding of IL-la and IL-1B to IL-1R1 can be suppressed by soluble IL-1R like
rilonacept (Kapur and Bonk, 2009). The binding of IL-1p to IL-1R1 can be inhibited by
anti-IL-18  antibody (canakinumab and gevokizumab) (Church and McDermott,
2009) (Roell et al., 2010).

This AOP focus on the blocking of binding of IL-1 to IL-1R1, and an inhibition or
suppression of IL-1 signaling is out of scope, because the molecular initiating event of IL-
1 blocking is simple and appropriate for developing AOP. This AOP is expected to be
applicable to any chemicals which bind to IL-1R, although such stressor has not been
reported.

How it is Measured or Detected

Real time polymerase chain reaction to measure IL-1a or IL-1 mRNA

Enzyme-linked immunosorbent assay (ELISA) to detect IL-1a or IL-1 b protein
Competitive inhibition binding experiments using *?°I-1L-1a to type | IL-1R present on
EL4 thymoma cells, 3T3 fibroblasts, hepatocytes, and Chinese hamster ovary cells
expressing recombinant mouse type | IL-1R (Mclntyre et al., 1991; Shuck et al., 1991).
Measure the ability of the reagent to neutralize the bioactivity of human IL-1f on primary
human fibroblasts in vitro (Alten et al., 2008).
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List of Key Events in the AOP

Event: 202: Inhibition, Nuclear factor kappa B (NF-kB)

Short Name: Inhibition, Nuclear factor kappa B (NF-kB)

Key Event Component

Process Object

I-kappaB kinase/NF-kappaB signaling transcription factor NF-kappa-B subunit

AOPs Including This Key Event
AOP ID and Name

Aop:14 - Glucocorticoid Receptor Activation Leading to Increased Disease Susceptibility

Aop:278 - IKK complex inhibition leading to liver injury

Aop:277 - Impaired IL-1R1 signaling leading to Impaired T-Cell Dependent Antibody

Response

Aop:447 - Kidney failure induced by inhibition of mitochondrial electron transfer chain

through apoptosis, inflammation and oxidative stress pathways

Stressors

Name

IL-1 receptor antagonist (IL-1Ra) (Anakinra)
anti-1L-1b antibody (Canakinumab)

soluble IL-1R (Rilonacept)

Biological Context

Level of Biological Organization
Molecular

Cell term

Cell term
T cell

Organ term

Organ term
immune system

Domain of Applicability
Taxonomic Applicability

Term Scientific Term
Homo sapiens Homo sapiens
Mus musculus Mus musculus

Rattus norvegicus Rattus norvegicus
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Evidence
High
High
High

Action
decreased

Event Type
Key Event
Key Event

Key Event

Key Event

Links
NCBI
NCBI
NCBI


https://aopwiki.org/events/202
https://aopwiki.org/aops/14
https://aopwiki.org/aops/278
https://aopwiki.org/aops/277
https://aopwiki.org/aops/277
https://aopwiki.org/aops/447
https://aopwiki.org/aops/447
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=9606
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=10090
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=10116

Life Stage Applicability

Life Stage Evidence

All life

Sex

stages High

Sex Applicability

Evidence

Unspecific High

The binding of sex steroids to their respective steroid receptors directly influences NF-xB
signaling, resulting in differential production of cytokines and chemokines (McKay and
Cidlowski, 1999; Pernis, 2007). 17b-estradiol regulates pro-inflammatory responses that
are transcriptionally mediated by NF-«B through a negative feedback and/or
transrepressive interaction with NF-xB (Straub, 2007). Progesterone suppresses innate
immune responses and NF-kB signal transduction reviewed by Klein et al. (Klein and
Flanagan, 2016). Androgen-receptor signaling antagonises transcriptional factors NF-
kB(McKay and Cidlowski, 1999).

Evidence for perturbation of this molecular initiating event by stressor

Dex inhibits IL-1B gene expression in LPS-stimulated RAW 264.7 cells by blocking NF-
kB/Rel and AP-1 activation (Jeon et al., 2000).

Various inhibitors for NF-kB, such as dimethyl fumarate, curcumin, iguratimod,
epigalocathechin gallate (EGCG), and DHMEQ inhibits ILPS-induced NF-kB activation
and LPS-induced secretion of IL-18 (McGuire et al., 2016; Mucke, 2012; Peng et al., 2012;
Suzuki and Umezawa, 2006; Wang et al., 2020; Wang et al., 2018; Wheeler et al., 2004).

TAK-242 (Matsunaga et al., 2011) inhibit TLR4 itself. There are several IRAK4
inhibitors (Lee et al., 2017). These molecules block the upstream signal to NF-kB
activation. IRAK4 has recently attracted attention as a therapeutic target for inflammation
and tumor diseases (Chaudhary et al., 2015).

LPS treatment induced a significant upregulation of the mRNA and release of IL-1p from
retinal microglia. Minocycline inhibited its releases. Thus, minocycline might exert its
antiinflammatory effect on microglia by inhibiting the expression and release of IL-
1B (Wang et al., 2005).

Caspase-1 inhibition reduced the release of IL-1B in organotypic slices exposed to
LPS+ATP. Administration of pralnacasan (intracerebroventricular, 50 pg)
or belnacasan (intraperitoneal, 25-200 mg/kg) to rats blocked seizure-induced production
of IL-1p in the hippocampus, and resulted in a twofold delay in seizure onset and 50%
reduction in seizure duration (Ravizza et al., 2006).

Belnacasan, an orally active IL-1f converting enzyme/caspase-1 inhibitor, blocked IL-1B
secretion with equal potency in LPS-stimulated cells from familial cold urticarial
associated syndrome and control subjects (Stack et al., 2005).
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In LPS-induced acute lung injury (ALI) mice model, LPS induced inflammatory cytokines
such as TNF-a, IL-6, 1L-13 and IL-1p were significantly decreased by cinnamaldehyde
(CA) (Huang and Wang, 2017).

The suppressing capacities of six cinnamaldehyde-related compounds were evaluated and
compared by using the LPS-primed and ATP-activated macrophages. At concentrations of
25~100 mM, cinnamaldehyde and 2-methoxy cinnamaldehyde dose-dependently inhibited
IL-1p secretion (Ho et al., 2018).

In vitro, CA decreased the levels of pro-IL-1p and IL-1p in cell culture supernatants, as
well as the expression of NLRP3 and IL-1B8 mRNA in cells. In vivo, CA decreased IL-1f
production in serum. Furthermore, CA suppressed LPS-induced NLRP3, p20, Pro-IL-1p,
P2X7 receptor (P2X7R) and cathepsin B protein expression in lung, as well as the
expression of NLRP3 and IL-1p mRNA (Xu et al., 2017).

IL-1Ra binds IL-1R but does not initiate 1L-1 signal transduction (Dripps et al., 1991).
Recombinant IL-1Ra (anakinra) is fully active in blocking the IL-1R1, and therefore, the
biological activities of IL-10 and IL-1p. The binding of IL-1a and IL-1f to IL-1R1 can be
suppressed by soluble IL-1R like rilonacept (Kapur and Bonk, 2009). The binding of IL-
I to IL-1R1 can be inhibited by anti-IL-1p antibody (canakinumab and
gevokizumab) (Church and McDermott, 2009) (Roell et al., 2010).

IL-1 is known to mediates autoinflammatory syndrome, such as cryopyrin-associated
periodic syndrome, neonatal-onset multisystem inflammatory disease and familial
Mediterranean fever. Blocking of binding of IL-1 to IL-1R1 by anakinra, canakinumab,
and rilonacept have been already used to treat these autoinflammatory syndrome associated
with overactivation of IL-1 signaling (Quartier, 2011).

Dex inhibits IL-1p gene expression in LPS-stimulated RAW 264.7 cells by blocking NF-
kB/Rel and AP-1 activation (Jeon et al., 2000).

Inhibition of IL-1 binding to IL-1R or the decreased production of IL-1b leads to the
suppression of IL-1R signaling leading to NF-kB activation.

Key Event Description

The NF-xB pathway consists of a series of events including IRAK (IL-1 receptor-
associated kinase) signaling, where the transcription factors of the NF-xB family play the
key role. The canonical NF-xB pathway can be activated by a range of stimuli, including
TNF receptor activation by TNF-a. Upon pathway activation, the IKK complex will be
phosphorylated, which in turn phosphorylates 1kBa. This NF-xB inhibitor will be K48-
linked ubiquitinated and degradated, allowing NF-«xB to translocate to the nucleus. There,
this transcription factor can express pro-inflammatory and anti-apoptotic genes.
Furthermore, negative feedback genes are also transcribed and include IkBa and AZ20.
When the NF-kB pathway is inhibited, its translocation will be delayed (or absent),
resulting in less or no regulation of NF-«B target genes. This can be achieved by IKK
inhibitors, proteasome inhibitors, nuclear translocation inhibitors or DNA-binding
inhibitors (Gupta et al., 2010; Liu et al., 2017). Therefore, inhibition of IL-1R activation
suppresses NF-«kB.
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In addition to the NF-kB pathway, IRAK activates a variety of transcription factors,
including Interferon regulatory factor 5 (IRF5), Adaptor protein-1 (AP-1) and cAMP
response element binding protein (CREB), resulting in the expression of broad array of
inflammatory molecules and apoptosis-related proteins (Jain, 2014).

How it is Measured or Detected

NF-kB transcriptional activity: Beta lactamase reporter gene assay (Miller et al. 2010)

NF-«xB transcription: Lentiviral NF-kBGFP reporter with flow cytometry (Moujalled et al.
2012)

IxBo phosphorylation: Western blotting (Miller et al. 2010)
NF-xB p65 (Total/Phospho) ELISA :

ELISA for IL-6, IL-8, and Cox
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Event: 1702: Suppression of T cell activation

Short Name: Suppression of T cell activation
Key Event Component

Process Object Action
T cell activation involved in immune response T cell decreased

AOPs Including This Key Event

AOP ID and Name Event Type
Aop:277 - Impaired IL-1R1 signaling leading to Impaired T-Cell Dependent

Antibody Response Key Event
Biological Context
Level of Biological Organization
Cellular
Cell term
Cell term
T cell
Organ term
Organ term
immune system
Domain of Applicability
Taxonomic Applicability
Term Scientific Term Evidence Links
Homo sapiens Homo sapiens High NCBI
Mus musculus Mus musculus High NCBI
Rattus norvegicus Rattus norvegicus High NCBI

Life Stage Applicability
Life Stage Evidence
Al life stages High
Sex Applicability

Sex Evidence
Unspecific High

Although sex differences in immune responses are well known (Klein and Flanagan, 2016),
there is no reports regarding the sex difference in IL-1 production, IL-1 function or

94


https://aopwiki.org/events/1702
https://aopwiki.org/aops/277
https://aopwiki.org/aops/277
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=9606
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=10090
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=10116

susceptibility to infection as adverse effect of IL-1 blocking agent. Again, age-dependent
difference in IL-1 signaling is not known.

The IL1B gene is conserved in human, chimpanzee, Rhesus monkey, dog, cow, mouse, rat,
and frog (https://www.ncbi.nlm.nih.gov/homologene/481), and the Myd88 gene is
conserved in human, chimpanzee, Rhesus monkey, dog, cow, rat, mouse, chicken,
zebrafish, mosquito, and frog
(https://www.ncbi.nlm.nih.gov/homologene?Db=homologene&Cmd=Retrieve&list_uids
=1849).

The NFKBL1 gene is conserved in chimpanzee, Rhesus monkey, dog, cow, mouse, rat,
chicken, and frog.

275 organisms have orthologs with human gene NFKB1.

(https://www.ncbhi.nlm.nih.gov/gene/4790)

The lower level of stress-induced IL-1b expression is demonstrated in the aged murine
keratinocytes (Pilkington et al., 2018).

The IL-1b production by mouse oral mucosal leukocytes stimulated with candida albicans
was reduced with aging (Bhaskaran et al., 2020).

The baseline IL-1 signaling of the upper respiratory tract lavage was reduced in murine
newborn mice (Kuipers et al., 2018).

Key Event Description

T cells are key orchestrators of the response against pathogens and are also fundamental in
maintaining self-tolerance. A number of clinically important conditions have been
described in which T-cell functions are altered, as in AIDS or upon immunosuppression
after application of various immunosuppressive drugs to treat autoimmune disorders or
allogeneic graft rejection. T-cell progenitors differentiate in the thymus into immature T
cells that acquire the expression of the T-cell receptor (TCR), which recognizes antigen
peptides from pathogens presented along with major histocompatibility complex (MHC).
In addition to the TCR, T cells are characterized by expression of the co-receptor molecules
CD4 and CD8 on their cell surface. CD4+ T cells, also called T helper (Th) cells, recognize
antigen/MHC-Il complexes on antigen presenting cells (APCs) and coordinate the
activation of other immune cells including B cells, macrophages, etc.

Therefore, CD4+ T cells are crucial for coordination of the immune response and for the
elimination of invading pathogens. On the other hand, CD8+ T cells, referred to as T
cytotoxic cells, recognize antigen/MHC-I complexes and are responsible for the killing of
pathogen-infected cells.

T-cell activation and differentiation depends on antigen presenting cells (APCs) such as
dendritic cells (DCs), macrophages and B cells. Depending on the insult affecting a given
tissue, . Different subsets of DCs can be generated that in turn are able to coordinate the
differentiation of a particular Th subset. To date, the following Th subsets have been
described: Thl, Th2, Th9, Th17, Th22, Tth (follicular helper T cells), Trl (type 1regulatory
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T cells) and Treg (regulatory T cells), each possessing a specific function in the elimination
of pathogens. (reviewed by Simeoni et al. (Simeoni et al., 2016))

Although CD4 T cells are able to commit to Thl, Th2 and Th17 lineages in the absence of
IL-1R signaling at steady state, these committed CD4 T cells are unable to effectively
secrete their cytokines upon TCR ligation. Namely, IL-1 is indispensable for CD4 T cell
effector function. (Lin et al, 2015)

Moreover, since full activation of B cells and antibody production and class switch depends
on T cell help. The impaired activation of T cells leads to impaired B cell activation and
antibody production (reviewed by Mok (Mok, 2010)).

How it is Measured or Detected

T cell activation can be evaluated by measuring IL-2 production by ELISA or T cell
proliferation by incorporation of the analysis of CFSE labeled T cells
or [®*H]thymidine incorporation.
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List of Adverse Outcomes in this AOP
Event: 984: Impairment, T-cell dependent antibody response

Short Name: Impairment, T-cell dependent antibody response

Key Event Component

Process Object Action
Immunosuppression increased

AOPs Including This Key Event
AOP ID and Name Event Type

Aop:154 - Inhibition of Calcineurin Activity Leading to Impaired T- | Adverse Outcome
Cell Dependent Antibody Response

Aop:277 - Impaired IL-1R1 signaling leading to Impaired T-Cell | Adverse Outcome
Dependent Antibody Response

Stressors

Name

Tacrolimus (also FK506)
Cyclosporin
1,2:5,6-dibenzanthracene
psychosocial stress

Biological Context

Level of Biological Organization

Individual

Domain of Applicability
Taxonomic Applicability

Term Scientific Term Evidence Links
Homo sapiens Homo sapiens High NCBI
Mus musculus Mus musculus High NCBI
Rattus norvegicus Rattus norvegicus High NCBI
Cynomolgus monkey Macaca fascicularis High NCBI

Life Stage Applicability

Life Stage Evidence
All life stages High

Sex Applicability
Sex Evidence
Unspecific High
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CNIs induced impairment of TDAR is demonstrated with rodent studies. That is, oral
administration of FK506 or CsA to mice for 4 days impaired the response of PFC in
splenocytes after intravenous immunization with sheep erythrocytes (Kino et al. 1987).
Likewise, oral administration of FK506 to rats over a four-week period reduced production
of both anti-KLH-IgG and IgM antibodies after subcutaneous immunization with KLH
(Ulrich et al. 2004). Moreover, Treatment with CsA at 50 mg/kg BID via oral gavage in
cynomolgus monkey resulted in reduction of serum SRBC-specific IgM and 1gG (Kevin,
G. et al. 2014). As for humans, in vitro experiments showed that treatment with FK506 or
CsA of peripheral blood mononuclear cells from blood-bank donors suppressed the
production of IgM and 1gG antibodies specific to T-cell-dependent antigens (Heidt et al,
2009). Also, in SKW6.4 cells (IL-6—-dependent, IgM-secreting, human B-cell line) cultures,
FK506 or CsA suppressed the production of IgM antibodies in the presence of T-cell
activation (Sakuma et al. 2001b). Considering that FKF506 and CsA reduce T cell-derived
cytokines including IL-2 and IL-4, these findings strongly suggest that impairment of
TDAR following reduced production of such cytokines occurs at least in common among
humans monkey and rodents.

Key Event Description

Antibody production to T-cell-dependent antigens is established through the coordination
of B cells, antigen-presenting cells as well as T-cell-derived cytokines, which stimulate B
cells to proliferate and differentiate. T-cell-dependent antibody response (TDAR) might
be altered if any of these cell populations is affected.

Interleukin (IL)-2 stimulates B cells to proliferate through surface IL-2 receptors. I1L-4
stimulates B-cells to proliferate, to switch immunoglobulin classes, and to differentiate into
plasma and memory cells. Suppressing the production of these B-cell-related cytokines
appears to impair TDAR, as seen in the result of FK506 treatment (Heidt et al, 2009).

IL-2 and IL-4 are produced and secreted by helper T cells and play important roles in the
development of TDAR. IL-4 affects maturation and class switching of B cells as well as
proliferation, both of which induces/enhances T cell dependent antibody production. IL-2
promotes differentiation of B cells through IL-2 stimulates differentiation of the activated
T cellinto T cell called Th2 cell. Therefore, suppressed production of IL-2 and IL-4 impairs
TDAR (Alberts et al. 2008).

In male CD-1 mice, chronic psychosocial stress (types of social outcome occurred:
residents becoming subordinates) decrease in anti- keyhole limpet hemocyanine (KLH)
immunoglobulin (Ig)G. (Alessandro, B. et al. 2003).

In female B6C3F1 mice, 1,2:5,6-dibenzanthracene (DBA) exposure reduced total 1gG
antibody in spleen cell culture supernatants after in vitro stimulation with
lipopolysaccharide (LPS) (Donna, C. et al. 2010).

Treatment with cyclosporin A (CsA) at 50 mg/kg BID via oral gavage in cynomolgus
monkey resulted in reduction of serum sheep red blood cells (SRBC)-specific IgM and IgG
(Kevin, G. et al. 2014).

After a 9-day culture of B cells and non-pre-activated T cell stimulation with FK506 or
CsA, the levels of IgM and 1gG in the culture supernatant were reduced at 0.3 and 1.0
ng/mL (0.37 and 1.24 nM) of FK506 or 50 and 100 ng/mL (41.6 and 83.2 nM) of CsA
(Heidt et al, 2009).
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After a 4-day culture of SKW6.4 cells (IL-6-dependent IgM-secreting human B-cell line)
and anti-CD3/CD28 stimulated peripheral blood mononuclear cells (PBMC) culture
supernatant with FK506 or CsA, the level of IgM in the culture supernatant was reduced at
concentrations of 0.01 to 100 ng/mL (0.012 to 124 nM) of FK506 or 0.1 to 1000 ng/mL
(0.083 to 83.2 nM) of CsA (Sakuma et al. 2001b).

Rats were treated with FK506 for over four weeks and immunized with KLH, after which
serum concentration of anti-KLH IgM and 1gG was reduced at the dose level of 3
mg/kg/day (Ulrich et al. 2004).

Mice were treated with FK506 or CsA for 4 days, and immunized with SRBC, after which
antigen-specific plaque-forming splenocytes were reduced at dose levels of 3.2, 10, 32 and
100 mg/kg of FK506 or 32 and 100 mg/kg of CsA (Kino et al. 1987b).

As immunosuppression-derived adverse outcomes by calcineurin inhibition, FK506 and
CsA increase the frequency and/or severity of infections and allergic reactions impaired
TDAR deems to be one of the causative factors for these side effects. Some clinical trials
of FK506 and CsA revealed these adverse effects as follows.

In clinical trials of renal transplantation using FK506 or CsA, opportunistic infections such
as candida, cytomegalovirus and herpes simplex virus were reported (Ekberg et al. 2007).
In recipients of liver transplants treated with FK506 or CsA, opportunistic infections such
as cytomegalovirus, hepatitis C virus, hepatitis B and herpes simplex virus were reported
(Fung et al. 1991).

Cardiac transplant patients treated with cyclosporin developed pulmonary infections within
the first year after surgery (Luster, M.I. et al. 1993).

In patients of X-linked autoimmune enteropathy treated with CsA or FK506, serum levels
of IgE developed extremely high during the immunosuppressive therapy (Kawamura et al.
1997).

Renal transplant recipients treated with belatacepy/mycophenolate (MMF)/predonisone or
FK506/MMF/prednisone  showed significantly lower the geometric mean
hemagglutination inhibition titer against influenza vaccine, hemagglutination-specific 1gG
and isotype 1gG1 antibodies, and 1gG-antibody secreting cells response (Gangappa et al.
2019).

How it is Measured or Detected

TDAR could be examined in vivo and in vitro.

In vivo studies of antigen-specific antibodies are usually performed by measuring serum
antibody levels with Enzyme-Linked ImmunoSorbent Assay (ELISA) or with a plaque-
forming cell (PFC) assay.

Rats were repeatedly administered FK506 orally for 4 weeks and immunized with KLH,
after which the serum was examined for T-cell-dependent, antigen-specific, IgM and 1gG
levels using a Sandwich ELISA kit (Ulrich et al. 2004).

Mice were repeatedly administered calcineurin inhibitors (CNIs) including FK506 and CsA
orally for 4 days and immunized with SRBC, after which spleen cells were examined using
a PFC assay (Kino et al. 1987).

Cynomolgus monkeys received 50 mg/kg CsA twice a day via oral gavage (10 h apart) for
23 days and were immunized with SRBC, after which the serum was examined for Anti-
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SRBC IgM and IgG levels using an ELISA specific for SRBC antigen (Kevin, G. et al.
2014).
Mice were exposed a single pharyngeal aspiration of DBA, after which supernatants of
splenocytes cultured for 24 h in the presence of LPS and assayed using a mouse IgM or
IgG matched pairs antibody kit (Bethyl Laboratories, Montgomery, TX) (Donna, C. et al.
2010).

For in vitro studies, total IgM and IgG levels in culture supernatant are often measured after
polyclonal T-cell activation rather than measuring antigen stimulation in immune cell
cultures.

T cells and B cells isolated from human peripheral blood mononuclear cells (PBMC) were
co-cultured with a CNIs for nine days in the presence of polyclonal-T-cell stimulation,
after which supernatants were tested for immunoglobulin IgM and 1gG levels using a
Sandwich ELISA kit. Treatment with FK506 or CsA reduced the levels of IgM and IgG at
the concentrations of 0.3 and 1.0 ng/mL or 50 and 100 ng/mL (Heidt et al, 2009).
SKW&6.4 cells (IL-6-dependent IgM-secreting human B-cell line) were cultured with anti-
CD3/CD28 antibody-stimulated PBMC culture supernatant. After culturing for four days,
IgM produced in the culture supernatants was measured using an ELISA kit. FK506 or CsA
reduced the levels of IgM at the concentrations of 0.01 to 100 ng/mL or 0.1 to 1000 ng/mL
(Sakuma et al. 2001b).

In order to examine class switching, T cells derived from human PBMCs were cultured
with CNIs, and cytokine mRNA levels of Interferon-gamma, IL-2, IL-4, IL-5, IL-10, IL-
13, and other B-cell-stimulatory cytokines produced in T cells were measured by
guantitative PCR (Dumont et al. 1998).

Regulatory Significance of the AO

The ICH S8 guideline, which covers immunosuppression of small molecule drugs,
determines the need for immunotoxicity studies by comprehensively evaluating the
findings of pharmacology, changes in the immune system in repeated-dose toxicity studies,
and other factors using a Weight of Evidence approach. If there is concern about
immunotoxicity, the presence or absence of immunotoxicity should be determined using
an in vivo test system capable of assessing the functional changes of predicted
immunotoxic target cells. If immunotoxicity is observed, additional studies including in
vitro assays or clinical evaluation should be considered to assess the risk of immunotoxicity
in humans. Because TDAR involves many immune cell populations, including T cells, B
cells, and antigen-presenting cells, evaluation of TDAR is recommended when there is
concern about immunotoxicity but the immunotoxic target cells are unclear. The S8
guidelines list KLH, SRBC, and tetanus toxin as antigens for TDAR.

The draft FDA immunotoxicity testing guidance (2020) covers immunosuppressive and
immunostimulatory drugs and biologics; evaluating immunosuppressive drugs in the draft
FDA guidance is similar to that in the S8 guideline, with in vivo TDAR assays
recommended when toxic target cells are unknown. The draft guidance states that TDAR
assays using KLH as an antigen have been established in mice, rats, dogs, minipigs, and
cynomolgus monkeys, but the use of SRBC and tetanus toxin as antigens is also acceptable.

For the assessment for pesticides, US EPA OPPTS 870.7800 immunotoxicity testing

guideline recommends TDAR using SRBC. The REACH guideline does not provide for
immunotoxicity testing, but it provides triggers for conducting immunotoxicity testing.
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The WHO/IPSS Immunotoxicity Risk assessment Guidance (2012) describes a strategy for
assessing five categories of immunotoxicity risks, including immunosuppression. For risk
assessment of immunosuppression, it calls for identification of immunosuppression risks,
prediction of pathogenesis that may occur, and consideration of safety margins based on
the WoE approach from human findings, infection resistance tests, immune function tests,
general immune system assays, histopathological findings and organ weights in general
toxicity studies, and hematological data.

The evaluation of immunotoxicity in F1 animals in the OECD Guidelines for Extended
First Generation Reproductive and Developmental Toxicity Studies (TG443) requires that
PFC and ELSA assays to measure primary IgM antibody production by TDAR using T-
cell dependent antigens (SRBC, KLH, etc.) be performed. Furthermore, if changes are
observed, the significance of the changes should be examined by comprehensively
evaluating other data.

The outcomes of immunosuppression are susceptibility to infection and tumorigenesis, and
the FDA guidance requires that immunosuppressive drugs be evaluated for carcinogenic
risk using WoE approach based on the results of carcinogenicity and immunotoxicity
studies. Meanwhile, the ICH S1B(R1) Draft Step 2 Guidelines for Carcinogenicity Testing
calls for evaluation of carcinogenicity by WoE approach instead of rat carcinogenicity
testing, because rodent carcinogenicity test models are less capable of detecting
carcinogenicity. On the other hand, it is difficult to define susceptibility to infection as a
measurable AO with a clear mechanism, because immune responses vary among
pathogens. In fact, many immunotoxicity guidelines require that the risk of immunotoxicity
be identified and assessed by evaluating immune functions.

It was difficult to define susceptibility to infection as an AO, so TDAR, which is
recommended as an indicator of immunosuppression in many guidelines, was used as an
AOQ. It is expected that several AOPs with TDARs as AOs will be developed, and based on
these AOPs, it may be possible to develop an IATA to assess the risk of immunotoxicity
characterized by TDARSs.
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Appendix 2 - Key Event Relationships

List of Key Event Relationships in the AOP
List of Adjacent Key Event Relationships

Relationship: 2002: Impaired IL-1R1 signaling leads to Inhibition, Nuclear factor
kappa B (NF-kB)

AOPs Referencing Relationship

. Weight of Quantitative
AOP Name CEIREEEY Evidence Understanding
Impaired IL-1R1 signaling leading to Impaired T-Cell adjacent High Moderate

Dependent Antibody Response

Evidence Supporting Applicability of this Relationship
Taxonomic Applicability

Term Scientific Term Evidence Links
Homo sapiens Homo sapiens High NCBI
Mus musculus Mus musculus High NCBI
Rattus norvegicus Rattus norvegicus High NCBI

Life Stage Applicability

Life Stage Evidence

All life stages High

Sex Applicability

Sex Evidence

Unspecific High

Key Event Relationship Description

After binding of IL-1a or IL-1f to IL-1R, IL-1 and IL-1R1 facilitates recruitment of IL-
1RacP. Then this trimeric complex rapidly assembles two intracellular signaling proteins,
myeloid differentiation primary response gene 88 (MYD88) and interleukin-1 receptor—
activated protein kinase (IRAK) 4. IL-1, IL-1RI, IL-RAcP, MYD88, and IRAK4 form a
stable IL-1-induced first signaling module. The binding of MyD88 triggers a cascade of
kinases that produce a strong pro-inflammatory signal leading to activation of NF-«kB.

Evidence Supporting this KER

Mice lacking MYD88 or IRAK4 show severe defects in IL-1 signaling (Adachi et al., 1998;
Suzuki et al., 2002). In the cell culture, lacking MY D88 show a block of NF-kB activation
by IL-1 (Medzhitov et al., 1998). MyD88 can strongly activate an AP-1 and this activity is
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inhibited by dominant-negative TRAF6; therefore, MyD88 and TRAF6 are involved in IL-
1R-mediated NF-xB activation, and both activate AP-1 (Medzhitov et al., 1998). Similarly,
humans with mutations in the IRAK4 gene have defects in IL-1RI and Toll-like receptor
(TLR) signaling (Picard et al., 2003).

Biological Plausibility

The initial step in IL-1 signal transduction is a ligand-induced conformational change in
the first extracellular domain of the IL-1RI that facilitates recruitment of IL-1RacP (Cavalli
et al., 2015). Through conserved cytosolic regions called Toll- and IL-1R-like (TIR)
domains (Radons et al., 2003), the trimeric complex rapidly assembles two intracellular
signaling proteins, myeloid differentiation primary response gene 88 (MYDB88) and
interleukin-1 receptor—activated protein kinase (IRAK) 4 (Brikos et al., 2007; Li et al.,
2002). IL-1, IL-1RI, IL-RAcP, MYD88, and IRAK4 form a stable IL-1-induced first
signaling module. The binding of MyD88 triggers a cascade of kinases that produce a
strong pro-inflammatory signal leading to activation of NF-kB reviewed by (Brikos et al.,
2007; Weber, Wasiliew and Kracht, 2010).

Empirical Evidence
IL-1Ra blocks IL-1 signaling:

IL-1Ra down modulation of EGF receptor (3 nM of ED50) (Dripps et al., 1991)

IL-1Ra suppression of IL-1-induced endothelial cell-leukocyte adhesion (approximately 10
ng/ml of ED50) (Dripps et al., 1991)

IL-1Ra suppresses rhiL-la-induced mouse thymocytes proliferation (ED50 almost
3 mg/mL) (Arend et al., 1990)

IL-1Ra competed for binding of !#I-1L-1a to type | IL-1R present on EL4 thymoma cells,
3T3 fibroblasts, hepatocytes, and Chinese hamster ovary cells expressing recombinant
mouse type | IL-1R. The IC50 values for IL-1ra binding (ranging from 2 to 4 ng/ml) were
similar to those of IL-1a. (Mclntyre et al., 1991)

Recombinant mIL-1Ra competitively inhibited *?°I-labeled IL-1 alpha binding to murine
type | IL-1R present on EL4 6.1 cells (Ki value of 0.21 nM) and antagonized IL-1-
stimulated co-mitogenesis in murine thymocytes (0.7 x 10(6)-1.1 x 10(6) units/mg). (Shuck
etal., 1991)

Peripheral blood mononuclear cells (PBMC) obtained after completion of the IL-Ira
infusion synthesized significantly less interleukin 6 ex vivo than PBMC from saline-
injected controls. (Granowitz et al., 1992)

Canakinumab (ACZ885, llaris):

Canakinumab binds to human IL-1p with high affinity; the antibody-antigen dissociation
equilibrium constant is approximately 35-40 pM(Dhimolea, 2010).

The antibody binds to human IL-1p with high affinity (about 40 pmol/l). The antibody was

found to neutralize the bioactivity of human IL-1p on primary human fibroblasts in vitro
44.6 pmol/l (7.1£0.56 ng/ml; n = 6) of ED50. Application of Canakinumab
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intraperitoneally 2 hours before injecting the IL-1p producing cells completely suppressed
joint swelling in mouse models of arthritis (0.06 mg/kg of EC50) (Alten et al., 2008).

Primary human fibroblasts are stimulated with recombinant IL-1b or conditioned medium
obtained from LPS-stimulated human PBMCs in the presence of various concentrations of
Canakinumab or IL-1RA ranging from 6 to 18,000 pM. Supernatant is taken after 16 h
stimulation and assayed for IL-6 by ELISA. Canakinumab typically have 1 nM or less of
EC50 for inhibition of IL-6 production (Canakinumab Patent Application WO02/16436.)

Rilonacept (IL-1 Trap, Arcalyst):

Incubation of the human MRCS5 fibroblastic cell line with IL-1p induces secretion of I1L-6.
At a constant amount of IL-1p (4 pM), the IC50 of the IL-1 trap is ~2 pM. Another unique
property of the IL-1 trap is that it not only blocks IL-1p, but also blocks IL-1a with high
affinity (KD = ~3 pM; data not shown). The titration curve of IL-1 trap in the presence of
10 pM IL-1B shows an IC50 of 6.5 pM, which corresponds to a calculated KD of 1.5 pM
(This affinity is 100 times higher than that of the soluble single component receptor IL-
1RI (Economides et al., 2003).

IRAK4 inhibitor:

By reconstituting IRAK-4-deficient cells with wild type or kinase-inactive IRAK-4, it is
demonstrated that the kinase activity of IRAK-4 is required for the optimal transduction of
IL-1-induced signals, including the activation of IRAK-1, NF-kB, and JNK, and the
maximal induction of inflammatory cytokines (Lye et al., 2008).

Various concentrations of kinase-active or kinase-inactive IRAK-4 were transiently
overexpressed in IRAK-4-deficient cells that were also transiently transfected with an NF-
kB-dependent luciferase reporter and a-galactosidase expression vector. IRAK-4 is
recruited to the IL-1R-associated complex 1 min after IL-1f treatment (10
ng/mL). Transfected cells were left untreated or treated with IL-1 (10 ng/ml) for 6 h before
luciferase and a-galactosidase activities were measured. The luciferase activity was divided
by the a-galactosidase activity, and fold activation was calculated compared with the
activity of untreated cells carrying an empty a-vector (normalized as 1). The results
demonstrated that kinase-active IRAK-4 dose dependently activates IL-1-mediated NF-«B.
Kinase-inactive IRAK-4 expression resulted in severely reduced IL-1 responses and
defective NF-xB and JNK activation induced by IL-1 (Lye et al., 2004).

Quantitative Understanding of the Linkage
See Empirical Evidence.

Response-response relationship
IL-1Ra blocks IL-1 signaling:

Suppression of IL-1-induced IL-1, TNFa, or IL-6 synthesis was dose-dependent (P =
.0001). At a twofold molar excess, IL-Ira inhibited IL-1-induced IL-1 or TNFa synthesis
by 50% (P < .01); an equimolar concentration of IL-Ira inhibited synthesis of these two
cytokines by over 20% (P < .05). A 10-fold molar excess of IL-Ira over IL-lb reduced IL-
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Ib-induced IL-la by 95% (P = .01) and IL-la-induced IL-1b by 73% (P < .01). In elutriated
monocytes, a 10-fold molar excess of IL-Ira reduced IL-Ib-induced IL-la by 82% (P < .05),
TNFa by 64% (P =.05), and IL-6 by 47% (P < .05). (Granowitz et al., 1992)

Rilonacept (IL-1 Trap, Arcalyst) blocks IL-1 signaling:
The titration curve of IL-1 trap in the presence of 10 pM IL-1 shows an IC50 of 6.5 pM,

which corresponds to a calculated KD of 1.5 pM (This affinity is 100 times higher than that
of the soluble single component receptor IL-1RI (Economides et al., 2003).

107



References

Adachi, O., Kawai, T., Takeda, K., et al. (1998), Targeted disruption of the MyD88 gene results in
loss of IL-1- and 1L-18-mediated function. Immunity 9: 143-150,

Alten, R., Gram, H., Joosten, L.A., et al. (2008), The human anti-IL-1 beta monoclonal antibody
ACZ885 is effective in joint inflammation models in mice and in a proof-of-concept study in patients
with rheumatoid arthritis. Arthritis Res Ther 10: R67, 10.1186/ar2438

Arend, W.P., Welgus, H.G., Thompson, R.C., et al. (1990), Biological properties of recombinant
human monocyte-derived interleukin 1 receptor antagonist. J Clin Invest 85: 1694-1697,
10.1172/jci114622

Dhimolea, E. (2010), Canakinumab. MAbs 2: 3-13,

Dripps, D.J., Brandhuber, B.J., Thompson, R.C., et al. (1991), Interleukin-1 (IL-1) receptor
antagonist binds to the 80-kDa IL-1 receptor but does not initiate IL-1 signal transduction. J Biol
Chem 266: 10331-10336,

Economides, A.N., Carpenter, L.R., Rudge, J.S., et al. (2003), Cytokine traps: multi-component,
high-affinity blockers of cytokine action. Nat Med 9: 47-52, 10.1038/nm811

Granowitz, E.V., Clark, B.D., Vannier, E., et al. (1992), Effect of interleukin-1 (IL-1) blockade on
cytokine synthesis: I. IL-1 receptor antagonist inhibits IL-1-induced cytokine synthesis and blocks
the binding of IL-1 to its type Il receptor on human monocytes. Blood 79: 2356-2363,

Lye, E., Dhanji, S., Calzascia, T., et al. (2008), IRAK-4 kinase activity is required for IRAK-4-
dependent innate and adaptive immune responses. Eur J Immunol 38: 870-876,
10.1002/€ji.200737429

Lye, E., Mirtsos, C., Suzuki, N., et al. (2004), The role of interleukin 1 receptor-associated kinase-
4 (IRAK-4) kinase activity in IRAK-4-mediated signaling. J Biol Chem 279: 40653-40658,
10.1074/jbc.M402666200

Mclntyre, K.W., Stepan, G.J., Kolinsky, K.D., etal. (1991), Inhibition of interleukin 1 (IL-1) binding
and bioactivity in vitro and modulation of acute inflammation in vivo by IL-1 receptor antagonist
and anti-1L-1 receptor monoclonal antibody. J Exp Med 173: 931-939,

Medzhitov, R., Preston-Hurlburt, P., Kopp, E., et al. (1998), MyD88 is an adaptor protein in the
hToll/IL-1 receptor family signaling pathways. Mol Cell 2: 253-258,

Picard, C., Puel, A., Bonnet, M., et al. (2003), Pyogenic bacterial infections in humans with IRAK-
4 deficiency. Science 299: 2076-2079, 10.1126/science.1081902

Shuck, M.E., Eessalu, T.E., Tracey, D.E., et al. (1991), Cloning, heterologous expression and
characterization of murine interleukin 1 receptor antagonist protein. Eur J Immunol 21: 2775-2780,
10.1002/eji.1830211119

Suzuki, N., Suzuki, S., Duncan, G.S., et al. (2002), Severe impairment of interleukin-1 and Toll-like
receptor signalling in mice lacking IRAK-4. Nature 416: 750-756, 10.1038/nature736

108



Relationship: 2003: Inhibition, Nuclear factor kappa B (NF-kB) leads to
Suppression of T cell activation

AOPs Referencing Relationship

AOP Name Adjacency \éVQi ht of | Quantitative Understanding
vidence
Impaired IL-1R1 signaling leading | adjacent High Moderate

to Impaired T-Cell Dependent
Antibody Response

Evidence Supporting Applicability of this Relationship
Taxonomic Applicability

Term Scientific Term Evidence Links
Homo sapiens Homo sapiens High NCBI
Mus musculus Mus musculus High NCBI
Rattus norvegicus Rattus norvegicus High NCBI

Life Stage Applicability

Life Stage Evidence
All life stages High

Sex Applicability
Sex Evidence
Unspecific High

Key Event Relationship Description

NF-kB plays a crucial role in the activation of dendritic cells as well as T cells. In dendritic
cells, the activation of the canonical NF-kB pathway in response to pro-inflammatory
stimuli, such as cytokines including IL-laor IL-1band TLR ligands, stimulate the
maturation of dendritic cells with enhanced antigen presenting function. The inhibition of
NF-kB suppress antigen presenting function of dendritic cells, resulting in suppression of
T cell activation (reviewed by Reinhard et al (Reinhard et al., 2012) and van Delft et al (van
Delft, Huitema and Tas, 2015).

In T cells, NF-kB can be activated by several pathways of signal transduction. The
engagement of the TCR by major histocompatibility complex (MHC) plus antigen initiates
downstream CD3 immunotyrosine activation motif (ITAM) phosphorylation by the Src
family kinases, FYN and leukocyte C-terminal src kinase (LCK). Phosphorylated CD3
activates the T cell specific tyrosine kinase, zeta-chain associated protein kinase (ZAP-70),
which ultimately trigger calcium release and protein kinase (PK)C activation, respectively.
Activation of a specific PKC isoform, PKCp, connects the above described TCR proximal
signaling events to distal events that ultimately lead to NF-kB activation. Importantly,
PKCm activation is also driven by engagement of the T cell co-stimulatory receptor CD28
by B7 ligands on antigen presenting cells (APCs). In addition, the stimulation of T cells by
IL-1 activates NF-kB as already described before. Once in the nucleus, NF-kB governs the
transcription of numerous genes involved in T cell survival, proliferation, and effector
functions (Paul and Schaefer, 2013).
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Evidence Supporting this KER

Mice lacking NF-kB p50 are unable to effectively clear L. monocytogenes and are more
susceptible to infection with S. peumoniae (Sha et al., 1995).

Biological Plausibility

Although CDA4 T cells are able to commit to Thl, Th2 and Th17 lineages in the absence of
IL-1R signaling at steady state, these committed CD4 T cells are unable to effectively
secrete their cytokines upon TCR ligation. Namely, IL-1 is indispensable for CD4 T cell
effector function. (Lin et al, 2015)

RelB deficient mice had an impaired cellular immunity, as observed in contact sensitivity
reaction (Weih et al., 1995).

Delayed-type hypersensitivity (DTH) responses were significantly suppressed in IL-1b-
deficient and IL-1a/b-deficient mice. Lymph node cells derived from antigen-sensitized IL-
1b-deficient and IL-1a/b-deficient mice and IL-1R type I-deficient mice, exhibited reduced
proliferative responses against antigen. Antigen-specific CD4+ T cell proliferative
responses were significantly reduced following co-culture with IL-1RI—/— dendritic cells
(DCs) (Nambu et al., 2006).

Empirical Evidence

RelB deficient mice had an impaired cellular immunity, as observed in contact sensitivity
reaction (Weih et al., 1995).

Quite a few NF-kB inhibitors have been reported. MG132, bortezomib, curcumin,
DHMEQ(Dehydroxymethylepoxyquinomicin), naringin, sorafenib, genistein and
parthenolide are some of representatives (Pordanjani and Hosseinimehr, 2016).

Interferon-y (IFN-y) production in response to CMV-infected fibroblasts was reduced
under the influence of MG132, a proteosome inhibitor as well as a NF-kB inhibitor, in a
dose-dependent manner. A marked reduction was observed at 0.5 pM. Likewise, CMV-
specific cytotoxicity of CD8(+) T cells was decreased in the presence of MG132 (Wang et
al., 2011).

In vivo MG132 administration to NC/Nga mice with DNFB-induced dermatitis reduced
Th17 cells but maintained the level of Th1l cells, resulting in the alleviation of dermatitis
lesions by decreasing both serum IgE hyperproduction and mast cell migration (Ohkusu-
Tsukada et al., 2018).

Proteasome inhibitor, bortezomib, potently inhibits the growth of adult T-cell leukemia
cells both in vivo and in vitro (Satou et al., 2004). Bortezomib inhibits T-cell function
versus infective antigenic stimuli in a dose-dependent manner in vitro (Orciuolo et al.,
2007).

Dehydroxymethylepoxyquinomicin (DHMEQ), a novel nuclear factor-kappaB inhibitor,
induces selective depletion of alloreactive or phytohaemagglutinin-stimulated peripheral
blood mononuclear cells, decreases production of T helper type 1 cytokines, and blocks
maturation of dendritic cells (Nishioka et al., 2008).
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Regarding the suppression of NF-kB by impaired IL-1 signaling, it was reported that
delayed-type hypersensitivity (DTH) responses were significantly suppressed in IL-1p-
deficient and IL-1o/B-deficient mice. Lymph node cells derived from antigen-sensitized
IL-1B-deficient and IL-1a/B-deficient mice and IL-1R type I-deficient mice, exhibited
reduced proliferative responses against antigen. These data suggest that IL-1f is necessary
for the efficient priming of T cells. In addition, CD4+ T cell-derived IL-1 plays an
important role in the activation of DCs during the elicitation phase, resulting in the
production of TNF, that activate allergen-specific T cells (Nambu et al., 2006).

Quantitative Understanding of the Linkage

A representative NF-kB inhibitor, MG132 that suppresses NF-kB activity at more than 10
mM (Fiedler et al. 1998) suppresses IL-2-induced activation of STAT5 at 50 mM. (Yu and
Malek., 2001). However, MG-132 did not decrease the effect of TNF-o on AP-1 activation
(Fiedler, Wernke-Dollries and Stark, 1998).

A representative NF-kB inhibitor, DHMEQ (1pg/mL) blocked phytohaemagglutinin
(PHA-)-induced nuclear translocation of NF-kB in Jurkat cells via inhibition of degradation
of IkBa. Preincubation of peripheral blood mononuclear cells and Jurkat cells with
DHMEQ (1 pg/ml, 3 hr) greatly reduced PHA-stimulated expression of IFN-y, IL-2 and
TNF-a genes although DHMEQ alone without PHA-stimulation did not affect cytokine
production in unstimulated PBMC. DHMEQ (0-5-3 pg/mL, 3 days) inhibited PHA-
stimulated proliferation of peripheral blood mononuclear cells (PBMC) in a dose-
dependent manner although did not affect the viability of resting PBMC under identical
culture conditions. DHMEQ (3 pg/mL, 24 hr) induced apoptosis of PHA-stimulated
PBMC. DHMEQ (0-5 pg/mL) decreased levels of TNF-a-stimulated expression of CD40
in monocyte-derived dendritic cells (DCs). Exposure of DCs to DHMEQ (0-5 or 1 pg/ml)
reduced their endocytic ability (Nishioka et al., 2008).

Response-response relationship

Interferon-y (IFN-y) production in response to CMV-infected fibroblasts was reduced
under the influence of MG132 in a dose-dependent manner. A marked reduction was
observed at 0.5 uM. Likewise, CMV-specific cytotoxicity of CD8(+) T cells was decreased
in the presence of MG132 (Wang et al., 2011).

