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A SN NI FE—

ANN : artificial neural network

AOP : adverse outcome pathway

ARE : antioxidant response element

CAS : chemical abstract service

Climax : concentration giving maximal induction

CV75 : concentration providing a cell viability of 75%

EC1.5 : interpolated concentration for a 1.5-fold luciferase induction
EC3 : estimated concentration needed to produce a stimulation index of 3
DMEM : Dulbecco’s modified Eagle’s medium

DMSO : dimethyl sulfoxide

DPRA : direct peptide reactivity assay

FBS : fetal bovine serum

h-CLAT : human cell line activation test

hRIPT : human repeated insult patch test

Imax : average maximal induction of luciferase activity

Keapl : Kelch-like ECH-associated protein 1

LLNA : local lymph node assay

MAC : maximum amount of change of cell-surface thiols

6-MC : 6-methylcoumarin

MEC : molar extinction (absorption) coefficient

Nrf2 : NF-E2 related factor 2

NRU : neutral red uptake

OECD : organisation for economic co-operation and development
PBS : phosphate-buffered saline

(QSAR : (quantitative) structure-activity relationship

RMSE : root mean square error

ROS : reactive oxygen species

TCSA : 3,3,4’,5-tetrachlorosalicylanilide

uv : ultraviolet

VIS : visible light
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M A=20N
M8 A

B\ Bz H 3 2 B HE SO R B A O R BRI B W T, (LW A I
BEARU7-BRICAECDBIEME T L VX — R0, BB BN U7 W 2 M 9 ' D3 4R A
(UV) ZRINL TSN 7R ICAECDEBEMET L LY —1F, BE B2 MR
HO—2>Tho. ZNHITENE IV FEAEM:, AL, FEE M
FIEISENIE SIS THHEB 2 HIVTND (I, 2).

BHEMERZ A T IR0 T BOCEME (N7 T2) TS, ERoz o]
VB EDBEERZTCR LT, BE T ORERAR oK B2 7E AL 375, TRk
L7 BHR A AT B Y w3 ESiE A L, T ISR R 2179 2 & CTHUF R S
T MIROMEIAZFHEL, ZNON BRI ITILHT DEENER AL T2 (Fig. 1). — B
EDRNLT DL, ZOBRB ORI FMEIC B SNLEICRT CRIENEESN
5. ZOXH7e —EHDORIZICEDID, BARAMNL ETORMRZFHTH, EAEK L&D
RIEMMFEE T I L L5,

LFWE DS EMZ I TR JE A EMEA 5| E# 2 ATRBMEZFF D B9 ORI,
FHEHNT I D B OS2 P IRAYICBLES - B- T 2B LBy M W TZaBR (3, 49)
N ThoTz. LoL, BiEatoBLRICB W TIVENT, ~ T A% H iz

Hapten <
Skin penetration

Activationof |z
Activation of dendritic cells

Epidermis ke:atlnocytes |
C 4

Dermis

- Antigen presentation
- Proliferation of activated T-cells

Figure 1. The induction phase of skin sensitization.



local lymph node assay (LLNA) 725FZ§RAAEMEDORIREL LU TR S 4L, #2375 B
JIBEHE (organisation for economic co-operation and development: OECD) T ARZ A
ko7 (5). LLNA 1, VAL EZBA LR O, FBEHIZR 05
JRPITY X R O AR EE GE S S 2 AR L LT BR T D U PEIRIAL J6 58 D ERV A
PO A E L TRY, BRI E BATREDY L EREEIH S X IREED 3 £5
L7 BIREIT estimated concentration needed to produce a stimulation index of 3 (EC3)
LEN, FBARIEEICIVIEIEME O A B O P72 TR, BAEEDmMEs% 5
BeBEC 7Y —434H (extreme, strong, moderate, weak and non-sensitizer) 3 5Z&03
FRETHS. SHIZEMNE/EM:FER human repeated insult patch test (hRRIPT) 25055
HESNTZEMIBITHEEH EE EC3 BMHET2HARINTEY (6-8), EEAIY
AR AATOZET EC3 2O P RER R E 2R H T2 2N REL B X5
TS (9). ZOEHIZ, LLNA 136ERIED EEHE T, FEHIEMHEIZE
DEAEMED A BEDOFARIZIN A, FREEZ L322 LDV ATRE/RRRBR TH Y, EREDFEE
HRAFTHHZEND, invivo ERD gold-standard {EEZIL TN,

— 77, BEALCIERLT OBLE DG, BiZ HIW3IZ in vitro 3BRXC in silico
FFAM 2 N C R EAEPE R T 2 FIEICBIL T, LLNA EOFHBI A IR ITHFZEA
EDONTET. NTT 2D B~ D R BN RIEE PR EHETD —
HEORILDIG, BAERISOEE72 5 SIE adverse outcome pathway (AOP) &L T
OECD &5 EBICBE AR IS TS (Fig. 2)(10). =D THEIEFHEIICE
TR TS, F MM OTEMEAL, BRKHIaOTEME(IE, BIESOS DL D E
PR ES I, ZIBIZHE B LTk % R fRORED SR STV D (Table 1)(11-22).