Bortezomib (1 mg/kg) inhibits T-cell function versus infective antigenic stimuli in vitro
(Orciuolo et al., 2007).
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Relationship: 2928: Suppression of T cell activation leads to Impairment, T-cell
dependent antibody response

AOPs Referencing Relationship

AOP Name Adjacency | Weight of Quantitative
Evidence Understanding
Impaired IL-1R1 signaling leading to Impaired | adjacent High High

T-Cell Dependent Antibody Response

Evidence Supporting Applicability of this Relationship

Taxonomic Applicability

Term Scientific Term Evidence Links
Homo sapiens Homo sapiens High NCBI
Mus musculus Mus musculus High NCBI
Rattus norvegicus Rattus norvegicus High NCBI

Life Stage Applicability

Life Stage Evidence

All life stages High

Sex Applicability

Sex

Evidence

Unspecific High

Key Event Relationship Description

Normal T cell and B cell function is indispensable for host defense mechanism. T cells are
activated when they recognize antigens and induce T-cell dependent antibody response
(TDAR) by secreting various cytokines as described below (Abbas et al. 2020). Therefore,
suppression of T cell activation leads to impairment of TDAR. Various Interleukins (ILs)
such as IL-2 and IL-4 are produced and secreted by activated helper T cells and play
important roles in the development of TDAR. IL-4 affects maturation and class switching
of B cells as well as proliferation, IL-2 promotes differentiation of B cells through IL-2
receptors and stimulates the activated T cell into T cell called Th2 cell. Therefore,
suppressed production of IL-2 and IL-4 impairs T cell dependent antibody production
(Alberts et al. 2008).

T cells, B cells, and antigen-presenting cells such as dendritic cells are involved in inducing
and developing of TDAR. Thus, changes in any of these immune cell populations can
influence TDAR. Activated T cell-derived cytokines play important roles in the
development of TDAR. Among them, IL-2 promotes proliferation of B cells, and IL-4
affects maturation and class switching of B cells as well as proliferation, both of which
induces/enhances T cell dependent antibody production.

Thus, suppressing the production of IL-2, IL-4, and other cytokines in T cells reduces

stimulation of B cells including proliferation, activation, and class switching, and leading
to impairment of TDAR. Therefore, suppressing the production of these B-cell-related
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cytokines appears to be the main factor in impairment of TDAR by inhibitors of T-cell-
dependent-antibody production.

Evidence Supporting this KER

In cynomolgus monkeys, the effects of CsA on production of IL-2 and IL-4, and antigen-
specific IgM and IgG in TDAR were demonstrated (Gaida K. 2015).

Suppressed IgE and antigen specific 1gG1 productions by the blocking of IL-4 receptor
were reported in mice using dupilumab (antilL-4/13R antibody) (Sanofi K.K. 2018).

Suppressed antigen specific IgE production by the inhibition of IL-4 production was
reported in mice using suplatast tosilate (Taiho Pharmaceutical 2013). Suppressed antigen
specific IgE and IL-4 productions by the inhibition of IL-4 production were reported in
human cell culture using suplatast tosilate(Taiho Pharmaceutical 2013).

The effects of FK506 on serum concentration of anti-KLH antibodies IgM and IgG have
been demonstrated in rats treated with FK506 for over four weeks and immunized with
KLH (Ulrich et al. 2004).

The effects of FK506 and CsA on antigen-specific plaque-forming splenocytes have been
demonstrated in mice treated with FK506 or CsA for 4 days and immunized with SRBC
(Kino et al. 1987b).

The effects of FK506 and CsA on the levels of IgM and 1gG in the culture supernatant have
been demonstrated in human cells (Heidt et al, 2009, Sakuma et al, 2001). The effects of
FK506 and CsA on production of IL-2 and IL-4 have been demonstrated using mice and
human cells (Kino et al. 1987a, Dumont et al. 1998).

These facts suggest that there are no species differences between humans, monkeys and
rodents in inhibitions of IL-2 and IL-4 production and TDAR induction.

Biological Plausibility

Cyclosporin A (CsA) is known to be one of the calcineurin inhibitiors. CsA-treatment is
reported to suppress the productions of IL-2 and IL-4 and result in the reduction of the
productions of antigen-specific IgM and IgG in cynomolgus monkeys (Gaida K. 2015).

It is established that IL-2 stimulates B cells to proliferate through the surface IL-2 receptors
and that IL-4 stimulates B cells to proliferate, to induce class switch, and to differentiate
into plasma and memory cells.

Dupilumab is known as anti-1L-4/13 receptor (IL-4/13R) antibody. Dupilumab (Dupixent)
reduces productions of immunoglobulin (Ig)E and antigen specific 1gG1 in mice (Sanofi
K.K. 2018). It suggests that the blocking of IL-4 signaling by anti-IL-4/13R antibody
results in the decrease in T cell dependent antibody production.

Th2 cell produces cytokines including IL-4. Suplatast tosilate (IPD) is known as an

inhibitor of the production of IL-4 and IL-5 from Th2 cells and reduces the production of
antigen specific IgE in human cell culture and mice (Taiho Pharmaceutical 2013). These
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findings suggests that the reduction of IL-4 production by the inhibitor of Th2 cell
cytokines results in reduced production of IgE and/or 1gG1 through inhibitions of
maturation, proliferation and class switching of B cells.

IL-2 binds to IL-2 receptor (IL-2R) and acts on T cell. CD25 is one of IL-2R. Basiliximab
(Simulect) is known as anti-CD25 antibody. Basiliximab binds to IL-2R and blocks IL-2
signaling. Clinical transplantation study of basiliximab reveals decreases in rejections. On
the other hand, basiliximab inhibits the activation of antigen specific T cells (Novartis
Pharma 2016). They suggest that the blocking of IL-2 signaling by anti-IL-2R antibody
results in decreased rejection through the inhibition of the activation of antigen specific T
cell with reduced antibody production.

FK506 and CsA suppress mMRNA expression levels of cytokines in T cells including IL-2
and IL-4 that stimulate proliferation of B cells as well as B cell activation and class
switching (Heidt et al, 2010).

Several in vivo studies in rodents showed decreased TDAR by the treatment of FK506
(Kino et al. 1987h, Ulrich et al. 2004). In in vitro tests examining antibody production in
blood samples obtained from blood-bank donors, peripheral blood mononuclear cells
(PBMC) treated with FK506 and CsA suppressed the production of IgM and IgG antibodies
to T-cell dependent antigens (Heidt et al, 2009).

T cells, B cells, and antigen-presenting cells such as dendritic cells are involved in inducing
and developing of TDAR. Thus, changes in any of these immune cell populations can
influence TDAR. However, as for the suppression of humoral immunity induced by the
inhibition of calcineurin (CN) phosphatase activity, calcineurin inhibitors (CNIs) do not
affect B cells directly but rather indirectly through T cells. That is, FK506 and CsA are
capable of inhibiting immunoglobulin production when B cells are cultured with non-pre-
activated T cells, but FK506 and CsA fail to inhibit immunoglobulin levels when pre-
activated T cells are used to stimulate B cells. Hence, the inhibition of B cell response by
FK506 and CsA appears due solely to inhibition of T helper cells (Heidt et al, 2010).

Therefore, it is concluded that decreased amounts of IL-2 and IL-4 secreted from helper T
cells is the main factor for suppression of TDAR induced by CN phosphatase inhibition.

Empirical Evidence

Empirical support of the suppression, IL-2 and IL-4 production leads to impairment, T-cell
dependent antibody response is strong.

Rationale

Cynomolgus monkeys treated wth CsA at 50 mg/kg BID for 24 days suppression of IL-2,
IL-4 and sheep red blood cell (SRBC)-specific IgM and 1gG (Gaida K. 2015).

In the allergen-induced pneumonia model in mice, dupilumab (anti-IL-4/13R antibody)
reduced productions of IgE and antigen specific IgG1 at 25 mg/kg of twice weekly
subcutaneous administration for 4weeks (Sanofi K.K. 2018).

In mice immunized with dinitrophenyl antigen by i.p. injection, suplatast tosilate (an
inhibitor of the production of cytokines on Th2 cell) reduced productions of antigen specific
IgE at 10, 20, 50 and 100 mg/kg of oral administration for 5 days (Yanagihara, 2013). In
human cell culture immunized with Japanese cedar antigen, suplatast tosilate reduced
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productions of antigen specific IgE at the concentration of 10 pg/mL for 10 days
(Yanagihara, 2013).

In the clinical study of renal transplantation, basiliximab decreased incidence of acute
rejection at 20 mg/kg (Kircher, 2003). In human T cell culture immunized with PPD,
basiliximab reduced activation of antigen specific T cell at the concentration of 300 ng/mL
(Kircher, 2003).

In CD3/phorbol 12-myristate-13-acetate-activated human T cells, FK506 suppressed
production of IL-2, IL-4 and Interferon (IFN)-y at the concentrations of 1.2 to 12.5 nM as
well as inhibited expression of IL-2, IL-4 and IFN-y mRNA at the concentrations of 10 nM.
(Dumont et al. 1998).

FK506 or CsA suppressed production of IL-2 in mouse mixed lymphocyte reaction (MLR)
at 0.1 to 10 nM of FK506 and 10 to 100 nM of CsA as well as in human MLR at 0.1 to 10
nM of FK506 and 10 to 100 nM of CsA (Kino et al. 1987a).

After 9-day culture of B cells and non-pre-activated T cell stimulationwith FK506 or CsA,
the levels of IgM and IgG in the culture supernatant were reduced at 0.3 and 1.0 ng/mL
(0.37 and 1.24 nM) of FK506 or 50 and 100 ng/mL (41 and 83nM) of CsA (Heidt et al,
2009).

After 4-day culture of SKW6.4 cells (IL-6-dependent IgM-secreting human B-cell line)
and anti-CD3/CD28 stimulated PBMC culture supernatant with FK506 or CsA, the level
of IgM in the culture supernatant was reduced at the concentrations of 0.01 to 100 ng/mL
(0.01 to 124 nM) of FK506 or 0.1 to 1000 ng/mL (0.08 to 832 nM) of CsA (Sakuma et al,
2001).

Rats were treated with FK506 for over four weeks and immunized with keyhole limpet
hemocyanine (KLH), after which serum concentration of anti-KLH IgM and 1gG reduced
at the dose levels of 3 mg/kg/day (Ulrich et al. 2004).

Mice were treated with FK506 or CsA for 4 days, and immunized with sheep red blood
cells (SRBC), after which antigenspecific plague-forming splenocytes reduced at the dose
levels of 3.2, 10, 32 and 100 mg/kg of FK506 or 32 and 100 mg/kg of CsA (Kino et al.
1987b).

1,2:5,6-dibenzanthracene single administration suppressed production of IL-2 and total 1gG
antibody in mice at the dose levels of 3 and 30 mg/kg(Donna, C. et al. 2010).

In male CD-1 mice, chronic psychosocial stress (types of social outcome occurred:
residents becoming subordinates) for 21 days reduced IL-2 release in response to KLH and
decrease in anti-KLH 1gG (Alessandro, B. et al. 2003).

Uncertainties and Inconsistencies

IL-2 affects multiple populations of immune cells expressing IL-2 receptors, while I1L-4
mainly acts on B cells. Therefore, reduced production of both IL-2 and IL-4 might certainly
induce suppression of TDAR; however, there remains some possibility of additional
suppression of other immune functions.

Quantitative Understanding of the Linkage

Luster etal (1993) demonstrated that Concanavalin A response of splenocytes showed the
linear dose-response relationship with the host resistance to Listeria monocytogenes or
Streptococcus pneumoniae.
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Response-response relationship

Cynomolgus monkeys treated wth CsA at 50 mg/kg BID showed suppression of IL-2 and
IL-4 production and inhibition of SRBC-specific IgM and IgG in TDAR (Gaida K. 2015).

In the blocking of IL-4 receptor in mice by dupilumab (anti-1L-4/13R antibody) at 25 mg/kg
of twice weekly subcutaneous administration for 4weeks, IgE production was suppressed
to about 1/100 and antigen specific IgG1 production was suppressed to about 1/200 (Sanofi
K.K. 2018).

In the inhibition of IL-4 production in mice by suplatast tosilate at 10, 20, 50 and 100 mg/kg
of oral administration for 5 days, antigen specific IgE production was suppressed from
about 1/10 to 1/100 (Taiho Pharmaceutical 2013). In human T cell culture by suplatast
tosilate at the concentration of 10 ug/mL, antigen specific IgE production after 10 days was
suppressed from 56 to 72% and IL-4 production after 3 days was suppressed from 58 to
76% (Taiho Pharmaceutical 2013).

s for IL-2 and antibody production, in vitro T-cell-induced polyclonal B cell activation to
produce antibody was inhibited with anti-IL-2 and anti-IL-2R antibodies. That is, murine
small resting B cells, cultured with irradiated hapten-specific TH1 clone, were induced to
enter cell cycle at 2 days and to secret antibody at 5 days. An anti-IL-2 and anti-IL-2R
antibodies completely inhibited this T-cell dependent antibody production (Owens T,
1991).

In the human T-B cell co-culture stimulated with anti-CD3 monoclonal antibody, CNIs of
FK506 and CsA lowered the m-RNA levels of T-cell cytokines at 8h post-stimulation
including IL-2 and IL-4 at 1.0ng/mL (1.24nM) FK506 or 100ng/mL (90.7nM) CsA and

inhibited 1IgM and IgG productions after 9 days at 0.3 and 1.0ng/mL FK506 and 50 and
100ng/mL CsA (Heidt S. 2010).

Time-scale

In CsA-treatment for 24 days at 50 mg/kg BID, cynomolgus monkeys showed suppression
of IL-2 and IL-4 production and inhibition of SRBC-specific IgM and IgG in TDAR (Gaida
K. 2015).

In human T cell culture, suplatast tosilate inhibits IL-4 production after 3 days and antigen
specific IgE production after 10 days (Taiho Pharmaceutical 2013).

In the human T-B cell co-culture, CNIs of FK506 and CsA lowered the m-RNA levels of
IL-2 and IL-4 at 8h post-stimulation and inhibited IgM and IgG productions after 9 days
(Heidt S. 2010).

Known Feedforward/Feedback loops influencing this KER

At present, no evidence is found.
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INTRODUCTION

Covalent binding to proteins 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 a molecular initiating event through intermediate events to the adverse effect,
namely allergic contact dermatitis. This AOP focuses on chemicals that react with amino-acid
residues (i.e. cysteine or 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.

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, such as the LLNA (OECD TG 429) (12) and its three
non-radioactive modifications — LLNA:DA (OECD TG 442A) (13), 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.

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 present Test Guideline assesses covalent binding
to proteins, addressing the first key event; the OECD TG 442D assesses keratinocyte activation
(15), the second key event and the OECD TG 442E addresses the activation of dendritic cells (16),
the third key event of the skin sensitisation AOP. Finally, the fourth key event representing T-cell
proliferation is indirectly assessed in the murine Local Lymph Node Assay (LLNA) (12).
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Background and principles of the test methods included in the Key Event based
Test Guideline

4. This Test Guideline (TG) describes in chemico assays that address mechanisms described under
the first key event of the AOP for skin sensitisation, namely covalent binding to proteins (2). The
test methods currently included in this Test Guideline are:

e The Direct Peptide Reactivity Assay (DPRA) (Appendix 1),
e The Amino Acid Derivative Reactivity Assay (ADRA) (Appendix II), and
e The kinetic Direct Peptide Reactivity Assay (kDPRA) (Appendix IlI).

5. The test methods are based on in chemico covalent binding to proteins and are considered to be
scientifically valid. The DPRA has been evaluated in a European Union Reference Laboratory for
Alternatives to Animal Testing (EURL ECVAM)-lead validation study and subsequent independent
peer review by the EURL ECVAM Scientific Advisory Committee (ESAC) (3) (4) (5). The ADRA
underwent a validation study coordinated by the Japanese Center for the Validation of Alternative
Methods (JaCVAM) (6) (7) (8) (9) followed by an independent peer-review (10). The kDPRA
underwent an industry-coordinated validation study followed by an independent peer-review (17).

6. The test methods included in this Test Guideline might differ with regard to the procedures used
to generate the data but can each be used to address countries’ requirements for test results on
protein reactivity, while benefiting from the Mutual Acceptance of Data.

7. The correlation of protein reactivity with skin sensitisation potential is well established (18) (19)
(20). Nevertheless, since protein reactivity represents only one key event of the skin sensitisation
AOP (2) (21), information generated with test methods developed to address this specific key
event may not be sufficient as stand-alone methods 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 be used within Integrated Approaches to Testing
and Assessment (IATA), together with other relevant complementary information from in vitro
assays addressing other key events of the skin sensitisation AOP as well as non-testing methods,
including in silico modelling and read-across from chemical analogues (21). Examples on the use
of data generated with these methods within Defined Approaches (DAs), 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 (21) and are implemented in an OECD TG on defined
approaches for skin sensitisation (22).

8. The DPRA and ADRA described in Appendixes | and Il to this Test Guideline, respectively, support
the discrimination of skin sensitisers (Category 1) from non-sensitisers. Depending on the
regulatory framework, positive results generated with these methods may be used on their own to
classify a chemical into UN GHS Category 1. However, these test methods do not allow on their
own, the sub-categorisation of skin sensitisers into subcategories 1A and 1B (23), as defined by
UN GHS (1) for authorities implementing these two optional subcategories, or potency prediction
for safety assessment decisions.
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10.

In contrast, the kDPRA described in Appendix Il of this Test Guideline, allows discrimination of
UN GHS subcategory 1A skin sensitisers from those not categorised as subcategory 1A (non-
subcategory 1A) i.e., subcategory 1B or no category (1) but does not allow to distinguish
sensitisers (Category 1) from non-sensitisers. Depending on the regulatory framework, positive
results generated with the kDPRA may be used on their own to classify a chemical into UN GHS
subcategory 1A.

Definitions are provided in the Annex. Performance Standards for the assessment of proposed
similar or modified in vitro skin sensitisation DPRA and ADRA test methods have been developed

(24).
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Annex 1.A. 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 (1). The
formula used to derive accuracy is shown under “Calculation” of predictive capacity.

ADRA: Amino acid Derivative Reactivity Assay.

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).

Balanced accuracy: The average of sensitivity and specificity. This metric is particularly useful when a
different number of in vivo positive and in vivo negative chemicals were tested. It is an important
consideration in assessing the relevance of a test method. The formula used to derive balanced accuracy
is shown under “Calculation” of predictive capacity.

Calculation
Calculating predictive capacity

Sensitivity, specificity, accuracy, and balanced accuracy are calculated based on the true
positive (TP), true negative (TN), false negative (FN), and false positive (FP) values as

follows:

Sensitivity - Number oft.r.ue positi\.res (TP) % 100
Number of all positive chemicals (TP+FN)

Specificity= S vegaivs chamicas ey X 100

Accuracy — Number of correct predictions (TP+TN)) %100

Number of all chemicals (TP+FN+TN+FP)

Sensitivity + Specificity
2

Balanced accuracy =

Calibration curve: The relationship between the experimental response value and the analytical
concentration (also called standard curve) of a known substance.

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.
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Defined Approach (DA). a DA consists of a fixed data interpretation procedure (e.g. statistical,
mathematical models) applied to data (e.g. in silico predictions, in chemico, in vitro data) generated with a
defined set of information sources to derive a prediction.

DPRA: Direct Peptide Reactivity Assay.
EDTA: Ethylenediaminetetraacetic acid.
EURL ECVAM: the European Union Reference Laboratory for Alternatives to Animal Testing.

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 hazards, risks, and the need for further targeted and
therefore minimal testing.

JaCVAM: Japanese Center for the Validation of Alternative Methods.
kDPRA: kinetic Direct Peptide Reactivity Assay.

Kmax: is the maximum rate constant (in s*'M-') determined from the reaction kinetics for a tested substance
in the kDPRA (see Appendix lll, paragraph 24).

LLNA: murine Local Lymph Node Assay issued as OECD TG 429 in 2010.

Molecular Initiating Event: Chemical-induced perturbation of a biological system at the molecular level
identified to be the starting event in the adverse outcome pathway.

Mixture: A solid or liquid comprising two or more substances which do not react chemically (3).

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main
constituent comprises at least 80% (w/w) of the whole.

Multi-constituent substance: A substance, defined by its quantitative composition, in which two or more
main constituents are present in concentrations = 10% (w/w) and < 80% (w/w). Multi-constituent
substances are the result of a manufacturing process. The difference between a mixture and a multi-
constituent substance is that a mixture comprises two or more substances which do not react chemically,
whereas a multi-constituent substance comprises two or more substances that do react chemically.

NAC: N-(2-(1-naphthyl) acetyl)-L-cysteine (4) (5) (6).
NAL: a-N-(2-(1-naphthyl) acetyl)-L-lysine (4) (5) (6).

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.

Pre-haptens: chemicals which become sensitisers through abiotic transformation.
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Pro-haptens: chemicals requiring enzymatic activation to exert skin sensitisation potential.

Reference control: An untreated sample containing all components of a test system, including the solvent
or vehicle that is processed with the test chemical treated and other control samples to establish the
baseline response for the samples treated with the test chemical dissolved in the same solvent or vehicle.
When tested with a concurrent negative control, this sample also demonstrates whether the solvent or
vehicle interacts with the test system.

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

(1).

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 (1).

Reproducibility: The concordance of results obtained from testing the same substance using the same
test protocol (see reliability). (1)

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 (1). The formula used to derive sensitivity is
shown under "Calculation” of predictive capacity.

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 (1). The formula used to derive specificity is
shown under “Calculation” of predictive capacity.

Substance: Chemical elements and their compounds in the natural state or resulting from a manufacturing
process, including any additive necessary to preserve the stability of the product and any impurities
deriving from the process, but excluding solvents that may be separated without affecting the stability of
the substance or changing its composition (3).

System suitability: Determination of instrument performance (e.g., sensitivity) by analysis of reference
standards prior to running the analytical run (7).

Test chemical: The term test chemical is used to refer to the substance being tested.
TFA: Trifluoroacetic acid.

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
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with a view to protect people (including employers, workers, transporters, consumers and emergency
responders) and the environment (3).

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

Valid test method: A test method considered to have sufficient relevance and reliability for a specific
purpose and which is based on scientifically sound principles. A test method is never valid in an absolute
sense, but only in relation to a defined purpose (1).
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APPENDIX |

In Chemico Skin Sensitisation: Direct Peptide Reactivity Assay
(DPRA)

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

1. The DPRA is proposed to address the molecular initiating event of the skin sensitisation
AOP, namely protein reactivity, by quantifying the reactivity of test chemicals towards model
synthetic peptides containing either lysine or cysteine (1). Cysteine and lysine percent peptide
depletion values are then used to categorise a substance in one of four classes of reactivity for
supporting the discrimination between skin sensitisers and non-sensitisers (2).

2. The DPRA test method proved to be transferable to laboratories experienced in high-
performance liquid chromatography (HPLC) analysis. The level of reproducibility in predictions that
can be expected from the test method is in the order of 85% within laboratories and 80% between
laboratories (3). Results generated in the validation study (4) and published studies (5) overall
indicate that the accuracy of the DPRA in discriminating sensitisers (i.e. UN GHS Category 1) from
non-sensitisers is 80% (N=157) with a sensitivity of 80% (88/109) and specificity of 77% (37/48)
when compared to LLNA results. The DPRA is more likely to under predict chemicals showing a
low to moderate skin sensitisation potency (i.e. UN GHS subcategory 1B) than chemicals showing
a high skin sensitisation potency (i.e. UN GHS subcategory 1A) (4) (5). However, the accuracy
values given here for the DPRA as a stand-alone test method are only indicative since the test
method should be considered in combination with other sources of information in the context of an
IATA or a DA and in accordance with the provisions of paragraphs 7 and 8 in the General
introduction. 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
the species of interest, i.e. humans. On the basis of the overall data available, the DPRA was
shown to be applicable to test chemicals covering a variety of organic functional groups, reaction
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mechanisms, skin sensitisation potency (as determined in in vivo studies) and physico-chemical
properties (1) (2) (3) (5). Taken together, this information indicates the usefulness of the DPRA to
contribute to the identification of skin sensitisation hazard.

3. 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 DPRA to the testing of substances and/or mixtures (see a
summary of the known limitations of the DPRA in Annex 1 of this Appendix). This test method is
not applicable for the testing of metal compounds since they are known to react with proteins with
mechanisms other than covalent binding. A test chemical should be soluble in an appropriate
solvent at a final concentration of 100 mM (see paragraphs 10 and 11). However, test chemicals
that are not soluble at this concentration may still be tested at lower soluble concentrations. In such
a case, a positive result could still be used to support the identification of the test chemical as a
skin sensitiser but no firm conclusion on the lack of reactivity should be drawn from a negative
result. Limited information is currently available on the applicability of the DPRA to mixtures of
known composition (4) (5). The DPRA is nevertheless considered to be technically applicable to
the testing of multi-constituent substances and mixtures of known composition (see paragraphs 4
and 11). When considering testing of mixtures, difficult-to-test chemicals (e.g. unstable), or test
chemicals not clearly within the applicability domain described in this Appendix of the Test
Guideline, upfront consideration should be given to whether the results of such testing will yield
results that are meaningful scientifically. In cases where evidence can be demonstrated on the
non-applicability of the test method to specific categories of chemicals, the test method should not
be used for those specific categories of chemicals.

4. The test method described in this Appendix of the Test Guideline is an in chemico method
that does not encompass a metabolic system. Chemicals that require enzymatic bioactivation to
exert their skin sensitisation potential (i.e. pro-haptens) cannot be detected by the test method.
Chemicals that become sensitisers after abiotic transformation (i.e. pre-haptens) are reported to
be in most cases correctly detected by the test method (4) (9) (10). In the light of the above,
negative results obtained with the test method should be interpreted in the context of the stated
limitations and in the connection with other information sources within the framework of an IATA or
a DA. Test chemicals that do not covalently bind to the peptide but promote its oxidation (i.e.
cysteine dimerisation) could lead to a potential over estimation of peptide depletion, resulting in
possible false positive predictions and/or assignment to a higher reactivity class (see paragraphs
23 and 24).

5. As described, the DPRA assay supports the discrimination between skin sensitisers and
non-sensitisers. However, it may also potentially contribute to the assessment of sensitising
potency (6) (11) when used in integrated approaches such as IATA or DA (12). However further

"In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the
term “test chemical” describing what is being tested should now be applied in new and
updated Test Guidelines.
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work, preferably based on human data, is required to determine how DPRA results may possibly
inform potency assessment.

PRINCIPLE OF THE TEST

6. The DPRA is an in chemico method which quantifies the remaining concentration of
cysteine- or lysine-containing peptide following 24 hours incubation with the test chemical at 22.5-
30°C. The synthetic peptides contain phenylalanine to aid in the detection. Relative peptide
concentration is measured by high-performance liquid chromatography (HPLC) with gradient
elution and UV detection at 220 nm. Cysteine- and lysine peptide percent depletion values are then
calculated and used in a prediction model (see paragraph 23) which allows assigning the test
chemical to one of four reactivity classes used to support the discrimination between sensitisers
and non-sensitisers.

7. Prior to routine use of the method described in this Appendix, laboratories should
demonstrate technical proficiency, using the ten proficiency substances listed in Annex 2.

PROCEDURE

8. This test method is based on the DPRA DB-ALM protocol n° 154 (7) which represents the
protocol used for the EURL ECVAM-coordinated validation study. It is recommended that this
protocol is used when implementing and using the method in the laboratory. The following is a
description of the main components and procedures for the DPRA. If an alternative HPLC set-up
is used, its equivalence to the validated set-up described in the DB-ALM protocol should be
demonstrated (e.g. by testing the proficiency substances in Annex 2).

Preparation of the cysteine or lysine-containing peptides

9. Stock solutions of cysteine (Ac-RFAACAA-COOH) and lysine (Ac-RFAAKAA-COOH)
containing synthetic peptides of purity higher than 85% and preferably > 90%, should be freshly
prepared just before their incubation with the test chemical. The final concentration of the cysteine
peptide should be 0.667 mM in pH 7.5 phosphate buffer whereas the final concentration of the
lysine peptide should be 0.667 mM in pH 10.2 ammonium acetate buffer. The HPLC run sequence
should be set up in order to keep the HPLC analysis time less than 30 hours. For the HPLC set up
used in the validation study and described in this test method, up to 26 analysis samples (which
include the test chemical, the positive control and the appropriate number of solvent controls based
on the number of individual solvents used in the test, each tested in ftriplicate), can be
accommodated in a single HPLC run. All of the replicates analysed in the same run should use the

135



identical cysteine and lysine peptide stock solutions. It is recommended to prove individual peptide
batches for proper solubility prior to their use.

Preparation of the test chemical

10. Solubility of the test chemical in an appropriate solvent should be assessed before
performing the assay following the solubilisation procedure described in the DPRA DB-ALM
protocol (7). An appropriate solvent will dissolve the test chemical completely. Since in the DPRA
the test chemical is incubated in large excess with either the cysteine or the lysine peptides, visual
inspection of the forming of a clear solution is considered sufficient to ascertain that the test
chemical (and all of its components in the case of testing a multi-constituent substance or a mixture)
is dissolved. Suitable solvents are, acetonitrile, water, 1:1 mixture water:acetonitrile, isopropanol,
acetone or 1:1 mixture acetone:acetonitrile. Other solvents can be used as long as they do not
have an impact on the stability of the peptide as monitored with reference controls C (i.e. samples
constituted by the peptide alone dissolved in the appropriate solvent; see Annex 3). If the test
chemical is not soluble in any of the solvents mentioned above, DMSO can be used as a last resort
and in minimal amounts. It is important to note that DMSO may lead to peptide dimerisation and
as a result, it may be more difficult to meet the acceptance criteria. If DMSO is chosen, attempts
should be made to first solubilise the test chemical in 300 uyL of DMSO and dilute the resulting
solution with 2700 pL of acetonitrile. If the test chemical is not soluble in this mixture, attempts
should be made to solubilise the same amount of test chemicals in 1500 yL of DMSO and dilute
the resulting solution with 1500 pL of acetonitrile. The test chemical should be pre-weighed into
glass vials and dissolved immediately before testing in an appropriate solvent to prepare a 100 mM
solution.

11. This molecular weight approach should apply if the test chemical is a mono-constituent
substance with a known molecular weight or a mixture or multi-constituent substance of known
composition. For mixtures and multi-constituent substances of known composition, a single
aggregated purity value should be determined by the sum of the proportion of its constituents
(excluding water), and a single aggregated molecular weight should be determined by considering
the individual molecular weights of each component in the mixture (excluding water) and their
individual proportions. The resulting purity and aggregated molecular weight should then be used
to calculate the weight of test chemical necessary to prepare a 100 mM solution. For polymers for
which a predominant molecular weight cannot be determined, the molecular weight of the monomer
(or the apparent molecular weight of the various monomers constituting the polymer) may be
considered to prepare a 100 mM solution.

12. For mixtures and multi-constituent substances of unknown composition (i.e. UVCB
substances of unknown or variable composition, complex reaction products or biological materials),
the test solution can be prepared with a gravimetric approach to a concentration of 20 mg/mL on
the basis of the weight of the total components (excluding solvent) in an appropriate solvent. This
value is based on a default molecular weight of 200 g/mol. If the mixture to be investigated is known
to contain a chemical class with a typical molecular weight which is significantly higher, this default
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molecular weight and the test solution concentration should be adjusted accordingly (see e.g.
approach for agrochemical formulations (13)). In addition, this gravimetric approach should only be
applied as a last resort if no molecular weight is available and no aggregated molecular weight can
be determined.

Preparation of the positive control, reference controls and coelution controls

13. Cinnamic aldehyde (CAS 104-55-2; >95% food-grade purity) should be used as positive
control (PC) at a concentration of 100 mM in acetonitrile. Other suitable positive controls providing
mid-range depletion values may be used if historical data are available to derive comparable run
acceptance criteria. In addition reference controls (i.e. samples containing only the peptide
dissolved in the appropriate solvent) should also be included in the HPLC run sequence and these
are used to verify the HPLC system suitability prior to the analysis (reference controls A), the
stability of the reference controls over time (reference control B) and to verify that the solvent used
to dissolve the test chemical does not impact the percent peptide depletion (reference control C)
(see Annex 3). The appropriate reference control for each substance is used to calculate the
percent peptide depletion for that substance (see paragraph 20). In addition, a co-elution control
constituted by the test chemical alone for each of the test chemicals analysed should be included
in the run sequence to detect possible co-elution of the test chemical with either the lysine or the
cysteine peptide.

Incubation of the test chemical with the cysteine and lysine peptide solutions

14. Cysteine and lysine peptide solutions should be incubated in glass autosampler vials with
the test chemical at 1:10 and 1:50 ratio respectively. If a precipitate is observed immediately upon
addition of the test chemical solution to the peptide solution, due to low aqueous solubility of the
test chemical, one cannot be sure how much test chemical remained in the solution to react with
the peptide. Therefore, in such a case, a positive result could still be used, but a negative result is
uncertain and should be interpreted with due care (see also provisions in paragraph 10 for the
testing of chemicals not soluble up to a concentration of 100 mM). The reaction solution should be
left in the dark at 22.5-30°C for 24+2 hours before running the HPLC analysis. Each test chemical
should be analysed in triplicate for both peptides. Samples have to be visually inspected prior to
HPLC analysis. If a precipitate or phase separation is observed, samples may be centrifuged at
low speed (100-400xg) to force precipitate to the bottom of the vial as a precaution since large
amounts of precipitate may clog the HPLC tubing or columns. If a precipitation or phase separation
is observed after the incubation period, peptide depletion may be underestimated and a conclusion
on the lack of reactivity cannot be drawn with sufficient confidence in case of a negative result.

Preparation of the HPLC standard calibration curve

15. A standard calibration curve should be generated for both the cysteine and the lysine
peptides. Peptide standards should be prepared in a solution of 20% or 25% acetonitrile:buffer
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using phosphate buffer (pH 7.5) for the cysteine peptide and ammonium acetate buffer (pH 10.2)
for the lysine peptide. Using serial dilution standards of the peptide stock solution (0.667 mM), 6
calibration solutions should be prepared to cover the range from 0.534 to 0.0167 mM. A blank of
the dilution buffer should also be included in the standard calibration curve. Suitable calibration
curves should have an r2>0.99.

HPLC preparation and analysis

16. The suitability of the HPLC system should be verified before conducting the analysis.
Peptide depletion is monitored by HPLC coupled with an UV detector (photodiode array detector
or fixed wavelength absorbance detector with 220 nm signal). The appropriate column is installed
in the HPLC system. The HPLC set-up described in the validated protocol uses a Zorbax SB-C-18
2.1 mm x 100 mm x 3.5 micron as preferred column. With this reversed-phase HPLC column, the
entire system should be equilibrated at 30°C with 50% phase A (0.1% (v/v) trifluoroacetic acid in
water) and 50% phase B (0.085% (v/v) trifluoroacetic acid in acetonitrile) for at least 2 hours before
running. The HPLC analysis should be performed using a flow rate of 0.35 mL/min and a linear
gradient from 10% to 25% acetonitrile over 10 minutes, followed by a rapid increase to 90%
acetonitrile to remove other materials. Equal volumes of each standard, sample and control should
be injected. The column should be re-equilibrated under initial conditions for 7 minutes between
injections. If a different reversed-phase HPLC column is used, the set-up parameters described
above may need to be adjusted to guarantee an appropriate elution and integration of the cysteine
and lysine peptides, including the injection volume, which may vary according to the system used
(typically in the range from 3-10 pL). Importantly, if an alternative HPLC set-up is used, its
equivalence to the validated set-up described above should be demonstrated (e.g. by testing the
proficiency substances in Annex 2). Absorbance is monitored at 220 nm. If a photodiode array
detector is used, absorbance at 258 nm should also be recorded. It should be noted that some
supplies of acetonitrile could have a negative impact on peptide stability and this has to be
assessed when a new batch of acetonitrile is used. The ratio of the 220 peak area and the 258
peak area can be used as an indicator of co-elution. For each sample a ratio in the range of
90%<mean? area ratio of control samples<100% would give a good indication that co-elution has
not occurred.

17. There may be test chemicals which could promote the oxidation of the cysteine peptide.
The peak of the dimerised cysteine peptide may be visually monitored. If dimerisation appears to
have occurred, this should be noted as percent peptide depletion may be over-estimated leading

2 For mean it is meant arithmetic mean throughout the document.
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to false positive predictions and/or assignment to a higher reactivity class (see paragraphs 23 and
24).

18. The HPLC analysis should be timed to assure that the injection of the first sample starts
22 to 26 hours after the test chemical was mixed with the peptide solution. The HPLC run sequence
should be set up in order to keep the HPLC analysis time less than 30 hours. For the HPLC set up
used in the validation study and described in this test method, up to 26 analysis samples can be
accommodated in a single HPLC run (see also paragraph 9). An example of HPLC analysis
sequence is provided in Annex 3.

DATA AND REPORTING

Data evaluation

19. The concentration of cysteine or lysine peptide is photometrically determined at 220 nm
in each sample by measuring the peak area (area under the curve, AUC) of the appropriate peaks
and by calculating the concentration of peptide using the linear calibration curve derived from the
standards.

20. The percent peptide depletion is determined in each sample by measuring the peak area
and dividing it by the mean peak area of the relevant reference controls C (see Annex 3) according
to the formula described below.

Percent peptide depletion = {1 B [ Peptide peak area in replicate injection H %100

Mean peptide peak area in reference controls C

Acceptance criteria

21. The following criteria should be met for a run to be considered valid:
a) the standard calibration curve should have an r2>0.99,

b) the mean percent peptide depletion value of the three replicates for the positive control
cinnamic aldehyde should be between 60.8% and 100% for the cysteine peptide and
between 40.2% and 69.0% for the lysine peptide (for other positive controls a reference
range needs to be established) and the maximum standard deviation (SD) for the positive
control replicates should be <14.9% for the percent cysteine depletion and <11.6% for the
percent lysine depletion and
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c) the mean peptide concentration of reference controls A should be 0.50+0.05 mM and
the coefficient of variation (CV) of peptide peak areas for the nine reference controls B and
C in acetonitrile should be <15.0%.

If one or more of these criteria is not met the run should be repeated.
22. The following criteria should be met for a test chemical’s results to be considered valid:

a) the maximum standard deviation for the test chemical replicates should be <14.9% for
the percent cysteine depletion and <11.6% for the percent lysine depletion,

b) the mean peptide concentration of the three reference controls C in the appropriate
solvent should be 0.50+0.05 mM.

If these criteria are not met the data should be rejected and the run should be repeated
for that specific test chemical.

Prediction model

23. The mean percent cysteine and percent lysine depletion value is calculated for each test
chemical. Negative depletion is considered as “0” when calculating the mean. By using the cysteine
1:10/lysine 1:50 prediction model shown in Table 1, the threshold of 6.38% average peptide
depletion should be used to support the discrimination between skin sensitisers and non-
sensitisers in the framework of an IATA or DA. Application of the prediction model for assigning a
test chemical to a reactivity class (i.e. low, moderate and high reactivity) may perhaps prove useful
to inform potency assessment within the framework of an IATA or DA.

Table 1: Cysteine 1:10/lysine 1:50 prediction model

Mean of cysteine and lysine % depletion Reactivity Class DPRA Prediction?
0% < mean % depletion < 6.38% No or minimal reactivity Negative
6.38% < mean % depletion < 22.62% Low reactivity
22.62% < mean % depletion < 42.47% Moderate reactivity Positive
42.47% < mean % depletion < 100% High reactivity

1 The numbers refer to statistically generated threshold values and are not related to the precision of the measurement (2).
2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 2 and 4.
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24. There might be cases where the test chemical (the substance or one or several of the
components of a multi-constituent substance or a mixture) absorbs significantly at 220 nm and has
the same retention time of the peptide (co-elution). Co-elution may be resolved by slightly adjusting
the HPLC set-up in order to further separate the elution time of the test chemical and the peptide.
If an alternative HPLC set-up is used to try to resolve co-elution, its equivalence to the validated
set-up should be demonstrated (e.g. by testing the proficiency substances in Annex 2). When co-
elution occurs the peak of the peptide cannot be integrated and the calculation of the percent
peptide depletion is not possible. If co-elution of such test chemicals occurs with both the cysteine
and the lysine peptides, or with the cysteine peptide only, then the analysis should be reported as
“‘inconclusive”. In cases where co-elution occurs only with the lysine peptide, then the cysteine 1:10

prediction model reported in Table 2 can be used.

Table 2: Cysteine 1:10 prediction model’

Cysteine (Cys) % depletion Reactivity class DPRA prediction?

0% < Cys % depletion < 13.89% No or minimal reactivity Negative
13.89% < Cys % depletion < 23.09% Low reactivity

23.09% < Cys % depletion < 98.24% Moderate reactivity Positive
98.24% < Cys % depletion < 100% High reactivity

1 The numbers refer to statistically generated threshold values and are not related to the precision of the measurement.
2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 2 and 4.

25. There might be other cases where the overlap in retention time between the test chemical
and either of the peptides is incomplete. In such cases percent peptide depletion values can be
estimated and used in the cysteine 1:10/lysine 1:50 prediction model, however assignment of the

test chemical to a reactivity class cannot be made with accuracy.

26. A single HPLC analysis for both the cysteine and the lysine peptide should be sufficient
for a test chemical when the result is unequivocal. However, in cases of results close to the
threshold used to discriminate between positive and negative results (i.e. mean percent depletion
falls in the range of 3% to 10% for the cysteine 1:10/lysine 1:50 prediction model or cysteine percent
depletion falls in the range of 9% to 17% for the cysteine 1:10 prediction model), additional testing
is recommended. In particular, in case of negative results in these ranges (i.e. 3% to 6.38% for the
cysteine 1:10/lysine 1:50 prediction model or 9% to 13.89% for the cysteine 1:10 prediction model),
a second run should be conducted, as well as a third one in case of discordant results between the

first two runs.
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Test report

27.

The test report should include the following information

Test chemical and Controls (positive control and solvent/vehicle)

Mono-constituent substance (test and control chemicals)

o

O

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

Physicochemical properties such as physical state, appearance, water solubility,
molecular weight, and additional relevant physicochemical properties, to the extent
available;

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.

Multi-constituent substance, UVCB and mixture:

o

@)

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

Physical appearance, water 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;

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

Storage conditions and stability to the extent available.

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

e Additional information for solvent/vehicle control
o Solvent/vehicle used and ratio of its constituents, if applicable;
o Justification for choice of solvent for each test chemical;
o For acetonitrile, results of test of impact on peptide stability.
Peptides

e Supplier, lot, purity

HPLC instrument setting and analysis
e Type of HPLC instrument, HPLC and guard columns, detector, autosampler;

e Parameters relevant for the HPLC analysis such as column temperature, injection volumes, flow
rate and gradient.

System suitability
e Peptide peak area at 220 nm of each standard and reference control A replicate;
e Linear calibration curve graphically represented and the r? reported;
o Peptide concentration of each reference control A replicate;
e Mean peptide concentration (mM) of the three reference controls A, SD and CV;

e Peptide concentration of reference controls A and C.

Analysis sequence

e For reference controls:

o Peptide peak area at 220 nm of each B and C replicate;
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o Mean peptide peak area at 220 nm of the nine reference controls B and C in acetonitrile,
SD an CV (for stability of reference controls over analysis time);

o For each solvent used, the mean peptide peak area at 220 nm of the three appropriate
reference controls C (for the calculation of percent peptide depletion);

o For each solvent used, the peptide concentration (mM) of the three appropriate reference
controls C;

o For each solvent used, the mean peptide concentration (mM) of the three appropriate
reference controls C, SD and CV.

e For positive control:

o Peptide peak area at 220 nm of each replicate;

o Percent peptide depletion of each replicate;

o Mean percent peptide depletion of the three replicates, SD and CV.
e For each test chemical:

o Appearance of precipitate in the reaction mixture at the end of the incubation time, if
observed. If precipitate was re-solubilised or centrifuged;

o Presence of co-elution;

o Description of any other relevant observations, if applicable;

o Peptide peak area at 220 nm of each replicate;

o Percent peptide depletion of each replicate;

o Mean of percent peptide depletion of the three replicate, SD and CV;
o Mean of percent cysteine and percent lysine depletion values;

o Prediction model used and DPRA prediction.

Proficiency testing

e Statement that the testing facility has demonstrated proficiency in the use of the test method before
routine use by testing of the proficiency chemicals.
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Discussion of the results
e Description of any unintended modifications to the test procedure.

e Discussion of the results obtained with the DPRA test method and if it is within the ranges
described in paragraph 26.

Conclusion
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APPENDIX I, ANNEX 1

KNOWN LIMITATIONS OF THE DIRECT PEPTIDE REACTIVITY ASSAY

The table below provides a summary of the known limitations of the DPRA.

Substance class /
interference

Reason for potential underprediction or
interference

Data interpretation

Example substance

Metals and inorganic
compounds

Pro-haptens

Pre-haptens

Test chemicals absorbing
significantly at 220 nm and
having the same retention
time of the peptides (co-
elution)

Complex mixtures of
unknown composition,
substances of unknown or
variable composition,
complex reaction products or
biological materials

Test chemicals which cannot
be dissolved in an
appropriate solvent at a final

Known to react with proteins via
mechanisms other than covalent binding

Test Chemicals that require enzymatic
bioactivation to exert their skin
sensitisation potential; cannot be detected
by the test method unless activation is
caused by auto-oxidation to a similar
degree as in vivo /in humans. It will
however normally not be known whether
this will be the case

Chemicals that become sensitisers after
abiotic transformation are reported to be in
most cases correctly detected by the test
method

When co-elution occurs the peak of the
peptide cannot be integrated and the
calculation of the percent peptide
depletion is not possible

The molecular weight approach cannot
apply - See paragraph 12 for conditions of
aplication of the gravimetric approach

Not sure if sufficient exposure can be
achieved

Should not be tested

May lead to false negatives.

Negative results obtained with the test method should
be interpreted in the context of the stated limitations
and in the connection with other information sources
within the framework of an IATA or a DA

If co-elution of such test chemicals occurs with both
the cysteine and the lysine peptides, or with the
cysteine peptide only, then the analysis should be
reported as “inconclusive” and alternative HPLC set up
should be considered (see paragraph 22). In cases
where co-elution occurs only with the lysine peptide,
then the cysteine 1:10 prediction model reported in
Table 2 can be used.

See paragraph 12

Test chemicals that are not soluble at this
concentration may still be tested at lower soluble
concentrations. In such a case, a positive result could
be used to support the identification of the test
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Nickel sulphate;
7786-81-4

Diethylenetriamine;
111-40-0 (1A chez
I'homme, LLNA n/a)

Linalool: 78-70-6

Salicylic acid: 69-72-7

UVCBs, chemical
emissions, products or
formulations with variable
or not fully known
composition

n/a



concentration of 100 mM

Chemicals which precipitate
in reaction solution

Test chemicals that do not
covalently bind to the
cysteine-peptide but promote
its oxidation (i.e. cysteine
dimerisation)

Test chemicals that are only
soluble in DMSO

Not sure if sufficient exposure can be
achieved

Could lead to a potential over-estimation
of cysteine-peptide depletion, resulting in
possible false positive predictions.

DMSO causes excessive peptide
depletion due to cysteine dimerization
resulting in high background cysteine
depletion.

chemical as a skin sensitiser but no firm conclusion on
the lack of reactivity should be drawn from a negative

result.

A conclusion on the lack of reactivity cannot be drawn
with sufficient confidence in case of a negative result
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May lead to false negative results

Isopropyl myristate
CAS: 110-27-0

DMSO
Oxidant

n/a



PROFICIENCY SUBSTANCES

In Chemico Skin Sensitisation: Direct Peptide Reactivity Assay

APPENDIX I, ANNEX 2

Prior to routine use of the test method described in this test method, laboratories should demonstrate
technical proficiency by correctly obtaining the expected DPRA prediction for the 10 proficiency substances
recommended in Table 1 and by obtaining cysteine and lysine depletion values that fall within the
respective reference range for 8 out of the 10 proficiency substances for each peptide. These proficiency
substances were selected to represent the range of responses for skin sensitisation hazards. Other
selection criteria were that they are commercially available, that high quality in vivo reference data and
high quality in vitro data generated with the DPRA are available, and that they were used in the EURL
ECVAM-coordinated validation study to demonstrate successful implementation of the test method in the

laboratories participating in the study.

Table 1: Recommended proficiency substances for demonstrating technical proficiency with the
Direct Peptide Reactivity Assay

Proficiency substances CASRN | Physical In vivo DPRA Range3 of % Range3 of %
state prediction? prediction? cysteine peptide lysine peptide
depletion depletion
2,4-Dinitrochlorobenzene 97-00-7 Solid Sensitiser Positive 90-100 15-45
(extreme)
Oxazolone | 15646-46-5 Solid Sensitiser Positive 60-80 10-55
(extreme)
Formaldehyde 50-00-0 Liquid Sensitiser Positive 30-60 <24
(strong)
Benzylideneacetone 122-57-6 Solid Sensitiser Positive 80-100 <7
(moderate)
Farnesal | 19317-11-4 Liquid Sensitiser Positive 15-55 <25
(weak)
2,3-Butanedione 431-03-8 Liquid Sensitiser Positive 60-100 10-45
(weak)
1-Butanol 71-36-3 Liquid Non-sensitiser Negative <7 <55
6-Methylcoumarin 92-48-8 Solid Non-sensitiser Negative <7 <55
Lactic Acid 50-21-5 Liquid Non-sensitiser Negative <7 <55
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4-Methoxyacetophenone

100-06-1

Solid

Non-sensitiser

Negative

<7

<55

'The in vivo hazard and (potency) predictions are based on LLNA data (5). The in vivo potency is derived using the criteria proposed by ECETOC

(8).
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2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 2 and 4.
3 Ranges determined on the basis of at least 10 depletion values generated by 6 independent laboratories.



APPENDIX I, ANNEX 3

EXAMPLES OF ANALYSIS SEQUENCE

Calibration standards and reference controls STD1
STD2

STD3

STD4

STD5

STD6

Dilution buffer

Reference control A, rep 1
Reference control A, rep 2
Reference control A, rep 3

Co-elution controls Co-elution control 1 for test chemical 1
Co-elution control 2 for test chemical 2
Reference controls Reference control B, rep 1

Reference control B, rep 2
Reference control B, rep 3
First set of replicates Reference control C, rep 1
Cinnamic aldehyde, rep 1
Sample 1, rep 1
Sample 2, rep 1
Second set of replicates Reference control C, rep 2
Cinnamic aldehyde, rep 2
Sample 1, rep 2
Sample 2, rep 2
Third set of replicates Reference control C, rep 3
Cinnamic aldehyde, rep 3
Sample 1, rep 3
Sample 2, rep 3
Reference controls Reference control B, rep 4
Reference control B, rep 5
Reference control B, rep 6

Three sets of reference controls (i.e. samples constituted only by the peptide dissolved in the appropriate
solvent) should be included in the analysis sequence:

Reference control A: used to verify the suitability of the HPLC system.

Reference control B: included at the beginning and at the end of the analysis sequence to verify stability
of reference controls over the analysis time.

Reference control C: included in the analysis sequence to verify that the solvent used to dissolve the test
chemical does not impact the percent peptide depletion.
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APPENDIX I

In Chemico Skin Sensitisation: Amino acid Derivative Reactivity
Assay (ADRA)

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

1. The ADRA is proposed to address the molecular initiating event of the skin sensitisation
AOP - namely, protein reactivity - by quantifying the reactivity of test chemicals towards model
synthetic amino acid derivatives containing either lysine or cysteine (1) (2) (3). Depletion values of
the cysteine derivative N-(2-(1-naphthyl)acetyl)-L-cysteine (CAS. 32668-00-1), which is known as
NAC, and the lysine derivative a-N-(2-(1-naphthyl)acetyl)-L-lysine (CAS. 397841-92-8), known as
NAL are then used to support the discrimination between skin sensitisers and non-sensitisers (1)

(2) (3)-

2. The reproducibility and transferability of the ADRA protocol were confirmed using
validation studies coordinated by the Japanese Center for validation of alternative methods
(JaCVAM) (4) (5) (6) (7) (8) (9) (10). There are two detection types of ADRA: ultraviolet (UV)
detection and fluorescence (FL) detection (11) (12). Within-laboratory reproducibility (WLR) and
between-laboratory reproducibility (BLR) of ADRA were 100% each determined using both the UV
detection and fluorescence detection (9) (10). Prediction of skin sensitisation potential based on
local lymph node assay (LLNA) data indicated that ADRA with UV-detection identified sensitisers
and non-sensitisers with an accuracy of 76 % (104/136), a sensitivity of 76% (74/98), a specificity
of 79% (30/38) and a balanced accuracy of 77% (8). In addition, the prediction of the skin
sensitisation potential based on human data indicated that ADRA with UV detection has an
accuracy of 84% (67/80), a sensitivity of 83% (48/58), a specificity of 86% (19/22) and a balanced
accuracy of 84% (8). However, the accuracy values given here for ADRA as a stand-alone test
method are for reference only, since it is recommended that the test method be used in combination
with other sources of information in the context of an IATA and in accordance with the provisions
of paragraphs 7 and 8 in the General Introduction. Furthermore, when evaluating non-animal
methods for skin sensitisation, it should be kept in mind that the LLNA as well as other animal tests
may not fully reflect the situation in humans. On the basis of the overall data available, ADRA’s
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applicability domain was shown to include a variety of organic functional groups, reaction
mechanisms, skin sensitisation potencies (as determined in in vivo studies), and physicochemical
properties (1) (2) (3) (4). Following an independent peer review, the ADRA validation studies were
considered to demonstrate that this method should be acceptable as part of an integrated testing
strategy for the predictive identification of skin sensitisation hazard (6) (13) (14).

3. Co-elution occurs when the test chemical (the substance or one or several of the
constituents of a multi-constituent substance or a mixture) was detected significantly at an OD of
281 nm (UV detector) or Ex/Em 284/333 nm (FL detector) and has the same retention time as NAC
or NAL (15). Co-elution of UV absorbing-compounds using with the nucleophiles NAC and NAL
can lead to inconclusive results when using conventional ultraviolet (UV) detection (11) (12). This
problem can be prevented by an alternative or parallel measurement using a fluorescence (FL)
detector; thus, the depletion values obtained by simultaneous measurement using both detectors
were also collected in the validation studies (9) (10) and equivalent results to those obtained with
UV-detection were obtained, indicating that both detection methods are valid, but FL-detection may
lead to fewer inconclusive results. Known limitations of the ADRA are tabulated in Appendix I,
Annex 1.

4. The term "test chemical" is used in this Test Guideline to refer to what is being tested?.
This test method is not applicable to the testing of metal compounds, which are known to react with
proteins via mechanisms other than covalent binding. The test method described in this Appendix
of the Test Guideline is an in chemico method that does not encompass a metabolic system.
Chemicals that require enzymatic bioactivation to exert their skin sensitisation potential (i.e., pro-
haptens) cannot be detected by the test method. Chemicals that become sensitisers after abiotic
transformation (i.e., pre-haptens) are reported to be in some cases correctly detected by the test
method (1) (2) (3) (4) (7) (8). In the light of the above, negative results obtained with the test method
should be interpreted in the context of the stated limitations and in the connection with other
information sources within the framework of an IATA. Test chemicals that promote the oxidation of
the N-(2-(1-naphthyl)acetyl)-L-cysteine (NAC) reagent (i.e. cysteine dimerisation) could lead to a
potential over-estimation of NAC depletion, resulting in possible false positive predictions (see
paragraph 22 and Appendix Il, Annex 1); it may be possible to detect and quantify any NAC dimer
formed by high-performance liquid chromatography (HPLC) using a UV detector, thus confirming
or ruling out that the NAC reagent has been depleted via oxidative dimerisation as opposed to
reaction and covalent bonding to the test item substance(s).

3 In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the
term “test chemical” describing what is being tested should now be applied in new and
updated Test Guidelines.
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5. The ADRA test method allows testing of poorly soluble chemicals (16). To be tested, a
test chemical should be soluble in an appropriate solvent at a final concentration of 4 mM (see
paragraph 14). Test chemicals that are not soluble at this concentration may still be tested at lower
concentrations. In such cases, a positive result could still be used to support identification of the
test chemical as a skin sensitiser but no firm conclusion on the lack of reactivity should be drawn
from a negative result.

6. The nucleophilic reagents used in ADRA are quantified at 281 nm (1) (2). In the case of
co-elution of the nucleophilic reagent and the UV-absorbing test chemical, this might result in
inconclusive predictions. However, substances that absorb UV in this range of the spectrum are
generally limited to those having conjugated double bonds, which significantly lowers the potential
for inconclusive results due to co-elution of UV-absorbing components (15). Furthermore, NAC and
NAL are fluorescent and thus, they can be detected using a FL detector (11) (12). Since test
chemicals rarely have fluorescence at the specific excitation/emission wavelengths, it is possible
to further reduce frequency of inconclusive results by using a FL detector. This is particularly useful
in the case of multi-constituent substances with UV absorbance.

7. When assessing the sensitisation potential of a test chemical by using ADRA, there are
two options for the preparation of the stock solution (see Figure 1 and paragraphs 15-16): a) If the
test chemical is a mono-constituent substance with a known molecular weight or a mixture or multi-
constituent substance of known composition, ADRA should be performed using a stock solution
prepared at a concentration of 4 mM (8); b) If the test chemical is a mono-constituent substance of
unknown molecular weight or a mixture and there is no defined molecular weight (mixtures of
unknown or variable composition, complex reaction products, or biological materials (UVCB)),
ADRA should be performed using a gravimetric approach based on a stock solution prepared at
0.5 mg/mL. In addition, the gravimetric approach with ADRA (0.5 mg/mL) can also be used for
polymers. Assessment of the predictive capacity of ADRA conducted with this gravimetric approach
indicated that ADRA (0.5 mg/mL) identified sensitisers and non-sensitisers with an accuracy of 76
% (103/136), a sensitivity of 74% (73/98), a specificity of 79% (30/38) and a balanced accuracy of
77% when compared to LLNA data (8). In addition, the predictive capacity for human data indicated
that the gravimetric ADRA (0.5 mg/mL) has an accuracy of 83% (66/80), a sensitivity of 81%
(47/58), and a specificity of 86% (19/22) (8). The molecular weight range of the test chemicals used
in the validation study of ADRA (0.5 mg/mL) was 60.10 - 388.29, and the ratio of nucleophilic
reagent to test chemical in the reaction solution at that time was 1:416 - 1:64 (9).

8. ADRA can be used to support the discrimination between skin sensitisers and non-
sensitisers. Further work, preferably based on human data, is necessary to determine whether
ADRA results can contribute to potency assessment when considered in combination with other
information sources (13) (14).
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PRINCIPLE OF THE TEST

9. ADRA is an in chemico test method that quantifies residual concentrations of the NAC and
NAL, following a 24+1 hour incubation at 25+1°C in the presence of a test chemical. Both these
derivatives include a naphthalene ring that is introduced to their N-terminal in order to facilitate UV
detection and FL detection. The relative concentrations of NAC and NAL are measured by HPLC
using UV detection (optical density, 281 nm), optionally in combination with FL detection
(excitation/emission [Ex/Em], 284/333 nm) and with gradient elution (see paragraph 19). To
ultimately support the discrimination between skin sensitisers and non-sensitisers, percent
depletion values are then calculated for both NAC and NAL and compared to a prediction model
(see paragraph 27).

10. Prior to routine use of the method described in this test method, laboratories should
demonstrate technical proficiency, using the ten proficiency substances listed in Appendix I, Annex
2.

PROCEDURE

11. This test method is based on the protocol (17) used for the JaCVAM-coordinated ADRA
validation study and is recommended for use when implementing ADRA at a laboratory. The main
components and procedures for the ADRA are described below. Before using an alternative HPLC
set-up, its equivalence to the validated set-up described in the protocol should be demonstrated,
preferably by testing the proficiency substances in Appendix Il, Annex 2.

Quality of NAC and NAL

12. The Nucleophilic Reagents can be obtained as an ADRA Kit for Skin Sensitisation Test,
from FUJIFILM Wako Pure Chemical Corporation, Catalogue No. 296-80901. The use of NAC/NAL
as reagent for detecting sensitisation is patented in Japan only, by Fujifilm Corporation. Therefore,
in other countries, NAC/NAL can be used without permission. In case other manufacturer’s
NAC/NAL are used, these should satisfy three quality criteria described below. Quality checks can
be obviated and ADRA testing can be performed without delay by purchasing NAC and NAL that
have been manufactured specifically to satisfy these quality criteria.

Quality required for NAC and NAL:
1) Purity: Both NAC and NAL are to be at least 98% pure.

2) Stability: Using NAC and NAL stock solution, prepare a reference control free of any test
chemical and quantify the residual levels of NAC and NAL both immediately after
preparation (0 hours) and after a 24 hour incubation. The residual level of NAC and NAL is
calculated as follows:
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Peak area of NAC
Residual levels of NAC = x 100
Total peak area of NAC and NAC dimer

Peak area of NAL at 24 hour
Residual levels of NAL = x 100
Peak area of NAL at O hour

The main cause of NAC stability degradation is dimerisation, which may affect reactivity with the
test chemical and test reproducibility (3). Therefore, the residual level of NAC should be calculated
with respect to the total amount of NAC and dimer. Since the dimers may be formed over time or
may have already been formed during the preparation of the stock solution, residual level of NAC
is calculated at the time of stock solution preparation and after 24 hours. Residual levels of NAC
(both of 0 hour and 24 hour) and NAL (24 hour) should be a minimum of 90% in either case (17).

3) Reactivity: NAC and NAL are to be evaluated for reactivity with the ten proficiency
substances given in Appendix Il, Annex 2 and should satisfy the requirement given therein.

Preparation of the NAC and NAL stock solution

13. The solubility of individual NAC and NAL batches should be verified prior to use. NAC
stock solution should be prepared to a concentration of 2 mM in 100 mM of pH 8.0 phosphate
buffer, including 0.333 uM of EDTA, as well as NAL stock solution to a concentration of 2 mM in
100 mM of pH 10.2 phosphate buffer. These two stock solutions are then diluted in buffer to prepare
6.667 uM stock solutions. Both NAC and NAL stock solutions should be used as soon as possible
after preparation (3). In the event that they are to be stored, these stock solutions may be frozen
and stored for up to twelve months time at less than -75°C prior to use. The final concentration of
the NAC in the incubation mixture is 5 yM in pH 8.0 phosphate buffer, and the final concentration
of the NAL in the incubation mixture is 5 uM in pH 10.2 phosphate buffer.

Preparation of the test chemical solution

14. Solubility of the test chemical in an appropriate solvent should be assessed before
performing the assay in accordance with the solubilisation procedure described in the ADRA
JaCVAM protocol (17). An appropriate solvent should dissolve the test chemical completely. Since
the ADRA protocol stipulates that either NAC or NAL are incubated in an excess volume of the test
chemical, visual inspection of the clear test chemical solution is considered sufficient to confirm
that the test chemical (and all its constituents, if testing a multi-constituent substance or a mixture)
is dissolved (17). Suitable solvents are distilled water, acetonitrile and acetone. If the test chemical
is not soluble in any of the solvents mentioned above, DMSO can be used as a last resort and in
minimal amounts (19). Itis important to note that DMSO may lead to dimerisation of the nucleophilic
reagent NAC (18) (19) and as a result, it may be more difficult to meet the acceptance criteria. If a
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DMSO-acetonitrile solvent is chosen (5% DMSO in acetonitrile), the test chemical should be
dissolved at 80 mM in DMSO, and then this solution should be diluted 20-fold with acetonitrile to
prepare a 4 mM test chemical solution. In case the use of DMSO leads to increased dimerisation
of the NAC reagent, this can be checked analytically as the NAC dimer can be detected by HPLC.
If a solvent other than those already considered appropriate for the ADRA is used for the test
chemical, it is necessary to confirm that the solvent itself does not lead to NAC or NAL depletion
(e.g., dimerisation, oxidation) and does not degrade or disrupt the integrity of the test subtances or
mixture components. The test chemical should be pre-weighed into a disposable polypropylene
tube and dissolved immediately before testing in an appropriate solvent to prepare a 4 mM stock
solution (See paragraph 5).

15. This molecular weight approach should apply if the test chemical is a mono-constituent
substance with a known molecular weight or a mixture or multi-constituent substance of known
composition (See Figure 1). For mixtures and multi-constituent substances of known composition,
a single aggregated purity value should be determined by the sum of the proportion of its
constituents (excluding water), and a single aggregated molecular weight should be determined by
considering the individual molecular weights of each component in the mixture (excluding water)
and their individual proportions. The resulting purity and aggregated molecular weight should then
be used to calculate the weight of test chemical necessary to prepare a 4 mM solution.

16. Mono-constituent substances of unknown molecular weight should be tested based on a
test chemical stock solution at a concentration of 0.5 mg/mL rather than 4 mM (7) (See Figure1
and paragraph 7). Polymers can also be tested at a concentration of 0.5 mg/mL. For mixtures and
multi-constituent substances of unknown composition (i.e. UVCB substances of unknown or
variable composition, complex reaction products or biological materials), the test solution can be
prepared with a gravimetric approach. The substance should then be dissolved in the stock solution
at 0.5 mg/mL on the basis of the weight of the total components (excluding solvent) in an
appropriate solvent (See paragraph 14 and Figure 1). This 0.5 mg/mL of test chemical
concentration corresponds to a molecular weight of 125 g/molwhen ADRA (4 mM) is
performed. The ADRA gravimetric approach with ADRA (0.5 mg/mL) has been shown to be almost
as accurate in prediction as ADRA (4 mM) for 136 chemicals in a wide molecular weight range
(30.03 - 512.60) (8) (see paragraph 7). This assessment of the predictive capacity of the
gravimetric approach is based on testing chemicals with defined molecular weight and not based
on the testing of mixtures, as no reference data for mixtures are available. Therefore, if the mixture
to be investigated is known to contain a chemical class with a typical molecular weight which is
significantly higher, this default molecular weight and the test solution concentration should be
adjusted accordingly [see e.g. approach for agrochemical formulations in (24)]. The gravimetric
approach should only be applied as a last resort if no aggregated molecular weight can be
calculated. As for any testing with mixtures, as much as possible, information should be gathered
on the sensitization potential and reactivity of individual constituents.
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Preparation of the positive control, reference controls and co-elution controls

17. Either phenylacetaldehyde (CAS 122-78-1, purity = 90%) or squaric acid diethyl ester
(CAS 5231-87-8, purity > 95%) should be used as the positive control (PC) at a concentration of 4
mM in acetonitrile (10). Phenylacetaldehyde is prone to oxidation and polymerisation and integrity
of the sample has to be assured by proper storage or by using fresh samples. Squaric acid diethyl
ester should be stored protected from high temperature or humidity, since it is prone to hydrolysis.
Other suitable positive controls that provide mid-range depletion values may be used if historical
data are available to derive comparable run acceptance criteria. In addition, reference controls
comprising only NAC or only NAL dissolved in the appropriate solvent should also be included in
the HPLC run sequence, and these are used to verify the HPLC system suitability prior to analysis
(Reference Control A), the stability of the reference controls over time (Reference Control B), and
any effects of the solvent used on depletion of NAC or NAL (Reference Control C) (See Appendix
II, Annex 3). The percent NAC and NAL depletion for a test chemical is calculated using an
appropriate reference control for that test chemical (see paragraph 23). Also, a co-elution control
comprising only the test chemical should be included in the run sequence to detect possible co-
elution of the test chemical with either the NAC or NAL.

Incubation of the test chemical with the NAC and NAL solutions

18. Both the NAC and the NAL stock solutions are incubated with the test chemical stock
solution in a 3:1 ratio in a 96-well microplate. For the 4 mM test chemical stock solution this gives
a final concentration of 1 mM test chemical and 5 yM NAC/NAL (17). For the 0.5 mg/ml test
chemical stock solution, the final level of the test chemical is 0.125 mg/ml. The observation of
precipitate immediately upon addition of the test chemical solution to the NAC and the NAL
solutions is an indication of poor solubility, which means that there is no way to know exactly how
much test chemical is contained in the solution. Thus, although positive results can be used with
confidence, negative results are uncertain and no firm conclusion on the lack of reactivity should
be drawn from a negative result (see also paragraph 5 regarding the testing of chemicals not
soluble at concentrations as high as 4 mM). The reaction solution should be incubated in the dark
at 25+1°C for 24+1 hours before performing HPLC analysis. After incubation, trifluoroacetic acid
(TFA) (> 98%) should be added to reaction solution as a fixing solution to stop the reaction (3).
2.5% (v/v) TFA aqueous solution is added to the reaction solution in a 1:4 ratio. Thus, final
concentration of NAC/NAL and TFA are 4 yM and 0.5%, respectively.

HPLC preparation and analysis

19. NAC/NAL depletion is monitored by HPLC coupled with an UV-detector. In case of co-
elution of NAC/NAL with an UV-absorbing component in the test chemical solution, a fluorescence
detector is used (11) (12). There are two options for NAC/NAL detection: Successive measurement
should be started with UV-detection and fluorescent detection is used only if inconclusive results
due to co-elution are obtained. Alternatively, simultaneous measurement is performed by
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connecting both the UV and FL detector to the HPLC system for parallel detection. If no co-elution
of UV-absorbing components is observed, only the UV data are used. If inconclusive results due
to co-elution are observed, FL data will be used (see Figure 1). In the unlikely event that a co-
elution also appears in ADRA-FL, the operation should be performed according to paragraph 28.
Each test chemical should be analysed in triplicate to determine percent depletion for both NAC
and NAL. Although adding the fixing solution does stop the reaction, measurement of the reaction
solution is to be performed as soon as possible and in any case within three days after adding the
fixing solution. For example, when HPLC analysis of NAC and NAL are performed separately using
two 96-well microplates, up to 34 samples may be analysed at one time, including the test chemical,
the positive control, and the appropriate number of solvent controls based on the number of
individual solvents used in the test, each in triplicate. All of the replicates analysed in a single run
should use identical batches of NAC and NAL stock solution. Test chemical and control solutions
are to be visually inspected prior to HPLC analysis and may be centrifuged at low speed (100—400
x g) to force any precipitate to the bottom of the vial as a precaution against large amounts of
precipitate clogging the HPLC tubing or columns. Observation of precipitation or phase separation
after the incubation period is an indication that NAC and NAL depletion could be misleading, and
negative results in that case are uncertain and should be interpreted with due care, as well as for
any precipitate observed at the beginning of the incubation period (see above).
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Figure 1: Procedure to assess NAC/NAL depletion in ADRA including a gravimetric approach for
mixtures and alternative fluorescent detection in case of co-elution with UV-absorbing
components.
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20. A standard calibration curve should be generated for both NAC and NAL. Standard
solutions of both NAC and NAL should be prepared in 20% acetonitrile in buffer and containing
0.5% trifluoroacetic acid. For NAC, a phosphate buffer at pH 8.0, and for NAL, a phosphate buffer
at pH 10.2 should be used. Using the NAC and NAL stock solutions (6.667 uM), six calibration
solutions should be prepared in concentrations from 5.0 to 0.156 uM. A blank of the dilution buffer
should also be included in the standard calibration curve. Suitable calibration curves should have
an R2 > 0.990.

21. The suitability of the HPLC system should be verified before conducting the analysis. Both
NAC and NAL depletion is monitored by HPLC coupled with an UV-detector (photodiode array
detector or fixed wavelength absorbance detector with 281 nm signal) and a FL detector (Ex, 284
nm and Em, 333 nm) (see paragraph 19). The appropriate column is installed in the HPLC system.
The recommended HPLC set-up described in the validated protocol uses a column with the

161



following specifications. Base particle: core-shell type silica gel, Particle size: 2.5~2.7 ym, column
size: 3.0 x 150 mm as preferred column. With this reversed-phase HPLC column, the entire system
should be equilibrated for at least 30 minutes at 40°C with 50% phase A (0.1% (v/v) trifluoroacetic
acid in water), 50% phase B (0.1% (v/v) trifluoroacetic acid in acetonitrile) before use. Then, the
column is conditioned by running the gradient at least twice before actual use. The HPLC analysis
should be performed using a flow rate of 0.30 mL/min and a linear gradient from 30% to 55%
acetonitrile for NAC and from 25% to 45% acetonitrile for NAL within 10 minutes, followed by a
rapid increase to 100% acetonitrile to remove other materials. Equal volumes of the standard
solutions, test chemical solutions, and control solutions should be injected. The column should be
re-equilibrated under initial conditions for 6.5 minutes between injections. If a different reversed-
phase HPLC column is used, the set-up parameters described above may need to be adjusted to
guarantee an appropriate elution and integration of the NAC and NAL, including the injection
volume, which may vary according to the system used (typically in the range from 10-20 uL).
Importantly, if an alternative HPLC set-up is used, its equivalence to the validated set-up described
above should be demonstrated, preferably by testing the proficiency substances in Appendix I,
Annex 2. Using the UV detection method, absorbance is monitored at 281 nm. If a photodiode
array detector is used, absorbance at 291 nm should also be recorded. It should be noted that
some batches of acetonitrile could have a negative impact on NAC and NAL stability and this has
to be assessed when a new batch of acetonitrile is used. The ratio of the 281 nm peak area and
the 291 nm peak area can be used as an indicator of co-elution. For each sample a ratio in the
range of 90% < mean area ratio of control samples < 100% would give a good indication that co-
elution has not occurred. An example of HPLC analysis sequence is provided in Appendix Il, Annex
3.

22. There are some test chemicals that could potentially promote oxidation of NAC. The peak
of the dimerised NAC may be monitored visually in the case of ADRA-UV. However, since the NAC
dimer does not exhibit fluorescence, it cannot be detected in the fluorescent detection mode. Any
apparent dimerisation should be noted, since overestimation of NAC depletion could result in false-
positive predictions (See paragraphs 4, 14 and Appendix Il, Annex 1).

DATA AND REPORTING

Data evaluation

23. The concentration of both NAC and NAL is photometrically determined at 281 nm (UV
detector) and if needed by fluorescence detection with Ex/Em, 284/333 nm (FL detector) (see
paragraph 21) in each sample by measuring the peak area (area under the curve, AUC) of the
appropriate peaks and by calculating the concentration of both NAC and NAL using the linear
calibration curve derived from the standards.
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24.

The percent depletion for both NAC and NAL is determined in each sample by measuring

the peak area and dividing it by the mean peak area of the relevant Reference Controls C (See
Appendix I, Annex 3) according to the formula described below.

Percent NAC or NAL depletion = E—[

NAC or NAL peak area in replicate injection

Mean NAC or NAL peak area in reference controls C

Acceptance criteria

25.

26.

The following criteria should be met for a run to be considered valid:
a) the standard calibration curve should have an R?> 0.990,

b) the mean percent NAC and NAL depletion value and the maximum standard deviation (SD)
of the three replicates for the positive control (phenylacetaldehyde or squaric acid diethyl ester)
should meet the following criteria:

. NAC depletion:

Phenylacetaldehyde: 30 - 80%; Squaric acid diethyl ester: 30 - 80 %

. NAL depletion:

Phenylacetaldehyde: 70 - 100%; Squaric acid diethyl ester: 70 - 100 %

. Maximum standard deviation (SD) for NAC and NAL depletion for both
phenylacetaldehyde and squaric acid diethyl ester: < 10%,

c) the mean NAC and NAL concentration of both Reference Controls A and C should be 3.2—
4.4 uM and the coefficient of variation (CV) of NAC and NAL peak areas for the nine Reference
Controls B and C in acetonitrile should be < 10%.

If one or more of these criteria is not satisfied, the data should be rejected and the run should
be repeated for that specific test chemical.

The following criteria should be satisfied for a test chemical’s results to be accepted as

valid:

a) the maximum standard deviation for the test chemical replicates should be < 10% for the
percent depletion of both NAC and NAL,

b) the mean NAC and NAL concentration of the three Reference Controls C in the appropriate
solvent should be 3.2—-4.4 yM. The permissible range of the mean NAC concentration of
Reference Control C when 5% DMSO in acetonitrile is used as a solvent is 2.8 to 4.0 uM (19).

If one or more of these criteria is not satisfied, the data should be rejected and the run should
be repeated for that specific test chemical.
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Prediction model

27. The mean percent depletion of NAC and NAL is calculated for each test chemical.
Negative depletion is considered to be “0” when calculating the mean. By using the NAC/NAL
prediction model shown in Table 1, the threshold of 4.9% mean depletion should be used to support
the discrimination between skin sensitisers and non-sensitiser in the framework of an IATA or a
DA. The 4.9% of cut-off value for the mean percent depletion of NAC and NAL was set by using 2
class classification model so that the sensitizer and non-sensitizer could be predicted most
appropriately.

Table 1: NAC/NAL prediction model’

Mean NAC and NAL percent depletion ADRA prediction?
Less than 4.9% Negative
4.9% or higher Positive

1The numbers refer to statistically generated threshold values and are not related to the precision of the measurement.
2 An ADRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 13 and 14.

28. If co-elution is observed using either the UV or the FL detector, the depletion value
measured using the detector in which co-elution is not observed should be used (See Figure 1). If
co-elution is observed with both detectors, co-elution may be resolved by slightly adjusting the
HPLC set-up in order to further separate the elution time of the test chemical and NAC or NAL. If
an alternative HPLC set-up is used to try to resolve co-elution, its equivalence to the validated set-
up should be demonstrated, preferably by testing the proficiency substances in Appendix Il, Annex
2. When co-elution occurs, it is not possible to integrate the peak of the NAC or NAL, thereby
preventing calculation of the percent depletion of NAC or NAL. If co-elution of test chemicals occurs
with both the NAC and NAL and separation of elution time is not feasible, then the analysis should
be reported to be inconclusive. In cases where co-elution occurs only with NAL and separation of
elution time is not feasible, the NAC-only prediction model (See Table 2) can be used to make a
prediction. In this case, the NAC data of ADRA-UV should still be preferentially adopted than that
of ADRA-FL. The 5.6% cut-off value for the percent depletion of NAC was set by using 2 class
classification model so that the sensitizer and non-sensitizer could be predicted most appropriately.

Table 2: NAC-only prediction model’

Mean NAC percent depletion ADRA prediction2
Less than 5.6% Negative
5.6% or higher Positive

1 The numbers refer to statistically generated threshold values and are not related to the precision of the measurement.
2 An ADRA prediction should be considered in the framework of an IATA (13) (14).
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20.

When a result is unequivocal, a single HPLC analysis for both NAC and NAL should be
sufficient for a test chemical. However, in case of results close to the threshold used to discriminate
between positive and negative results (i.e. in the range of 3% to 10% for NAC/NAL prediction model
or NAC percent depletion falls in the range of 4% to 11% for NAC-only prediction model), additional
testing is recommended. In particular, in case of negative results in these ranges (i.e. 3% to 4.9%
for NAC/NAL prediction model or 4 % to 5.6% for NAC-only prediction model), a second run should
be conducted, as well as a third one in case of discordant results between the first two runs. In the

above cases, the majority of the three test results is adopted.

Test report

30.

The test report should include the following information:

Test chemical and Controls (positive control and solvent/vehicle)

e For all mono-constituent substance (test and control chemicals)

(e]

(o]

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

Physicochemical properties such as physical state, appearance, water solubility,
molecular weight, and additional relevant physicochemical properties, to the
extent available

Purity, chemical identity of impurities as appropriate and practically feasible, etc.
Treatment prior to testing, if applicable (warming, grinding)
Concentration(s) tested

Storage conditions and stability to the extent available

e Multi-constituent substance, UVCB, and mixtures

O

Characterisation by chemical identity (see above), purity, quantitative occurrence
and relevant physicochemical properties (see above) of the constituents, to the
extent available

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

Molecular weight (or apparent molecular weight) for mixtures or polymers of known
composition, or other information relevant to the study
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o Treatment prior to testing, if applicable (warming, grinding)
o Concentration(s) tested
o Storage conditions and stability, to the extent available.

e Additional information for positive control

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

e Additional information for solvent/vehicle control
o Solvent used and ratio of its constituents, if applicable
o Justification for choice of solvent for each test chemical

o Impact on NAC and NAL stability when using acetonitrile

Preparation of NAC and NAL, positive control and test chemical solution

e Characterisation of NAC and NAL solutions (supplier, lot, exact weight of NAC and NAL,
volume added for the stock solution)

e Characterisation of positive control solutions (exact weight of positive control reagent,
volume added for the control solution)

e Characterisation of test chemical solutions (exact weight of test chemical, volume added
for the test chemical solution)

HPLC instrument setting and analysis

e Type of HPLC instrument, HPLC and guard columns, UV or FL detector, autosampler

o Parameters relevant for the HPLC analysis such as column temperature, injection
volumes, flow rate and gradient

System suitability
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NAC and NAL peak area at OD 281 nm (UV detector) or Ex’Em 284/333 nm (FL detector)
of each standard and reference control A replicate

Linear calibration curve graphically represented and the R2 reported

NAC and NAL concentration of each Reference Control A replicate

Mean NAC and NAL concentration (uM) of the three reference controls A, SD and CV

NAC and NAL concentration of Reference Controls A and C.

Analysis sequence

For Reference Controls

NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of 284/333
nm (FL detector)of each replicate of Reference Controls B and C

Mean NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of
284/333 nm (FL detector) of the nine Reference Controls B and C in acetonitrile,
SD and CV (for stability of reference controls over analysis time)

For each solvent used, the mean NAC and NAL peak area at an OD of 281 nm
(UV detector) or an Ex/Em of 284/333 nm (FL detector) of the three appropriate
Reference Controls C (for the calculation of percent NAC and NAL depletion)

For each solvent used, the NAC and NAL concentration (uM) of the three
appropriate Reference Controls C

For each solvent used, the mean NAC and NAL concentration (uM) of the three
appropriate Reference Controls C, SD and CV.

For positive controls

o

O

NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of 284/333
nm (FL detector) of each replicate

Percent NAC and NAL depletion of each replicate

Mean percent NAC and NAL depletion of the three replicates, SD and CV.

For each test chemical
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o Appearance of precipitate in the reaction mixture at the end of the incubation time,
if observed. If precipitate was re-solubilised or centrifuged;

o Presence of co-elution
o Description of any other relevant observations, if applicable

o NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of 284/333
nm (FL detector) of each replicate

o Percent NAC and NAL depletion of each replicate
o Mean of percent NAC and NAL depletion of the three replicate, SD and CV
o Mean of percent NAC and percent NAL depletion values

o Prediction model used and ADRA prediction

Proficiency testing

e Statement that the testing facility has demonstrated proficiency in the use of the test
method before routine use by testing of the proficiency chemicals

Discussion of the results
e Description of any unintended modifications to the test procedure.

e Discussion of the results obtained with the ADRA test method and if it is within the ranges
described in paragraph 29.

Conclusion
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APPENDIX Il, ANNEX 1

Known limitations of the Amino acid Derivative Reactivity Assay (ADRA)

The table below provides a summary of the known limitations of the ADRA.

Substance class / interference

Reason for potential underprediction or

interference

Data interpretation

Example
substance

Metals and inorganic compounds

Pro-haptens

Pre-haptens

Test chemicals that have a UV
absorption (OD, 281 nm) or FL
(Ex/Em, 284/333 nm) and have the
same retention time than NAC or
NAL (co-elution)

Complex mixtures of unknown
composition, substances of
unknown or variable composition,
complex reaction products or
biological materials

Known to react with proteins via
mechanisms other than covalent binding

Test Chemicals that require enzymatic
bioactivation to exert their skin
sensitisation potential cannot be detected
by the test method unless activation is
caused by auto-oxidation to a similar
degree as in vivo /in humans. It will
however normally not be known whether
this will be the case

Chemicals that become sensitisers after

abiotic transformation are reported to be in

some cases correctly detected by the test
method

When co-elution occurs the peak of the
NAC or NAL cannot be integrated and the
calculation of the percent NAC or NAL
depletion is not possible.

ADRA using a 4 mM chemical solution
needs for defined molar ratio of test
chemical and nucleophilic reagent, but
ADRA using a 0.5 mg/mL solution does
not need the defined molar ratio of a test
chemical and can predict sensitisation for
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Should not be tested

May lead to false negatives.

Negative results obtained with the test method should
be interpreted in the context of the stated limitations
and in the connection with other information sources
within the framework of an IATA

The substances that absorb UV in this range of the
spectrum are generally limited to those having
conjugated double bonds, which significantly lowers
the potential for co-elution. The substances that have
a FL in this range are generally limited to polyaromatic
or polyheterocyclic compounds, including naphthalene
derivatives. If co-elution of such test chemicals occurs
with both the NAC and the NAL or with the NAC

only, then the analysis should be reported as
“inconclusive” and alternative HPLC set up should be
considered (see paragraph 28). In cases where co-
elution occurs only with the NAL, then the NAC-only
prediction model reported in Table 2 can be used.”

Since plant extract contains various polyphenols,
which react with NAC, it may be judged as a sensitiser
when a solution containing a high concentration of the

plant extract is evaluated using ADRA. Therefore,
these results should be considered with reference to
results obtained using alternative methods for other

Nickel sulphate;
7786-81-4

Diethylenetriamine;
111-40-0 (human
1A, LLNA n/a)

Linalool: 78-70-6

Safranal; 116-26-7

n/a



Test chemicals which cannot be
dissolved in an appropriate solvent
at a final concentration of 4 mM

Chemicals which precipitate in
reaction solution

Test chemicals that do not
covalently bind to the NAC but
promote its -oxidation (i.e. NAC
dimerisation)

Test chemicals that are only
soluble in DMSO

test chemicals, which are prepared at a
weight concentration of 0.5 mg/mL. When
the mixture is a liquid, the evaluation of
sensitisation using ADRA cannot be
performed if the total weight of the mixture
components dissolved in solvent (water,
dissolving solution, extraction solvent, efc)
is not known, since it is then impossible to
prepare a 0.5 mg/mL test chemical
solution.

Not sure if sufficient exposure can be
achieved

If the mixture is liquid and the total weight
of the mixed components dissolved in a
solvent (e.g., water, dissolving solution,
extraction solvent) is not known, it is not

possible to prepare a 0.5 mg/mL test
substance solution, and thus the
sensitisation potential cannot be evaluated
by ADRA.

Not sure if sufficient exposure can be
achieved

Could lead to a potential over-estimation of
NAC depletion, resulting in possible false
positive predictions.

DMSO causes excessive NAC depletion
due to NAC dimerization resulting in high
background NAC depletion.

key events and in vivo results of similar substances.

The ADRA test method allows testing of poorly soluble
chemicals. Test chemicals that are not soluble at this
concentration though may still be tested at lower
soluble concentrations. In such a case, a positive
result could be used to support the identification of the
test chemical as a skin sensitiser but no firm
conclusion on the lack of reactivity should be drawn
from a negative result.

Test chemicals that precipitate in the reaction solution
even if dissolved in the solvent may still be tested at
lower soluble concentrations. In such a case, a
positive result could still be used to support the
identification of the test chemical as a skin sensitiser
but no firm conclusion on the lack of reactivity should
be drawn from a negative result.

It may be possible to detect and quantify any NAC
dimer formed by HPLC (UV detector), thus confirming
or ruling out that the NAC reagent has been depleted
via oxidative dimerisation as opposed to reaction and
covalent bonding to the test item substance(s)
Therefore, ADRA may prevent erroneous judgement
due to the oxidizing action of the test chemical.
However, since the NAC dimer does not have
fluorescence, it can only be detected by ADRA-UV.

DMSO is allowed to be contained in the test chemical
solution up to 5%. If DMSO is chosen, attempts should
be made to solubilise the test chemical in a 1:20
mixture of DMSO and acetonitrile (5% DMSO in
acetonitrile).

n/a

Isopropyl myristate
CAS: 110-27-0

DMSO
Oxidant

n/a

173



APPENDIX Il, ANNEX 2

Proficiency Substances

In Chemico Skin Sensitisation: Amino acid Derivative Reactivity Assay (ADRA)

Prior to routine use of the test method, laboratories should demonstrate technical proficiency by correctly
obtaining the expected ADRA prediction for the 10 proficiency substances recommended in Table 1 and
by obtaining NAC and NAL depletion values that fall within the respective reference ranges for 8 out of the
10 proficiency substances. The test to demonstrate technical proficiency in ADRA is basically ADRA with
4 mM (10). If ADRA with 4 mM has been proven to be mastered by performing proficiency substances,
ADRA with 0.5 mg/mL can be exempt from demonstrating the technical proficiency (9). These proficiency
substances were selected to represent the full range of responses for skin sensitisation hazards. Other
selection criteria were that they are commercially available, that high quality in vivo reference data and
high quality ADRA data are available, and that they were used during the JaCVAM-coordinated validation
study to demonstrate successful implementation.

Table 1. Recommended chemicals for demonstrating technical proficiency with ADRA_4 mM

: Physical Molecular In vivo ADRA4mM | Range of % depletion

e IEHEETIED Gl state weight Prediction! prediction? NAC? NAL®

1 p-Benzoquinone 106-51-4 Solid 108.09 Sensitiser Positive |  90-100 |  70-100
(extreme)

) ) Sensitiser "
- <

2 Diphenylcyclopropenone 886-38-4 Solid 206.24 (extreme) Positive 50-90 <10

3| 2-Methyl-2H-isothiazol-3-one 2682-20-4 Solid 115.15 Se@;‘g;g; Positive | 80100 <10

4 Palmitoyl Chloride 112-67-4 Liquid 27487 Sensitiser Positive <40 | 70-100
(moderate)

5 Imidazolidinyl urea |  39236-46-9 Solid 388.29 Se‘(‘:v'g:i; Positive |  40-70 <20

6 Famesal |  19317-11-4 Liquid 220.35 Sensitiser Positive |  60-100 540
(weak)

7 Glycerol 56-81-5 Liquid 92.09 Non-sensitiser Negative <7 <7

8 Isopropanol 67-63-0 Liquid 60.10 N.Oﬂ' Negative <7 <7
sensitiser

9 Dimethyl isophthalate 1459-93-4 Solid 194.19 Non-sensitiser Negative <7 <7

10 Propyl paraben 94-13-3 Solid 180.20 Non-sensitiser Negative <7 <7

'The in vivo hazard (and potency) predictions are based on LLNA data (20) (21) (22). The in vivo potency is derived using the criteria proposed
by ECETOC (23).

2 An ADRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 3 and 5.

3 Ranges determined on the basis of at least 10 depletion values generated by 5 independent laboratories.
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APPENDIX Il, ANNEX 3

EXAMPLES OF ANALYSIS SEQUENCE

Each sample of HPLC analysis should be analysed in number order below. Refer to the table showing
Examples of HPLC Sample Analysis Sequences for more practical sequences about HPLC analysis.

1. Start to analyse calibration standards and Reference Control A (N = 3).

2. The co-elution Control does not need to be analysed by turns if it is analysed after analysis of standard

solution and Reference Control A.

3. Reference Control B should be analysed three times (total six times) before and after the analysis of

sample, Reference Control C and Positive Control.

4. The Reference Control C, Positive Control and Test chemical solutions are analysed. (After the first set
of replicates of each sample is analysed, the second set of replicates of each should be analysed).

Calibration standards and reference controls

STD1

STD2

STD3

STD4

STD5

STD6

Dilution buffer

Reference control A, rep 1
Reference control A, rep 2
Reference control A, rep 3

Co-elution controls

Co-¢elution control 1 for test chemical 1
Co-elution control 2 for test chemical 2

Reference controls

Reference control B, rep 1
Reference control B, rep 2
Reference control B, rep 3

First set of replicates

Reference control C, rep 1
Positive control, rep 1
Sample 1, rep 1

Sample 2, rep 1

Second set of replicates

Reference control C, rep 2
Positive control, rep 2
Sample 1, rep 2

Sample 2, rep 2

Third set of replicates

Reference control C, rep 3
Positive control, rep 3
Sample 1, rep 3

Sample 2, rep 3
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Reference controls Reference control B, rep 4
Reference control B, rep 5
Reference control B, rep 6

Three sets of reference controls (NAC or NAL dissolved in the appropriate solvent) should be included in
the analysis sequence:

Reference control A: Control for verifying validity of the HPLC system. Reference Control A is used to
verify concentration of NAC and NAL from each calibration curve after addition of acetonitrile rather than
test chemical.

Reference control B: Control for verifying stability of reaction solution under analysis. Reference Control
B is used to verify variability (CV) of each three NAC/NAL peak areas in the solution after addition of
acetonitrile rather than test chemical at the start of analysis and at the end of analysis.

Reference control C: Control for calculating NAC/NAL depletion of each test chemical solution. To
calculate depletion of NAC/NAL, measure three Reference Controls C after addition of solvent instead of
test chemical. Prepare reference Control C for all solvents used to dissolve the test chemicals.
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APPENDIX Il

In Chemico Skin Sensitisation: kinetic Direct Peptide Reactivity

Assay (kDPRA)

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

1.

The KDPRA is proposed to address the molecular initiating event of the skin sensitisation AOP
- namely, protein reactivity - by quantifying the reactivity of test chemicals towards a synthetic
model peptide containing cysteine in a time- and concentration dependent manner (1) (2).
Kinetic rate constants are calculated and the logarithm of the maximum rate constant (log kmax
value in s'"M-") for a tested substance is then used to support the discrimination of UN GHS
subcategory 1A skin sensitisers (subcategory 1A) from those not categorised as subcategory
1A (non-subcategory 1A) i.e., subcategory 1B or no category according to UN GHS (3). Based
on theoretical consideration, the rate constant of the reaction between a test chemical and skin
proteins will determine the amount of epitope formed from a given amount of chemical or, vice-
versa, determine the dose needed to form the amount of epitope needed for induction of
sensitization to occur and it is thus a rate limiting and potency determining step. Based on
empirical evidence when evaluating 180 chemicals, the rate constant was shown to be the
strongest determinant of potency among all evaluated parameters measured in OECD 442C,
442D and 442E (3).

The kDPRA proved to be transferable to laboratories without hands-on training (4). For the 24
test chemicals tested during the validation study, the overall within-laboratory reproducibility of
kDPRA for assigning UN GHS subcategory 1A was 96% and the average between-laboratory
reproducibility was 88% (4). Results from the validation study (4) as well as from other published
studies (3) encompassing 180 test chemicals that fall within kDPRA’s applicability domain
indicate that KDPRA allows to discriminate UN GHS subcategory 1A skin sensitisers from those
not categorised as subcategory 1A (non-subcategory 1A) according to UN GHS with a balanced
accuracy of 85%, a sensitivity of 84% (38/45), and a specificity of 86% (116/135) relative to
LLNA results (3). Similar performances were obtained when comparing kDPRA outcomes with
the OECD LLNA database compiled within the context of the Test Guideline on Defined
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Approaches for Skin Sensitization (15)*. In addition, the prediction for 123 test chemicals (out of
the 180) having human skin sensitisation data (5) (6) has a balanced accuracy of 76%, a
sensitivity of 64% (21/33), and a specificity of 89% (80/90) (3), although the human reference
data are subject to a significant uncertainty>. 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 the species of interest, which is humans. For comparison,
based on a data set of 123 chemicals used to evaluate the kDPRA vs. human sensitising
potential, the LLNA showed a 73% balanced accuracy, a 55% (18/33) sensitivity and a 91%
(82/90) specificity for the identification of UN GHS subcategory 1A. On the basis of the overall
data available, kDPRA’s applicability domain was shown to include a variety of organic
functional groups, reaction mechanisms, skin sensitisation potencies (as determined in in vivo
studies), and physicochemical properties (3). Following an independent peer review (16), the
kDPRA was considered to be scientifically valid to discriminate UN GHS subcategory 1A skin
sensitisers from those not categorised as 1A (non-subcategory 1A) according to UN GHS (7).
The kDPRA can therefore be used (i) as a follow-up test method for sub-categorisation of
chemicals identified as UN GHS Category 1 skin sensitisers, or (ii) on its own by using positive
results for direct classification of a chemical into UN GHS subcategory 1A, depending on the
regulatory framework.

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 kDPRA to the testing of substances and/or mixtures. This test
method is not applicable to the testing of metal compounds, which are known to react with
proteins via mechanisms other than covalent binding. Furthermore, kDPRA only measures
reactivity with the cysteine peptide, so that strong sensitisers having an exclusive lysine-
reactivity, such as some acyl-halides, phenol-esters or aldehydes are outside of the applicability
domain of kDPRA. However, only few UN GHS subcategory 1A skin sensitisers are known
currently to react exclusively with lysine residues. In addition, considering exclusive strong
Lysine-reactivity from the DPRA or ADRA in a tiered strategy may reduce this uncertainty. Test
chemicals that do not covalently bind to the peptide but promote its oxidation (i.e. cysteine
dimerisation) could lead to a potential over estimation of peptide depletion, resulting in possible
false positive predictions and/or assignment to a higher reactivity class. The test method
described in this Appendix of the Test Guideline is an in chemico method that does not
encompass a metabolic system. Reactivity of chemicals that require enzymatic bioactivation to

4 A balanced accuracy of 85%, a sensitivity of 82% (31/38), and a specificity of 88%
(102/116) were found relative to LLNA dataset compiled within the context of the Test
Guideline on Defined Approaches for Skin Sensitization (15).

5 A balanced accuracy of 67%, a sensitivity of 53% (9/17), and a specificity of 81% (25/31)
were found relative to human skin sensitisation dataset compiled within the context of the
Test Guideline on Defined Approaches for Skin Sensitization (15).
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exert their skin sensitisation potential (i.e. pro-haptens) cannot be reliably detected by the test
method. However, the limitation for detecting pro-haptens was found to be less pronounced
when identifying strong sensitisers as compared to the identification of weak sensitisers (3). The
majority of chemicals that become sensitisers after abiotic transformation (i.e. pre-haptens) were
reported to be correctly detected by in chemico test methods (8) (9). However, spontaneously
rapidly oxidizing pre-haptens may be under-predicted by kDPRA (as in any in vitro skin
sensitisation assay) due to a lag-phase for oxidation which reduces the overall reaction rate. In
the light of the above, results obtained with the test method that do not lead to subcategory1A
categorisation should be interpreted in the context of the currently known limitations (see also
Annex 1 of this Appendix), i.e.:

e aromatic amines, catechols or hydroquinones may require further data to confirm their
weak reactivity even under oxidizing conditions, and

e acyl-halides, phenol-esters or aldehydes specifically reacting with Lysine-residue
according to e.g. the DPRA or ADRA, may require further data to confirm their weak
reactivity.

To be tested, a test chemical should be soluble in an appropriate solvent at a final concentration
of 20 mM (see paragraphs 12-13). Test chemicals that are not soluble at this concentration may
still be tested at lower concentrations as long as a kmax value (i.e., the maximum rate constant
(in s'M-") determined from the reaction kinetics for a tested substance in the kDPRA (see
paragraph 24)), can be derived. In such a case, a positive result leading to a UN GHS
subcategory 1A skin sensitization prediction (i.e. log kmax = -2.0) could still be used, but no firm
conclusion should be drawn from a negative result (i.e., non-reactive or log kmax < -2.0 outcome).

The kDPRA uses a fluorescence readout which requires attention for potential test chemical
autofluorescence, fluorescence quenching or interaction with the reagent (monobromobimane).
In particular, it is important to include the respective test chemical controls as described in
paragraph 16 and to assess the incubation time dependence of the determined peptide
depletion. Furthermore, test chemicals with primary SH-group (thiols) cannot be tested with the
kDPRA as the thiol group can interact with the monobromobimane (see paragraph 8) leading to
enhanced fluorescence. Finally, chemicals decomposing under the conditions of the assay
(neutral, aqueous conditions) and releasing a free SH-group will be prone to the same
limitations.

The kDPRA is considered to be technically applicable to the testing of multi-constituent
substances and mixtures of known composition, although such substances were not tested
during the validation studies. In this case, a single purity may be determined by the sum of the
proportion of its constituents (excluding water), and a single apparent molecular weight may be
determined by considering the individual molecular weights of each component in the mixture
(excluding water) and their individual proportions. The resulting purity and apparent molecular
weight can then be used to calculate the weight of test chemical necessary to prepare a 20 mM
solution. Results obtained with mixtures and multi-constituent substances of known composition
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can lead to a non-linear behaviour, so that the provisions described in paragraph 27(ii) should
be used. Regarding mixtures and substances of unknown or variable composition, complex
reaction products or biological materials (i.e. UVCB substances), the current model cannot be
used due to the need for defined molar ratios. In any case, 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. Finally, in cases where
evidence can be demonstrated on the non-applicability of the test method to specific categories
of chemicals, the test method should not be used for those specific categories of chemicals.

The kDPRA can be used for the discrimination of UN GHS subcategory 1A skin sensitisers from
those not categorised as subcategory 1A (non-subcategory1A) according to UN GHS (3). As for
any key-event based test method, the performance of kDPRA will have to be further assessed
when used in combination with other assays such as DPRA or ADRA, and within integrated
approaches such as IATA or DA for a more comprehensive analysis of skin sensitisation (3)
(10).
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PRINCIPLE OF THE TEST

8. The kDPRA is a modification of the in chemico test method DPRA (described in Appendix | of
this Test Guideline). The kDPRA uses the cysteine peptide (Ac-RFAACAA-COOH) also used in
the DPRA, while it does not use a lysine containing peptide. The final concentration of the test
peptide (0.5 mM) and the reaction medium (25% acetonitrile in phosphate buffer) is identical in
the kDPRA and in the DPRA. While the DPRA measures only at one concentration of the test
chemical (5 mM for the cysteine peptide) and at one time point (= 24 h), the kDPRA performs
parallel reactions at five concentrations (5, 2.5, 1.25, 0.625 and 0.3125 mM) and at six time-
points (10, 30, 90, 150, 210 and 1440 min) at 25+2.5°C. Residual concentration of the cysteine
peptide after the respective reaction time is measured after stopping the reaction by the addition
of monobromobimane (mBrB; CAS 74235-78-2). The highly reactive and non-fluorescent mBrB
rapidly reacts with unbound cysteine moieties of the model peptide to form a fluorescent
complex which is measured in order to quantify the non-depleted peptide concentration. If the
depletion of the highest concentration surpasses the threshold of 13.89% (cut-off used in the
DPRA for positivity in the cysteine only prediction model) and this depletion is statistically
significant vs. controls with peptide only, further calculations are performed (otherwise the test
chemical is considered to be non-reactive according to the prediction model shown in paragraph
28). The natural logarithm of the non-depleted peptide concentrations is plotted vs. the
concentration of the test chemical at each time point. If a linear relationship is observed
(correlation coefficient > 0.90), the slope of this curve is determined and divided by the
incubation time to calculate the rate constant in [min-"'mM-']. This value is transformed to the
rate constant in [s"'M-"] and the logarithm is calculated. The maximum value observed at any
time point is taken as the log kmax, and this maximum rate constant is the primary read-out of
the test. It gives a quantification of the maximum kinetic rate of the reaction of the test chemical
with the test peptide. Kinetic reaction rates of the cysteine peptide depletion are then used to
discriminate UN GHS subcategory 1A skin sensitisers from those not categorised as 1A (non-
subcategory 1A) according to UN GHS. Chemicals with a log kmax = -2.0 are predicted as UN
GHS subcategory 1A. The kinetic rate constant may be further used in integrated approaches
such as IATA or DA to assess the skin sensitisation potency of a test chemical in a continuous
scale as needed for risk assessment (3) (10).

9. Prior to routine use of this test method, laboratories should demonstrate technical proficiency,
using the nine proficiency substances listed in Annex 2 of this Appendix.

PROCEDURE

10. This test method is based on the kDPRA DB-ALM protocol no 217 (11) which represents the
protocol used for the industry-coordinated validation study. It is recommended that this protocol
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is used when implementing and using the method in a laboratory. The main components and
procedures for the kDPRA are described below.

Preparation of the cysteine-peptide

1.

The stock solution of the cysteine containing synthetic peptide (Ac-RFAACAA-COOH) of purity
equal to or higher than 95% should be freshly prepared just before the incubation with the test
chemical. The final concentration of the cysteine peptide should be 0.667 mM in pH 7.5
phosphate buffer for test chemical soluble in acetonitrile and 1.0 mM for chemicals soluble in
pH 7.5 phosphate buffer.

Preparation of the test chemical

12.

13.

Solubility of the test chemical in an appropriate vehicle should be assessed before performing
the assay. A non-reactive, water-miscible vehicle able to completely dissolve the test chemical
should be used. Solubility is checked by visual inspection where the forming of a clear solution
is considered sufficient to ascertain that the test chemical is dissolved. The preferred vehicle is
acetonitrile. When a substance is not soluble in acetonitrile, solubilisation in pH 7.5 phosphate
buffer should be assessed. Further vehicles have not been tested yet but may be used if it is
demonstrated that the vehicle does not interfere with the assay, e.g. all controls should be
prepared using the same vehicle, and the reaction rates obtained for the positive control and for
the proficiency chemicals should fall within the ranges described in paragraph 26 and Annex 2
of this Appendix, respectively. It is important to note that use of DMSO as a vehicle should be
avoided as it may lead to peptide dimerisation.

The test chemical should be pre-weighed into glass vials and dissolved immediately before
testing to prepare a 20 mM solution using the appropriate vehicle as described in paragraph 12.
Test chemical dilutions are prepared by serial dilution to obtain concentrations of 20, 10, 5, 2.5
and 1.25 mM.

Preparation of controls

14.

15.

Cinnamic aldehyde (CAS 104-55-2; >95% food-grade purity) should be used as positive control
(PC). ltis dissolved at a concentration of 20 mM in acetonitrile immediately before testing. Serial
dilutions are then prepared to obtain PC concentrations of 20, 10, 5, 2.5 and 1.25 mM. Use of
other positive controls is not recommended since in this assay an exact reaction rate is
measured and consistent use of the positive control allows quantitative comparison between
laboratories, with validation study data and as intra-laboratory historical control.

A vehicle control (VC), considered as the negative control, includes the peptide dissolved in
buffer and vehicle respectively but no test chemical nor PC. The peptide-depletion of test
chemical or PC incubated samples is calculated relative to the respective VC.
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16. The assay also includes test chemical controls at the respective test chemical concentration in
the vehicle and buffer but without peptide. This set of controls is used for the identification of
interference of the test chemical with the fluorescence measurement (autofluorescence and
quenching) to assess e.g., interference with monobromobimane and as a background
measurement.

17. A blank control (BC) is used as a background measurement and is prepared with vehicle and
buffer but without test chemical, PC, or peptide.

Incubation of the test chemical with the cysteine peptide solution

18. Serial dilutions of the test chemical and PC are prepared in a 96-well microtiter plate referred to
as the application plate. Further, a 96-well black assay plate for each exposure time is prepared,
referred to as the assay plates, by adding the relevant reagents (i.e., peptide stock solution,
vehicle and buffer solution) according to a predefined plate layout such as recommended within
the KDPRA protocol (11). Each test chemical concentration should be analysed in triplicate. The
reaction is started by adding the test chemical and PC dilutions from the application plates to
the assay plates. If a precipitate is observed immediately upon addition of the test chemical
solution to the peptide solution, due to low aqueous solubility of the test chemical, one cannot
be sure how much test chemical remained in the solution to react with the peptide. In such a
case, a positive result (i.e. log kmax = -2.0) could still be used, but a negative result (i.e., non-
reactive or log kmax < -2.0 outcome) should be interpreted with due care (see also provisions in
paragraph 4 for the testing of chemicals not soluble up to a concentration of 20 mM in the
kDPRA). After adding the test chemical and PC, plates are sealed with gas-tight adhesive foil
and shaken at least 200 rpm for 5 min. Assay plates solution should be incubated in the dark at
25 £ 2.5° C for several incubation (exposure) times, i.e. 10, 30, 90, 150, 210, and 1440 min
before addition of mBrB solution. Incubation times may be adapted to investigate the most
relevant time points for a specific chemical (e.g., shorter incubation times might be more suitable
for fast reacting chemicals). However, 1440 min should always be tested, as it corresponds to
the incubation time of the DPRA. The incubation (exposure) time is the time interval from the
application of the test chemical and PC dilutions to the assay plate until the addition of mBrB.

Fluorescence measurement

19. When the desired incubation (exposure) time is reached, freshly prepared mBrB solution (3 mM
in acetonitrile) is added rapidly to the wells of the assay plates (one per exposure time) in the
dark. Plates are sealed with gas-tight adhesive foil and shaken at least 200 rpm for 5 min.
Fluorescence intensity is then determined using an excitation filter of 390 nm and an emission
filter of 480 nm.
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DATA AND REPORTING

Data evaluation

20. An automated Excel-evaluation spreadsheet is available with the DB-ALM protocol and should

be used for data evaluation. Detailed instructions are provided in the DB-ALM protocol no. 217

(11).

21. For each incubation (exposure) time ‘t’ the following parameters are calculated:

The arithmetic mean and standard deviation of the fluorescence intensity of the 12 blank
controls (BC);

The arithmetic mean and standard deviation of the fluorescence intensity of the 12 vehicle
controls (VC);

The mean BC value is subtracted from the VCs to obtain corrected VC values.

For each test chemical and PC concentration, the respective test chemical control value is
subtracted from their obtained values to calculate corrected test chemical or PC values.

22. To determine the relative peptide depletion in % for each test chemical concentration per

23.

24.

exposure time, the following calculation is performed:

corrected test chemical or PC value

relative peptide depletion [%] = [1 - ( )] x100%

mean of corrected VC

For each test chemical concentration, the arithmetic mean and standard deviation of the three
replicates is calculated (per exposure time). A student’s t-test is performed to test whether the
peptide concentrations measured in the three replicates is statistically significantly lower as
compared to the concentration in the 12 VC wells.

In the kDPRA, reaction kinetic rate constants are determined as explained below if (i) a peptide
depletion of 2 13.89% is observed at the highest test chemical concentration (final test chemical
concentration 5 mM) at a given time and if (ii) the difference is statistically different from the VC.
This ‘positivity criterion’ is based on the ‘positive’ criterion for peptide reactivity in the cysteine
only prediction model of the DPRA described in Appendix | of this test guideline. If the positive
criterion is not met, the test chemical is considered to be non-reactive according to the prediction
model shown in paragraph 28.

The natural logarithm of the non-depleted peptide concentrations (100-relative peptide depletion
(%)) is plotted vs. the concentration of the test chemical at each time point. If a linear relationship
is observed (correlation coefficient > 0.90), the slope of this curve is determined. The absolute
value of this negative slope corresponds to the observed reaction kinetic constant (pseudo first
order rate constants Kobserved in mMM-1). From the kobserved Value for each exposure time, the
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reaction kinetic constant (ki) per concentration and incubation (exposure) time ‘t’ is calculated
as follows:

—1.-17 _1000
kt [M S ] - kobserued 60 -t

with ‘t’ being the exposure time in minutes. If no linear relationship is observed (i.e., correlation
coefficient < 0.90), the recommendations within paragraph 27.ii should be followed.

25. For each exposure time ‘t’ with a correlation > 0.90, the decimal logarithm (log ki) is calculated
and the highest value is determined as log Kmax.

Acceptance criteria

26. The following criteria should be met for a run to be considered valid. If one or more of these
criteria is not met the run should be repeated.

a.

PC: the log k of the PC at 90 min (log keo min) should be within the following range: -1.75 to -
1.40 M-'s™'. If no log keo min is Obtained in case of e.g., reactivity is not yet statistically

significant, the value at 150 min (log k1so min ) can be taken into account and should lie in the
following range: -1.90 to -1.45 M-1s1.

. VC: The coefficient of variance of the 12 VC values of a plate should be < 12.5% for at least
5 of the 6 exposure times.

27. The data obtained for the test chemical are further assessed to check for possible conditions
which may affect results:

(i)

(ii)

Interrupted time-course: If significant peptide depletion is observed at early time-points but
not at following time points, there is either an intrinsic non-linear reaction for the test
chemical or an experimental variation. In such cases the run is repeated. If the same pattern
is reproducible, a non-linear kinetic is proven and the rate-constant observed at early time
points is accepted.

Non-linear concentration-response: There are few cases where the concentration-response
is not linear, but clear depletion is noted. In such cases no rate constant is calculated by the
slope method, as regression coefficient is R% < 0.90. Alternatively, rate constants can also
be calculated based on individual depletion values according to the formula:

k = [In (100/(100 — dp))]/(E x t)

Where ‘dp’ is depletion in %, ‘E’ is the concentration of test chemical and 1’ is the incubation
(exposure) time. Rate constants according to this formula are calculated at each time point
‘t and at each concentration ‘E’ with depletion values above the threshold of 13.89%. For
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each time point ‘t’ the average of the values for the different concentrations is taken, and
then again the log kmax for the highest rate at any given time point is reported.

In such a case a repetition should be performed to check whether this non-linear behaviour
is intrinsic to the test chemical, or whether an experimental variation is the cause. If the non-
linearity is reproducible, this alternative rate calculation based on the individual depletion
values is used for the final rating.

(iii) Fluorescence interference, namely autofluorescence or fluorescence quenching: Based on
the control wells with test chemical only in absence of the test peptide, incidences of
autofluorescence and fluorescence quenching by the test chemical can be detected. As the
values are corrected for the autofluorescence recorded in the test chemical control wells,
this shall not be a problem for low autofluorescence, but with a high autofluorescence, the
fluorescence of the peptide-adduct and the autofluorescence may not be fully additive, and
subtraction of autofluorescence may lead to apparent depletion, which is not due to loss of
peptide signal but to this non-additivity. Thus, one should check whether the observed
depletion is time dependent. If this is not the case and autofluorescence is observed, then
depletion from autofluorescence is assumed to occur. Fluorescence quenching can also
lead to ‘pseudo-depletion’, but this would happen immediately and resulting depletion would
not increase with time. If both conditions are met, it is assumed that depletion from
quenching occurs. These cases are rare. If this is not clear from the results a run may be
repeated, but if the effect is clear-cut no repetition is needed. In such a case, the test
chemical cannot be assessed in the kDPRA (technical limitation) unless the reaction can be
measured with an alternative fluorescent probe not leading to autofluorescence or
quenching (see Section Il of the Annex 1 to DB-ALM protocol (11)).

(iv) All above cases are detailed in the DB-ALM protocol and automatic alerts appear in the
Excel template provided with the DB-ALM protocol when evaluating the data.

Prediction model

28. The KDPRA uses kinetic rates of cysteine peptide depletion for discrimination of UN
GHS subcategory 1A skin sensitisers from those not categorised as subcategory 1A
(non-subcategory 1A) according to UN GHS (3). Results obtained with the test method
that do not lead to subcategory 1A categorisation should be interpreted in the context
of the limitations stated in paragraph 3 and Annex 1 of this appendix.
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Table 1: kDPRA prediction model

Reaction rate kDPRA Prediction

log kmax = -2.0 UN GHS subcategory 1A

Not categorised as UN GHS subcategory 1A"

Non-reactive or log kmax < -2.0 (non-subcategory 1A)

* Further information is needed to discriminate UN GHS subcategory 1B from UN GHS No Category. Depending on the context (e.g. IATA, DA)
this information can be generated prior to or after performing the kDPRA.

29. In cases of a log kmax result close to the -2.0 threshold falling in the borderline range calculated
for KDPRA (i.e., between -1.93 and -2.06 (12)), no conclusive prediction can be made. In this
case, re-testing and/or additional data/information is needed before a conclusive prediction can
be made.

30. The kinetic rate constant may be further used in integrated approaches such as IATA or DA to
assess the skin sensitisation potency of a test chemical in a continuous scale as needed for risk
assessment (3) (10).

Test report

31. The test report should include the following information

Test chemical and Controls (positive control and solvent/vehicle)
For all mono-constituent substance (test and control chemicals)

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

Physicochemical properties such as physical state, appearance, water solubility, molecular
weight, and additional relevant physicochemical properties, to the extent available;

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.

187



Additional information for positive control

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

Additional information for solvent/vehicle control
Solvent/vehicle used and ratio of its constituents, if applicable;

Justification for choice of other solvent than acetonitrile and experimental assessment of the
solvent effect on peptide stability.

Peptide

Supplier, lot, purity

Fluorescence analysis

Fluorimeter used (e.g., model and type), including wavelengths settings

Proficiency testing

Statement that the testing facility has demonstrated proficiency in the use of the test method before
routine use by testing of the proficiency chemicals.

Discussion of the results
Description of any unintended modifications to the test procedure.

Discussion of the results obtained with the kDPRA test method and if it is within the ranges described
in paragraph 29.

Description of any relevant observations made, such as appearance of precipitate in the reaction
mixture at the end of the incubation time, if precipitate was resolubilised or centrifuged.

Conclusion
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APPENDIX Ill, ANNEX 1

KNOWN LIMITATIONS OF THE KINETIC DIRECT PEPTIDE REACTIVITY ASSAY

The table below provides a summary of the known limitations of the kDPRA.

Substance class /
interference

Reason for potential
underprediction or interference

Data interpretation

Example substance

Metals and inorganic
compounds

Hydroquinones, catechols
and aromatic amines

Thiols or thiol-releasers

Known to react with proteins via
mechanisms other than covalent
binding

Lag time of oxidation may reduce
apparent reaction rate

Test chemicals with primary SH-
groups and those decomposing under
the conditions of the assay can react
with the detection probe

Should not be tested

Results with log kmax < - 2.0 can only be accepted if low
reactivity can be confirmed after oxidation

Test chemical cannot be tested in the kDPRA with
derivatisation by thiol reactive probes: other kinetic data with
the test peptide e.g. by HPLC may need to be generated (not
part of this guideline)

Nickel sulphate;
7786-81-4

Para-
phenylenediamine;
106-50-3; Human and
LLNA 1A

Thioglycerol;
96-27-5; LLNA UN
GHS category 1B;

Human n/a

Test chemicals having an
exclusive lysine-reactivity as
observed in DPRA or ADRA

Pro-haptens

Fluorescent chemicals with
excitation in the range of the
fluorescent probe

Test chemicals absorbing in

kDPRA only measures reactivity with
the cysteine peptide

Test chemicals for which there is
evidence that they strictly require
enzymatic bioactivation to exert their
skin sensitizing potential

If fluorescence of test chemicals and
of the mBrB-peptide adduct is not
additive, pseudo-depletion is
observed

If test chemical quenches

Results with log kmax < - 2.0 for chemicals which specifically
deplete NH2-groups, but not SH-groups in DPRA or ADRA are
not conclusive

Strict pro-haptens may be underestimated. However chemicals
which are i) strict pro-haptens (i.e. test chemicals not also
acting as direct haptens or prehaptens, too) and ii) strong

allergens were found to be rare

Follow the considerations in the DB-ALM Protocol n° 217 to
evaluate assay interference

Follow the considerations in the DB-ALM Protocol n° 217 to
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Some acyl-halides,
phenol-esters or
aldehydes,
Dihydrocoumarin, 119-
84-6; LLNA UN GHS
category 1B; Human
n/a, Glutaric aldehyde;
111-30-8; Human and
LLNA UN GHS
category 1A

Diethylenetriamine;
111-40-0 (human 1A,
LLNA UN GHS
category 1)

Tetrachlorosalicylanilid
e; 1154-59-; Human
and LLNA UN GHS

category 1A

Vanillin, 121-33-5;



the emission range of the
probe

Mixtures of unknown
composition, substances of
unknown or variable
composition, complex
reaction products or
biological materials

Test chemicals which cannot
be dissolved in water or
acetonitrile or a compatible
water-miscible solvent

Test chemicals which
precipitate in reaction
solution

Test chemicals promoting
cysteine-peptide oxidation

fluorescence emission of the mBrB-
peptide adduct, pseudo-depletion is
observed

no information on applicability of
kDPRA is available in the published
literature

Not sure if sufficient exposure can be
achieved

Not sure if sufficient exposure can be
achieved: If a precipitate is observed
immediately upon addition of the test
chemical solution to the peptide
solution, due to low aqueous solubility
of the test chemical, one cannot be
sure how much test chemical
remained in the solution to react with
the peptide.

In such cases, a log kmex > -2.0 could still be used to support

evaluate assay interference

n/a

the identification of the test chemical as a UN GHS subcategory
1A skin sensitiser but no firm conclusion should be drawn in

case log kmax is < -2.0.

Alternative vehicle may be used according to the prescriptions

given in paragraph 12.

In such a case, a positive result (i.e. log kmax = -2.0) could still
be used, but a negative result (i.e., non-reactive or log kmax < -
2.0 outcome) should be interpreted with due care (see also

provisions in paragraph 4 for the testing of chemicals not
soluble up to a concentration of 20 mM in the kDPRA).

May lead to a potential over estimation of peptide reactivity.

LLNA NC; Human n/a

UVCBs, chemical
emissions, products or
formulations with
variable or not fully
known composition

nla

Methyl-2-nonynoate6;
111-80-8; LLNANC

DMSO

6 Roberts, D.W. and A. Natsch, High throughput kinetic profiling approach for covalent binding to peptides:
Application to skin sensitization potency of michael acceptor electrophiles. Chem. Res. Toxicol., 2009. 22(3): p.

592-603
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APPENDIX lll, ANNEX 2

PROFICIENCY SUBSTANCES

In Chemico Skin Sensitisation: kinetic Direct Peptide Reactivity Assay (kDPRA)

Prior to routine use of the test method described in this appendix, laboratories should demonstrate
technical proficiency by correctly obtaining the expected kDPRA prediction for at least 8 of the 9
proficiency substances recommended in Table 1 and by obtaining cysteine rate constants log kmax that
fall within the respective reference range for 7 out of the 9 proficiency substances. These proficiency
substances were selected to represent the range of responses for skin sensitisation hazard and
potency. Other selection criteria were that they are commercially available, that high quality in vivo
reference data and high quality in vitro data generated with the kDPRA are available, and that they
were used in the industry-coordinated validation study to demonstrate successful implementation of
the test method in the laboratories participating in the study.

UN GHS

UN GHS

. . 9
Proficiency substances CAsrN| Fhysical e Category|  Category LS REC il L
state prediction’ prediction 2
LLNA human
2,4-Dinitrochlorobenzene 97-00-7 Solid ?;;f::g; 1A 1A 1A (:0.8) - (:0.4)
Methylisothiazolinone 2682-20-4 Solid ?;;f::g; 1A 1A 1A (05)- (:0.1)
Oxazolone |  15646-46-5 Solid ?:X':f;'s:; 1A No data 1A (:0.3) - (0.0)
Methyl-2-octynoate 111126 Liquid Se(’:r';'i;; 1A 1A 1A (16)-(-12)
Isoeugenol 97-54-1 Liquid gigi‘:;g; 1A 1A 1A (-14) - (1.1)
. - Sensitiser non-1A
2,3-Butanedione 431-03-8 Liquid (weak) 1B No data (1B or NC) (-3.2) - (-2.1)
Ethylene glycol dimethacrylate 0. - Sensitiser non-1A oy
(EGDMA) 97-90-5 Liquid (weak) 1B 1B (18 or NC) (-2.8)=(-2.1)
4-Methoxyacetophenone 100-06-1 Solid Non-sensitiser No Cat.3 No Cat.3 R Br:)Ornr;lg)\ Not reactive
Chlorobenzene 108-90-7 Liquid Non-sensitiser No Cat.3 No Cat.3 R Br:)Ornr;lg)\ Not reactive
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Table 1: Recommended proficiency substances for demonstrating technical proficiency with the
kinetic Direct Peptide Reactivity Assay

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

ECETOC (14).
2 Rounded ranges determined on the basis of at least 14 log kmax determinations generated by 7 independent laboratories.

3 Non sensitisers according to the UN GHS.
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1. GENERAL INTRODUCTION

Activation of dendritic cells Key Event based Test Guideline

1. A skin sensitiser refers to a substance that will lead to an allergic response following skin contact
as defined by the United Nations Globally Harmonized System of Classification and Labelling of Chemicals
(UN GHS) (1). 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. 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 (DC), typically assessed by expression of specific cell
surface markers, genomic transcripts, chemokines and cytokines. The fourth key event is T-cell activation
and proliferation, which is indirectly assessed in the murine Local Lymph Node Assay (LLNA) (3).

2. This Test Guideline (TG) describes in vitro assays that address mechanisms described under the
Key Event on activation of dendritic cells of the AOP for skin sensitisation (2). The TG 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 described in this TG are:

e Human Cell Line Activation test (h-CLAT)

e U937 cell line activation Test (U-SENS™)

¢ Interleukin-8 Reporter Gene Assay (IL-8 Luc assay)

e Genomic Allergen Rapid Detection (GARD™) for assessment of skin sensitisers (GARD ™skin)
3. 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 Key Event on activation of dendritic cells of the AOP for skin
sensitisation while benefiting from the OECD Mutual Acceptance of Data.

Background and principles of the test methods included in the Key Event based
Test Guideline
4, 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 (TG 406) (4), assess both the induction and elicitation phases of skin
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sensitisation. The murine tests, the LLNA (TG 429) (3) and its two non-radioactive modifications, LLNA:
DA (TG 442 A) (5) and LLNA: BrdU-ELISA (TG 442 B) (6), all assess the induction response exclusively,
and have also 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.

5. Mechanistically-based in chemico and in vitro test methods addressing the first key event (OECD
TG 442C (7)), and second key event (OECD TG 442D (8)) of the skin sensitisation AOP have been adopted
for contributing to the evaluation of the skin sensitisation hazard potential of chemicals.

6. Skin sensitisers have been reported to induce the expression of cell membrane markers such as
CD40, CD54, CD80, CD83, and CD86 in addition to induction of proinflammatory cytokines, such as IL-13
and TNF-a, and several chemokines including IL-8 (CXCL8) and CCL3 (9) (10) (11) (12), associated with
DC activation (2). Test methods described in this TG either quantify the change in the expression of cell
the surface marker(s) CD54 and CD86, the cytokine IL-8, or a series of genes (genomic biomarker
signature) that are associated with the process of activation of monocytes and DC following exposure to
sensitisers.

7. However, as DC activation represents only one key event of the skin sensitisation AOP (2) (13),
information generated with test methods measuring markers of DC activation alone may not be sufficient
as stand-alone methods 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 in silico modelling and read-across from
chemical analogues (13). Examples of 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 the data to derive predictions, have been published (13) and are implemented in
an OECD TG on defined approaches for skin sensitisation (14).

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

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. Limited information is currently available on the applicability of the
test methods to multi-constituent substances/mixtures (15) (16). The test methods are nevertheless
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.
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ANNEX 1: IN VITRO SKIN SENSITISATION:
HUMAN CELL LINE ACTIVATION TEST (H-CLAT)

INITIAL CONSIDERATIONS AND LIMITATIONS

1. The h-CLAT method quantifies changes in the expression of cell surface markers associated with
the process of activation of monocytes and dendritic cells (DC) (i.e. CD86 and CD54), in the human
monocytic leukaemia cell line THP-1, following exposure to sensitisers (1) (2). The measured expression
levels of CD86 and CD54 cell surface markers are then used for supporting the discrimination between
skin sensitisers and non-sensitisers.

2. The h-CLAT method has been evaluated in a European Union Reference Laboratory for
Alternatives to Animal Testing (EURL ECVAM)-coordinated validation study and subsequent independent
peer review by the EURL ECVAM Scientific Advisory Committee (ESAC). Considering all available
evidence and input from regulators and stakeholders, the h-CLAT was recommended by EURL ECVAM
(3) to be used as part of an IATA to support the discrimination between sensitisers and non-sensitisers for
the purpose of hazard classification and labelling. Examples of the use of h-CLAT data in combination with
other information are reported in the literature (4) (5) (6) (7) (8) (9) (10) (11).

3. The h-CLAT method proved to be transferable to laboratories experienced in cell culture
techniques and flow cytometry analysis. The level of reproducibility in predictions that can be expected
from the test method is in the order of 80% within and between laboratories (3) (12). Results generated in
the validation study (13) and other published studies (14) overall indicate that, compared with LLNA results,
the accuracy in distinguishing skin sensitisers (i.e. UN GHS Cat.1) from non-sensitisers is 85% (N=142)
with a sensitivity of 93% (94/101) and a specificity of 66% (27/41) (based on a re-analysis by EURL ECVAM
(12) considering all existing data and not considering negative results for chemicals with a Log Kow greater
than 3.5 as described in paragraph 4). False negative predictions with the h-CLAT are more likely to
concern chemicals showing a low to moderate skin sensitisation potency (i.e. UN GHS subcategory 1B)
than chemicals showing a high skin sensitisation potency (i.e. UN GHS subcategory 1A) (4) (13) (15).
Taken together, this information indicates the usefulness of the h-CLAT method to contribute to the
identification of skin sensitisation hazards. However, the accuracy values given here for the h-CLAT as a
stand-alone test method are only indicative, since the test method should be considered in combination
with other sources of information in the context of an IATA and in accordance with the provisions of
paragraphs 7 and 8 in the General introduction. Furthermore, when evaluating non-animal methods for skin
sensitisation, it should be kept in mind that the LLNA test as well as other animal tests may not fully reflect
the situation in humans.

4. On the basis of the data currently available, the h-CLAT method was shown to be applicable to
test chemicals covering a variety of organic functional groups, reaction mechanisms, skin sensitisation
potency (as determined in in vivo studies) and physicochemical properties (3) (14) (15). The h-CLAT
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method is applicable to test chemicals soluble or that form a stable dispersion (i.e. a colloid or suspension
in which the test chemical does not settle or separate from the solvent/vehicle into different phases) in an
appropriate solvent/vehicle (see paragraph 14). Test chemicals with a Log Kow greater than 3.5 tend to
produce false negative results (14). Therefore negative results with test chemicals with a Log Kow greater
than 3.5 should not be considered. However, positive results obtained with test chemicals with a Log Kow
greater than 3.5 could still be used to support the identification of the test chemical as a skin sensitiser.
Furthermore, because of the limited metabolic capability of the cell line used (16) and because of the
experimental conditions, pro-haptens (i.e. substances requiring enzymatic activation for example via P450
enzymes) and pre-haptens (i.e. substances activated by oxidation) in particular with a slow oxidation rate
may also provide negative results in the h-CLAT (15). Fluorescent test chemicals can be assessed with
the h-CLAT (17), nevertheless, strong fluorescent test chemicals emitting at the same wavelength as
fluorescein isothiocyanate (FITC) or as propidium iodide (PI), will interfere with the flow cytometric
detection and thus cannot be correctly evaluated using FITC-conjugated antibodies or PI. In such a case,
other fluorochrome-tagged antibodies or other cytotoxicity markers, respectively, can be used as long as
it can be shown they provide similar results as the FITC-tagged antibodies (see paragraph 24) or Pl (see
paragraph 18) e.g. by testing the proficiency substances in Appendix Il. In the light of the above, negative
results should be interpreted in the context of the stated limitations and together with other information
sources within the framework of IATA. In cases where there is evidence demonstrating the non-applicability
of the h-CLAT method to other specific categories of test chemicals, it should not be used for those specific
categories.

5. As described above, the h-CLAT method supports the discrimination between skin sensitisers from
non-sensitisers. However, it may also potentially contribute to the assessment of sensitising potency (4)
(5) (9) when used in integrated approaches such as IATA. Nevertheless, further work, preferably based on
human data, is required to determine how h-CLAT results may possibly inform potency assessment.

6. Definitions are provided in Appendix I.

PRINCIPLE OF THE TEST

7. The h-CLAT method is an in vitro assay that quantifies changes of cell surface marker expression
(i.e. CD86 and CD54) on a human monocytic leukemia cell line, THP-1 cells, following 24 hours exposure
to the test chemical. These surface molecules are typical markers of monocytic THP-1 activation and may
mimic DC activation, which plays a critical role in T-cell priming. The changes of surface marker expression
are measured by flow cytometry following cell staining with fluorochrome-tagged antibodies. Cytotoxicity
measurement is also conducted concurrently to assess whether upregulation of surface marker expression
occurs at sub-cytotoxic concentrations. The relative fluorescence intensity of surface markers compared
to solvent/vehicle control are calculated and used in the prediction model (see paragraph 26), to support
the discrimination between sensitisers and non-sensitisers

DEMONSTRATION OF PROFICIENCY

8. Prior to routine use of the test method described in this Annex to Test Guideline 442E, laboratories
should demonstrate technical proficiency, using the 10 Proficiency Substances listed in Appendix Il.
Moreover, test method users should maintain an historical database of data generated with the reactivity
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checks (see paragraph 11) and with the positive and solvent/vehicle controls (see paragraphs 20-22), and
use these data to confirm the reproducibility of the test method in their laboratory is maintained over time.
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PROCEDURE

9. This test method is based on the h-CLAT DataBase service on AlLternative Methods to animal
experimentation (DB-ALM) protocol no. 158 (18) which represents the protocol used for the EURL ECVAM-
coordinated validation study. It is recommended that this protocol is used when implementing and using
the h-CLAT method in the laboratory. The following is a description of the main components and
procedures for the h-CLAT method, which comprises two steps: dose finding assay and CD86/CD54
expression measurement.

Preparation of cells

10. The human monocytic leukaemia cell line, THP-1, should be used for performing the h-CLAT
method. It is recommended that cells (TIB-202™) are obtained from a well-qualified cell bank, such as the
American Type Culture Collection.

11. THP-1 cells are cultured, at 37°C under 5% CO2 and humidified atmosphere, in RPMI-1640
medium supplemented with 10% foetal bovine serum (FBS), 0.05 mM 2-mercaptoethanol, 100 units/mL
penicillin and 100 pg/mL streptomycin. The use of penicillin and streptomycin in the culture medium can
be avoided. However, in such a case users should verify that the absence of antibiotics in the culture
medium has no impact on the results, for example by testing the proficiency substances listed in Appendix
Il. In any case, in order to minimise the risk of contamination, good cell culture practices should be followed
independently of the presence or not of antibiotics in the cell culture medium. THP-1 cells are routinely
seeded every 2-3 days at the density of 0.1 to 0.2 x 10° cells/mL. They should be maintained at densities
from 0.1 to 1.0 x 108 cells/mL. Prior to using them for testing, the cells should be qualified by conducting a
reactivity check. The reactivity check of the cells should be performed using the positive controls, 2,4-
dinitrochlorobenzene (DNCB) (CAS n. 97-00-7, = 99% purity) and nickel sulfate (NiSO4) (CAS n. 10101-
97-0, = 99% purity) and the negative control, lactic acid (LA) (CAS n. 50-21-5, = 85% purity), two weeks
after thawing. Both DNCB and NiSO4 should produce a positive response of both CD86 and CD54 cell
surface markers, and LA should produce a negative response of both CD86 and CD54 cell surface
markers. Only the cells which passed the reactivity check are to be used for the assay. Cells can be
propagated up to two months after thawing. Passage number should not exceed 30. The reactivity check
should be performed according to the procedures described in paragraphs 20-24.

12. For testing, THP-1 cells are seeded at a density of either 0.1 x 10° cells/mL or 0.2 x 10° cells/mL,
and pre-cultured in culture flasks for 72 hours or for 48 hours, respectively. It is important that the cell
density in the culture flask just after the pre-culture period be as consistent as possible in each experiment
(by using one of the two pre-culture conditions described above), because the cell density in the culture
flask just after pre-culture could affect the CD86/CD54 expression induced by allergens (19). On the day
of testing, cells harvested from culture flask are resuspended with fresh culture medium at 2 x 108 cells/mL.
Then, cells are distributed into a 24 well flat-bottom plate with 500 uL (1 x 108 cells/well) or a 96-well flat-
bottom plate with 80 uL (1.6 x 105 cells/well).

Dose finding assay

13. A dose finding assay is performed to determine the CV75, being the test chemical concentration
that results in 75% cell viability (CV) compared to the solvent/vehicle control. The CV75 value is used to
determine the concentration of test chemicals for the CD86/CD54 expression measurement (see
paragraphs 20-24).
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Preparation of test chemicals and control substances

14. The test chemicals and control substances are prepared on the day of testing. For the h-CLAT
method, test chemicals are dissolved or stably dispersed (see also paragraph 4) in saline or medium as first
solvent/vehicle options or dimethyl sulfoxide (DMSO, > 99% purity) as a second solvent/vehicle option if the test
chemical is not soluble or does not form a stable dispersion in the previous two solvents/vehicles, to final
concentrations of 100 mg/mL (in saline or medium) or 500 mg/mL (in DMSQ). Other solvents/vehicles than
those described above may be used if sufficient scientific rationale is provided. Stability of the test chemical
in the final solvent/vehicle should be taken into account.

15. Starting from the 100 mg/mL (in saline or medium) or 500 mg/mL (in DMSO) stock solutions of the
test chemicals, the following dilution steps should be taken:

e For saline or medium as solvent/vehicle: Eight stock solutions (eight concentrations) are prepared,
by two-fold serial dilutions using the corresponding solvent/vehicle. These stock solutions are then
further diluted 50-fold into culture medium (working solutions). If the top final concentration in the
plate of 1000 pg/mL is non-toxic, the maximum concentration should be re-determined by
performing a new cytotoxicity test. The final concentration in the plate should not exceed 5000
pg/mL for test chemicals dissolved or stably dispersed in saline or medium.

e For DMSO as solvent/vehicle: Eight stock solutions (eight concentrations) are prepared, by two-
fold serial dilutions using the corresponding solvent/vehicle. These stock solutions are then further
diluted 250-fold into culture medium (working solutions).The final concentration in plate should not
exceed 1000 pg/mL even if this concentration is non-toxic.

The working solutions are finally used for exposure by adding an equal volume of working solution to the
volume of THP-1 cell suspension in the plate (see also paragraph 17) to achieve a further two-fold dilution
(usually, the final range of concentrations in the plate is 7.81-1000 pg/mL).

16. The solvent/vehicle control used in the h-CLAT method is culture medium (for test chemicals
solubilised or stably dispersed (see paragraph 4) either with medium or saline) or DMSO (for test chemicals
solubilised or stably dispersed in DMSO) tested at a single final concentration in the plate of 0.2%. It
undergoes the same dilution as described for the working solutions in paragraph 15.

Application of test chemicals and control substances

17. The culture medium or working solutions described in paragraphs 15 and 16 are mixed 1:1 (v/v)
with the cell suspensions prepared in the 24-well or 96-well flat-bottom plate (see paragraph 12). The
treated plates are then incubated for 24+0.5 hours at 37°C under 5% COz2. Care should be taken to avoid
evaporation of volatile test chemicals and cross-contamination between wells by test chemicals, e.g. by
sealing the plate prior to the incubation with the test chemicals (20).

Propidium iodide (Pl) staining

18. After 24+0.5 hours of exposure, cells are transferred into sample tubes and collected by
centrifugation. The supernatants are discarded and the remaining cells are resuspended with 200 pL (in
case of 96-well) or 600 pL (in case of 24-well) of a phosphate buffered saline containing 0.1% bovine
serum albumin (staining buffer). 200 uL of cell suspension is transferred into 96-well round-bottom plate
(in case of 96-well) or micro tube (in case of 24-well) and washed twice with 200 uL (in case of 96-well) or
600 pL (in case of 24-well) of staining buffer. Finally, cells are resuspended in staining buffer (e.g. 400 pL)
and PI solution (e.g. 20 pL) is added (for example, final concentration of PI is 0.625 pg/mL). Other
cytotoxicity markers, such as 7-Aminoactinomycin D (7-AAD), Trypan blue or others may be used if the
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alternative stains can be shown to provide similar results as PI, for example by testing the proficiency
substances in Appendix Il.

Cytotoxicity measurement by flow cytometry and estimation of CV75 value

19. The PI uptake is analysed using flow cytometry with the acquisition channel FL-3. A total of 10,000
living cells (Pl negative) are acquired. The cell viability can be calculated using the following equation by
the cytometer analysis program. When the cell viability is low, up to 30,000 cells including dead cells should
be acquired. Alternatively, data can be acquired for one minute after the initiation of the analysis.

Number of living cells x 100

Cell Viability =
Total Number of acquired cells

The CV75 value (see paragraph 13), i.e. a concentration showing 75% of THP-1 cell survival (25%
cytotoxicity), is calculated by log-linear interpolation using the following equation:

(75— c) x Log (b) — (75 — a) x Log (d)

Log CV75 =
a-c

Where:
a is the minimum value of cell viability over 75%
c is the maximum value of cell viability below 75%

b and d are the concentrations showing the value of cell viability a and c respectively

100

Cell viability (%)
3

0
A

0 A A g

b d

1 10 100 1000
Test dose (ug/mL)

Other approaches to derive the CV75 can be used as long as it is demonstrated that this has no impact
on the results (e.g. by testing the proficiency substances).
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CD86/CD54 expression measurement

Preparation of the test chemicals and control substances

20. The appropriate solvent/vehicle (saline, medium or DMSO; see paragraph 14) is used to dissolve
or stably disperse the test chemicals. The test chemicals are first diluted to the concentration corresponding
to 100-fold (for saline or medium) or 500-fold (for DMSO) of the 1.2 x CV75 determined in the dose finding
assay (see paragraph 19). If the CV75 cannot be determined (i.e. if sufficient cytotoxicity is not observed
in the dose finding assay), the highest soluble or stably dispersed concentration of test chemical prepared
with each solvent/vehicle should be used as starting concentration. Please note that the final concentration
in the plate should not exceed 5000 pg/mL (in case of saline or medium) or 1000 pg/mL (in case of DMSO).
Then, 1.2-fold serial dilutions are made using the corresponding solvent/vehicle to obtain the stock
solutions (eight concentrations ranging from 100x1.2 x CV75 to 100x0.335 x CV75 (for saline or medium)
or from 500x1.2 x CV75 to 500x0.335 x CV75 (for DMSQ)) to be tested in the h-CLAT method (see DB-
ALM protocol No. 158 for an example of dosing scheme). The stock solutions are then further diluted 50-
fold (for saline or medium) or 250-fold (for DMSO) into the culture medium (working solutions). These
working solutions are finally used for exposure with a further final two-fold dilution factor in the plate. If the
results do not meet the acceptance criteria described in the paragraphs 29 and 30 regarding cell viability,
the dose finding assay may be repeated to determine a more precise CV75. Please note that only 24-well
plates can be used for CD86/CD54 expression measurement.

21. The solvent/vehicle control is prepared as described in paragraph 16. The positive control used in
the h-CLAT method is DNCB (see paragraph 11), for which stock solutions are prepared in DMSO and
diluted as described for the stock solutions in paragraph 20. DNCB should be used as the positive control
for CD86/CD54 expression measurement at a final single concentration in the plate (typically 4.0 pg/mL).
To obtain a 4.0 uyg/mL concentration of DNCB in the plate, a 2 mg/mL stock solution of DNCB in DMSO is
prepared and further diluted 250-fold with culture medium to a 8 ug/mL working solution. Alternatively, the
CV75 of DNCB, which is determined in each test facility, could be also used as the positive control
concentration. Other suitable positive controls may be used if historical data are available to derive
comparable run acceptance criteria. For positive controls, the final single concentration in the plate should
not exceed 5000 pg/mL (in case of saline or medium) or 1000 pg/mL (in case of DMSQO). The run
acceptance criteria are the same as those described for the test chemical (see paragraph 29), except for
the last acceptance criterion since the positive control is tested at a single concentration.

Application of test chemicals and control substances

22. For each test chemical and control substance, one experiment is needed to obtain a prediction.
Each experiment consists of at least two independent runs for CD86/CD54 expression measurement (see
paragraphs 26-28). Each independent run is performed on a different day or on the same day provided
that for each run: a) independent fresh stock solutions and working solutions of the test chemical and
antibody solutions are prepared and b) independently harvested cells are used (i.e. cells are collected from
different culture flasks); however, cells may come from the same passage. Test chemicals and control
substances prepared as working solutions (500 pL) are mixed with 500 L of suspended cells (1x10° cells)
at 1:1 ratio, and cells are incubated for 24+0.5 hours as described in paragraphs 20 and 21. In each run,
a single replicate for each concentration of the test chemical and control substance is sufficient because a
prediction is obtained from at least two independent runs.
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Cell staining and analysis

23. After 24+0.5 hours of exposure, cells are transferred from 24 well plate into sample tubes, collected
by centrifugation and then washed twice with 1mL of staining buffer (if necessary, additional washing steps
may be done). After washing, cells are blocked with 600 uL of blocking solution (staining buffer containing
0.01% (w/v) globulin (Cohn fraction Il, Ill, Human: SIGMA, #G2388-10G)) and incubated at 4°C for 15 min.
After blocking, cells are split in three aliquots of 180 L into a 96-well round-bottom plate or micro tube.

24, After centrifugation, cells are stained with 50 uL of FITC-labelled anti-CD86, anti-CD54 or mouse
IgG1 (isotype) antibodies at 4°C for 30 min. The antibodies described in the h-CLAT DB-ALM protocol no.
158 (18) should be used by diluting 3:25 (v/v, for CD86 (BD-PharMingen, #555657; Clone: Fun-1)) or 3:50
(v/v, for CD54 (DAKO, #F7143; Clone: 6.5B5) and IgG1 (DAKO, #X0927)) with staining buffer. These
antibody dilution factors were defined by the test method developers as those providing the best signal-to-
noise ratio. Based on the experience of the test method developers, the fluorescence intensity of the
antibodies is usually consistent between different lots. However, users may consider titrating the antibodies
in their own laboratory's conditions to define the best concentrations for use. Other fluorochrome-tagged
anti-CD86 and/or anti-CD54 antibodies may be used if they can be shown to provide similar results as
FITC-conjugated antibodies, for example by testing the proficiency substances in Appendix Il. It should be
noted that changing the clone or supplier of the antibodies as described in the h-CLAT DB-ALM protocol
no. 158 (18) may affect the results. After washing twice or more with 150 pL of staining buffer, cells are
resuspended in staining buffer (e.g. 400 pL), and the PI solution (e.g. 20 pL to obtain a final concentration
of 0.625 ug/mL) or another cytotoxicity marker's solution (see paragraph 18) is added. The expression
levels of CD86 and CD54, and cell viability are analysed using flow cytometry.

DATA AND REPORTING

Data evaluation

25. The expression of CD86 and CD54 is analysed with flow cytometry with the acquisition channel
FL-1. Based on the geometric mean fluorescence intensity (MFI), the relative fluorescence intensity (RFI)
of CD86 and CD54 for positive control (ctrl) cells and chemical-treated cells are calculated according to
the following equation:

MFI of chemical-treated cells — MFI of chemical-treated isotype
RFI = control cells x100

MFI of solvent/vehicle-treated ctrl cells — MFI of solvent/vehicle-treated
isotype ctrl cells

The cell viability from the isotype control (ctrl) cells (which are stained with mouse IgG1 (isotype)
antibodies) is also calculated according to the equation described in paragraph 19.

Prediction model

26. For CD86/CD54 expression measurement, each test chemical is tested in at least two independent
runs to derive a single prediction (POSITIVE or NEGATIVE). An h-CLAT prediction is considered
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POSITIVE if at least one of the following conditions is met in 2 of 2 or in at least 2 of 3 independent runs,
otherwise the h-CLAT prediction is considered NEGATIVE (Figure 1):

e The RFI of CD86 is equal to or greater than 150% in at least one tested concentration (with cell
viability = 50%);

e The RFI of CD54 is equal to or greater than 200% in at least one tested concentration (with cell
viability 2 50%).

27. Based on the above, if the first two runs are both positive for CD86 and/or are both positive for
CD54, the h-CLAT prediction is considered POSITIVE and a third run does not need to be conducted.
Similarly, if the first two runs are negative for both markers, the h-CLAT prediction is considered NEGATIVE
(with due consideration of the provisions of paragraph 30) without the need for a third run. If however, the
first two runs are not concordant for at least one of the markers (CD54 or CD86), a third run is needed and
the final prediction will be based on the majority result of the three individual runs (i.e. 2 out of 3). In this
respect, it should be noted that if two independent runs are conducted and one is only positive for CD86
(hereinafter referred to as P1) and the other is only positive for CD54 (hereinafter referred to as P2), a third
run is required. If this third run is negative for both markers (hereinafter referred to as N), the h-CLAT
prediction is considered NEGATIVE. On the other hand, if the third run is positive for either marker (P1 or
P2) or for both markers (hereinafter referred to as P12), the h-CLAT prediction is considered POSITIVE.

209



Two first Two first

runs runs
v
v N \' \ N
P, &Py, N&N P, &N
P, &P, P,&N
P, &P, P, &N
P,&P, P,&P,
P,&P, \l/
Third run
v
v v v \
Third run Third run P,&P, &P, # PL,&N&N #
not required not required P,&P, &P, P,&N&N
P,&P,&P, P,&N&N
P, &P, &N P,&P,&N
P, &P, &N
P, &P, &N
P,&P, &N
P,&P,&N
W W | W
POSITIVE NEGATIVE POSITIVE NEGATIVE

Figure 1: Prediction model used in the h-CLAT test method.

An h-CLAT prediction should be considered in the framework of an IATA and in accordance with the provision of
paragraphs 7 and 8 in the General introduction. P+: run with only CD86 positive; P2; run with only CD54 positive; P12:
run with both CD86 and CD54 positive; N: run with neither CD86 nor CD54 positive. *The boxes show the relevant
combinations of results from the first two runs, independently of the order in which they may be obtained. #The
boxes show the relevant combinations of results from the three runs on the basis of the results obtained in the first
two runs shown in the box above, but do not reflect the order in which they may be obtained.

28. For the test chemicals predicted as POSITIVE with the h-CLAT, optionally, two Effective
Concentrations (EC) values, the EC150 for CD86 and EC200 for CD54, i.e. the concentration at which the
test chemicals induced a RFI of 150 or 200, may be determined. These EC values potentially could
contribute to the assessment of sensitising potency (9) when used in integrated approaches such as IATA
(4) (5) (6) (7) (8). They can be calculated by the following equations:
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EC150 (for CD86) = Bconcentration + [(150 = BRFI) / (ARFI = BRFI) x (Aconcentration = Bconcentration)]

where

Aconcentrationis the lowest concentration in ug/mL with RFI > 150 (CD86) or 200 (CD54)
Bconcentration i the highest concentration in pg/mL with RFI < 150 (CD86) or 200 (CD54)
Arri is the RFI at the lowest concentration with RFI > 150 (CD86) or 200 (CD54)

Brri is the RFI at the highest concentration with RFI < 150 (CD86) or 200 (CD54)

For the purpose of more precisely deriving the EC150 and EC200 values, three independent runs for
CD86/CD54 expression measurement may be required. The final EC150 and EC200 values are then
determined as the median value of the ECs calculated from the three independent runs. When only two of
three independent runs meet the criteria for positivity (see paragraphs 26-27), the higher EC150 or EC200
of the two calculated values is adopted.

Acceptance criteria

20. The following acceptance criteria should be met when using the h-CLAT method (22) (27).

e The cell viabilities of medium and solvent/vehicle controls should be higher than 90%.

¢ In the solvent/vehicle control, RFI values of both CD86 and CD54 should not exceed the positive
criteria (CD86 RFI > 150% and CD54 RFI > 200%). RFI values of the solvent/vehicle control are
calculated by using the formula described in paragraph 25 ("MFI of chemical" should be replaced
with "MFI of solvent/vehicle", and "MFI of solvent/vehicle" should be replaced with "MFI of
(medium) control").

e For both medium and solvent/vehicle controls, the MFI ratio of both CD86 and CD54 to isotype
control should be > 105%.

¢ Inthe positive control (DNCB), RFI values of both CD86 and CD54 should meet the positive criteria
(CD86 RFI > 150 and CD54 RFI > 200) and cell viability should be more than 50%.

e For the test chemical, the cell viability should be more than 50% in at least four tested
concentrations in each run.

30. Negative results are acceptable only for test chemicals exhibiting a cell viability of less than 90%
at the highest concentration tested (i.e. 1.2 x CV75 according to the serial dilution scheme described in
paragraph 20). If the cell viability at 1.2 x CV75 is equal or above 90% the negative result should be
discarded. In such a case it is recommended to try to refine the dose selection by repeating the CV75
determination. It should be noted that when 5000 pyg/mL in saline (or medium or other solvents/vehicles),
1000 pg/mL in DMSO or the highest soluble concentration is used as the maximal test concentration of a
test chemical, a negative result is acceptable even if the cell viability is above 90%.

Test report

31. The test report should include the following information.
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Test chemical

Mono-constituent substance

o

o

o

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

Physical appearance, Log Kow, 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, etc.;
Treatment prior to testing, if applicable (e.g. warming, grinding);
Concentration(s) tested;

Storage conditions and stability to the extent available;

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

Multi-constituent substance, UVCB and mixture

o

O

o

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 solubilty 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;

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

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

Positive control

o

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

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

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;

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

Negative and solvent/vehicle control

o

o

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

Purity, chemical identity of impurities as appropriate and practically feasible, etc.;
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o Physical appearance, molecular weight, and additional relevant physicochemical properties in
the case other control solvent/vehicle than those mentioned in the Test Guideline 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);

Flow cytometry used (e.g. model), including instrument settings, globulin, antibodies and
cytotoxicity marker used;

The procedure used to demonstrate proficiency of the laboratory in performing the test method by
testing of proficiency substances, and the procedure used to demonstrate reproducible
performance of the test method over time, e.g. historical control data and/or historical reactivity
checks’ data.

Test acceptance criteria

Cell viability, MFI and RFI values obtained with the solvent/vehicle control in comparison to the
acceptance ranges;

Cell viability and RFI values obtained with the positive control in comparison to the acceptance
ranges;

Cell viability of all tested concentrations of the tested chemical.

Test procedure

Results

Number of runs used;

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

Duration of exposure (if different than the one recommended);
Description of evaluation and decision criteria used;
Description of any modifications of the test procedure.

Tabulation of the data, including CV75 (if applicable), individual geometric MFI, RFI, cell viability
values, EC150/EC200 values (if applicable) obtained for the test chemical and for the positive
control in each run, and an indication of the rating of the test chemical according to the prediction
model;

Description of any other relevant observations, if applicable.

Discussion of the results

Discussion of the results obtained with the h-CLAT method;

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

Conclusions
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APPENDIX I

DEFINITIONS

Accuracy: The closeness of agreement between test method results and accepted reference values. It is
a measure of test method performance and one aspect of relevance. The term is often used
interchangeably with concordance to mean the proportion of correct outcomes of a test method (21).

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 (22).

CV75: The estimated concentration showing 75% cell viability.
EC150: the concentrations showing the RFI values of 150 in CD86 expression
EC200: the concentrations showing the RFI values of 200 in CD54 expression

Flow cytometry: a cytometric technique in which cells suspended in a fluid flow one at a time through a
focus of exciting light, which is scattered in patterns characteristic to the cells and their components; cells
are frequently labeled with fluorescent markers so that light is first absorbed and then emitted at altered
frequencies.

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.

Medium control: An untreated replicate containing all components of a test system. This sample is
processed with test chemical-treated samples and other control samples to determine whether the
solvent/vehicle interacts with the test system.

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

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main
constituent is present to at least 80% (w/w).

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

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.

Pre-haptens: chemicals which become sensitisers through abiotic transformation

216



Pro-haptens: chemicals requiring enzymatic activation to exert skin sensitisation potential

Relative fluorescence intensity (RFI): Relative values of geometric mean fluorescence intensity (MFI) in
chemical-treated cells compared to MFI in solvent/vehicle-treated cells.

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
(21).

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 (21).

Run: A run consists of one or more test chemicals tested concurrently with a solvent/vehicle control and
with a positive control.

Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test. 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 (21).

Staining buffer: A phosphate buffered saline containing 0.1% bovine serum albumin.

Solvent/vehicle control: An untreated sample containing all components of a test system except of the
test chemical, but including the solvent/vehicle that is used. It is used to establish the baseline response
for the samples treated with the test chemical dissolved or stably dispersed in the same solvent/vehicle.
When tested with a concurrent medium control, this sample also demonstrates whether the solvent/vehicle
interacts with the test system.

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test. 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 (21).

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 it composition.

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 (23).

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

Valid test method: A test method considered to have sufficient relevance and reliability for a specific
purpose and which is based on scientifically sound principles. A test method is never valid in an absolute
sense, but only in relation to a defined purpose (21).
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PROFICIENCY SUBSTANCES

Prior to routine use of the test method described in this Annex to Test Guideline 442E, laboratories should
demonstrate technical proficiency by correctly obtaining the expected h-CLAT prediction for the 10
substances recommended in Table 1 and by obtaining CV75, EC150 and EC200 values that fall within the
respective reference range for at least 8 out of the 10 proficiency substances. Proficiency substances were
selected to represent the range of responses for skin sensitisation hazards. Other selection criteria were
that the substances are commercially available, and that high-quality in vivo reference data as well as high
quality in vitro data generated with the h-CLAT method are available. Also, published reference data are
available for the h-CLAT method (3) (14).

Table 1: Recommended substances for demonstrating technical proficiency with the h-CLAT

method
CV75 h-CLAT results h-CLAT results
. Physical . e Reference for CD86 for CD54
HRLEIG TS Pl 1] state Rligpdey Range in (EC150 Reference (EC200 Reference
pg/mL2 Range in pg/mL)? Range in pg/mL)?
. ) Sensitiser Positive Positive
2,4-Dinitrochlorobenzene 97-00-7 Solid (extreme) 2-12 (05-10) (0.5-15)
_— . Sensitiser Positive Negative
4-Phenylenediamine 106-50-3 Solid (strong) 5-95 (<40) (>1.5p
. . Sensitiser Positive Positive
Nickel sulfate 10101-97-0 Solid (moderate) 30-500 (<100) (10-100)
. . Sensitiser Negative Positive
2-Mercaptbenzothiazole 149-30-4 Solid (moderate) 30-400 (>10) (10-140)
. - Sensitiser Negative Positive
R(+)-Limonene 5989-27-5 Liquid (weak) >20 (>5) (<250)
. - ) Sensitiser Positive Positive
Imidazolidinyl urea 39236-46-9 Solid (weak) 25-100 (20-90) (20-75)
- " Negative Negative
Isopropanol 67-63-0 Liquid Non-sensitiser >5000 (>5000) (>5000)
Lo . Negative Negative
Glycerol 56-81-5 Liquid Non-sensitiser >5000 (>5000) (>5000)
N - " Negative Negative
Lactic acid 50-21-5 Liquid Non-sensitiser 1500-5000 (>5000) (>5000)
. - . " Negative Negative
4-Aminobenzoic acid 150-13-0 Solid Non-sensitiser >1000 (>1000) (>1000)

Abbreviations: CAS RN = Chemical Abstracts Service Registry Number
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' The in vivo hazard and (potency) prediction is based on LLNA data (3) (14). The in vivo potency is derived using the criteria proposed by

ECETOC (24).
2Based on historical observed values (13) (25).

3 Historically, a majority of negative results have been obtained for this marker and therefore a negative result is mostly
expected. The range provided was defined on the basis of the few historical positive results observed. In case a positive
result is obtained, the EC value should be within the reported reference range.
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ANNEX 2: IN VITRO SKIN SENSITISATION:
U937 CELL LINE ACTIVATION TEST (U-SENS™)

INITIAL CONSIDERATIONS AND LIMITATIONS

1. The U-SENS™ method quantifies the change in the expression of a cell surface marker associated
with the process of activation of monocytes and dendritic cells (DC) (i.e. CD86), in the human histiocytic
lymphoma cell line U937, following exposure to sensitisers (1). The measured expression levels of CD86
cell surface marker in the cell line U937 is then used for supporting the discrimination between skin
sensitisers and non-sensitisers.

2. The U-SENS™ method has been evaluated in a validation study (2) coordinated by L’Oreal and
subsequently independent peer reviewed by the European Union Reference Laboratory for Alternatives to
Animal Testing (EURL ECVAM) Scientific Advisory Committee (ESAC) (3). Considering all available
evidence and input from regulators and stakeholders, the U-SENS™ was recommended by EURL ECVAM
(4) to be used as part of an IATA to support the discrimination between sensitisers and non-sensitisers for
the purpose of hazard classification and labelling. In its guidance document on the reporting of structured
approaches to data integration and individual information sources used within IATA for skin sensitisation, the
OECD currently discusses a number of case studies describing different testing strategies and prediction
models. One of the different defined approaches is based on the U-SENS assay (5). Examples of the use of
U-SENS™ data in combination with other information, including historical data and existing valid human data
(6), are also reported elsewhere in the literature (4) (5) (7).

3. The U-SENS™ method proved to be transferable to laboratories experienced in cell culture
techniques and flow cytometry analysis. The level of reproducibility in predictions that can be expected from
the test method is in the order of 90% and 84% within and between laboratories, respectively (8). Results
generated in the validation study (8) and other published studies (1) overall indicate that, compared with
LLNA results, the accuracy in distinguishing skin sensitisers (i.e. UN GHS Cat.1) from non-sensitisers is 86%
(N=166) with a sensitivity of 91% (118/129) and a specificity of 65% (24/37). Compared with human results,
the accuracy in distinguishing skin sensitisers (i.e. UN GHS Cat.1) from non-sensitisers is 77% (N=101) with
a sensitivity of 100% (58/58) and a specificity of 47% (20/43). False negative predictions compared to LLNA
with the U-SENS™ are more likely to concern chemicals showing a low to moderate skin sensitisation
potency (i.e. UN GHS subcategory 1B) than chemicals showing a high skin sensitisation potency (i.e. UN
GHS subcategory 1A) (1) (8) (9). Taken together, this information indicates the usefulness of the U-SENS™
method to contribute to the identification of skin sensitisation hazards. However, the accuracy values given
here for the U-SENS™ as a stand-alone test method are only indicative, since the test method should be
considered in combination with other sources of information in the context of an IATA and in accordance with
the provisions of paragraphs 7 and 8 in the General introduction. Furthermore, when evaluating non-animal
methods for skin sensitisation, it should be kept in mind that the LLNA test as well as other animal tests may
not fully reflect the situation in humans.

4. On the basis of the data currently available, the U-SENS™ method was shown to be applicable to
test chemicals (including cosmetics ingredients e.g. preservatives, surfactants, actives, dyes) covering a
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variety of organic functional groups, of physicochemical properties, skin sensitisation potency (as determined
in in vivo studies) and the spectrum of reaction mechanisms known to be associated with skin sensitisation
(i.e. Michael acceptor, Schiff base formation, acyl transfer agent, substitution nucleophilic bi-molecular [SN2],
or nucleophilic aromatic substitution [SNAr]) (1) (8) (9) (10). The U-SENS™ method is applicable to test
chemicals that are soluble or that form a stable dispersion (i.e. a colloid or suspension in which the test
chemical does not settle or separate from the solvent/vehicle into different phases) in an appropriate
solvent/vehicle (see paragraph 13). Chemicals in the dataset reported to be pre-haptens (i.e. substances
activated by oxidation) or pro-haptens (i.e. substances requiring enzymatic activation for example via P450
enzymes) were correctly predicted by the U-SENS™ (1) (10). Membrane disrupting substances can lead to
false positive results due to a non-specific increase of CD86 expression, as 3 out of 7 false positives relative
to the in vivo reference classification were surfactants (1). As such positive results with surfactants should
be considered with caution whereas negative results with surfactants could still be used to support the
identification of the test chemical as a non-sensitiser. Fluorescent test chemicals can be assessed with the
U-SENS™ (1), nevertheless, strong fluorescent test chemicals emitting at the same wavelength as
fluorescein isothiocyanate (FITC) or as propidium iodide (PI), will interfere with the flow cytometric detection
and thus cannot be correctly evaluated using FITC-conjugated antibodies (potential false negative) or Pl
(viability not measurable). In such a case, other fluorochrome-tagged antibodies or other cytotoxicity
markers, respectively, can be used as long as it can be shown they provide similar results as the FITC-
tagged antibodies or Pl (see paragraph 18) e.g. by testing the proficiency substances in Appendix Il. In the
light of the above, positive results with surfactants and negative results with strong fluorescent test chemicals
should be interpreted in the context of the stated limitations and together with other information sources
within the framework of IATA. In cases where there is evidence demonstrating the non-applicability of the U-
SENS™ method to other specific categories of test chemicals, it should not be used for those specific
categories.

5. As described above, the U-SENS™ method supports the discrimination between skin sensitisers
from non-sensitisers. However, it may also potentially contribute to the assessment of sensitising potency
when used in integrated approaches such as IATA. Nevertheless, further work, preferably based on human
data, is required to determine how U-SENS™ results may possibly inform potency assessment.

6. Definitions are provided in Appendix .

PRINCIPLE OF THE TEST

7. The U-SENS™ method is an in vitro assay that quantifies changes of CD86 cell surface marker
expression on a human histiocytic lymphoma cell line, U937 cells, following 45+3 hours exposure to the test
chemical. The CD86 surface marker is one typical marker of U937 activation. CD86 is known to be a co-
stimulatory molecule that may mimic monocytic activation, which plays a critical role in T-cell priming. The
changes of CD86 cell surface marker expression are measured by flow cytometry following cell staining
typically with fluorescein isothiocyanate (FITC)-labelled antibodies. Cytotoxicity measurement is also
conducted (e.g. by using PI) concurrently to assess whether upregulation of CD86 cell surface marker
expression occurs at sub-cytotoxic concentrations. The stimulation index (S.1.) of CD86 cell surface marker
compared to solvent/vehicle control is calculated and used in the prediction model (see paragraph 19), to
support the discrimination between sensitisers and non-sensitisers.
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DEMONSTRATION OF PROFICIENCY

8. Prior to routine use of the test method described in this Annex to Test Guideline 442E, laboratories
should demonstrate technical proficiency, using the 10 Proficiency Substances listed in Appendix Il in
compliance with the Good in vitro Method Practices (11). Moreover, test method users should maintain a
historical database of data generated with the reactivity checks (see paragraph 11) and with the positive and
solvent/vehicle controls (see paragraphs 15-16), and use these data to confirm the reproducibility of the test
method in their laboratory is maintained over time.

PROCEDURE

9. This test method is based on the U-SENS™ DataBase service on ALternative Methods to animal
experimentation (DB-ALM) protocol no. 183 (12). The Standard Operating Procedures (SOP) should be
employed when implementing and using the U-SENS™ method in the laboratory. An automated system to
run the U-SENS™ can be used if it can be shown to provide similar results, for example by testing the
proficiency substances in Appendix Il. The following is a description of the main components and procedures
for the U-SENS™ method.

Preparation of cells

10. The human histiocytic lymphoma cell line, U937 (13) should be used for performing the U-SENS™
method. Cells (clone CRL1593.2) should be obtained from a well-qualified cell bank such as the American
Type Culture Collection.

11. U937 cells are cultured, at 37°C under 5% CO2 and humidified atmosphere, in RPMI-1640 medium
supplemented with 10% foetal calf serum (FCS), 2 mM L-glutamine, 100 units/mL penicillin and 100 pg/mL
streptomycin (complete medium). U937 cells are routinely passaged every 2-3 days at the density of 1.5 or
3 x 105 cells/mL, respectively. The cell density should not exceed 2 x 108 cells/mL and the cell viability
measured by trypan blue exclusion should be = 90% (not to be applied at the first passage after thawing).
Prior to using them for testing, every batch of cells, FCS or antibodies should be qualified by conducting a
reactivity check. The reactivity check of the cells should be performed using the positive control, picrylsulfonic
acid (2,4,6-Trinitro-benzene-sulfonic acid: TNBS) (CASRN 2508-19-2, = 99% purity) and the negative control
lactic acid (LA) (CASRN 50-21-5, = 85% purity), at least one week after thawing. For the reactivity check, six
final concentrations should be tested for each of the 2 controls (TNBS: 1, 12.5, 25, 50, 75, 100ug/mL and
LA: 1, 10, 20, 50, 100, 200ug/mL). TNBS solubilised in complete medium should produce a positive and
concentration-related response of CD86 (e.g. when a positive concentration, CD86 S.I. =2 150, is followed by
a concentration with an increasing CD86 S.1), and LA solubilised in complete medium should produce
negative response of CD86 (see paragraph 21). Only the batch of cells which passed the reactivity check 2
times should be used for the assay. Cells can be propagated up to seven weeks after thawing. Passage
number should not exceed 21. The reactivity check should be performed according to the procedures
described in paragraphs 18-22.

12. For testing, U937 cells are seeded at a density of either 3 x 105 cells/mL or 6 x 105 cells/mL, and
pre-cultured in culture flasks for 2 days or 1 day, respectively. Other pre-cultured conditions than those
described above may be used if sufficient scientific rationale is provided and if it can be shown to provide
similar results, for example by testing the proficiency substances in Appendix Il. In the day of testing, cells
harvested from culture flask are resuspended with fresh culture medium at 5 x 105 cells/mL. Then, cells are
distributed into a 96-well flat-bottom plate with 100 pL (final cell density of 0.5 x 105 cells/well).
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Preparation of test chemicals and control substances

13. Assessment of solubility is conducted prior to testing. For this purpose, test chemicals are dissolved
or stably dispersed at a concentration of 50 mg/mL in complete medium as first solvent option or dimethyl
sulfoxide (DMSO, > 99% purity) as a second solvent/vehicle option if the test chemical is not soluble in the
complete medium solvent/vehicle. For the testing, the test chemical is dissolved to a final concentration of
0.4 mg/mL in complete medium if the chemical is soluble in this solvent/vehicle. If the chemical is soluble
only in DMSO, the chemical is dissolved at a concentration of 50 mg/mL. Other solvents/vehicles than those
described above may be used if sufficient scientific rationale is provided. Stability of the test chemical in the
final solvent/vehicle should be taken into account.

14. The test chemicals and control substances are prepared on the day of testing. Because a dose
finding assay is not conducted, for the first run, 6 final concentrations should be tested (1, 10, 20, 50, 100
and 200 pg/mL) into the corresponding solvent/vehicle either in complete medium or in 0.4% DMSO in
medium. For the subsequent runs, starting from the 0.4 mg/mL in complete medium or 50 mg/mL in DMSO,
solutions of the test chemicals, at least 4 working solutions (i.e. at least 4 concentrations), are prepared using
the corresponding solvent/vehicle. The working solutions are finally used for treatment by adding an equal
volume of U937 cell suspension (see paragraph 11 above) to the volume of working solution in the plate to
achieve a further 2-fold dilution (12). The concentrations (at least 4 concentrations) for any further run are
chosen based on the individual results of all previous runs (8). The usable final concentrations are 1, 2, 3, 4,
5,7.5,10,12.5, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180 and 200 ug/mL. The
maximum final concentration is 200 pyg/mL. In the case of a CD86 positive value at 1 ug/mL is observed,
then 0.1 pg/mL is evaluated in order to find the concentration of the test chemical that does not induce CD86
above the positive threshold. For each run, the EC150 (concentration at which a chemical reaches the CD86
positive threshold of 150%, see paragraph 19) is calculated if a CD86 positive concentration-response is
observed. Where the test chemical induces a positive CD86 response not concentration related, the
calculation of the EC150 might not be relevant as described in the U-SENS™ DB-ALM protocol no. 183 (12).
For each run, CV70 (concentration at which a chemical reaches the cytotoxicity threshold of 70%, see
paragraph 19) is calculated whenever possible (12). To investigate the concentration response effect of
CD86 increase, any concentrations from the usable concentrations should be chosen evenly spread between
the EC150 (or the highest CD86 negative non cytotoxic concentration) and the CV70 (or the highest
concentration allowed i.e. 200 ug/mL). A minimum of 4 concentrations should be tested per run with at least
2 concentrations being common with the previous run(s), for comparison purposes.

15. The solvent/vehicle control used in the U-SENS™ method is complete medium (for test chemicals
solubilised or stably dispersed) (see paragraph 4) or 0.4% DMSO in complete medium (for test chemicals
solubilised or stably dispersed in DMSO).

16. The positive control used in the U-SENS™ method is TNBS (see paragraph 11), prepared in
complete medium. TNBS should be used as the positive control for CD86 expression measurement at a final
single concentration in plate (50 pug/mL) yielding > 70% of cell viability. To obtain a 50 pg/mL concentration
of TNBS in plate, a 1 M (i.e. 293 mg/mL) stock solution of TNBS in complete medium is prepared and further
diluted 2930-fold with complete medium to a 100 pg/mL working solution. Lactic acid (LA, CAS 50-21-5)
should be used as the negative control at 200 ug/mL solubilised in complete medium (from a 0.4 mg/mL
stock solution). In each plate of each run, three replicates of complete medium untreated control,
solvent/vehicle control, negative and positive controls are prepared (12). Other suitable positive controls may
be used if historical data are available to derive comparable run acceptance criteria. The run acceptance
criteria are the same as described for the test chemical (see paragraph 12).
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Application of test chemicals and control substances

17. The solvent/vehicle control or working solutions described in paragraphs 14-16 are mixed 1:1 (v/v)
with the cell suspensions prepared in the 96-well flat-bottom plate (see paragraph 12). The treated plates
are then incubated for 4513 hours at 37°C under 5% COs.. Prior to incubation, plates are sealed with semi
permeable membrane, to avoid evaporation of volatile test chemicals and cross-contamination between cells
treated with test chemicals (12).

Cell staining

18. After 4513 hours of exposure, cells are transferred into V-shaped microtiter plate and collected by
centrifugation. Solubility interference is defined as crystals or drops observed under the microscope at 45 +
3 hours post treatment (before the cell staining). The supernatants are discarded and the remaining cells are
washed once with 100 yL of an ice-cold phosphate buffered saline (PBS) containing 5 % foetal calf serum
(staining buffer). After centrifugation, cells are re-suspended with 100 L of staining buffer and stained with
5 pL (e.g. 0.25 pg) of FITC-labelled anti-CD86 or mouse 1gG1 (isotype) antibodies at 4°C for 30 min protected
from light. The antibodies described in the U-SENS™ DB-ALM protocol no. 183 (12) should be used (for
CD86: BD-PharMingen #555657 Clone: Fun-1, or Caltag/Invitrogen # MHCD8601 Clone: BU63; and for
IgG1: BD-PharMingen #555748, or Caltag/Invitrogen # GM4992). Based on the experience of the test
method developers, the fluorescence intensity of the antibodies is usually consistent between different lots.
Other clones or supplier of the antibodies which passed the reactivity check may be used for the assay (see
paragraph 11). However, users may consider titrating the antibodies in their own laboratory's conditions to
define the best concentration for use. Other detection system e.g. fluorochrome-tagged anti-CD86 antibodies
may be used if they can be shown to provide similar results as FITC-conjugated antibodies, for example by
testing the proficiency substances in Appendix Il. After washing with 100 uL of staining buffer two times and
once with 100 pL of an ice-cold PBS, cells are resuspended in ice-cold PBS (e.g. 125 uL for samples being
analysed manually tube by tube, or 50 pL using an auto-sampler plate) and PI solution is added (final
concentration of 3 pg/mL). Other cytotoxicity markers, such as 7-Aminoactinomycin D (7-AAD) or Trypan
blue may be used if the alternative stains can be shown to provide similar results as PI, for example by
testing the proficiency substances in Appendix Il.

Flow cytometry analysis

19. Expression level of CD86 and cell viability are analysed using flow cytometry. Cells are displayed
within a size (FSC) and granularity (SSC) dot plot set to log scale in order to clearly identify the population
in a first gate R1 and eliminate the debris. A targeting total of 10,000 cells in gate R1 are acquired for each
well. Cells from the same R1 gate are displayed within a FL3 or FL4 / SSC dot plot. Viable cells are delineated
by placing a second gate R2 selecting the population of propidium iodide-negative cells (FL3 or FL4 channel).
The cell viability can be calculated using the following equation by the cytometer analysis program. When
the cell viability is low, up to 20,000 cells including dead cells could be acquired. Alternatively, data can be
acquired for one minute after the initiation of the analysis.

Number of living cells x 100

Cell Viability =
Total number of acquired cells

Percentage of FL1-positive cells is then measured among these viable cells gated on R2 (within R1). Cell

224



surface expression of CD86 is analysed in a FL1 / SSC dot plot gated on viable cells (R2).

For the complete medium / IgG1 wells, the analysis marker is set close to the main population so that the
complete medium controls have IgG1 within the target zone of 0.6 to 0.9%.

Colour interference is defined as a shift of the FITC-labelled IgG1 dot-plot (IgG1 FL1 Geo Mean S.1. 2 150%).

The stimulation index (S.l.) of CD86 for controls cells (untreated or in 0.4% DMSO) and chemical-treated
cells are calculated according to the following equation:

S| % of CD86" treated cells - % of IgG1* treated cells 100
d. = X
% of CD86" control cells - % of IgG1* control cells

% of 1IgG1* untreated control cells: referred to as percentage of FL1-positive 1IgG1 cells defined with the
analysis marker (accepted range of 2 0.6% and < 1.5%, see paragraph 22) among the viable untreated cells.

% of IgG1*/CD86* control/treated cells: referred to as percentage of FL1-positive IgG1/CD86 cells measured
without moving the analysis marker among the viable control/treated cells.

DATA AND REPORTING

Data evaluation

20. The following parameters are calculated in the U-SENS™ test method: CV70 value, ie. a
concentration showing 70% of U937 cell survival (30% cytotoxicity) and the EC150 value, i.e. the
concentration at which the test chemicals induced a CD86 stimulation index (S.1.) of 150%.

CV70 is calculated by log-linear interpolation using the following equation:

CV70 = C1 + [(V1-70)/ (V1 = V2) * (C2 — C1)]

Where:
V1 is the minimum value of cell viability over 70%
V2 is the maximum value of cell viability below 70%

C1 and C2 are the concentrations showing the value of cell viability V1 and V2 respectively.
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Other approaches to derive the CV70 can be used as long as it is demonstrated that this has no impact on
the results (e.g. by testing the proficiency substances).

EC150 is calculated by log-linear interpolation using the following equation:

EC150 = C1 + [(150 — S.1.1) / (S.I.2 —= S.1.1) * (C2 — C1)]

Where:

C1 is the highest concentration in ug/mL with a CD86 S.I. < 150% (S.I. 1)
C2 is the lowest concentration in ug/mL with a CD86 S.I. = 150% (S.I. 2).

S.I1.2

S.I1

CD86-1gG1 S.I.

T e ol

7
Cl _ECI50 C2

Dose (ng/ml)

The EC150 and CV70 values are calculated

for each run : the individual EC150 and CV70 values are used as tools to investigate the
concentration response effect of CD86 increase (see paragraph 14),

based on the average viabilities, the overall CV70 is determined (12) ,

based on the average S.I. of CD86 values, the overall EC150 is determined for the test chemical
predicted as POSITIVE with the U-SENS™ (see paragraph 21) (12).

Prediction model

21.

For CD86 expression measurement, each test chemical is tested in at least four concentrations and

in at least two independent runs (performed on a different day) to derive a single prediction (NEGATIVE or
POSITIVE).

The individual conclusion of an U-SENS™ run is considered Negative (hereinafter referred to as N)
if the S.1. of CD86 is less than 150% at all non-cytotoxic concentrations (cell viability = 70%) and if
no interference is observed (cytotoxicity, solubility: see paragraph 18 or colour: see paragraph 19
regardless of the non-cytotoxic concentrations at which the interference is detected). In all other
cases: S.I. of CD86 higher or equal to 150% and/or interferences observed, the individual conclusion
of an U-SENS™ run is considered Positive (hereinafter referred to as P).

An U-SENS™ prediction is considered NEGATIVE if at least two independent runs are negative (N)
(Figure 1). If the first two runs are both negative (N), the U-SENS™ prediction is considered
NEGATIVE and a third run does not need to be conducted.
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e An U-SENS™ prediction is considered POSITIVE if at least two independent runs are positive (P)
(Figure 1). If the first two runs are both positive (P), the U-SENS™ prediction is considered POSITIVE
and a third run does not need to be conducted.

e Because a dose finding assay is not conducted, there is an exception if, in the first run, the S.I. of
CD86 is higher or equal to 150% at the highest non-cytotoxic concentration only. The run is then
considered to be NOT CONCLUSIVE (NC), and additional concentrations (between the highest non
cytotoxicity concentration and the lowest cytotoxicity concentration - see paragraph 20) should be
tested in additional runs. In case a run is identified as NC, at least 2 additional runs should be
conducted, and a fourth run in case runs 2 and 3 are not concordant (N and/or P independently)
(Figure 1). Follow up runs will be considered positive even if only one non cytotoxic concentration
gives a CD86 equal or above 150%, since the concentration setting has been adjusted for the specific
test chemical. The final prediction will be based on the majority result of the three or four individual
runs (i.e. 2 out of 3 or 2 out of 4) (Figure 1).

Two first Two first
runs runs

l

P&P N&N NC &P
NC &N
N&P
P& N

Third run Third run

Not not

required required 3
NC &P &P NC &N &N NC&N&P

N&P&P N&P&N NC &P &N
P&N&P P&N&N

@
o

Fourthrun

Fourthrun Fourthrun
Not Not
required required ° °
NC&N&P &P NC&N&P&N
NC&P&N &P NC &P &N &N
‘ POSITIVE ‘ ‘ NEGATIVE ‘ ‘ POSITIVE ‘ ‘ NEGATIVE ‘ ‘ POSITIVE ‘ NEGATIVE

Figure 1: Prediction model used in the U-SENS™ test method. An U-SENS™ prediction should be
considered in the framework of an IATA and in accordance with the provision of paragraph 4 and of
the General introduction paragraphs 7, 8 and 9.

N: Run with no CD86 positive or interference observed;

P: Run with CD86 positive and/or interference(s) observed;

NC: Not Conclusive. First run with No Conclusion when CD86 is positive at the highest non-cytotoxic concentration only;

#: A Not Conclusive (NC) individual conclusion attributed only to the first run conducts automatically to the need of a third run to reach a majority
of Positive (P) or Negative (N) conclusions in at least 2 of 3 independent runs.

$: The boxes show the relevant combinations of results from the three runs on the basis of the results obtained in the first two runs shown in the
box above.

°: The boxes show the relevant combinations of results from the four runs on the basis of the results obtained in the first three runs shown in the
box above.
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Acceptance criteria

22. The following acceptance criteria should be met when using the U-SENS™ method (12).

e Atthe end of the 453 hours exposure period, the mean viability of the triplicate untreated U937 cells
had to be > 90% and no drift in CD86 expression is observed. The CD86 basal expression of
untreated U937 cells had to be comprised within the range of 2 2% and < 25%.

e When DMSO is used as a solvent, the validity of the DMSO vehicle control is assessed by calculating
a DMSO S.I. compared to untreated cells, and the mean viability of the triplicate cells had to be >
90%. The DMSO vehicle control is valid if the mean value of its triplicate CD86 S.I. was smaller than
250% of the mean of the triplicate CD86 S.I. of untreated U937 cells.

e The runs are considered valid if at least two out of three 1IgG1 values of untreated U937 cells fell
within the range of =2 0.6% and < 1.5%.

e The concurrent tested negative control (lactic acid) is considered valid if at least two out of the three
replicates were negative (CD86 S.1. < 150%) and non-cytotoxic (cell viability =2 70%).

e The positive control (TNBS) was considered as valid if at least two out of the three replicates were
positive (CD86 S.1. 2 150%) and non-cytotoxic (cell viability = 70%).

Test report
23. 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 InChl code,
structural formula, and/or other identifiers;

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

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

Multi-constituent substance, UVCB and mixture:

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

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

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

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

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

e Positive control

O

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

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

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;

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

e Negative and solvent/vehicle control

o

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

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

Physical appearance, molecular weight, and additional relevant physicochemical properties in
the case other control solvent/vehicle than those mentioned in the Test Guideline are used and
to the extent available;

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

Test method Conditions

e« Name and address of the sponsor, test facility and study director;

e Description of test method used;

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

e Flow cytometry used (e.g. model), including instrument settings, antibodies and cytotoxicity marker
used;
e The procedure used to demonstrate proficiency of the laboratory in performing the test method by

testing of proficiency substances, and the procedure used to demonstrate reproducible performance
of the test method over time, e.g. historical control data and/or historical reactivity checks’ data.
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Test Acceptance Criteria

Cell viability and CD86 S.| values obtained with the solvent/vehicle control in comparison to the
acceptance ranges;

Cell viability and S.l. values obtained with the positive control in comparison to the acceptance
ranges;

Cell viability of all tested concentrations of the tested chemical.

Test procedure

Results

Number of runs used;

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

Duration of exposure;
Description of evaluation and decision criteria used;
Description of any modifications of the test procedure.

Tabulation of the data, including CV70 (if applicable), S.I., cell viability values, EC150 values (if
applicable) obtained for the test chemical and for the positive control in each run, and an indication
of the rating of the test chemical according to the prediction model;

Description of any other relevant observations, if applicable.

Discussion of the Results

Discussion of the results obtained with the U-SENS™ method;

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

Conclusions
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APPENDIX I

DEFINITIONS

Accuracy: The closeness of agreement between test method results and accepted reference values. It is a
measure of test method performance and one aspect of relevance. The term is often used interchangeably
with concordance to mean the proportion of correct outcomes of a test method (14).

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 (15).

CD86 Concentration response: There is concentration-dependency (or concentration response) when a
positive concentration (CD86 S.I. = 150) is followed by a concentration with an increasing CD86 S.I.

CV70: The estimated concentration showing 70% cell viability.

Drift: A drift is defined by i) the corrected %CD86* value of the untreated control replicate 3 is less than 50%
of the mean of the corrected %CD86* value of untreated control replicates 1and 2; and ii) the corrected
%CD86* value of the negative control replicate 3 is less than 50% of mean of the corrected %CD86* value
of negative control replicates 1and 2.

EC150: the estimated concentrations showing the 150% S.I. of CD86 expression.

Flow cytometry: a cytometric technique in which cells suspended in a fluid flow one at a time through a
focus of exciting light, which is scattered in patterns characteristic to the cells and their components; cells
are frequently labeled with fluorescent markers so that light is first absorbed and then emitted at altered
frequencies.

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.

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

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main
constituent is present to at least 80% (w/w).

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

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.

Pre-haptens: chemicals which become sensitisers through abiotic transformation, e.g. through oxidation.
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Pro-haptens: chemicals requiring enzymatic activation to exert skin sensitisation potential.

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 (14).

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 (14).

Run: A run consists of one or more test chemicals tested concurrently with a solvent/vehicle control and with
a positive control.

Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test. 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 (14).

S.1.: Stimulation Index. Relative values of geometric mean fluorescence intensity in chemical-treated cells
compared to solvent-treated cells.

Solvent/vehicle control: An untreated sample containing all components of a test system except of the test
chemical, but including the solvent/vehicle that is used. It is used to establish the baseline response for the
samples treated with the test chemical dissolved or stably dispersed in the same solvent/vehicle. When
tested with a concurrent medium control, this sample also demonstrates whether the solvent/vehicle interacts
with the test system.

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test. 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 (14).

Staining buffer: A phosphate buffered saline containing 5% foetal calf serum.

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 it composition.

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 standardized
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
(16).

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

Valid test method: A test method considered to have sufficient relevance and reliability for a specific
purpose and which is based on scientifically sound principles. A test method is never valid in an absolute
sense, but only in relation to a defined purpose (14).
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APPENDIX II

PROFICIENCY SUBSTANCES

Prior to routine use of the test method described in this Annex to Test Guideline 442E, laboratories should
demonstrate technical proficiency by correctly obtaining the expected U-SENS™ prediction for the 10
substances recommended in Table 1 and by obtaining CV70 and EC150 values that fall within the respective
reference range for at least 8 out of the 10 proficiency substances. Proficiency substances were selected to
represent the range of responses for skin sensitisation hazards. Other selection criteria were that the
substances are commercially available, and that high-quality in vivo reference data as well as high quality in
vitro data generated with the U-SENS™ method are available. Also, published reference data are available
for the U-SENS™ method (1) (8).

Table 1: Recommended substances for demonstrating technical proficiency with the U-SENS™
method

U-SENS™ U-SENS™ U-SENS™
Profici Physical . —_

roficiency substances CASRN state In vivo prediction’ Solvent/ CV70| EC150 Reference
Vehicle Reference| Range in pg/mL2

Range in pg/mL2
- . Sensitiser Complete Positive
4-Phenylenediamine 106-50-3 Solid (strong) medium? <30 (10)
- o - Sensitizer Complete Positive
Picryl sulfonic acid 2508-19-2 Liquid (strong) medium >50 (<50)
. - Sensitiser Positive
Diethyl maleate 141-05-9 Liquid (moderate) DMSO 10-100 (20)
- . Sensitiser Complete Positive
Resorcinol 108-46-3 Solid (moderate) medium >100 (<50)
. . . Sensitiser Positive
Cinnamic alcohol 104-54-1 Solid (weak) DMSO >100 (10-100)
. - Sensitiser Positive
4-Allylanisole 140-67-0 Liquid (weak) DMSO >100 (<200)
Saccharin| ~ 81-07-2|  Solid| Non-sensitiser DMSO >200 Ne(ggt(')‘g’s
- w Complete Negative
Glycerol 56-81-5 Liquid| Non-sensitiser medium >200 (>200)
- o " Complete Negative
Lactic acid 50-21-5 Liquid| Non-sensitiser medium >200 (>200)
Salicylicacid| ~ 69-72-7|  Solid| Non-sensitiser DMSO >200 Ne(ggt(')‘g’s

Abbreviations: CAS RN = Chemical Abstracts Service Registry Number
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1 The in vivo hazard and (potency) prediction is based on LLNA data (1) (8). The in vivo potency is  derived using the criteria proposed
by ECETOC (17).

2 Based on historical observed values (1) (8).

8 Complete medium: RPMI-1640 medium supplemented with 10% foetal calf serum, 2 mM L-glutamine, 100 units/mL penicillin and 100

Mg/mL streptomycin (8).
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ANNEX 3 : IN VITRO SKIN SENSITISATION:
INTERLEUKIN-8 REPORTER GENE ASSAY (IL-8
LUC ASSAY)

INITIAL CONSIDERATIONS AND LIMITATIONS

1. In contrast to assays analysing the expression of cell surface markers, the IL8-Luc
assay quantifies changes in IL-8 expression, a cytokine associated with the activation of
dendritic cells (DC) (1) (2). In the THP-1-derived IL-8 reporter cell line (THP-G8, established
from the human acute monocytic leukemia cell line THP-1), IL-8 expression is measured
following exposure to sensitisers (2) (3) (4). The expression of luciferase is then used to aid
discrimination between skin sensitisers and non-sensitisers. In 2023, the test method was
updated with a revised prediction model enhancing the applicability of the method to some
poorly soluble chemicals, based on the evaluation of cytotoxicity using an inherent viability
marker (5).

2. The IL-8 Luc method has been evaluated in a validation study (5) conducted by the
Japanese Centre for the Validation of Alternatives Methods (JaCVAM), the Ministry of Economy,
Trade and Industry (METI), and the Japanese Society for Alternatives to Animal Experiments
(JSAAE) and subsequently subjected to independent peer review (6) under the auspices of
JaCVAM and the Ministry of Health, Labour and Welfare (MHLW) with the support of the
International Cooperation on Alternative Test Methods (ICATM). Considering all available
evidence and input from regulators and stakeholders, the IL-8 Luc assay is considered useful
as part of Integrated Approaches to Testing and Assessment (IATA) to discriminate sensitisers
from non-sensitisers for the purpose of hazard classification and labelling. Examples of the use
of IL-8 Luc assay data in combination with other information are reported in the literature (3) (7).

3. The IL-8 Luc assay proved to be transferable to laboratories experienced in cell culture
and luciferase measurement. Within and between laboratory reproducibilities were 87.7% and
87.5%, respectively (5). Data generated in the validation study (5) and other published papers
(3) (4) (8) presented the performance of the IL-8 Luc assay compared with the LLNA. In these
studies, the IL-8 Luc assay judged 130 out of 143 chemicals as positive or negative and judged
13 chemicals as inconclusive. The accuracy of the IL-8 Luc assay in distinguishing skin
sensitisers (UN GHS Cat. 1) from non-sensitisers (UN GHS No Cat.) is 83.6% (109/130) with a
sensitivity of 92.0% (92/100) and a specificity of 56.7% (17/30). Excluding substances outside
the applicability domain, such as surfactants, anhydrides and chemicals interfering with
luciferase, described below (paragraph 6), the performance of the IL-8 Luc assay was 93.9%
(92/98) for sensitivity, 68.0% (17/25) for specificity, and 88.6% (109/123) for accuracy. Using
human data cited in Urbisch et al. (7), the IL-8 Luc assay judged 84 out of 90 chemicals as
positive or negative and judged 6 chemicals as inconclusive. The performance was 89.7%
(52/58) for sensitivity, 50.0% (13/26) for specificity, and 77.4% (65/84) for accuracy. Excluding
substances outside the applicability domain, the IL-8 Luc assay judged 78 out of 84 chemicals
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as positive or negative and judged 6 chemicals as inconclusive and the accuracy is 82.1%
(64/78) with a sensitivity of 89.7% (52/58) and a specificity of 60.0% (12/20). The difference in
the performance of the IL-8 Luc assays for chemicals with LogKow <3.5 and those with LogKow
23.5 was examined and it was demonstrated that LogKqw 23.5 did not reduce the sensitivity of
the IL-8 Luc assay (8).

4, False negative predictions with the IL-8 Luc assay are more likely to occur with
chemicals showing low/moderate skin sensitisation potency (UN GHS subcategory 1B) than
those with high potency (UN GHS subcategory 1A) (3) (4) (8). Together, the information
supports a role for the IL-8 Luc assay in the identification of skin sensitisation hazards. The
accuracy given for the IL-8 Luc assay as a standalone test method is only for guidance, as the
method should be considered in combination with other sources of information in the context of
an IATA and in accordance with the provisions of paragraphs 7 and 8 in the General
introduction. Furthermore, when evaluating non-animal methods for skin sensitisation, it should
be remembered that the LLNA and other animal tests may not fully reflect the situation in
humans.

5. On the basis of the data currently available, the IL-8 Luc assay was shown to be
applicable to test chemicals covering a variety of organic functional groups, reaction
mechanisms, skin sensitisation potency (as determined in in vivo studies) and physicochemical
properties (3) (4) (5). The IL-8 Luc assay is also technically applicable to the testing of multi-
constituent substances and mixtures. However, mixtures that do not dissolve completely at 20
mg/ml of X-VIVOTM 15 and are found to be non-sensitizers may contain hidden sensitizers due
to the toxicity of other chemicals present. This should be taken into account along with the
general concerns about in vitro sensitisation tests when examining mixtures described in
paragraph 9 of the General Introduction.

6. A high false negative rate for anhydrides was seen in the validation study.
Furthermore, because of the limited metabolic capability of the cell line (9) and the experimental
conditions, pro-haptens (substances requiring metabolic activation) and pre-haptens
(substances activated by air oxidation) might give negative results in the assay. However,
although negative results for suspected pre/pro-haptens should be interpreted with caution, the
IL-8 Luc assay correctly judged 11 out of 11 pre-haptens, 6/6 pro-haptens, and 5/8 pre/pro-
haptens in the IL-8 Luc assay data set (5) (7). Based on the recent comprehensive review on
three non-animal methods (the DPRA, the KeratinoSens™ and the h-CLAT) to detect pre and
pro-haptens (10), and based on the fact that THP-G8 cells used in the IL-8 Luc assay is a cell
line derived from THP-1 that is used in the h-CLAT, the IL-8 Luc assay may also contribute to
increase the sensitivity of non-animal methods to detect pre and pro-haptens in the combination
of other methods. Surfactants tested so far gave (false) positive results irrespective of their type
(e.g. cationic, anionic or non-ionic). Finally, chemicals that interfere with luciferase can confound
its activity/measurement, causing apparent inhibition or increased luminescence (11). For
example, phytoestrogen concentrations higher than 1uM were reported to interfere with
luminescence signals in other luciferase-based reporter gene assays due to over-activation of
the luciferase reporter gene. Consequently, luciferase expression obtained at high
concentrations of phytoestrogens or compounds suspected of producing phytoestrogen-like
activation of the luciferase reporter gene needs to be examined carefully (12). Based on the
above, surfactants, anhydrides and chemicals interfering with luciferase are outside the
applicability domain of this assay. In cases where there is evidence demonstrating the non-
applicability of the IL-8 Luc assay to other specific categories of test chemicals, the method
should not be used for those specific categories.
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7. As described above, the IL-8 Luc assay supports discrimination of skin sensitisers
from non- sensitisers. Further work, preferably based on human data, is required to determine
whether [L-8 Luc results can contribute to potency assessment when considered in combination
with other information sources.

8. Definitions and abbreviations are provided in Table 1 and Appendix I.

PRINCIPLE OF THE TEST

9. The IL-8 Luc assay makes use of a human monocytic leukemia cell line THP-1 that
was obtained from the American Type Culture Collection (Manassas, VA, USA). Using this cell
line, the Dept. of Dermatology, Tohoku University School of Medicine, established a THP-1-
derived IL-8 reporter cell line, THP-G8, that harbours the Stable Luciferase Orange (SLO) and
Stable Luciferase Red (SLR) luciferase genes under the control of the IL-8 and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) promoters, respectively (2). This allows quantitative
measurement of luciferase gene induction by detecting luminescence from well-established light
producing luciferase substrates as an indicator of the activity of the IL-8 and GAPDH in cells
following exposure to sensitising chemicals. The dual-colour assay system comprises an
orange-emitting luciferase (SLO from Rhagophthalmus ohbai; Amax = 580 nm) (13) for the gene
expression of the IL-8 promoter as well as a red-emitting luciferase (SLR from Phrixothrix hirtus;
Amax = 630 nm) (14) for the gene expression of the internal control promoter, GAPDH. The two
luciferases emit different colours upon reacting with firefly D-luciferin and their luminescence is
measured simultaneously in a one-step reaction by dividing the emission from the assay mixture
using an optical filter (15) (Appendix Il). In addition, GAPDH mRNA is ubiquitously expressed
at moderately abundant levels. It is frequently used as an endogenous control for quantitative
real time polymerase chain reaction in some experimental systems, because its expression is
constant at different times and after experimental manipulation (16) (17) (18). The inhibition of
GAPLA (Inh-GAPLA) has proven to be a good marker of cell viability, with a strong correlation
to propidium iodide (Pl)-exclusion cells, a marker commonly used to determine cell viability by
flow cytometry. Inh-GAPLA below 0.8 indicates cytotoxicity of the test chemical, which in turn
suggests that the chemical dissolved in the culture medium. Therefore, the assay can be used
to verify exposure with poorly soluble chemicals and to reduce the number of inconclusive
results (8).

10. THP-G8 cells are treated for 16 hours with the test chemical, after which SLO
luciferase activity (SLO-LA) reflecting IL-8 promoter activity and SLR luciferase activity (SLR-
LA) reflecting GAPDH promoter activity are measured. To make the abbreviations easy to
understand, SLO-LA and SLR-LA are designated as IL8LA and GAPLA, respectively. Table 1
gives a description of the terms associated with luciferase activity in the IL-8 Luc assay. The
measured values are used to calculate the normalised IL8LA (nIL8LA), which is the ratio of
IL8LA to GAPLA; the induction of nIL8LA (Ind-IL8LA), which is the ratio of the arithmetic means
of quadruple-measured values of the nIL8LA of THP-G8 cells treated with a test chemical and
the values of the nIL8LA of untreated THP-G8 cells; and Inh-GAPLA, which is the ratio of the
arithmetic means of quadruple-measured values of the GAPLA of THP- G8 cells treated with a
test chemical and the values of the GAPLA of untreated THP-G8 cells, and used as an indicator
for cytotoxicity.

239



Table 1. Description of terms associated with the luciferase activity in the IL-8 Luc assay

Abbreviations Definition

GAPLA SLR luciferase activity reflecting GAPDH promoter activity

ILBLA SLO luciferase activity reflecting IL-8 promoter activity

niL8LA ILSLA / GAPLA

Ind-IL8LA nIL8LA of THP-G8 cells treated with chemicals / nIL8LA of untreated
cells

Inh-GAPLA GAPLA of THP-G8 treated with chemicals / GAPLA of untreated cells

CV05 The lowest concentration of the chemical at which Inh-GAPLA becomes
<0.05.

% of Pl-excluding cells among THP-G8 cells treated with chemicals/ %

Pl reduction of Pl-excluding cells among THP-G8 cells without chemical treatment.

DEMONSTRATION OF PROFICIENCY

11. Prior to routine use of the test method described in this Annex to Test Guideline 442E,
laboratories should demonstrate technical proficiency, using the 9 Proficiency Substances listed
in Appendix Il in compliance with the Good in vitro Method Practices (19). Moreover, test
method users should maintain a historical database of data generated with the reactivity checks
and with the positive and solvent/vehicle controls, and use these data to confirm the
reproducibility of the test method in their laboratory is maintained over time.

PROCEDURE

12. The Standard Operating Procedure (SOP) for the IL-8 Luc assay is available and
should be employed when performing the test (5). Laboratories willing to perform the test can
obtain the recombinant THP-G8 cell line from Tottori Bioscience Promotion Organization,
Tottori, Japan, upon signing a Material Transfer Agreement (MTA) in line with the conditions of
the OECD template. The following paragraphs provide a description of the main components
and procedures of the assay.

Preparation of cells

13. The THP-G8 cell line should be used for performing the IL-8 Luc assay (see
paragraphs 9 and 12). On receipt, cells are propagated (2-4 passages) and stored frozen as a
homogeneous stock. Cells from this stock can be propagated up to a maximum of 12 passages
or a maximum of 6 weeks. The medium used for propagation is the RPMI-1640 culture medium
containing 10% foetal bovine serum (FBS), antibiotic/antimycotic solution (100U/mL of penicillin
G, 100ug/mL of streptomycin and 0.25ug/mL of amphotericin B in 0.85% saline) (e.g. GIBCO
Cat#15240-062), 0.15pug/mL Puromycin (e.g. CAS:58-58-2) and 300ug/mL G418 (e.g.
CAS:108321-42-2).

14. Prior to use for testing, the cells should be qualified by conducting a reactivity check.
This check should be performed 1-2 weeks or 2-4 passages after thawing, using the positive
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control, 4-nitrobenzyl bromide (4-NBB) (CAS:100-11-8, = 99% purity) and the negative control,
lactic acid (CAS:50-21-5, 285% purity). 4-NBB should produce a positive response to Ind-IL8LA
(=1.4), while lactic acid should produce a negative response to Ind-IL8LA (<1.4). If this condition
cannot be met, it is recommended to use a new frozen stock vial and recheck the concentration
of 4-NBB. Only cells that pass the reactivity check are used for the assay. The check should be
performed according to the procedures described in paragraphs 21-23.

15. For testing, THP-G8 cells are seeded at a density of 2 to 5 x 10° cells/mL, and pre-
cultured in culture flasks for 48 to 96 hours. On the day of the test, cells harvested from the
culture flask are washed with RPMI-1640 containing 10% FBS without any antibiotics, and then,
resuspended with RPMI-1640 containing 10% FBS without any antibiotics at 1 x 10° cells/mL.
Then, cells are distributed into a 96-well flat-bottom black plate (e.g. Costar Cat#3603) with
50uL (5 x 10* cells/well).

Preparation of the test chemical and control substances

16. The test chemical and control substances are prepared on the day of testing. For the
IL-8 Luc assay, test chemicals are dissolved in X-VIVO™ 15, a commercially available serum-
free medium (Lonza?, 04-418Q), to the final concentration of 20 mg/mL. X-VIVO™ 15 is added
to 20 mg of test chemical (regardless of the chemical’s solubility) in a microcentrifuge tube and
brought to a volume of 1mL and then vortexed vigorously and shaken on a rotor at a maximum
speed of 8 rpm for 30 min at an ambient temperature of about 20°C. Furthermore, if solid
chemicals are still insoluble, the tube is sonicated until the chemical is dissolved completely or
stably dispersed. For test chemicals soluble in X-VIVO™ 15, the solution is diluted by a factor
of 5 with X-VIVO™ 15 and used as an X-VIVO™ 15 stock solution of the test chemical (4
mg/mL). For test chemicals not fully soluble at 20 mg/mL in X-VIVO™ 15, the mixture is rotated
again for at least 30 min, then centrifuged at 15,000 rpm (=20,000g) for 5 min; the resulting
supernatant is used as an X-VIVO™ 15 stock solution of the test chemical. A scientific rationale
should be provided for the use of other solvents, such as DMSO, water, or the culture medium.
The detailed procedure for dissolving chemicals is shown in Appendix V. The X-VIVO™ 15
solutions described in paragraphs 17-22 are mixed 1:1 (v/v) with the cell suspensions prepared
in a 96-well flat-bottom black plate (see paragraph 15).

17. The first test run is aimed to determine the cytotoxic concentration and to examine the
skin sensitising potential of chemicals. Using X-VIVO™ 15, serial dilutions of the X-VIVO™ 15
stock solutions of the test chemicals are made at a dilution factor of two (see Appendix V) using
a 96-well assay block (e.g. Costar Cat#EW-01729-03). Next, 50 uL/well of diluted solution is
added to 50 uL of the cell suspension in a 96-well flat-bottom black plate. Thus, for test
chemicals that are soluble in X-VIVO™ 15, the final concentrations of the test chemicals range
from 0.002 to 2 mg/mL (Appendix V). For test chemicals that are not soluble in X-VIVO™ 15 at
20 mg/mL, only dilution factors that range from 2 to 210, are determined, although the actual
final concentrations of the test chemicals remain uncertain and are dependent on the saturated
concentration of the test chemicals in the X-VIVO™ 15 stock solution.

18. In subsequent test runs (i.e. the second, third, and fourth replicates), the X-VIVO™ 15

2 https://bioscience.lonza.com/lonza_bs/IT/en/Culture-Media-and-Reagents/p/000000000000217685/X-VIVO-15-
Serum-free-Hematopoietic-Cell-Medium
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stock solution is made at the concentration 4 times higher than the concentration of cell viability
05 (CV05; the lowest concentration at which the Inh-GAPLA becomes <0.05) in the first
experiment. If Inh-GAPLA does not decrease below 0.05 at the highest concentration in the first
run, the X-VIVO™ 15 stock solution is made at the first run highest concentration. The
concentration of CV05 is calculated by dividing the concentration of the stock solution in the first
run by dilution factor for CV05 (X) (dilution factor CV05 (X); the dilution factor required to dilute
stock solution to CV05) (see Appendix V). For test substances not soluble in X-VIVO at 20
mg/ml, CVO05 is determined by the concentration of the stock solution x 1/X. For run 2 to 4, a
second stock solution is prepared as 4 x CV50 (Appendix V).

19. Serial dilutions of the X-VIVO™ 15 second stock solutions are made at a dilution factor
of 1.5 using a 96-well assay block. Next, 50 yL/well of diluted solution is added to 50 uL of the
cell suspension in the wells of a 96-well flat-bottom black plate. Each concentration of each test
chemical should be tested in 4 wells. The samples are then mixed on a plate shaker and
incubated for 16 hours at 37°C and 5% CO,, after which the luciferase activity is measured as
described below.

20. The solvent control is the mixture of 50 uL/well of X-VIVOTM 15 and 50 uL/well of cell
suspension in RPMI-1640 containing 10% FBS.

21. The recommended positive control is 4-NBB. 20 mg of 4-NBB is prepared in a 1.5-mL
microfuge tube, to which X-VIVOTM 15 is added up to 1 mL. Since 4-NBB is not fully soluble at
20 mg/mL in X-VIVO 15 (see paragraph 16), the tube is vortexed vigorously and shaken on a
rotor at a maximum speed of 8 rpm for at least 30 min. After centrifugation at 20,0009 for 5 min,
the supernatant is diluted by a factor of 4 with X-VIVOTM 15, and 500 uL of the diluted
supernatant is transferred to a well in a 96-well assay block. The diluted supernatant is further
diluted with X-VIVO™ 15 at factors of 2 and 4, and 50 uL of the solution is added to 50 uL of
THP-G8 cell suspension in the wells of a 96-well flat-bottom black plate (Appendix VI). Each
concentration of the positive control should be tested in 4 wells. The plate is agitated on a
plateshaker, and incubated in a CO. incubator for 16 hours (37°C, 5% CO.), after which the
luciferase activity is measured as described in paragraph 28.

22. The recommended negative control is lactic acid. 20 mg of lactic acid prepared in a
1.5-mL microfuge tube, to which X-VIVO™ 15 is added up to 1 mL (20 mg/ mL). Twenty mg/mL
of lactic acid solution is diluted by a factor of 5 with X-VIVO™ 15 (4 mg/mL); 500 pL of this 4
mg/mL lactic acid solution is transferred to a well of a 96-well assay block. This solution is diluted
by a factor of 2 with X-VIVO™ 15 and then diluted again by a factor of 2 to produce 2 mg/mL
and 1 mg/mL solutions. 50 uL of these 3 solutions and vehicle control (X-VIVO™ 15) are added
to 50 ul of THP-G8 cell suspension in the wells of a 96-well flat-bottom black plate. Each
concentration of the negative control is tested in 4 wells. The plate is agitated on a plate shaker
and incubated in a COz incubator for 16 hours (37°C, 5% CQO.), after which the luciferase activity
is measured as described in paragraph 28.

23. Other suitable positive or negative controls may be used if historical data are available
to derive comparable run acceptance criteria.

24, Care should be taken to avoid evaporation of volatile test chemicals and cross-

contamination between wells by test chemicals, e.g. by sealing the plate prior to the incubation
with the test chemicals.
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25. The test chemicals and solvent control require 2 to 4 runs to derive a positive or
negative prediction (see Table 2). Each run is performed on a different day with fresh X-VIVO™
15 stock solution of test chemicals and independently harvested cells. Cells may come from the
same passage.

Luciferase activity measurements

26. Luminescence is measured using a 96-well microplate luminometer equipped with
optical filters, e.g. Phelios (ATTO, Tokyo, Japan), Tristan 941 (Berthold, Bad Wildbad,
Germany) and the ARVO series (PerkinElmer, Waltham, MA, USA). The luminometer must be
calibrated for each test to ensure reproducibility. Recombinant orange and red emitting
luciferases are available for this calibration.

27. 100pL of pre-warmed Tripluc® Luciferase assay reagent (Tripluc) is transferred to
each well of the plate containing the cell suspension treated with or without chemical. The plate
is shaken for 10 min at an ambient temperature of about 20°C. The plate is placed in the
luminometer to measure the luciferase activity. Bioluminescence is measured for 3 sec each in
the absence (F0) and presence (F1) of the optical filter. Justification should be provided for the
use of alternative settings, e.g. depending on the model of luminometer used.

28. Parameters for each concentration are calculated from the measured values, e.g.
ILBLA, GAPLA, nlIL8LA, Ind-IL8LA, Inh-GAPLA, the mean +SD of IL8LA, the mean *SD of
GAPLA, the mean £SD of nIL8LA, the mean xSD of Ind-IL8LA, the mean +SD of Inh-GAPLA,
and the 95% confidence interval of Ind-IL8LA. Definitions of the parameters used in this
paragraph are provided in Appendices | and IV, respectively.

29. Prior to measurement, colour discrimination in multi-colour reporter assays is
generally achieved using detectors (luminometer and plate reader) equipped with optical filters,
such as sharp-cut (long-pass or short-pass) filters or band-pass filters. The transmission
coefficients of the filters for each bioluminescence signal colour should be calibrated prior to
testing, per Appendix II.

DATA AND REPORTING

Data evaluation

30. The criteria for a positive/negative decision in each run in the IL-8 Luc assay are the
following:

e an IL-8 Luc assay prediction is judged positive if a test chemical has a Ind-IL8LA > 1.4
and the lower limit of the 95% confidence interval of Ind-IL8LA < 1.0

e an IL-8 Luc assay prediction is judged negative if a test chemical has a Ind-IL8LA < 1.4
and/or the lower limit of the 95% confidence interval of Ind-IL8LA < 1.0

Prediction model

31. Test chemicals that provide two positive results from among the 1, 2", 3. and 4%
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runs are identified as positives whereas those that give three negative results from among the
1st, 2Md, 3 and 4™ runs are identified as supposed negative (Table 2). Among supposed negative
chemicals, if chemicals are dissolved at 20 mg/ml in X-VIVO™ 15, they are judged as negative.
If chemicals are not dissolved at 20 mg/ml in X-VIVO™ 15, or there is cause for uncertainty
regarding the extent of dissolution or miscibility, chemicals that give less than 0.8 of Inh-GAPLA
are judged as negative, while those that give 0.8 or higher of Inh-GAPLA are judged as
inconclusive (Figure 1).

Table 2. Criteria for identifying positive and supposed negative

15t run 2" run 3" run 4t yun Judge

Positive Positive - - Positive

Positive Negative Positive - Positive

Positive Negative Negative Positive Positive

Positive Negative Negative Negative Supposed negative
Negative Positive Positive - Positive

Negative Positive Negative Positive Positive

Negative Positive Negative Negative Supposed negative
Negative Negative Positive Positive Positive

Negative Negative Positive Negative Supposed negative
Negative Negative Negative - Supposed negative

Figure 1. Prediction model for final judgment

Soluble at 20 mg/ml J— Negative

Insoluble at 20 mg/ml INh-GAPLA is

Positive

Supposed )
negative or less than 0.8 Negative
there is cause for
uncertainty regarding . .
the extent of dissolution I(r)1 % %ﬁﬁéﬁ‘éf ——— Inconclusive
or miscibility ’

Acceptance criteria

32. The following acceptance criteria should be met when using the IL-8 Luc assay:
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e Ind-IL8LA should be more than 5.0 at least in one concentration of the positive
control, 4-NBB, in each run.

¢ Ind-IL8LA should be less than 1.4 at any concentration of the negative control, lactic
acid, in eachrun.

o Data from plates where GAPLA in control wells containing cells and Tripluc but no
chemicals is less than five times GAPLA in wells containing only test medium and
Tripluc should be rejected.

e Data from plates with Inh-GAPLA of less than 0.05 for all concentrations of test
chemical should be rejected. In this case, the initial test should be repeated so that
the highest final concentration of the repeated test is the lowest final concentration
of the previous test.

TEST REPORT

33.

The test report should include the following information:

Test chemicals

- Mono-constituent substance:

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

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

e  Purity, chemical identity of impurities as appropriate and practically feasible, etc;
e Treatment prior to testing, if applicable (e.g. warming, grinding);

e Solubility in X-VIVO™ 15, For chemicals that are insoluble in X-VIVO™ 15, whether
precipitation or flotation are observed after centrifugation;

¢ Concentration(s) tested;
e Storage conditions and stability to the extent available;

e Justification for choice of solvent/vehicle for each test chemical if X-VIVO™ 15 has
not been used.

- Multi-constituent substance, UVCB and mixture:

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, 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;
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Controls

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

Solubility in X-VIVO™ 15. For chemicals that are insoluble in X-VIVO™ 15, whether
precipitation or flotation are observed after centrifugation;

Concentration(s) tested;
Storage conditions and stability to the extent available.

Justification for choice of solvent/vehicle for each test chemical, if X-VIVO™ 15 has not
been used.

- Positive control:

>

A\

V V V V V

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, molecular weight, and additional relevant
physicochemical properties, to the extent available and where applicable;

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;

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

- Negative control:

Chemical 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, etc;

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

Storage conditions and stability to the extent available;

Justification for choice of solvent for each test chemical.

Test method conditions

Name and address of the sponsor, test facility and study director;

Description of test method used,;

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

Lot number and origin of FBC, supplier name, lot number of 96-well flat-bottom black plate,
and lot number of Tripluc reagent;
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Passage number and cell density used for testing;

Cell counting method used for seeding prior to testing and measures taken to ensure
homogeneous cell number distribution;

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

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 replicates and runs performed;

Test chemical concentrations, application procedure and exposure time (if different from
those recommended);

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

Description of any modifications of the test procedure.

Results

Measurements of IL8LA and GAPLA;

Calculations for nIL8LA, Ind-IL8LA, and Inh-GAPLA;

The 95% confidence interval of Ind-IL8LA;

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

Description of any other relevant observations, if applicable.

Discussion of the results

Discussion of the results obtained with the IL-8 Luc assay;

Consideration of the assay results in the context of an IATA, if other relevant information is
available.

Conclusion
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APPENDIX I

DEFINITIONS

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

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.

CVO05: Cell viability 05. Minimum concentration at which chemicals show less than 0.05 of Inh-
GAPLA.

FInSLO-LA: Abbreviation used in the validation report and in previous publications regarding
the IL-8 Luc assay to refer to Ind-IL8LA. See Ind-IL8LA for definition.

GAPLA: Luciferase Activity of Stable Luciferase Red (SLR) (Amax = 630 nm), regulated by
GAPDH promoter and demonstrates cell viability and viable cell number.

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.

lII-SLR-LA: Abbreviation used in the validation report and in previous publications regarding
the IL-8 Luc assay to refer to Inh-GAPLA. See Inh-GAPLA for definition

IL-8 (Interleukin-8): A cytokine derived from endothelial cells, fibroblasts, keratinocytes,
macrophages, and monocytes that causes chemotaxis of neutrophils and T-cell lymphocytes.

IL8LA: Luciferase Activity of Stable Luciferase Orange (SLO) (Amax = 580 nm), regulated by
IL-8 promoter.

Ind-IL8LA: Fold induction of IL8LA. It is obtained by dividing the nIL8LA of THP-GS8 cells
treated with chemicals by that of non-stimulated THP-G8 cells and represents the induction of IL-
8 promoter activity by chemicals.

Inh-GAPLA: Inhibition of GAPLA. It is obtained by dividing GAPLA of THP-G8 treated with
chemicals with GAPLA of non-treated THP-G8 and represents cytotoxicity of chemicals.
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Minimum induction threshold (MIT): the lowest concentration at which a chemical satisfies
the positive criteria

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

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 of the main constituents is present in a concentration = 10% (w/w) and < 80% (w/w).
A multi- constituent substance is the result of a manufacturing process. The difference between
mixture and multi- constituent substance is that a mixture is obtained by blending of two or more
substances without chemical reaction. A multi-constituent substance is the result of a chemical
reaction.

nIL8LA: The SLO luciferase activity reflecting IL-8 promoter activity (ILBLA) normalised by the
SLR luciferase activity reflecting GAPDH promoter activity (GALPA). It represents IL-8 promoter
activity after considering cell viability or cell number.

nSLO-LA: Abbreviation used in the validation report and in previous publications regarding
the IL-8 Luc assay to refer to nIL8LA. See nIL8LA for definition

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.

Pre-haptens: Chemicals which become sensitisers through abiotic transformation.
Pro-haptens: Chemicals requiring enzymatic activation to exert skin sensitisation potential.

Propidium-iodide (Pl) exclusion cells: The fluorescent marker propidium-iodide (PI) is not
taken up by living cells. Therefore, in fluorescence staining and flow cytometry, cells that are not
stained with PI are considered live cells and cells that are stained are considered dead cells.

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.

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.

Run: A run consists of one or more test chemicals tested concurrently with a solvent/vehicle
control and with a positive control.
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Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the
test. 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.

SLO-LA: Abbreviation used in the validation report and in previous publications regarding the
IL-8 Luc assay to refer to IL8LA. See IL8LA for definition.

SLR-LA: Abbreviation used in the validation report and in previous publications regarding the
IL-8 Luc assay to refer to GAPLA. See GAPLA for definition.

Solvent/vehicle control: An untreated sample containing all components of a test system
except of the test chemical, but including the solvent/vehicle that is used. It is used to establish the
baseline response for the samples treated with the test chemical dissolved or stably dispersed in
the same solvent/vehicle. When tested with a concurrent medium control, this sample also
demonstrates whether the solvent/vehicle interacts with the test system.

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by
the test. 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.

Substance: Chemical elements and their compounds in the natural state or obtained by any
production process, inducing 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 it composition.

Surfactant: Also called surface-active agent, this is a substance, such as a detergent, that
can reduce the surface tension of a liquid and thus allow it to foam or penetrate solids; it is also
known as a wetting agent. (TG437)

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

THP-G8: An IL-8 reporter cell line used in IL-8 Luc assay. The human macrophage-like cell
line THP-1 was transfected the SLO and SLR luciferase genes under the control of the IL-8 and
GAPDH promoters, respectively.

United Nations Globally Harmonized System of Classification and Labeling 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.

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

Valid test method: A test method considered to have sufficient relevance and reliability for a

specific purpose and which is based on scientifically sound principles. A test method is never valid
in an absolute sense, but only in relation to a defined purpose.
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APPENDIX II

PRINCIPLE OF MEASUREMENT OF LUCIFERASE ACTIVITY AND
DETERMINATION OF THE TRANSMISSION COEFFICIENTS OF OPTICAL
FILTER FOR SLO AND SLR

MultiReporter Assay System -Tripluc- can be used with a microplate-type luminometer with a multi-
colour detection system, which can equip an optical filter (e.g. Phelios AB-2350 (ATTO), ARVO
(PerkinElmer), Tristar LB941 (Berthold)). The optical filter used in measurement is 600—620 nm long or
short pass filter, or 600-700 nm band pass filter.

(1) Measurement of two-colour luciferases with an optical filter.

This is an example using Phelios AB-2350 (ATTO). This luminometer is equipped with a 600 nm long
pass filter (R60 HOYA Co.), 600 nm LP, Filter 1) for splitting SLO (Amax = 580 nm) and SLR (Amax =
630 nm) luminescence.

To determine transmission coefficients of the 600 nm LP, first, using purified SLO and SLR luciferase
enzymes, measure i) the intensity of SLO and SLR bioluminescence intensity without filter (FO), ii) the
SLO and SLR bioluminescence intensity that passed through 600 nm LP (Filter 1), and iii) calculate the
transmission coefficients of 600 nm LP for SLO and SLR listed below.

Transmission coefficients |Abbreviation |Definition
Flter 1 issi
o The filter’s transmission
SLO Transmission |KOma coefficient for the SLO
cocflicients
Ialter 1 issi
o The filter’s transmission
SLR Transmission | KR cocflicient for the SLR
cocflicients

When the intensity of SLO and SLR in test sample are defined as O and R, respectively, i) the intensity
of light without filter (all optical) FO and ii) the intensity of light that transmits through 600 nm LP (Filter
1) F1 are described as below.

FO=0+R
F1=kOres0 x O + kRreo X R
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These formulas can be rephrased as follows:

(F()) ( 1 1 )<O>
F1 KOpeo  KRpeo/ \R

Then using calculated transmittance factors (xOreo and kRreso) and measured FO and F1, you can
calculate O and R-value as follows:

<O> ( 1 1 >_1<FO>
R KOgso  KRpeo F1

Materials and methods for determining transmission coefficients

(1) Reagents

- Single purified luciferase enzymes:
Lyophilised purified SLO enzyme
Lyophilised purified SLR enzyme

(which for the validation work were obtained from Tottori Bioscience Promotion Organization, Tottori,
Japan with THP-G8 cell line)

- Assay reagent:
Tripluc® Luciferase assay reagent (for example from TOYOBO Cat#MRA-301)

- Medium: for luciferase assay (30 ml, stored at 2 — 8°C)

Reagent Conc. Final eone. In Required amount
medium

RPMI-1640 - - 27 ml

FBS - 10 % 3ml

(2) Preparation of enzyme solution

Dissolve lyophilised purified luciferase enzyme in tube by adding 200 ul of 10 ~ 100 mM Tris/HCI or
Hepes/HCI (pH 7.5 ~ 8.0) supplemented with 10% (w/v) glycerol, divide the enzyme solution into 10 pl
aliquots in 1.5 ml disposable tubes and store them in a freezer at -80°C. The frozen enzyme solution
can be used for up to 6 months. When used, add 1 ml of medium for luciferase assay (RPMI-1640 with
10% FBS) to each tube containing the enzyme solutions (diluted enzyme solution) and keep them on
ice to prevent deactivation.

(3) Bioluminescence measurement

Thaw Tripluc® Luciferase assay reagent (Tripluc) and keep it at room temperature either in a water bath
or at ambient air temperature. Power on the luminometer 30 min before starting the measurement to
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allow the photomultiplier to stabilise. Transfer 100 pul of the diluted enzyme solution to a black 96 well
plate (flat bottom) (the SLO reference sample to #B1, #B2, #B3, the SLR reference sample to #D1,
#D2, #D3). Then, transfer 100 ul of pre-warmed Tripluc to each well of the plate containing the diluted
enzyme solution using a pipetman. Shake the plate for 10 min at room temperature (about 25°C) using
a plate shaker. Remove bubbles from the solutions in wells if they appear. Place the plate in the
luminometer to measure the luciferase activity. Bioluminescence is measured for 3 sec each in the
absence (F0) and presence (F1) of the optical filter.

Transmission coefficient of the optical filter was calculated as follows:

Transmission coefficient (SLO (kOreo))= (#B1 of F1+ #B2 of F1+ #B3 of F1) / (#B1 of FO+ #B2 of FO+
#B3 of FO)

Transmission coefficient (SLR (kRreo))= (#D1 of F1+ #D2 of F1+ #D3 of F1) / (#D1 of FO+ #D2 of FO+
#D3 of FO)

Calculated transmittance factors are used for all the measurements executed using the same
luminometer.

Quality control of equipment

The procedures described in the IL-8 Luc protocol should be used (5)
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APPENDIX III

PROFICIENCY SUBSTANCES

Prior to routine use of the test method described in this Annex to Test Guideline 442E, laboratories should
demonstrate technical proficiency by obtaining the expected IL-8 Luc assay prediction for the 9 substances
recommended in Table 1 and by obtaining values that fall within the respective reference range for at least
8 out of the 9 proficiency substances (selected to represent the range of responses for skin sensitisation
hazards). Other selection criteria were that the substances are commercially available, and that high-
quality in vivo reference data as well as high quality in vitro data generated with the IL-8 Luc assay are
available. Also, published reference data are available for the IL-8 Luc assay (6) (1).

Table 1: Recommended substances for demonstrating technical proficiency with the IL-8 Luc
assay

Solubility Reference range
in . ] (hg/mL)3

Proficiency substances CASno. State X-VIVO15 I_n vivo IL.8 L ue
at 20 prediction’ prediction2 Vo5 IL-8 Luc
mg/mL mITs
24-Dinitrochlorobenzene  97-00-7  Solid  Insolubles ;SEeXrlfg:Z; Posiive 2339 0523
Formaldehyde 50000 Liquid  Soluble S?g;'g;g; Positive 9-30 49
2-Mercaptobenzothiazole 149-30-4 Solid  Insolubles (l\jggjrt:tg Positive 250-290 60-250
Ethylenediamine ~ 107-15-3  Liquid  Soluble (Sﬁﬂi'f;i; Posive 500700 0.1-04
Ethyleneglycol dimethacrylate ~ 97-90-5  Liquid  Insolubles Se(”vfl'gzg Positive 52000 0.04-0.1
Citral  539240-5 Liquid  Insolubles Se(”vsv'g:i; Positive 12-30 412
Streptomycin sulphate  3810-74-0 Solid Soluble sens:\tli(sjgn-' Negative >2000 >2000
Glycerol  56-81-5 Liqud  Soluble Sensmgg; Negative >2000 >2000
lsopropanol  67-63-0  Liquid  Soluble Sensm‘s’g; Negative >2000 >2000

Abbreviations: CAS no. = Chemical Abstracts Service Registry Number

1The in vivo potency is derived using the criteria proposed by ECETOC (20).

2Based on historical observed values (2) (9).

3CV05 and IL-8 Luc MIT were calculated using water solubility given by EPI Suite™.

4CV05: the minimum concentration at which chemicals show less than 0.05 of Inh-GAPLA.5 MIT: the lowest concentrations at which a chemical
satisfies the positive criteria.

6 Insoluble or not fully soluble
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APPENDIX IV

INDEXES AND JUDGMENT CRITERIA

niIL8LA (nSLO-LA)

The j-th repetition (j = 1-4) of the i-th concentration (i = 0-11) is measured for IL8LA (SLO-LA) and GAPLA
(SLR-LA) respectively. The normalised IL8LA, referred to as nIL8LA (nSLO-LA), and is defined as:

nIL8LAj = IL8LAjj/ GAPLAj;

This is the basic unit of measurement in this assay.

Ind-IL8LA (FInSLO-LA)

The fold increase of the averaged nIL8LA (nSLO-LA) for the repetition on the i-th concentration compared
with it at the 0 concentration, Ind-IL8LA, is the primary measure of this assay. This ratio is written by the
following formula:

ind-IL8LA = {(1/4)x > nILSLA, /{1/4)x 3 nILSLA ;|

The lead laboratory has proposed that a value of 1.4 corresponds to a positive result for the tested
chemical. This value is based on the investigation of the historical data of the lead laboratory. Data
management team then used this value through all the phases of validation study. The primary outcome,
Ind-IL8LA, is the ratio of 2 arithmetic means as shown in equation.

95% confidence interval (95% CI)

The 95% confidence interval (95% CI) based on the ratio can be estimated to show the precision of this
primary outcome measure. The lower limit of the 95% CI > 1 indicates that the nIL8LA with the i-th
concentration is significantly greater than that with solvent control. There are several ways to construct the
95% CIl. We used the method known as Fieller's theorem in this study. This 95% confidence interval
theorem is obtained from the following formula:
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~B-+B?-4AC -B++/B?*-4AC
2A ’

2A ’

2

_ sd; o _ sd?
where A=X; -t x=—% B=-2xxxy,C=y’—-t> x— andn,=4,
0 0.975(v) n ! 0975(v) n 0
0 Yi

X, =(1/n,)x 3 onILBLA,; ,sd? = {1/(n, —1)}x X" (NILSLA, - X, ),
n, =4, ¥, =(1/n, x> (ILSLA, ), sd? = /[, ~1)fx > (nILSLA, -3, -
t0_975(v) is 97.5 percentile of the central t distribution with the Vv of the degree of freedom, where

2 sd? ) 2\’ sd? )’
vo|3% 5% | (SdOJ /(n, —1)+| —& /(nyi —1) _
n, n n, n,

Yi

Inh-GAPLA (II-SLR-LA)

The Inh-GAPLA is a ratio of the averaged GAPLA (SLR-LA) for the repetition of the i-th concentration
compared with that with solvent control, and this is written by

Inh-GAPLA = {1/4)x 3" GAPLA, {/{1/4)x 3" GAPLA, |

Since the GAPLA is the denominator of the nIL8LA, an extremely small value causes large variation in the
nIL8LA. Therefore, Ind-IL8LA values with an extremely small value of Inh-GAPLA (less than 0.05) might

be considered poor precision.
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APPENDIX V

THE SCHEME OF THE METHODS TO DISSOLVE CHEMICALS FOR THE IL-8 LUC
ASSAY.

a) For chemicals dissolved in X-VIVO™ 15 at 20 mg/mL

If the chemical is soluble in X-VIVO™ 15 U
(1strun) a dllutlon factorof 5
20 mg/mL Stock solution

a dilution factor of 2 (4 mg/mL)

| S Y S
ﬁﬁl—ll—ll—ll—ll—ll—ll—llm—ghlnl—lmgm

l Add to cell suspension in a 96 well plate (50 pL : 50 plL)
|

5 mg/mL mg/mL

Determine the highest concentration of the following experiments

B CV05; the lowest concentration at which Inh-
5 iH \{*—\\ GAPLA becomes <0.05 (the concentration of
% % stock solution x 1/dilution factor (X) )
Q. N Va
£., AN

=5

AAAAAAAAANS

A AS A G B

Final concentration in 214, 3rd and 4! experiment

1 mg/mL 4 mg/mL
o ressssssssan 0.5 mg/mL 2 mg/mL

2nd, 3rd or 4th run U E—

dilute
x1 4xCV05 (4 x the concentration
a dilution factor of 1.5 of stock solytion x 1/X)

hlhlﬁhlhlblhlblblhl

Addition to cells in a 96 well plate (50 pL : 50 pL)

2xCV05

X-VIVO™ 15 control |
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b) For chemicals insoluble in X-VIVO™ 15 at 20 mg/mL

If the chemical is insoluble in X-VIVO™ 15

1st test Rotate and
centrifuge X1 Take supernatant
O e Stock solut
A dilution factor of 2 (Stock solution)
x1/1024 x1/256 x1/64 x1/16 x1/4 x1
0 x1/512 x1/128 x1/32 x1/8 x1/2

1 Add to cell suspension in a 96 well plate (50 pL : 50 pl)

%1/2048 x1/512 x1/128 x1/32 x1/8 X172 . o
0 x1/1024 x1/256 x1/64 x1/16 x1/4 Final dilution

| CV05; the lowest concentration at which Inh-
GAPLA became <0.05 (the cocnentration of
stock solution x dilution factor (X) )

Inh-GAPLA

Final concentration in 2", 314 and 4" experiment

x1/2048 € -=-=-L - - x1/8 x1/2
0 x1/1024 x1/16 x1/4
1/X

2nd, 3rd or 4th run
dilute

4xCV05 (4 x the concentration

X-VIVO™ 15 control ‘ of stock solution x 1/X)

a dilution factor of 1.5

Addition to cells in a 96 well plate (50 pL : 50 ul)

/ CV05
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APPENDIX VI

THE SCHEME OF THE METHOD TO DISSOLVE 4-NBB FOR THE POSITIVE
CONTROL OF THE IL-8 LUC ASSAY.

The positive control : 4-NBB (not fully soluble in X-VIVO™ 15)

U Rotate and U dilution 1:3

centrifuge
20 mg/ml % rake supernatant x1/4

x1

dilution at factor of 2
%

-

X-VIVO™ 15 x1/16  x1/8 x1/4

control Add cells in

1 a 96 well plate (50 pL : 50 plL)

X-VIVO™ 15 X1/32 x1/160 x1/8
control
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ANNEX 4: IN VITRO SKIN SENSITISATION:
GENOMIC ALLERGEN RAPID DETECTION
(GARD™) FOR ASSESSMENT OF SKIN
SENSITISERS (GARD ™skin)

INITIAL CONSIDERATIONS AND LIMITATIONS

1. The GARD™skin method provides binary hazard identification of skin sensitisers (i.e. UN GHS
Category 1 versus non-sensitisers). The method evaluates the transcriptional patterns of an endpoint-
specific genomic biomarker signature, referred to as the GARDskin Genomic Prediction Signature (GPS),
in the SenzaCell™ cell line (1) (2), a subclone of the myeloid leukaemia cell line MUTZ-3 (3) (4) (5),
exposed to test chemicals.

2. The GARDskin GPS (N genes = 196) was identified by genome-wide data-driven analysis of a
discovery dataset based on the human surrogate DC-like SenzaCell cell line exposed to a panel of well-
characterised skin sensitisers (UN GHS Category 1) (N=20) and non-sensitisers (N=20) (6). The GPS
monitors mechanistic events associated with xenobiotic recognition, generation of immunological danger
signals and DC activation, as described by KE3 of the OECD AOP. Of note, certain mechanistic events
associated with the GARDskin GPS may also be associated with other KE:s, albeit monitored in a DC cell
line. For further details on the origin and the biological functions of the GPS, please refer to the Supporting
document to the Test Guideline for the GARDskin test method (7). The potential utilisation of the GARDskin
GPS in a predictive assay was proposed (8), and the functionality was demonstrated in a GARDskin
application based on the GeneChip® microarray platform (9). Following the evaluation of alternative
technological platforms for targeted gene expression analysis (10), GARDskin was transferred to a
NanoString nCounter® system (11) format, on which it was demonstrated to exhibit retained predictive
performance, as well as improved resource effectiveness (12).

3. The GARDskin method has been evaluated in a validation study (13) (14) coordinated by
SenzaGen AB and subsequently independently peer reviewed by the European Union Reference
Laboratory for Alternatives to Animal Testing (EURL ECVAM) Scientific Advisory Committee (ESAC) (15).
Considering all available evidence, the GARDskin was recommended to be used as part of an IATA to
support the discrimination between skin sensitisers and non-sensitisers for the purpose of hazard
classification and labelling.

4, In addition to a review of data produced within the context of the ring trial, the ESAC also performed
an in-depth review of the complete GARDskin analysis pipeline and its bioinformatical components, as
hosted in the GARD Data Analysis Application (GDAA) and described in the Supporting document to the
Test Guideline for the GARDskin test method (7). The ESAC was able to reproduce the prediction
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algorithm from the training dataset and verify and reproduce all steps from raw data to final classifications
of test chemicals (15).

5. GARDskin was demonstrated to be transferable to naive laboratories experienced in routine cell
culture and molecular biology techniques, including flow cytometry and isolation of RNA (test chemicals
N=28). The levels of within-laboratory reproducibility (WLR) for GARDskin obtained in the validating ring
trial ranged between 78.6-89.2% when considering also the concordance of missing data points3 and 82.1-
88.9% when excluding missing data points. Similarly, an estimation of between-laboratory reproducibility
(BLR) was calculated to 82.1% when considering also the concordance of missing data points and 92.0%
when excluding missing data points (13) (14) (15).

6. Results generated in the validation study (13) (14) overall indicated that, when compared with an
expert judgement-based classification reference data set, using weight of evidence incorporating human
(16) and LLNA (17) data sources as summarised and presented by the ESAC (15), the accuracy in
distinguishing skin sensitisers (i.,e. UN GHS Cat.1) from non-sensitisers was 91.7% (N=28) with a
sensitivity of 92.4% (N=19) and a specificity of 90.1% (N=9). The balanced accuracy was 91.2%. Omitting
test chemicals which overlap with the GARDskin training dataset, thereby only considering truly naive test
chemicals, the accuracy in distinguishing skin sensitisers (i.e. UN GHS Cat.1) from non-sensitisers was
95.4% (N=17) with a sensitivity of 96.6% (N=13) and a specificity of 91.7% (N=4). The balanced accuracy
was 94.1%.

7. Following the submission of the GARDskin method, OECD published the guideline on Defined
Approaches for Skin Sensitisation (18). With this publication, an extended dataset of chemicals with
curated LLNA and human reference data became public (19). Taking this curated reference data into
account, the predictive performance of GARDskin was calculated, using GARDskin data generated in the
validation study (13) (14) or available in other published studies (20). Calculations were performed both
when including and excluding test chemicals overlapping with chemicals used during method development,
as summarised in Table 1A and 1B, respectively. As these figures are based on imbalanced datasets, the
measure of specificity should be regarded as uncertain.

Table 1A. Performance of GARDskin in comparison to LLNA or human reference data (19). Calculations
include test chemicals overlapping with chemicals used during method development.

LLNA Human
NS _ NS _
(N=11) S (N=64) (N=9) S (N=27)
NS 9.89 8.16 4.94 3.68
in?

GARDskin S 111 559 4.06 233
Accuracy 87.6% 78.5%
Sensitivity 87.2% 86.4%
Specificity 89.9% 54.9%

Balanced accuracy 88.6% 70.7%
N 75 36

' Confusion matrices are based on weighted calculations of GARDskin results, as implemented by the ESAC (15).

3 Chemicals that failed to generate a valid result due to failed acceptance criteria, as described in section procedures.
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Table 1B. Performance of GARDskin in comparison to LLNA or human reference data (19). Calculations
exclude test chemicals overlapping with chemicals used during method development.

LLNA Human
NS (N=5) S (N=47) NS g (N=18)
(N=6)
NS 433 4.92 2.50 2.89
in?

GARDskin S 0.667 421 350 15.1

Accuracy 89.3% 73.4%

Sensitivity 89.5% 84.0%

Specificity 86.7% 41.7%

Balanced accuracy 88.1% 62.8%

N 52 24

1 Confusion matrices are based on weighted calculations of GARDskin results, as implemented by the ESAC (15).

8. Taken together, this information indicates the usefulness of the GARDskin method to contribute to

the identification of skin sensitisation hazards. However, the test method should be considered in
combination with other sources of information in the context of an IATA and in accordance with the
provisions of paragraphs 7 and 8 in the General introduction.

9. Known limitations of the method are mainly associated with solubility issues and compatibility with
vehicles as well as the aqueous cell system. In addition, autoflourescent test chemicals may interfere with
flow cytometry-based cytotoxicity assessments. The known limitations are listed in Appendix Il, together
with potential circumventions. The GARDskin method has been shown to be applicable to test chemicals
covering a wide variety of organic functional groups, reaction mechanisms, skin sensitisation potencies
and physicochemical properties (12) (14) (20). On the basis of currently available data, there are no specific
classes and/or types of chemistries excluded from the applicability domain. Similar conclusions were drawn
from an independent expert/expert systems review of reported data, which was also included in the data
package submitted for ESAC peer-review (21). Of particular note, method applicability and predictive
performance are maintained in certain chemical space subsets that are otherwise considered inherently
difficult to accurately assess. This includes e.g. lipophilic compounds (logP > 3.5) (20), indirectly acting
haptens (20) and metal compounds (22).

10. The GARDskin method was validated for assessment of mono-constituent chemical substances.
Although not evaluated in the validation studies, the test method is nevertheless technically applicable to
the testing of multi-constituent substances and mixtures (20) (23). Definitions are provided in Appendix .

DEMONSTRATION OF LABORATORY PROFICIENCY

11. Prior to routine use of GARDskin, laboratories should demonstrate technical proficiency in
conducting the test method. Proficiency is demonstrated by testing of a specified set of proficiency
chemicals with known sensitising properties, as listed in Appendix Ill. This testing will also confirm the
responsiveness of the test system. Testing of the proficiency chemicals should be carried out in full
adherence to the herein described procedure, and the results should be consistent with the listed
classifications in Appendix Ill. A historical database of data generated with the proficiency chemicals shall
be maintained at the test facility to confirm the reproducibility of the test method over time.
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PRINCIPLE OF THE TEST METHOD

12. The GARDskin method utilises the SenzaCell cell line, a subclone of the myeloid leukaemia cell
line MUTZ-3, as an in vitro surrogate model of DC. Following test chemical exposure, at test chemical-
specific exposure concentrations for 24 h, the quantifiable readout of the assay is the gene expression
levels of the GARDskin GPS, obtained from measurements of isolated total RNA from exposed cell
cultures, and assessed by the NanoString nCounter® system.

13. The high-dimensional data is analysed using the GDAA, hosting a Support Vector Machine (SVM)
prediction algorithm (24), appropriately trained and frozen during assay development (12). Based on
obtained gene expression levels in cell cultures exposed to test chemicals, the output from the GARDskin
prediction algorithm predicts each test chemical as being a skin sensitiser (UN GHS Category 1) or a non-
sensitiser.

CLOUD-BASED SOFTWARE

14. The GARDskin data analysis pipeline is based on a cloud-based and version-controlled software
referred to as the GDAA, which facilitates the entire data analysis-workflow, from raw-data preprocessing
to final classification of test chemicals. The GDAA is designed to ensure data integrity in accordance with
published guidance (25) (26).

15. Test facilities should periodically and/or before use (based on a risk assessment), check all
functions of the cloud-based GDAA software (25) (26). A historic reference test dataset should therefore
be uploaded to the cloud-based system and processed/analysed by the software. The test chemicals of
this reference test dataset are specified by the test facility, but each test chemical should generate exact
and reproducible test results over time, in terms of generated decision values and Message-Digest
algorithm 5 (MD5) checksums (27). For further details and explanations of decision values and MD5
checksums, see section Data Analysis and Reporting of this TG. The results from this periodic and before
use testing of the software shall be documented, tracking the stability of the (computerised) system over
time.

PROCEDURE

16. The GARDskin Assay Protocol is publicly available in the Tracking System for Alternative methods
towards Regulatory acceptance (TSAR) (28). The protocol should be used when implementing the
GARDskin method in the laboratory. The following paragraphs provide a description of the main
components and procedures of the GARDskin test method and a graphical outline of the consecutive steps
of the GARDskin method is presented in Figure 1.

17. In the GARDskin method, chemical exposures are performed in two subsequent types of
experiments. In a first step, cytotoxicity assessment experiments are performed to identify a suitable and
test chemical-specific exposure concentration derived from the cytotoxic properties of the test chemical,
referred to as the GARD input concentration. In a second step, main stimulation experiments are performed
using the previously defined GARD input concentration in order to harvest RNA for downstream analysis.

18. Three independent and biologically replicate main stimulations shall be performed. Within the
context of this description of the GARDskin procedure, independent and biologically replicate experiments
are defined as identical experiments being performed using i) separate cell cultures (i.e. cell batches), and
ii) separate and independent preparations of test chemicals and controls.
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19. The endpoint measurement of GARDskin, i.e. the quantification of the GARDskin GPS mRNA
transcripts, is performed using the NanoString nCounter analysis system, using a CodeSet comprising
probes corresponding to the genes of the GARDskin GPS. Generated raw data of gene expression levels
are analysed using the GARD Data Analysis Application (GDAA), and each test chemical is classified by
the GARDskin prediction model as either a sensitiser or a non-sensitiser.

3

Cytotoxicity
assessment =
input concentration

5 6

GDAA 7
+ NanoString QC

Gene expression
analysis with
NanoString

Seeding & Test chemical RNA isolation &

Phenotype QC exposunel[24h) Viability QC RNA QC * Control chemicals QC

+ DV calculation
+ Prediction S/NS

3x

Figure 1. Graphical outline of the consecutive steps of the GARDskin procedure. A cytotoxicity assessment
experiment consists of the sequential combination of element 1-4, whereas a main stimulation experiment
consists of the sequential combination of element 1, 2, 4-6. Following the completion of three independent
main stimulation experiments, all data analysis is performed using the GDAA, as outlined in element 7. QC:
Quality Control. DV: Decision Value.

Cells

20. The human myeloid leukemia-derived cell line, SenzaCell, should be used in the GARDskin
method. The SenzaCell cell line is made available from SenzaGen AB?, following appropriate licensing of
the GARD technology. The SenzaCell cell line is provided on dry ice and should be stored at <-136°C in
accordance with the Guidance Document on Good In Vitro Method Practices (GIVIMP) (29). The
SenzaCell cell line should be expanded and frozen in liquid nitrogen at a concentration of 7x108 cells / mL
in cell medium supplemented with 10% v/v DMSO (molecular biology grade, 299%).

21. Cell work should be performed under sterile conditions, free of antibiotics. Centrifugations with the
SenzaCell cell line should be performed at 300-315xg, 5 min, 2-8°C. Incubation of the SenzaCell cell line
should be performed at 37°C under 5% CO:2 and humidified atmosphere. The SenzaCell cell line should
be grown in cell culture flasks for maintenance and expansion, or cell culture plates for chemical exposure.
The SenzaCell cell line should be grown in MEM/Alpha medium (with L-Glutamine, with Ribo- and
Deoxyribonucleosides) supplemented with 20% (v/v) Fetal Bovine Serum (FBS) and 40 ng/mL GM-CSF
(Premium grade, purity >97%, endotoxin level <0.1 EU/ug cytokine, and activity of 25x108 1U/mg). Cell
cultures should be counted and split to a concentration of 0.2x10° cells / mL every 3-4 days for maximum
16 cell passages after thawing. The cells should be seeded for test chemical exposure directly following a

4 SenzaGen AB
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cell split, i.e. test chemical exposure experiments should be scheduled to coincide with routine cell culture
maintenance. Cells are seeded in flat-bottomed 12-well or 24-well plates, with a final total well volume of
4 ml and 2 ml, respectively. Other types and plate sizes may be used if equivalent and reproducible results
can be demonstrated. Cytotoxicity assessment experiments should be performed at passage number 4 to
16 and main stimulation experiments at passage number 6 to 12.

Procedures for Phenotypic Quality Control and acceptance criteria

22. The same day as performing a chemical exposure experiment, the phenotype of the untreated
cells should be evaluated. This is done to ensure that cells are maintained in an inactivated state and to
detect phenotypic drift.

23. All washing steps in the flow cytometer analysis should be performed in wash buffer, i.e. PBS with
0.5-1% (w/w) BSA (Cohn fraction V), 0.2 pym filter sterilisation is required. Cells should be stained with
labeled monoclonal antibodies towards human antigens CD1a, CD14, CD34, CD54, CD80, CD86 and
HLA-DR, as well as with relevant polyclonal isotype controls. Recommended antibodies include the
following fluorescein isothiocyanate (FITC)-labelled antibodies: anti-CD86 (BD Biosciences, #555657),
anti-HLA-DR (BD Biosciences, #347400), anti-CD34 (BD Biosciences, #555821), anti-CD1a (Agilent Dako,
#F714101-2) and mouse polyclonal anti-lgG1-FITC (BD Biosciences, #555748). Furthermore,
recommended antibodies include the following phycoerythrin (PE)-labelled antibodies: anti-CD54 (BD
Biosciences, #555511), anti-CD14 (Agilent Dako, #R086401-2), anti-CD80 (BD Biosciences, #340294),
and mouse polyclonal anti-IgG1-PE (BD Biosciences, #555749). In addition, Propidium lodide, 50 pg/mL
(PI) (BD Biosciences, #556463) is used for cell viability analysis. However, equivalent antibodies and
viability markers may be used, provided their functional similarities can be demonstrated and documented.
Note that each new lot of antibodies requires titration using the SenzaCell cell line to determine antibody
concentration giving saturation. The staining of the antibodies may preferably be done by pairwise staining,
using one FITC-labelled and one PE-labelled antibody per sample. In each staining sample, ~ 0.2 x108
cells are washed twice before staining. After incubation, the stained cells are washed again and
resuspended in wash buffer.

24. The samples are analysed with a flow cytometer (with capability to detect PE and FITC, as
applicable based on choice of antibodies) and a minimum of 10 000 events should be recorded. Gating
analysis can be performed on the flow cytometer software or other related analysis software, according to
instructions by the provider. For details on gating procedures and quantification of cell surface expression
of phenotypic biomarkers, please refer to the GARDskin assay protocol (28).

25. Generated results shall meet the acceptance criteria listed in Table 2. If any biomarker is out of
the specified ranges, the cell batch should not be used for the purpose of chemical exposure experiments
and the properties of the used antibodies may need to be verified in separate assessments.
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Table 2. Acceptance criteria of the viability and phenotypic quality control

Parameter Acceptance criteria (%)’

Phenotypic Biomarker

CD86 10-40
CD54 +(>90)
HLA-DR +(>60)
CD80 <10
CD34 +(35-70)
CD14 + (5-50)
CD1a +(10-60)
Viability stain

Pl negative cells (absolute viability) >84.5

! “+” indicates the presence of positive cells (>0 %). An entirely positive cell population is not required.
Numbers given in parentheses are expected ranges based on historical data of the developing laboratory but is not
part of the acceptance criteria. As the SenzaCell cell line is known to be heterogenous, variations are expected.

Acceptance criteria of GARD Controls

26. With each GARDskin assessment, a set of controls should be analysed. The unstimulated control
(i.e., cell culture medium) and the negative control (i.e., test chemical solvent) should be analysed in each
cytotoxicity assessment experiment. The unstimulated control, the negative control and the positive control
(i.e., p-Phenylenediamine, PPD, CAS# 106-50-3) should be analysed in each of the three replicate main
stimulation experiments.

27. The unstimulated control is used for determination of absolute cell viability of cell batches,
calculations of the relative cell viability in cytotoxicity assessment experiments and the main stimulation
experiments and for normalisation purposes in the Data analysis workflow, as further described in the
Supporting document to the Test Guideline for the GARDskin test method (7) and in section Analysis of
Data below.

28. The negative control, should have a Relative viability 295.5 % in the cytotoxicity assessment
experiment(s) and main stimulation experiments and be classified as a non-sensitiser by the GARDskin
prediction model, as defined in paragraph 76, to verify that cells have not become activated in any steps
of the method’s experimental procedures.

29. The positive control (PPD) should have a Relative viability 84.5 - 95.4 % in the main stimulation
experiments and be classified as a sensitiser by the GARDskin prediction model, as defined in paragraph
76, to demonstrate that the cells used during an experiment are responsive and can become activated
upon exposure of a sensitiser.

Preparation of the test chemicals and control substances

30. The test chemical and control substances should be stored according to instructions from the
sponsor or supplier to ensure stability. Preparation of the test chemical and control substance(s) should
be performed on the day of cellular exposure experiments.
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31. Test chemicals should be dissolved in a compatible solvent as appropriate stocks of target in-well
concentration. Compatible solvents used during method validation are listed in Table 3, together with
maximum target in-well concentrations for which a non-detectable impact on genome-wide gene
expression levels have been confirmed. Corresponding in-well concentrations should be used for the
negative control. The positive control is preferably dissolved in DMSO at 1000x of the target in-well
concentration. Other solvents than those listed in Table 3 or direct solution in cell media may be used if
method compatibility can be demonstrated and sufficient scientific rationale is provided. The solvent should
not cause cell cytotoxicity and should be classified as a non-sensitiser at the proposed in-well
concentration.

Table 3. List of GARDskin compatible solvents used during validation of the method.

Solvent CASRN Maximum in-well concentration (%)
DMSO 299% 67-68-5 0.1
Water? - 0.1

! Cell culture grade.

32. The maximum target in-well concentration of any test chemical is 500 uM. For a test chemical
which has no defined molecular weight, a maximum in-well concentration of 100 ug/mL is defined as
default, as derived from empirical studies (23) unless a rationale for otherwise preferred concentrations
can be given.

33. Solubility of the test chemical in both the selected solvent and all downstream dilutions in cell
media should be ensured by a visual inspection of the solution. If required, extensive vortexing and heat
(37°C) can be applied to achieve complete dissolution, as long as it can be ensured that the stability of the
test chemical is not compromised by doing so. If the test chemical is not soluble to the maximum in-well
concentration of 500 pM, the solvent that generates the highest test chemical in-well concentration should
be used.

34. Stock solutions with an appropriate concentration should be prepared in the selected solvent,
considering dilution effects and target in-well concentrations of both test chemicals and solvents. Typically,
considering the solvents listed in Table 3, such a stock concentration may be prepared at 1000x target in-
well concentrations. In examples below, such a stock solution is referred to as Stock A. A Stock A of a test
chemical may preferably be further diluted in medium (in examples below referred to as Stock B) before
adding the test chemical to the cell culture.

35. If the Stock A is poorly soluble in Stock B (typically identified as a precipitation in medium), the
highest soluble concentration in Stock B is used.

36. Note that if scientifically justified and motivated by practical benefits (e.g. increased observed
solubility of certain test chemicals), the dilution scheme involving Stock A and B described above may be
omitted, as long as compliance with the herein described in-well cell concentration and the maximum in-
well concentrations of both test chemicals and used solvents is maintained. In such instances, a direct
dilution from Stock A into the well may constitute an acceptable alternative. Similarly, if the use of an
alternative solvent with different limitations in regard to maximum in-well concentration is scientifically
justified and proven compatible, the concentrations of both Stock A and B may differ.
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Cytotoxicity assessment experiment

37. The goal of a cytotoxicity assessment experiment is to define a test chemical-specific exposure
concentration, referred to as a GARD input concentration, to be used in downstream main stimulations.
The GARD input concentration is defined based on solubility and cytotoxic properties of the test chemical,
both of which are investigated in the herein described procedure.

38. For a schematic example of a typical cytotoxicity assessment experiment, see Figure 2. A serial
dilution of the test chemical is performed in the selected solvent, from the default maximum in-well
concentration of 500 uM (or the otherwise highest soluble concentration below 500 uM), to get a range of
Stock A concentrations. Mixing and vortexing between each dilution step is recommended. From Stock A,
a range of Stock B concentrations should be prepared by adding appropriate volume of Stock A to medium.
Extensive vortexing and heat (37°C) can be applied as required to optimise dissolution. In addition, a Stock
B concentration of the utilised solvent (negative control) in medium should be prepared to achieve the
corresponding in-well concentration of the solvent.

39. Cells are seeded for chemical exposure directly following a cell split, at an appropriate cell
concentration with regards to the dilution that occurs upon addition of stock solution(s) of test chemical
and/or controls. The final in-well cell concentration, after addition of test chemical, should be 0.2x10¢
cells/mL.

400 300 200 100 100 100 100 100

Transferred volume (ul) m@@@@@m@
Stock A concentration (mM)

Added solvent (ul) 100 100 100 100 100 400 100 400
Dilute 100x in
Medium (990 ul)
OO O OO
Stock B concentration (mM) u “ E a w m W w

Dilute 10x into seeded wells (1.8 ml)
]

In-well concentration (uM) ......
® (10)( )1 e
900

1000,
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Figure 2. A schematic example of chemical preparations and seeding of a typical cytotoxicity assessment
experiment in a 24-well plate, illustrating the serial dilution of Stock A, the conversion of Stock A:s into Stock
B:s by dilution in medium and a typical plate layout following cell seeding and addition of test chemical. Note
the inclusion of unstimulated and negative controls in each experiment.
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40. The plate(s) with cell cultures exposed to test chemical(s) and controls are covered with plastic
plate-lid(s) and incubated for 24 h at 37°C under 5% CO2 and humidified atmosphere.

41. Following 24 h of incubation, the relative viability of exposed cell cultures (as compared to the
absolute viability of unexposed cell cultures) are to be investigated. If a Pl assay based on flow cytometry
is used, the following procedure is recommended.

42. Each well suspension is split into duplicate flow cytometry samples. Staining and washing steps
for the flow cytometry analysis are performed in wash buffer, as described in paragraph 23. Wash the cells
twice and stain each sample with wash buffer and PI, 50:1, as described in paragraph 23. The samples
are incubated in the dark at 2-8°C for ~15 min. The cells are washed once with ~1 mL and resuspended
in an appropriate volume of wash buffer.

43. Duplicate sets of unstimulated cell cultures are required, in order to obtain technical duplicate flow
cytometry samples of i) unstained unstimulated control samples and ii) stained unstimulated control
samples. The unstained unstimulated control samples are used to set gates during analysis, while the
stained unstimulated control samples are used for calculations of relative viability, as described below. The
inclusion of duplicate unstimulated cell cultures is illustrated in Figure 2.

44, Prepared samples are analysed with a flow cytometer as described in paragraph 24.
45. Analysis of Pl-stained samples should be done without any exclusion of dead cells and debris.
46. The unstimulated unstained sample is used to set a gate for Pl-positive and -negative cells, by

outlining the contours of the cell population in a PE/FITC scatter plot. The Pl-positive and -negative gates
are then applied in the analysis of all Pl-stained samples in a PE/FITC scatter plot. The percentage of PI-
negative cells are recorded for each sample, representing an estimation of absolute viability. The relative
viability of each sample is calculated according to Equation 1. For each test chemical concentration of the
dilution range and for each control, calculate the mean value of the duplicate samples.

Rv =25.100 (1)
Ve
where
Rv is the relative viability of the sample in %.
VS is the absolute viability of the sample in %.
VC is the mean absolute viability of the two Pl-stained unstimulated control samples in %.
47. The controls must pass the following criteria; unstimulated control: mean absolute viability 284.5%

and negative control: mean relative viability 295.5%. (Note that these criteria are also included as part of
the viability control acceptance criteria following main stimulation experiments, as further detailed in section
Main stimulations and Table 4).

48. The GARD input concentration used for main stimulations of a test chemical should be selected
as follows:

i) A test chemical that induces cytotoxicity should be used at the concentration that induces 84.5%-95.4%
mean relative viability. This concentration ensures bioavailability of the test chemical, while not impairing
immunological responses. If multiple concentrations fulfill the acceptance criterion, the concentration that
yields the Relative viability closest to 90% is chosen as the GARD input concentration. If the Relative
viability decreases from =95.5% to <84.5% between two data points within the dilution range, repeated
cytotoxicity assessment experiment(s) with additional concentrations within the critical concentration
range is needed. Interpolation between data points is not recommended, as linearity cannot be assumed.

ii) A test chemical that is not cytotoxic (Relative viability 295.5%) should be used at a concentration of
500 uM, or at the highest soluble concentration.
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i) A test chemical that has solubility issues in Stock A or Stock B and is not cytotoxic should be re-
evaluated to control if any other solubility method, including e.g. application of heat or change of vehicle,
can be used to increase the in-well concentration to get closer to the maximum in-well concentration of
500 uM.

Main stimulations

49, Once the input concentration for a test chemical is established, main stimulations are repeated in
three valid independent experiments with independent preparations of the test chemical and controls
(unstimulated control, negative control and positive control) and independent cell cultures originating from
separate batches of cells to achieve three valid biological replicate samples. The three main stimulations
can either be run in parallel or sequentially, but always with independent stock solutions of both test
chemical and controls. If several test chemicals are analysed in the same experiment, the same set of
controls should be used, independently of number of plates, provided that all test chemicals are dissolved
in the same vehicle. If different vehicles are used for different test chemicals within the same experiment,
additional negative controls are required corresponding to each vehicle utilised in the experiment. In Figure
3, a schematic example of three main stimulation experiments with eight test chemicals and three controls
are visualised, including one extra well with unstimulated controls. In this example, it is assumed that all
test chemicals are dissolved in the same vehicle, therefore, one negative control is included.
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Figure 3. A schematic example of eight test chemicals and controls stimulated in the three replicate main
stimulations using 12-well plates. TC; Test chemical.

50. The seeding procedures of main stimulations are typically identical with those described for
cytotoxicity assessment experiments, as described in paragraphs 38-39, with the exception that only one
concentration is investigated for each test chemical. A brief summary of a typical procedure is provided
below.

51. Appropriate volume of Stock A of the test chemical is prepared in appropriate solvent as
established in the preparation of the test chemical. Appropriate measures, e.g. vortexing and heat (37°C)
should be applied if necessary, to achieve complete dissolution.
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52. The Stock B concentration is prepared by adding appropriate volume of Stock A to cell medium
(depending on the maximum target in-well concentration of solvent). Appropriate measures, e.g. vortexing
and heat (37°C) may be applied if necessary, to achieve complete dissolution.

53. In addition, the positive and negative controls should be prepared to achieve appropriate in-well
concentrations.
54, Cells are seeded for chemical exposure directly following a cell split, at an appropriate cell

concentration with regards to the dilution that occurs upon addition of stock solution(s) of test chemical
and/or controls. The final in-well cell concentration, after addition of test chemical, should be 0.2x10°
cells/mL.

55. Note that if justified and motivated, the same option to omit the Stock B dilution step as described
in section Cytotoxicity assessment experiment above, applies to main stimulation experiments as well.
Alternative test chemical dilution schemes, not based on the herein described A and B stock solutions, are
acceptable provided the target in-well test chemical concentration, cell concentration and maximum solvent
concentration are met.

56. The plate(s) are covered with plastic plate-lid(s) and incubated for 24 h at 37°C under 5% CO2 and
humidified atmosphere.

57. After 24 h of incubation, the cell culture is mixed by carefully pipetting up and down and each cell
culture from separate wells is divided into RNase-free micro tubes and duplicate flow cytometry samples.

58. Samples in micro tubes will be used for RNA isolation. For this purpose, cell pellets are lysed using
an appropriate and fit-for-purpose reagent, e.g. TRIzol reagent (Ambion, #15596018), according to
instructions provided by the supplier. Cell lysate samples may be stored at <-70°C up to a year.

59. For each test chemical and control, several cell lysate samples may be generated from each of
the three main stimulations. However, only one cell lysate sample from each of the three main stimulations
is required for RNA isolation and further analysed using the NanoString nCounter system. Any remaining
cell lysate replicates may be stored (<-70°C) as backup samples due to the possibility of having insufficient
RNA concentration or RNA quality in the primary cell lysate sample.

60. For the flow cytometry samples, the same washing, staining and analysis procedures as described
in paragraphs 42-46 for the cytotoxicity assessment experiment should be followed.

Acceptance criteria of the Viability Quality Control

61. The Pl-stained samples are used as Quality Control of the viability to ensure that the test chemical
and controls show a Relative or Absolute viability within the Quality Control criteria described in Table 4. If
a test chemical fails the described acceptance criteria, it should not be used for downstream analysis. If
any control sample fails the described acceptance criteria, all samples from the main stimulation
experiment from which they originate are to be disregarded and not used for downstream analysis.
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Table 4. Viability control acceptance criteria

Test chemical or control Acceptance criteria’
Unstimulated control Absolute viability of 284.5%
Negative control Relative viability of 295.5%
Positive control Relative viability 84.5% - 95.4%
Test chemical with expected cytotoxicity Relative viability 84.5% - 95.4%
Test chemical assayed at 500 uM or highest soluble

. Relative viability 284.5%
concentration

! Listed acceptance criteria for unstimulated and negative controls apply to both cytotoxicity assessment
experiments and main stimulation experiments, while criteria for the positive control and test chemical are only
applicable in main stimulation experiments.

RNA isolation

62. Total RNA, including mRNA, is isolated from the lysed cell samples using commercially available
kit and reagents, e.g. Direct-zol RNA MiniPrep (Zymo Research, # R2052) was used during test method
development and validation.

63. Quantify the RNA concentration and analyze the RNA quality from each sample using an RNA
analysis equipment, e.g. with an Agilent Bioanalyzer 2100, or an equivalent instrument (i.e. an instrument
measuring RNA quality and RNA concentration in the range ~5-500 ng/uL). Follow protocols provided by
the instrument supplier. RNA concentration and quality should correspond to NanoString
recommendations. During test method development and validation, a sample with an RNA Integrity
Number (RIN) of 8.0 and above, as derived from the Agilent Bioanalyzer 2100, was considered a sample
of high quality. Corresponding or otherwise equivalent RNA quality metrics may be used to assure high
quality RNA.

Endpoint measurement; gene expression analysis using the NanoString nCounter®
system

64. The endpoint measurement of the GARDskin assay is the mRNA quantification of the endpoint-
specific GPS, using the NanoString nCounter system. The NanoString nCounter protocols starts with
manual processing including a hybridisation step using a thermal cycler, i.e. the nCounter XT CodeSet
gene expression assay. A custom made CodeSet (i.e. sets of oligonucleotide probes representing the
genes of the GARDskin GPS, the individual genes of which are presented in the Supporting document to
the Test Guideline for the GARDskin test method (7), is provided by NanoString under a license agreement
with SenzaGen AB. Manufacturer’s instructions for the nCounter XT CodeSet gene expression assay
should be followed.

65. The nCounter XT CodeSet gene expression assay is followed by automated sample processing,
immobilising the probe/target on the nCounter Cartridge, and digital data acquisition, counting the color
codes on the probe/targets immobilised on the cartridge, using the nCounter® instrument. Corresponding
instructions for the nCounter instrument should be followed. The highest possible resolution and sensitivity
mode in the nCounter instrument should be used.
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66. For each RNA sample analysed in the NanoString nCounter system, a NanoString raw data file, a
Reporter Code Count (RCC)-file with tabulated counts of each target molecule, is generated.

DATA ANALYSIS AND REPORTING

GARD Data Analysis Application

67. Following generation of the RCC-files, all downstream data preprocessing, normalisation and
analysis are performed in the GDAA software as summarised below. For an in-depth review of all such
steps, refer to the Supporting document to the Test Guideline for the GARDskin test method (7). Both the
GARDskin analysis pipeline and the GDAA were extensively evaluated by the ESAC during method review,
who concluded that the software was fit-for-purpose as well as user-friendly.

68. GDAA is a cloud-based application (Shinyapps on Amazon Web Services) requiring an internet
connected computer with an installed web browser, e.g. Google Chrome, Mozilla Firefox or Microsoft Edge.
Access to the GDAA requires a service level agreement and valid login credentials, both acquired from
SenzaGen AB (www.senzagen.com)5.

69. GDAA performs all data analysis required for generating predictions using the GARDskin method.
The functionality of GDAA includes the reading of RCC-files, checking the NanoString nCounter quality
control of each uploaded file, normalising the read file’'s gene expression values by stepwise application of
a counts-per-total counts (CPTC) (12) algorithm followed by Batch Adjustment by Reference Alignment
(BARA) (30). Lastly, individual samples are evaluated with the GARDskin prediction algorithm, allowing for
the final classification of the test chemical by the GARDskin prediction model. For a schematic of the
processes performed by the GDAA and how they relate to other steps of the procedure, see Figure 4.
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Figure 4. A schematic of the GDAA workflow, including input and output files. RCC; Reporter Code Count
(raw gene expression data), CPTC; Counts-per-total-counts (RNA content normalisation), BARA; Batch
Adjustment by Reference Alignment (batch adjustment normalisation)

70. The analysis with the GDAA requires upload of two different types of files: the RCC files (containing
raw data of gene expression levels) and an Annotation file (containing sample information used to map
each control and test chemical to specific RCC files). Note that the RCC files for each test chemical must
be analysed together with the RCC-files of the unstimulated, positive and negative controls from the same
main stimulation experiments, in order to enable both the BARA normalisation process (as further
described in the Supporting document to the Test Guideline for the GARDskin test method (7), as well as
the classification of negative and positive controls, in order to evaluate if acceptance criteria are met (as
defined in section Summary of acceptance criteria).

7. After uploading the files, each RCC file is automatically quality checked in GDAA. The quality
criteria listed in Table 5 are adapted from the recommended (default) acceptance criteria of the instrument
supplier. Details of each quality metric listed in Table 5 are provided in the Supporting document to the
Test Guideline for the GARDskin test method (7). Samples that fail any of the below described quality
control criteria are not used for further analysis in the GARD data analysis and GDAA automatically rejects
samples that fail the NanoString nCounter® Quality Control acceptance criteria.
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Table 5. Summary of the NanoString nCounter® quality control acceptance criteria.’

Quality Metric Acceptance criteria
Imaging Quality Imaging quality describes the fraction of >0.75
successfully processed sections of the NanoString
cartridge.
Linearity Linearity is expressed as an R2 value that is >0.95
estimated using the positive spike-in controls.
Limit of Detection The limit of detection is evaluated by comparing <POS_E

the acquired counts of the positive spike-in probe
POS _E to the counts of the negative control
probes. Probe POS _E is the positive spike-in
probe with the lowest concentration that is
expected to be observed above noise levels.

Binding Density Binding density reports on the level of image 0.05-2.25
saturation that was observed during cartridge
processing. The value is dependent on the amount
of sample that was loaded and the effectiveness of
the NanoString hybridisation.
! For details, refer to the Supporting document to the Test Guideline for the GARDskin test method (7).

72. The last steps of a GARDskin analysis includes the application of a prediction algorithm, which in
turn provides input to the GARDskin prediction model, as described in section Prediction model below.

73. In addition to facilitating the complete GARDskin analysis pipeline, the GDAA functionality includes
verification of integrity of transferred data using algorithms for calculating MD5 checksums. The MD$S
algorithm takes input data of arbitrary length and calculates a 128-bit fingerprint. It will always produce the
same fingerprint for a specific input, and it is highly unlikely that two different data inputs would generate
the same output values. These properties of the algorithm make it useful for verifying integrity of data. For
example, the integrity of a transferred file can be ensured by comparing the 128-bit fingerprints calculated
prior to the transfer with a fingerprint calculated following transfer. These MD5 checksums are evaluated
as part of the periodic and before use testing of the computerised system, as described in section Periodic
testing of cloud-based software.

Prediction model

74. The GARDskin prediction algorithm is a SVM hosted in the GDAA, appropriately trained and frozen
during method development. The output of the prediction algorithm is referred to as a decision value (DV).
Unique DVs are calculated for each replicate sample generated by test chemicals and controls, as
described by equation 2.

n
DV =h+ 2 wix; )
i=1

where n is the number of variables (genes, i.e., 196 for GARDskin), b is a constant (i.e., the SVM’s
intercept), w; the weight for variable J, and x; the normalised gene expression value for variable i. For an
in-depth review of how the prediction model was defined, please refer to the Supporting document to the
Test Guideline for the GARDskin test method (7).

75. The DVs of the three individual replicate samples are then used as input to the GARDskin
prediction model. The GARDskin prediction model is defined as follows:
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76.

1),

Any test chemical with a calculated mean DV = 0 is classified as a sensitiser (UN GHS category
whereas any test chemical assigned a mean DV < 0 is classified as a non-sensitiser. A schematic

representation of the GARDskin prediction model is provided in Figure 5.

— 120 | — | S

DV;_3

— | <0 | = |NS

Figure 5. Schematic of the GARDskin prediction model. Test chemicals are classified by the sign of the mean
of three biological replicate samples, originating from three independent experiments. S: Sensitiser. NS: Non-
sensitiser.

Summary of Acceptance criteria

77.

Below is a summary of the acceptance criteria that are specified for the GARDskin method.

i) All cell exposure experiments should have been performed with a batch of SenzaCell cells that passed
the acceptance criteria of the Phenotypic Quality Control (Table 2). This applies to both cytotoxicity
assessment and main stimulation experiments.

i) All generated RNA samples should originate from cellular experiments, which have passed the
acceptance criteria of the Viability Quality Control (Table 4). This applies to all test chemical and positive,
negative and unstimulated control samples, from the three included (i.e., valid) main stimulation
experiments. Similarly, cytotoxicity assessment experiment(s) from which a GARDskin input
concentration is derived should fulfill all applicable Viability Quality Control criteria (Table 4).

iii) All generated RNA samples should pass the Acceptance criteria of the NanoString nCounter® Quality
Control (Table 5). This applies to all test chemical and positive, negative and unstimulated control
samples, from the three included (i.e., valid) main stimulation experiments.

iv) The final classification should be made using three valid biological replicates which have all passed
acceptance criteria i-iii.

v) The positive control and negative control should be accurately classified as a sensitiser and a non-
sensitiser, respectively, by the GARDskin prediction model.

Test Report

78.

ap

The following information should be reported. The results should be tabulated and include, when
plicable, individual test results for each performed experiment as well as the overall results from all three

experiments.

General information

- Name and address of sponsor, test facility and study director.
- Reference and description of the test method used.

Demonstration of proficiency
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Statement that the test facility has demonstrated proficiency in the performance of the test method
before routine use by testing of proficiency chemicals.

Demonstration of GDAA system stability over time

Statement that periodic and/or before use testing of the GDAA have been performed using a
historic dataset and have passed required criteria.

Test chemical and controls

Source, batch/lot number, expiry date. Chemical identification, such as [IUPAC name, CAS registry
number, SMILES or InChl code, structural formula, and/or other identifiers like batch/lot number
and expiry date.

Physical appearance, solvent solubility as applicable, molecular weight, and additional physical
chemical 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.

Procedure(s) used to dissolve test chemical(s).

Storage conditions and stability to the extent available.

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

Solvent (including source) used for each test chemical and control.

Test method conditions

Cell line used, cell culture ID, its storage conditions and source.

Cell media components (including source) used in the study.

Flow cytometry equipment used.

Antibodies and viability markers (including sources) used in the study.

RNA isolation kit, RNA qualification kit and NanoString nCounter GARDskin CodeSets (including
sources) used in the study.

Test acceptance criteria results

Phenotypic Quality Control data from each experiment (percentage of positive cells for each
phenotypic biomarker, as well as absolute viability of cells).

Cell viability Quality Control data of the test chemical and negative, positive and unstimulated
controls.

NanoString nCounter Quality control data (imaging quality, linearity, limit of detection and binding
density) of the test chemical as well as negative and positive controls.

Classifications of negative and positive controls.

Cytotoxicity assessment results

Test concentrations with justifications.
Relative viability for each test chemical concentration
Justification for selected GARD input concentration.

Main stimulation results

Measured RNA-quality of test chemical and control RNA-samples

Gene expression levels (content of RCC files) for test chemical and controls, in a format compliant
with available guidance (31) (32).

GDAA version number used within the study.

Statement on matching MD5 checksums of uploaded RCC-files and MD5 checksums from
downloaded GDAA report.

Decision Values (individual samples as well as mean) obtained for the test chemical and positive
and negative controls.

Classification of the test chemical.

Description of any other relevant observations, if applicable.

Discussion of the results
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Conclusion
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APPENDIX I - DEFINITIONS AND ABBREVIATIONS.

Abbreviations that are defined by the test method developers and/or specific for certain instrumentation
utilised by the GARD methods are defined in italic font.

ARE
BARA

BLR
BSA
CD

CPTC

DB-ALM
DC
DMSO
DV

ESAC

EURL ECVAM
FBS

FITC

GARD

Antioxidant Response Element
Batch Adjustment by Reference Alignment

An algorithm for removal of batch-effects observed between datasets.

Between-Laboratory Reproducibility
Bovine Serum Albumin
Cluster of Differentiation
Cell Batch
Within the context of this TG, a unique cell batch is defined as:

= cells originating from different frozen vials, or...

= cells originating from the same frozen vial, which have been cultivated separately.
A division of cell cultures for the purpose of achieving separate cell batches should
be done no sooner than passage 3 after thawing, and no later than at least 2
passages prior to exposure experiments.

Counts-Per-Total-Counts

An algorithm for RNA content normalisation.

DataBase service on AlLternative Methods to animal experimentation
Dendritic Cells

Dimethyl Sulfoxide

Decision Value

A quantifiable output from a Support Vector Machine.

ECVAM Scientific Advisory Committee
European Union Reference Laboratory for alternatives to animal testing
Fetal Bovine Serum

Fluorescein IsoThioCyanate

Genomic Allergen Rapid Detection

A series of predictive assays for inmunotoxicological endpoints, the main subject of this
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Test Guideline.

GARDskin GARD Test Method for Skin Sensitisation

The specific subject of this TG. A method used for hazard assessment of skin sensitisers

GARDskin prediction algorithm

An algorithm that, based on raw gene expression data, provides DVs as output. The output
of the prediction algorithm is in turn used as input in the prediction model. The GARDskin
prediction algorithm is an SVM. See e.g., DV, GARDskin prediction model, SVM.

GARDskin prediction model

A heuristic that, based on ftriplicate DVs from a test chemical or control, provides a
GARDskin classification of the same.

GDAA GARD Data Analysis Application

A cloud-based software for fit-for-purpose and automated data processing and analysis of
all raw data generated with the GARD methods.

GHS Globally Harmonized System
GM-CSF Granulocyte Macrophage Colony Stimulating Factor
GPS Genomic Prediction Signature

A set of gene identities that collectively compose the set of predictors, the gene expression
values of which are used as the input in the GARD prediction models, i.e., the endpoint-
specific Support Vector Machine(s), each appropriately trained and frozen during test
method development. Each GARD method (e.g. GARDskin) for different endpoints utilises

a different GPS.
LLNA Local Lymph Node Assay
LOD Limit of Detection

A parameter of the NanoString instrumentation.

MD5 Message-Digest algorithm 5

A function that creates digital fingerprints of input data. Within the context of the GARDskin
method, such fingerprints are used to verify integrity of data.

OECD Organisation for Economic Co-operation and Development
PBS Phosphate Buffered Saline

PE Phycoerythrin

Pl Propidium lodide

RCC Reporter Code Count
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A filetype created by the NanoString instrumentation. Stores raw gene expression data.

RIN RNA Integrity Number

An RNA quality parameter utilised by the Agilent instrumentation.

SVM Support Vector Machine

Supervised prediction models with associated learning algorithms that analyze data for
classification and regression analysis

TG Test Guideline
WLR Within-Lab Reproducibility
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APPENDIX II - KNOWN LIMITATIONS OF THE GARDSKIN METHOD.

Table All.1. A summary of known limitations of the GARDskin method and possible adaptations.

Substance class/  Possible consequence of interference Possible adaptations Example
interference substance

Test chemicals May influence cytotoxicity assessment May be circumvented by use of alternative Citral (CAS
absorbing and/or results and may lead to inappropriately reagents for assessment of cytotoxicity, if #5392-40-5)

autoflourescing light at

defined GARD input concentrations.

demonstrated to generate equivalent results to

the wavelengths of PI- those of the herein proposed methods.
detection.
Substances with May lead to inappropriate GARD input May be circumvented by  UVCBs, chemical

unknown precise
molecular weight. A Test
chemical is preferably
defined by a known
molecular weight, as
appropriate GARD input
concentrations are
defined by molar

concentrations, which may in turn lead to
misclassifications.

-Use of weight-based concentrations (e.g. ppm)
(1). A vast majority of skin sensitisers are
detected <100 ppm (1).

-Approximation of an apparent molecular weight
of the complex mixture,

emissions,
products or
formulations with
variable or not
fully known
composition,
natural extracts.

concentrations.
Test chemicals which A sufficient exposure concentration for - Test chemicals that do not induce cytotoxicity with n/a
cannot be dissolved in  detection of weak skin sensitisers may not  a maximum soluble concentration below 500 uM
an appropriate solvent at be guaranteed. May cause false may be further analysed according to
a final in-well negatives. However, available data ~ downstream GARDskin procedures and positive
concentration of 500 uM  suggest that a vast majority of sensitisers  results from such testing can be used to support
and do not exhibit are detected <100 puM (1). the identification of the test chemical as a skin
cytotoxic properties at sensitiser.
investigated max
concentration.
Test chemicals Insolubility or reactive interference with  If a scientific rationale is available, alternative and n/a
Incompatible with Test chemical, which may in turn lead to otherwise compatible vehicles may be used (2)
vehicles.  inappropriate GARD input concentrations (3). Compatibility of such alternative vehicles
and possible misclassifications, or should be confirmed by inclusion of the blank
complete incompatibility with the method. vehicle as a negative control, at identical
exposure concentrations. If a Test chemical
remains insoluble, see handling of not sufficiently
dissolved Test chemicals above.
Test chemicals that A sufficient in-well concentration of Test Hydrazine (CAS
hydrolyse rapidly in cell chemicals may not be guaranteed. May #2644-70-4)

system.

cause false negatives
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APPENDIX IIT - PROFICIENCY SUBSTANCES.

Table Alll.1. Substances for demonstrating technical proficiency with GARDskin.

Chemical ID CASRN Physical Reference Expected GARDskin values
state classification’ (reference range)
LLNA Human Classification (DV) (Input
concentration,
uM)
4-nitrobenzyl 100-11-8 Solid S NA S (0-10) <25
bromide (extreme)
Propyl gallate 121-79-9 Solid S NA S (2-13) 25 -400
(strong)
Isoeugenol 97-54-1 Liquid S S S (2-13) >100
(moderate)
3- 109-55-7 Liquid S NA S (0-11) >250
(Dimethylamino)- (moderate)
1-propylamine
Eugenol 97-53-0 Solid S S S (0-10) >100
(weak)
Ethylene  glycol 97-90-5 Liquid S NA S (2 -20) >25
dimethacrylate (weak)
Glycerol 56-81-5 Liquid NS NA NS (<0) =250
Hexane 110-54-3 Liquid NS NS NS (<0) 2125
1-Butanol 71-36-3 Liquid NS NA NS (<0) >250

! Extracted from Annex 2 of the supporting document to OECD TG 497 (1). S: Sensitiser. NS: Non-sensitiser
NA: missing value.

Literature

1. OECD (2021). Series on Testing and Assessment No. 336: Annex 2 of the Supporting document to the Guideline
(GL) on Defined Approaches (DAs) for Skin Sensitisation. Organisation for Economic Cooperation and
Development, Paris. Available at: http://www.oecd.org/env/testguidelines
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OECD GUIDELINE FOR THE TESTING OF
CHEMICALS

In Vitro Immunotoxicity: 1l1-2 Luc Assay

INITIAL CONSIDERATIONS AND LIMITATIONS

1. Immunotoxicology is defined as the study of adverse effects on any part of the immune system as the
result of exposure to drugs or chemicals (1). Immunotoxicology can also include adverse effects on different
organs and tissues mediated by cells and molecules of the immune system. The immune system is susceptible
to toxic insults, in part because of: 1) the need to maintain the delicate balance between activation, regulation
and silencing; 2) its dependence on regeneration of cells from hematopoietic stem cells in the bone marrow; 3)
its requirement of clonal expansion of T cells and B cells by cellular proliferation during the adaptive response;
and 4) the required maintenance of appropriate levels of lymphocytes, including effector, memory and naive
subsets.

2. Immunotoxicity by drugs or chemicals can be manifested in various ways, including dysregulation of the
immune response, which could lead to immunosuppression or inappropriate immune stimulation. The latter can
include exaggerated immune stimulation, sustained inflammation, hypersensitivity reactions and autoimmune
diseases. With reference to chemical-induced immunotoxicity, the effect may not be exclusively in one direction
and the same substance can produce immunosuppression or immune stimulation, depending on the dose and
the cellular target. Thus, it may be more appropriate to define an immunotoxic substance as any agent that can
alter one or more immune functions resulting in an adverse effect for the host. In this way, the focus is not on the
direction of the effect, but on its consequence. For this reason, the term immunotoxicant/immunotoxicity is used
in this TG, which is consistent with the Detailed Review Paper on immunosuppression that was developed by
OECD (2).

3. From the OECD Adverse Outcome Pathway (AOP) development programme, AOP 154 “Inhibition of
Calcineurin Activity Leading to Impaired T-Cell Dependent Antibody Response” was approved in 2021 (3) This
AOP describes calcineurin (CN) activity inhibition by binding of stressors, i.e., CN inhibitors (CNIs). CNIs bind to
CN with their respective immunophilins, which interferes with the nuclear localization of nuclear factor of activated
T cells (NFAT), a substrate of CN. As a result, the formation of functional NFAT complexes with activator protein-
1 (AP-1) that bind at the site of IL-2, IL-4 and other T cell-derived cytokine promoters, is reduced, thereby
suppressing production of these cytokines. Among the affected cytokines from each of the helper T cell subsets,
reduced production of IL-2 and IL-4 negatively affects the proliferation and differentiation of B cells to suppress
the T cell-dependent antibody response (TDAR).

4. IL-2 exerts pleiotropic actions on CD4+ T cell differentiation via its modulation of cytokine receptor
expression. IL-2 promotes Th1 differentiation by inducing IL-12RB2 (and IL-12RB1), promotes Th2 differentiation
by inducing IL-4Ra, inhibits Th17 differentiation by inhibiting gp130 (and IL-6Ra), and drives Treg differentiation
by inducing IL-2Ra. IL-2 also potently represses IL-7Ra, which decreases survival signals that normally promote
cell survival and memory cell development (4) therefore conceivable that chemicals that affect IL-2 release by T
cells can significantly impact immune function.
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5. The IL-2 luciferase assay (IL-2 Luc assay) uses 2H4 cells to identify the effects of chemicals on the
IL-2 and IFN-y promoters in the presence of the stimulants phorbol 12-myristate 13-acetate (PMA) and ionomycin
(lo) (5). 2H4, derived from Jurkat cells, contains stable luciferase green (SLG) regulated by the IL-2 promoter,
stable luciferase orange (SLO) regulated by the interferon (IFN)-y promoter, and stable luciferase red (SLR)
regulated by the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) promoter. Compared to methods that
directly measure IL-2 and IFN produced by Jurkat cells, the IL-2 Luc assay significantly reduce both manual lab
or and assay time. Specifically, the IL-2 Luc assay requires only the manual process of diluting chemicals and
dispensing chemical solution and cells. In addition, IL-2 and IFN can be quantified by ELISA, but not the amount
of GAPDH.

6. The validation study of the IL-2 Luc assay was conducted by a validation management team (VMT)
composed of a lead laboratory, three independent laboratories, and four international expert members
coordinated by the Japanese Center for the Validation of Alternative Methods (JaCVAM). This validation study
met the acceptance criteria regarding within- (80.0%,4/5) and between-laboratory reproducibility (80.0%, 16/20)
which could satisfy the acceptance criteria of 80% (6). To determine the predictivity, we collected
immunotoxicological information and selected the reference data by classifying the chemical into immunotoxic
compounds targeting T cells or others according to previously reported criteria. When compared with the
reference data, the average sensitivity, specificity and predictivity in the validation study were 75.0% (36/48),
75.0% (18/24), and 75.0% (54/72), respectively (7), while the predictivity of an additional 60 chemicals was
examined by the lead laboratory resulting in sensitivity, specificity and predictivity of 82.4% (28/34), 83.3% (5/6),
and 82.5% (33/40), respectively. These results were reviewed by an international peer review panel. While the
predictive capacity was not satisfactory for a stand-alone method, the II-2 Luc assay is acceptable for use in an
Integrated Approach to Testing and Assessment (IATA) (8). The IL-2 Luc assay provides a rapid screening tool
that can be used as part of a systematic assessment of immunotoxicity when combined with other immunotoxicity
tests.

7. Currently, the assessment of chemical immunotoxicity relies mainly on animal models and assays that
characterise immunosuppression and sensitization. However, animal studies have many drawbacks, such as
high cost, ethical concerns, and have varying ability to predict effects on human health (9). In addition, current
in vivo models do not always provide a mechanistic understanding of the data. Overcoming these problems
requires the development of in vitro methods to detect immunotoxicity. A workshop hosted by the European
Centre for the Validation of Alternative Methods in 2003 focused on state-of-the-art in vitro systems for evaluating
immunotoxicity (10)(11)(12) and a tiered approach was proposed. Within the tiered approach, the Multi-
ImmunoTox assay (MITA) evaluates the effects of chemicals on the IL-2, IFN-y, IL-1B, and IL-8 promoters using
three stable reporter cell lines (13)(14).

8. The purpose of this Test Guideline (TG) is to describe the procedure used to evaluate the potential
immunotoxic effects of chemicals on T cells. The IL-2 Luc Assay is an important method for evaluating the
immunotoxic potential of chemicals as a part of a battery (JaCVAM, 2020b), because of its technical simplicity,
short test duration and accuracy of the test result, based on a known mechanism of immunotoxicity. The
IL-2 Luc assay is applicable to soluble test chemicals or that test chemicals that form a stable dispersion and
shares the same limitations that are common to many suspension cell-based assays when testing highly
hydrophobic substances. Test chemicals that interfere with luciferase can confound its activity/measurement,
causing apparent inhibition or increased luminescence (15). In addition, the following limitations should be noted:
(1) the method cannot detect immunotoxicity associated with inhibition of DNA synthesis and cell division (7)(13);
(2) the assay cannot detect test chemicals that require metabolic activation to form an immunotoxic metabolite
(7)(13).
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Specific limitations

9. The following limitations should be noted: 1) the use of PMA/lo as a stimulant bypasses signalling
through the T cell receptor and the subsequent intracellular signalling events that precede activation of
phospholipase C, and therefore precludes detection of chemicals that act on those upstream signalling molecules
(16); 2) the Jurkat T cell line (from which 2H4 cells are derived) are demonstrated to be suitable for examining
the molecular mechanism underlying immunotoxicity (17), they may lack several key proteins involved in the
activation of normal T cells in response to TCR stimulation, and therefore may not be able to detect effects of
chemicals that act on those key proteins.

10. Definitions are provided in Appendix I.

PRINCIPLE OF THE TEST

11. The IL-2 Luc assay makes use of a human acute T lymphoblastic cell line Jurkat that was obtained from
Professor Kazuo Sugamura, Department of Microbiology, Tohoku University School of Medicine. Using this cell
line, Tsuruga Institute of Biotechnology, TOYOBO Co., Ltd, established a Jurkat-derived IL-2 reporter cell line,
2H4, that harbors SLG, SLO and SLR luciferase genes under the control of the IL-2, IFN-y, and GAPDH
promoters, respectively (5). Laboratories willing to perform the test can obtain the recombinant 2H4 cell line from
Tottori Bioscience Promotion Organization, Tottori, Japan, upon signing a Material Transfer Agreement (MTA).
This cell line allows quantitative measurement of luciferase gene induction by detecting luminescence from well-
established light producing luciferase substrates as indicators of the activity of IL-2, IFN-y and GAPDH in cells
following exposure to immunotoxic chemicals. To simplify the assay, only the IL-2 promoter driven luciferase
activity (IL2LA) and GAPDH promoter driven luciferase activity have been used based on the following
observations described in the literature (14. Most of chemicals examined by 2H4 cells showed similar
suppressive effects on IL2LA and IFN promoter-driven luciferase activity (IFNLA). In addition, when the lowest
observed effect level (LOELs) of these chemicals were plotted against their effects on IL-2LA and those on
IFNLA, they showed a significant correlation between them. Therefore, a decision was made to only use IL2LA.

12. The multicolour assay system (18)(19) comprises a green-emitting luciferase (SLG; Amax = 550 nm)
(20) for the gene expression of the IL-2 promoter, an orange-emitting luciferase (SLO; Amax = 580 nm) (21)
for the gene expression of the IFN-Y, promoter as well as a red-emitting luciferase (SLR; Amax = 630 nm) (22)
for the gene expression of the internal control promoter, GAPDH. The three luciferases emit different colours
upon reacting with firefly D-luciferin and their luminescence is measured simultaneously in a one-step reaction
by dividing the emission from the assay mixture using two optical filters (18) (see Appendix Il). For accurate
luminescence measurements, a highly sensitive luminescence meter (e.g. a luminescence meter dedicated to
luminescence measurements as described in Appendix 1) should be used.

13. 2H4 cells are treated for 1 hour with the test chemical, and then treated for 6 hours with PMA and lo
after which SLG luciferase activity (SLG-LA) reflecting IL-2 promoter activity, SLO luciferase activity (SLO-LA)
reflecting IFN-y promoter activity and SLR luciferase activity (SLR-LA) reflecting GAPDH promoter activity are
measured. To make the abbreviations easier to understand, SLG-LA, SLO-LA and SLR-LA are designated as
IL2LA, IFNLA and GAPLA, respectively. Table 1 provides a description of the terms associated with luciferase
activity in the IL-2 Luc assay. The measured values are used to calculate the normalised IL2LA (nIL2LA) and
IFNLA (nIFNLA), which is the ratio of IL2LA and IFNLA to GAPLA, respectively, and the inhibition of GAPLA
(Inh-GAPLA), which is the ratio of the arithmetic means of quadruple-measured values of the GAPLA of 2H4
cells treated with a test chemical and the values of the GAPLA of untreated 2H4 cells, and used as an indicator
for cytotoxicity. The % suppression, calculated as shown in the table, indicates the effect of tested chemicals on
IL-2 and IFN-Y promoter.
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Table 1. Description of terms associated with the luciferase activity in the IL-2 Luc assay

Abbreviations Definition

IL2LA SLG luciferase activity reflecting IL-2 promoter activity

IFNLA SLO luciferase activity reflecting IFN-y promoter activity

GAPLA SLR luciferase activity reflecting GAPDH promoter activity
niL2LA IL2LA / GAPLA

nIFNLA IFNLA / GAPLA

Inh-GAPLA GAPLA of 2H4 treated with chemicals / GAPLA of untreated cells

% suppression
° SUPP (1-(nIL2LA of 2H4 treated with chemicals) / (nIL2LA of non-treated 2H4)) x 100

CV05
The lowest concentration of the test chemical at which Inh-GAPLA becomes <0.05.

14. The IL-2 Luc assay can simultaneously examine GAPLA and IL2LA. GAPDH mRNA is ubiquitously
expressed at moderately abundant levels. It is frequently used as an endogenous control for quantitative real
time polymerase chain reaction in several experimental systems because its expression is constant at different
times and after experimental manipulation (23)(24)(25). In addition, the lead laboratory demonstrated that Inh-
GAPLA is more sensitive in detecting dying cells than the percentage of propidium iodide (Pl)-excluding cells
and that cells showing Inh-GAPLA > 0.05 maintain more than 75% of the Pl-excluding cells. (26). Therefore, the
results were evaluated using only data obtained in the concentration at which Inh-GAPLA is > 0.05.

DEMONSTRATION OF PROFICIENCY

15. Prior to routine use of the test method described in Test Guideline, laboratories should demonstrate
technical proficiency, using nine Proficiency Substances listed in Appendix Ill in compliance with the Good in
vitro Method Practices (27). Moreover, test method users should maintain a historical database of data generated
with the reactivity checks and with the positive and solvent/vehicle controls, and use these data to confirm that
the reproducibility of the test method in their laboratory is maintained overtime.

PROCEDURE

16. The Standard Operating Procedures (SOP) for the IL-2 Luc assay are available and should be employed
when performing the test (28). The following paragraphs provide a description of the main components and
procedures of the assay.

Preparation of cells

17. On receipt, 2H4 cells are propagated (2-4 passages) and stored frozen as a homogeneous stock. Cells
from this stock can be propagated up to a maximum of 12 passages or a maximum of 6 weeks. The medium
used for propagation is the RPMI-1640 culture medium containing 10% foetal bovine serum (FBS),
antibiotic/antimycotic solution (100 U/mL of penicilin G, 100 ug/mL of streptomycin and 0.25 pg/mL of
amphotericin B in 0.85% saline) (e.g. GIBCO Cat#15240-062), 0.15 pg/mL Puromycin (e.g. CAS:58-58-2), 300
pg/mL G418 (e.g. CAS:108321-42-2) and 200pg/mL hygromycin B (e.g. CAS:31282-04-9).
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18. Prior to use for testing, the cells should be qualified by conducting a reactivity check. This check should
be performed 1-2 weeks or 2-4 passages after thawing, using the positive controls, dexamethasone (100 ug/mL)
(CAS:50-02-2, = 98% purity) and cyclosporine A (100 ng/mL) (CAS:59865-13-3, = 95% purity). Dexamethasone
and cyclosporine A should produce a positive response to % suppression (235). Only cells that pass the reactivity
check are used for the assay. The check should be performed according to the procedures described in
paragraphs 26.

19. For testing, 2H4 cells are seeded at a density of 1 to 3 x 10% cells/mL, and pre-cultured in culture flasks
for 72 to 96 hours. On the day of the test, cells harvested from the culture flask are washed with RPMI-1640
containing 10% FBS without any antibiotics, and then, resuspended with RPMI-1640 containing 10% FBS without
any antibiotics at 4 x 10° cells/mL. Then, cells are distributed into a 96-well flat-bottom black plate (e.g. Coring
Costar Cat#3603) with 50 uL (2 x 105 cells/well).

Preparation of the test chemical and control substances

20. The test chemical and control substances are prepared on the day of testing. For the IL-2 Luc assay,
the test chemical is dissolved in distilled water or dimethyl sulfoxide (DMSQO) (stock solution). The test chemical
is first dissolved in distilled water.

e If the chemical is soluble at 25 mg/mL, add up to 1 ml of distilled water to 0.050 g of the test chemical in
a volumetric flask. If the test chemical is not soluble at 50 mg/mL, 25 mg/mL is the highest soluble
concentration. If the test chemical is soluble at 50 mg/mL, add up to 1 ml of distilled water to 0.100 g of
the test chemical in a volumetric flask. If the test chemical is not soluble at 100 mg/mL, 50 mg/mL is the
highest soluble concentration.

e If the test chemical is not soluble at 25 mg/ml in distilled water, the test chemical is dissolved in DMSO
at 500 mg/mL. If the test chemical is not soluble at 500 mg/mL, the highest concentration is determined
as the maximum dissolved concentration after dilution with DMSO at a dilution factor of 2 (see scheme
in Appendix 1V). Sonication and vortex may be used if needed. Centrifuge at 15,000 rpm (=20,000 x g)
for 5 minutes and confirm that it is soluble by the absence of precipitates. The test chemical should be
used within 4 hours after being dissolved in distilled water or DMSO.

21. The first test run is aimed at determining the cytotoxic concentration and examining the immunotoxic
potential of chemicals. Serial dilutions of distilled water or DMSO stock solutions of the test chemicals are made
at a dilution factor of 2 (see Appendix IV) using a 96-well round-bottom clear plate. When the chemical is
prepared in distilled water, dilute 20 pL of the diluted stock solution further with 480 uL of medium in a 96-well
assay block (e.g. Coring Costar Cat#3960) and add 50 pL of the diluted solution to 50 yL of the cell suspension
in a 96-well flat-bottom black plate. When the chemical is prepared in DMSO, dilute 10 pL of the diluted stock
solution with 90 pL of the medium in a 96-well round-bottom clear plate, then, dilute 10 uL of the diluted solution
with 490 yL of the medium in a 96-well assay block and then, add 50 pL of the diluted solution to 50 pL of the
cell suspension in a 96-well flat-bottom black plate.

22. Thus, when the chemical is prepared as 100 mg/mL distilled water solution, the final concentrations of
the test chemicals range from 0.004 to 2 mg/mL, and when the chemical is prepared as 500 mg/mL DMSO
solution, the final concentrations of the test chemicals range from 0.001 to 0.5 mg/mL (Appendix V).

23. In subsequent test runs (i.e., the second, third, and fourth run or replicate), the distilled water stock
solution or the DMSO stock solution is made at the concentration 100 times or 2000 times higher than the
concentration of cell viability 05 (CV05; the lowest concentration at which the Inh-GAPLA becomes <0.05) in the
first run, respectively. If Inh-GAPLA does not decrease below 0.05 at the any concentration in the first run, the
concentration of the stock solution in subsequent test runs is same as that of the first run.
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24. Each concentration of test chemical should be tested in 4 wells. The samples are then mixed on a plate
shaker and incubated for 6 hours at 37°C and 5% COs-.

25. After 1-hour incubation with the test chemical, the cells are stimulated with 25 nM PMA and 1 uM lo for
6 hours. For example, x10 PMA/ionomycin solution is made by diluting 2 mM PMA DMSO solution and 2 mM
ionomycin ethanol solution using the medium, and 10 uL of the x10 solution PMA/ionomycin is added to 90 pL
of the cell suspension containing the test chemical. Subsequently, the luciferase activity is measured as
described in following paragraph 30.

26. The recommended positive controls are dexamethasone and cyclosporine A. For example, add 10 uL of
100 mg/mL dexamethasone DMSO solution or 10 pL of 100 pug/mL cyclosporine A DMSO solution to 90 pL of
the medium in a 96-well round-bottom clear plate, dilute 10 pL of the diluted solution with 490 pL of the medium
in a 96-well assay block and then, add 50 yL of the diluted solution to 50 pL of the cell suspension in a 96-well
flat-bottom black plate. The final concentrations of dexamethasone and cyclosporine A are 100 pg/mL and
100 ng/mL, respectively. Each concentration of the positive control should be tested in 4 wells. The samples are
then mixed on a plate shaker and incubated for 1 hour at 37°C and 5% CO:. The cells are stimulated with 25 nM
PMA and 1 uM lo for 6 hours and subsequently the luciferase activity is measured as described in paragraph 30-
33.

27. The solvent and negative control is RPMI-1640 containing 10% FBS containing 2% of distilled water or
1% DMSO. Other suitable positive or negative controls may be used if historical data are available to derive
comparable run acceptance criteria.

28. Care should be taken to avoid evaporation of volatile test chemicals and cross-contamination between
wells by test chemicals, e.g., by sealing the plate prior to the incubation with the testchemicals.

29. The test chemicals and solvent control require 2 to 4 runs to derive data evaluation and a prediction
model (see paragraph 35 and 36). Each run is performed on a different day with fresh stock solution of test
chemicals and independently harvested cells. Cells may come from the same passage.

Luciferase activity measurements

30. Luminescence is measured using a 96-well microplate luminometer equipped with optical filters, e.g.,
Phelios (ATTO, Tokyo, Japan), Tristan 941 (Berthold, Bad Wildbad, Germany) or the ARVO series (PerkinElmer,
Waltham, MA, USA). Examples of the optical filters are sharp-cut (long-pass or short-pass) filters or band-pass
filters. The luminometer can be qualified to ensure reproducibility by light emitting diode (LED) reference light
source (29).

31. Prior to testing, the transmission coefficients of the filters to discriminate each bioluminescence signal
colour should be determined using recombinant green, orange and red emitting luciferases (30), per Appendix
Il.

32. One hundred pL of pre-warmed Tripluc® Luciferase assay reagent (Tripluc) is transferred to each well
of the plate containing the cell suspension treated with or without chemical and with or without PMA/lo. The plate
is shaken for 10 min at an ambient temperature of about 20°C. The plate is placed in the luminometer to measure
the luciferase activity. Bioluminescence is measured for 3 sec each in the absence (FO) and presence (F1, F2)
of the optical filters. Justification should be provided for the use of alternative settings, e.g. depending on the
model of luminometer used.

33. Parameters for each concentration are calculated from the measured values, e.g., IL2LA, GAPLA,
nIL2LA, Inh-GAPLA, the mean +SD of IL2LA, the mean £SD of GAPLA, the mean £SD of nlL2LA, the mean £SD
of Inh-GAPLA, and % suppression using the excel-based spreadsheet available for the IL-2 Luc assay (see
https://www.oecd.org/env/ehs/testing/section4software.htm). Definitions and calculations of the parameters
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used in this paragraph, i.e. luciferase activity and suppression index are provided in Appendices Il and V,
respectively.

DATA AND REPORTING

Data evaluation

34. In each run, the test chemical is judged positive (immune-suppressive or -stimulatory) when all three
following criteria are fulfilled:

1. The mean of % suppression is > 35 (suppressive) or < -35 (stimulatory) and statistically significant. The
statistical significance is judged by its 95% confidence interval.

2. The outcome shows two or more consecutive statistically significant results (increase or decrease);
alternatively one statistically significant result (increase or decrease) with the same trend for at least 3
consecutive data points (i.e. dose dependent trend); in this case the trend can cross the zero line, but
the data point on the other side of the 0 line does not become statistically significant for the opposite
effect.

3. Theresults are judged using only data obtained in the concentration range at which Inh-GAPLA is > 0.05.

Graphs illustrating criteria 2 are available in Appendix V.

In all other cases the test chemical is judged as not active (negative).

Prediction model

35. The runs are repeated until two consistent positive (or negative) runs are obtained. A maximum of three
runs is possible. The identification of an immunotoxicant is evaluated by the mean of % suppression and its 95%
simultaneous confidence interval.

36. As already described in Paragraph 4, IL-2 exerts pleiotropic actions on CD4+ T cell differentiation via its
modulation of cytokine receptor expression. Indeed, IL-2 promotes Th1 and Th2 differentiation, while it also
drives Treg differentiation. Therefore, it suggests that the augmentation of IL-2 transcription can lead to either
immune stimulation or immunosuppression depending on the surrounding tissue environment in vivo. Therefore,
in this assay, a test chemical that is either stimulating or suppressing is considered positive.
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Acceptance criteria

37.

The following test acceptance criterion applies for this test:

if fold induction of nIFNLA of PMA/lo wells without chemicals (= (nIFNLA of 2H4 cells treated with
PMAV/Io) / (nIFNLA of non-treated 2H4 cells)) results in a value lower than 3.0, then the results obtained
from the plate containing the control wells should be rejected.

TEST REPORT

38.

The test report should include the following information:

Test Chemical

- Mono-constituent substance:

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, molecular weight, and additional relevant
physicochemical properties, to the extent available;

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;

Justification for choice of solvent/vehicle for each test chemical if distilled water or DMSO has not
been used.

- Multi-constituent substance, UVCB and mixture:

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, 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;

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

Concentration(s) tested.

Storage conditions and stability to the extent available.

Justification for choice of solvent/vehicle for each test chemical, if distilled water or DMSO has not been
used.

- Positive control:

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, molecular weight, and additional relevant
physicochemical properties, to the extent available and where applicable;

Purity, chemical identity of impurities as appropriate and practically feasible, etc;
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Treatment prior to testing, if applicable (e.g., warming, grinding);

Justification for choice of solvent vehicle for each test chemical (if distilled water or DMSO has not been
used).

Concentration(s) tested.

Storage conditions and stability to the extent available.

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

- Negative control:

Chemical 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, etc.

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

Storage conditions and stability to the extent available.

Justification for choice of solvent for each test chemical.

Test method conditions

Name and address of the sponsor, test facility and study director;

Description of test method used.
Cell line used, its storage conditions, and source (e.g., the facility from which it was obtained).
Lot number and origin of FBS, supplier name, lot number of 96-well flat-bottom black plate, and lot
number of Tripluc reagent;
Passage number and cell density used for testing.
Cell counting method used for seeding prior to testing and measures taken to ensure homogeneous
cell number distribution.
Luminometer used (e.g., model), including instrument settings, luciferase substrate used, and
demonstration of appropriate luminescence measurements based on the control test described in
Appendix I,
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

Results

Number of runs performed.

Test chemical concentrations, application procedure and exposure time (if different from those
recommended).

Description of evaluation and decision criteria used.

Description of study acceptance criteria used.

Description of any modifications of the test procedure.

Measurements of IL2LA, IFNLA and GAPLA.
Calculations for nIL2LA, nIFNLA, Inh-GAPLA and % suppression;
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e The 95% confidence interval of % suppression.

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

e Description of any other relevant observations, if applicable.

e Discussion of the results

e Discussion of the results obtained with the IL-2 Luc assay.

e Consideration of the assay results in the context of an IATA, if other relevant information is available.

Any modification to the Test Guideline

Conclusion
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APPENDIX |- DEFINITIONS

2H4: An IL-2 reporter cell line used in IL-2 Luc assay. The human acute T lymphoblastic leukaemia
cell line Jurkat was transfected the SLG, SLO and SLR luciferase genes under the control of the IL-2,
IFN-y and GAPDH promoters, respectively.

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.

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.

CV05: Cell viability 05. Minimum concentration at which chemicals show less than 0.05 of Inh-
GAPLA.

GAPLA: Luciferase activity of stable luciferase red (SLR) (Amax = 630 nm), regulated by GAPDH
promoter and demonstrates cell viability and viable cell number.

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.

IFNLA: Luciferase activity of stable luciferase orange (SLO) (Amax = 580 nm), regulated by
interferon (IFN)- y promoter.

II-SLR-LA: Abbreviation used in the validation report and in previous publications regarding the refer
to Inh-GAPLA. See Inh-GAPLA for definition.

IL-2 (Interleukin-2): A cytokine derived from T lymphocytes that causes activation of T
lymphocytes, B lymphocytes, monocyte and natural killer cells.

IL2LA: Luciferase activity of stable luciferase green (SLG) (Amax = 550 nm), regulated by IL-2
promoter.
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Inh-GAPLA: Inhibition of GAPLA. It is obtained by dividing GAPLA of 2H4 treated with chemicals
with GAPLA of non-treated 2H4 and represents cytotoxicity of chemicals.

Minimum induction threshold (MIT): the lowest concentration at which a chemical satisfies
the positive criteria.

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

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 of the main constituents is present in a concentration > 10% (w/w) and < 80% (w/w). A multi-
constituent substance is the result of a manufacturing process. The difference between mixture and
multi- constituent substance is that a mixture is obtained by blending of two or more substances without
chemical reaction. A multi-constituent substance is the result of a chemical reaction.

nIL2LA: The SLG luciferase activity reflecting IL-2 promoter activity (IL2LA) normalised by the
SLR luciferase activity reflecting GAPDH promoter activity (GALPA). It represents IL-2 promoter
activity after considering cell viability or cell number.

nSLG-LA: Abbreviation used in previous publications regarding the IL-2 Luc assay to refer to
nlL2LA. See nIL.2LA for definition.

nSLO-LA: Abbreviation used in previous publications regarding the IL-2 Luc assay to refer to
nIFNLA. See nIFNLA for definition.

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

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

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.
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Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test. 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.
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SLG-LA: Abbreviation used in previous publications regarding the IL-2 Luc assay to refer to IL2LA.
See IL2LA for definition.

SLO-LA: Abbreviation used in previous publications regarding the IL-2 Luc assay to refer to [IFNLA.
See IFNLA for definition.

SLR-LA: Abbreviation used in previous publications regarding the IL-2 Luc assay to refer to GAPLA.
See GAPLA for definition.

Solvent/vehicle control: An untreated sample containing all components of a test system except of
the test chemical, but including the solvent/vehicle that is used. It is used to establish the baseline
response for the samples treated with the test chemical dissolved or stably dispersed in the same
solvent/vehicle. When tested with a concurrent medium control, this sample also demonstrates
whether the solvent/vehicle interacts with the test system.

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test.
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.

Substance: Chemical elements and their compounds in the natural state or obtained by any production
process, inducing 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 it composition.

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

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

Valid test method: A test method considered to have sufficient relevance and reliability for a specific

purpose and which is based on scientifically sound principles. A test method is never valid in an
absolute sense, but only in relation to a defined purpose.
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APPENDIX Il - PRINCIPLE OF
MEASUREMENT OF LUCIFERASE
ACTIVITY AND DETERMINATION OF
THE TRANSMISSION
COEFFICIENTS OF OPTICAL
FILTER FOR SLG, SLO AND SLR

Multi Reporter Assay System -Tripluc- can be used with a microplate-type luminometer with a multi-colour
detection system, which can equip at least two kinds of optical filters (e.g. Phelios AB-2350 (ATTO), ARVO
(PerkinElmer), Tristar LB941 (Berthold)). Examples of the optical filters used in measurement are a 560
nm long-pass filter and a 600 nm long-pass filter.

(1) Measurement of three-color luciferase with two optical filters.

This is an example using Phelios AB-2350 (ATTO). This luminometer equips a 560 nm long-pass (LP) filter
(560 nm LP, Filter 1) and a 600 nm long pass filter (600 nm LP, Filter 2) for optical isolation.

First, using recombinant luciferase enzyme of SLG (Amax = 550 nm), SLO (Amax = 580 nm) and SLR
(Amax = 630 nm), measure i) the intensity of light without filter (all optical), ii) the intensity of 560 nm LP
(Filter 1) transmitted light iii) the intensity of 600 nm LP (Filter 2) transmitted light, and calculate the
transmission coefficient factor listed below.

Table. Definition of the parameters in the luciferase assay

Transmission coefficient factor Abbreviation | Definition

SLG Filter 1 transmittance factor KkGrs6 The intensity of 560 nm LP (Filter 1)
transmitted SLG / the intensity of SLG
without filter (all optical)

Filter 2 transmittance factor kGRé0 The intensity of 600 nm LP (Filter 2)
transmitted SLG / the intensity of SLG
without filter (all optical)

SLO Filter 1 transmittance factor KkORs6 The intensity of 560 nm LP (Filter 1)
transmitted SLO / the intensity of SLO
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without filter (all optical)
Filter 2 transmittance factor KkORe0 The intensity of 600 nm LP (Filter 2)
transmitted SLO / the intensity of SLO
without filter (all optical)
SLR Filter 1 transmittance factor kRRs6 The intensity of 560 nm LP (Filter 1)
transmitted SLR / the intensity of SLR
without filter (all optical)
Filter 2 transmittance factor KkRRe0 The intensity of 600 nm LP (Filter 2)
transmitted SLR / the intensity of SLR
without filter (all optical)

When the intensity of SLG, SLO and SLR in test sample are defined as G, O and R, respectively, i) the
intensity of light without filter (all optical): FO, ii) the intensity of 560 nm LP (Filter 1) transmitted light and
iii) the intensity of 600 nm LP (Filter 2) transmitted light are described as below.

FO=G+O+R

F1=kGrss X G + kOrs6 X O + kRRrs6 X R

F2=kGrso X G + kOreo X O + kRRreo X R
These formulas can be rephrased as follows.

FO 1 1 1\ /G
(F1> = (KGR56 KOgse KRRSé) <0>
F2 KGreo KOpeo KRgeo/ \R

Then using calculated transmission coefficient factors and measured FO, F1 and F2, you can calculate G,
O and R-value as follows.

G 1 1 1 \7'/Fo
(0> = (KGR56 KOgss KRR56> <F1>
R KGreo KOgeo KRpgeo F2

Materials and methods for determining transmittance factor

(1) Reagents

- Single purified recombinant luciferase enzymes:

Lyophilised purified SLG enzyme

Lyophilised purified SLO enzyme

Lyophilised purified SLR enzyme

(which for the validation work were obtained from Tottori Bioscience Promotion Organization, Tottori,
Japan with 2H4 cell line)

- Assay reagent:

Tripluc® Luciferase assay reagent (for example from TOYOBO Cat#MRA-301)

- Medium: RPMI-1640 with 10% FBS for luciferase assay (30 ml, stored at 2 — 8°C)

(2) Preparation of enzyme solution

Dissolve lyophilised purified luciferase enzyme in tube by adding 200 pL of 10 ~ 100 mM Tris/HCI or
Hepes/HCI (pH 7.5 ~ 8.0) supplemented with 10% (w/v) glycerol, divide the enzyme solution into 10 pL
aliquots in 1.5 ml disposable tubes and store them in a freezer at -80°C. The frozen enzyme solution
can be used for up to 6 months. When used, add 1 ml of medium for luciferase assay (RPMI-1640 with
10% FBS) to each tube containing the enzyme solutions (diluted enzyme solution) and keep them on
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ice to prevent deactivation.

(3) Bioluminescence measurement

Thaw Tripluc® Luciferase assay reagent (Tripluc) and keep it at room temperature either in a water bath
or at ambient air temperature. Power on the luminometer 30 min before starting the measurement to
allow the photomultiplier to stabilise. Transfer 100 yL of the diluted enzyme solution to a black 96 well
plate (flat bottom) (the SLG reference sample to #B1, #B2, #B3, the SLO reference sample to #D1,
#D2, #D3, the SLR reference sample to #F1, #F2, #F3). Then, transfer 100 pL of pre-warmed Tripluc
to each well of the plate containing the diluted enzyme solution using a pipette. Shake the plate for 10
min at room temperature (about 25°C) using a plate shaker. Remove bubbles from the solutions in wells
if they appear. Place the plate in the luminometer to measure the luciferase activity. Bioluminescence
is measured for 3 sec each in the absence (F0) and presence (F1, F2) of the optical filter.

Transmission coefficient of the optical filter was calculated as follows:

Transmission coefficient (SLG (kGrss)) = (#B1 of F1+ #B2 of F1+ #B3 of F1) / (#B1 of FO+ #B2 of FO+
#B3 of FO)

Transmission coefficient (SLO (xOrss)) = (#D1 of F1+ #D2 of F1+ #D3 of F1) / (#D1 of FO+ #D2 of FO+
#D3 of FO)

Transmission coefficient (SLR (xRrss)) = (#F1 of F1+ #F2 of F1+ #F3 of F1) / (#F1 of FO+ #F2 of FO+
#F3 of FO)

Transmission coefficient (SLG (kGreo)) = (#B1 of F2+ #B2 of F2+ #B3 of F2) / (#B1 of FO+ #B2 of FO+
#B3 of FO)

Transmission coefficient (SLO (xOres0)) = (#D1 of F2+ #D2 of F2+ #D3 of F2) / (#D1 of FO+ #D2 of FO+
#D3 of FO)

Transmission coefficient (SLR (kRreo)) = (#F1 of F2+ #F2 of F2+ #F3 of F2) / (#F1 of FO+ #F2 of FO+
#F3 of FO)

Calculated transmittance factors are used for all the measurements executed using the same
luminometer.

Quality control of equipment

The procedures described in the IL-2 Luc protocol should be used (JaCVAM, 2020c).
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APPENDIX Il - PROFICIENCY
SUBSTANCES

Prior to routine use of the test method described in this Test Guideline, laboratories should
demonstrate technical proficiency, using the 9 Proficiency Substances listed in this Appendix in compliance
with the Good in vitro Method Practices (1). Moreover, test method users should maintain a historical
database of data generated with the reactivity checks (see paragraph 18) and with the positive and
solvent/vehicle controls (see paragraphs 26-27), and use these data to confirm the reproducibility of the
test method in their laboratory is maintained over time.

1. OECD (2017), Draft Guidance document: Good In Vitro Method Practices (GIVIMP) for the Development
and Implementation of In Vitro €i0Methods for Regulatory Use in Human Safety Assessment. Organisation
for Economic Cooperation and Development, Paris.

Table 1: Recommended substances for demonstrating technical proficiency with the IL-2_Luc assay

T cell Physical Reference range| Reference range
No. [Chemical name CAS No. taraetin s}[/ate (ug/mL) (ug/mL)
geting CV05' MIT2
1 |Dexamethasone 50-02-2 Yes Solid >2000 16-63
2 |Cyclosporine 59865-13-3 Yes Solid >1 0.002-0.006
3 |Lead(ll) acetate trihydrate | 6080-56-4 Yes Solid >2000 31-63
4 [Indomethacin 53-86-1 Yes Solid 500-2000 16-63
5 |Perfluorooctanoic acid 335-67-1 Yes Solid 250-1000 8-31
6 |Tributyltin chloride 1461-22-9 Yes Liquid 0.5-1.0 0.12-0.24
Zinc
7 |dimethyldithiocarbamate 137-30-4 No Solid 1-4 >2000
(DMDTC)
8 [Mannitol 69-65-8 No Solid >2000 >2000
9 |Acetonitril 75-05-8 No Liquid >2000 >2000

Abbreviations: CAS no. = Chemical Abstracts Service Registry Number

1
CVO05: the minimum concentration at which chemicals show less than 0.05 of Inh-GAPLA.

2
MIT: the lowest concentrations at which a chemical satisfies the positive criteria.

310




APPENDIX IV - TEST CHEMICALS
DISSOLUTION IN THE IL-2 LUC ASSAY.

Fig. 1 Dissolution by vehicle
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Fig. 2 The scheme of the procedure when the chemical is prepared in distilled water at 100 mg/mL.
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Fig. 3 The scheme of the procedure when the chemical is prepared in DMSO at 500 mg/mL.
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Fig. 4 Determination of the concentration of the test chemicals in subsequent test runs (i.e., the
second, third, and fourth experiment)
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APPENDIX'V - CALCULATION OF THE
SUPPRESSION INDEXES

IL2LA

The j-th repetition (j= 1 to 4) of the i-th concentration (i = 0 to 10) is measured for IL2LA and GAPLA
respectively. The normalized IL2LA is referred as nIL2LA, and is defined as

nIL2LA; = IL2LA;j/ GAPLAj;

This is the basic unit of measurement in this assay.

% suppression

The % suppression is an index for the averaged nIL2LA for the repetition on the i-th concentration
compared with it on the 0 concentration, it is the primary measure of this assay. The % suppression is able
to write by the following formula,

_ (3) ZinIL2LA;
% suppression; =41 — 2X—— 1t X 100 (1)
(3) ZinlL2LAy

The lead laboratory has proposed that £35 of the value suggests suppressive and stimulatory for a tested
chemical. This value is based on the investigation of the historical data of the lead laboratory. Data
management team followed to use the value through all the phase of present validation study.

The primary outcome measure, % suppression, is basically the ratio of 2 arithmetic means of nIL2LA as
shown in equation (1). The 95% confidence interval (95% ClI) of the % suppression for the i-th concentration
can be estimated.

The lower limit of the 95% CI above 0 is interpreted as that the nIL2LA with the i-th concentration is
statistical-significantly greater than it with the 0-concentration, whereas the upper limit of the 95% CI blow
0 is interpreted as that the nIL2LA with the i-th concentration is statistical-significantly lesser than it with
the 0-concentration.

There are several ways to construct the 95% CIl. We used the method kwon as the Delta method in this
study. This 95% confidence interval theorem is obtained from the following formula.

2 4
meang meang

%suppression + 100 X {20_975 X \/

sd? meanizxsdg}
)

where mean; is the mean of nIL2LA at the i-th concentration, mean, is the mean of nIL2LA at 0
concentration, sd; is the standard deviation of nIL2LA at the i-th concentration and sd, is the standard
deviation of nIL2LA at 0 concentration. zo.e7s is 97.5 percentile of the standard normal distribution.

315



Inh-GAPLA

The Inh-GAPLA is a ratio of the averaged GAPLA for the repetition of the i-th concentration compared with
it of the 0 concentration, and this is written by

Inh-GAPLA; — {1/4)x Y GAPLA }/{1/4)x » GAPLA }

Since the GAPLA is the denominator of the nIL2LA, the extremely smaller value of this is considered to
cause the large variation of the nlL2LA. Therefore, the i-th %suppression value with extremely smaller
value of the Inh-GAPLA might be poor precision.

Judgment for “Suppressive”, “Stimulatory” or “No effect” in each experiment

Criteria to judge a positive effect (either suppressive or stimulatory) are provided in the section “Data
evaluation”, paragraph 34, and illustrated through Figure 1 below, extracted from Appendix 17 of the
validation report.

Paragraph 34 says that an experiment is judged positive when all three following criteria are fulfilled:
1. The mean of % suppression is > 35 (suppressive) or < -35 (stimulatory) and statistically significant.
The statistical significance is judged by its 95% confidence interval.

2. The outcome shows two or more consecutive statistically significant results (increase or decrease);
alternatively one statistically significant result (increase or decrease) with the same trend for at
least 3 consecutive data points (i.e. dose dependent trend); in this case the trend can cross the
zero line, but the data point on the other side of the 0 line does not become statistically significant
for the opposite effect.

3. The results are judged using only data obtained in the concentration range at which Inh-GAPLA is
> 0.05.

The following four representative graphs that are judged as positive (either suppressive or stimulatory).
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Fig. 1. Four patterns showing one positive data point (increase or decrease) with the same trend for at
least 3 consecutive data points

The x-axis represents the chemical concentration and the y-axis represents % suppression. Each plot is
the % suppression value from quadruple assays with 95% confidence intervals. The red lines indicate 35
and -35, respectively. All graphs show one positive data point (increase or decrease) with the same trend
for at least 3 consecutive data points (i.e. concentration dependent trend) and the trends cross the zero
line. Aand C are judged as suppression and stimulation, respectively, because the 95% confidence interval
of the data point indicating the opposite response (#) crosses 0. In contrast, B and D are judged negative
because the 95% confidence interval of the data point indicating the opposite response (#) does not cross
0.
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