Fo A TRERICEL T, &RFO—EOFIsNEERE, T TUTBEETHY,
BRI BEOFF— NIRRT IV EERERTHZEND (23), (W FEMEET A — A
FIETIEE B LT FRERELIEREOXRT FREOESZ7HI T2 direct
peptide reactivity assay (DPRA) (/1) 23BHZESI172. DPRA (FMEfu A H W72\ in
chemico 1ETHLHN, Mz MWL RBREEL TE, BHERREEMIL THD THP-1
A b E 2w LR ofMlaRkm T 4 — LV EOZ{b &4 792 SH test
(12) FEDPMESITND.
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Figure 2. Flow diagram of the pathways associated with skin sensitization. Figure was
quoted from OECD report (10).

F R A OIEMALICEEL T, BRI AR AISE 2 HIiH - 5HME TH D Keapl-
Nrf2-ARE pathway OBSHENEH S TWD (13). Moz RVEMEYE CULER 5L,
TEPEREETE (ROS) MEELESND (24, 25). iEl/2 ROS OERERLET D780, il
FINIZIZZ NAEF A S-hT A7 =T —F, NAD(P)H %/ imThseds, ~oF4 %y
T —BEOER Moo TWDH, ZNOLDERFHBZHIEL TWDHDA Nrf2
ThD (26). Nrf2 OIEVEL, EiZBA =2 R ETHD Keapl IZIVFHESH
TV, FERB{EARL RREE FIZBWTE, Nief2 [Tz T —20
BHThs Keapl EFEALTWDD, BELAN ZAETITREAEMEE 5 D /Ny T DB
BEWED Keapl OF A —/VIKAEMT 5L, Nirf2 1% Keapl OAFEET 5.
D%, REELT- Nrf2 13 ~BATL, TilfbFSZEBS ARE % iR DER
FORBNFHESND (27-29). ZOHHEZISHL, ARE BSO TV 7 27—
BRAR TALSZ DR WSV R — 2 — B AR T2 MR F B AL, (b P AL
KON 72T —PBIZEDI N &L E T DARE assay (13), LuSens (14),
KeratinoSens™ (15) 23Sz, ZEOMDT 7 F/IZHE B LICREREL T, 3R A2
NS DRIEVEF AN A THD IL-18 i &% W E T 5 epidermal equivalent
(EE) potency assay (16) X°, —IKILJEET VA W TAN ABEER O F BlE
ZFRFELLT- epidermal sensitization assay (EpiSensA) (17) ZENHEIILTUVA.



BEIRAIIL OTEPEAICBIL Tlx, BERRRE M2 HFR 8L 72 BhIR A2 BT E <
WLPRS 25, CD86, CD54, MHC class 1T Ol & L O F B &G IN4 52 &
25 (30, 31), THP-1 #fuzAb W/ E CULELL =D CD86 BXL Y CD54 D3
B9 % human cell line activation test (h-CLAT) BRI N7- (18, 19). h-
CLAT LML 2BREL T, U937 Mifldz HVT CD86 DRILELMIET D
Myeloid U937 Skin Sensitization Test (U-SENS) (20), BN HH MR 7= IR [
Z M T CD86 D Hl &% I /F 95 human peripheral blood monocyte derived
dendritic cells (PBMDCs) (21) W& S TWA. £, RIERICTRHLL 72 iRl a2
JEAEVER)E CRLEL T DL, IL-8 DPEAENEINTHIEND (32), IL-8 T BE—X
— D NIy T =27 — BB FRAE DR EL R — 2 — 8 {n % THP-1 il
(AR F AN AL, (LR E DL Y T 25— VI L AR EERIE TS IL-8
Luc assay 23BAFESIIZ (22).

DI, FEFERAEME D IE R O — I R Ao TR BRIE S s S
NWCET. UL, BFRAEMEIIEE DSOS A B D E S Te L B D AR SR T
o728, — DORER CTEAIERIS & TE B ATRERREIIFELRV. F2, Th
ZHORBIEICHEHARR DB HDHZEMD, BEAMOFRER T O R RAEME O T J1 X
LS, R ORRIELAL B DT AR P LB THHLEEZ LN TND (33).

T, RHMEIZBE T ARANT T a—F O h T, RIEBIEEOMO AOP 12
ERAEY Tl invitro SREROIE RS, in silico % WML E D OHEE

Table 1. Test methods reported as an in vitro skin sensitization test method.

Test method Assay principle Toxic event Reference
DPRA Chemical reactivity |Covalent interaction (11)
SH test Cell based assay with cell proteins (12)

ARE assay Cell based assay Keratinocytes (13)
LuSens Cell based assay activation (14)

KeratinoSens Cell based assay (15)
EE potency assay Cell based assay (16)
EpiSensA Cell based assay (17)
h-CLAT Cell based assay Dendritic cells (18), (19)
U-SENS Cell based assay activation (20)
PBMDCs Cell based assay 21)
1L-8 Luc Cell based assay (22)




WMEEMAE DR CHR T2 AP ED SN TND (14, 34-40). BAEEDOA
R T oY —REHMEIZEIL T, & AOP Xb 1 RERTOEML, TOfR%E
ZHITIRETD 2 out of 3 TF /L (14, 34) CHARFETT L (35) SENIES
TN, AR R 2 Tl 2V A7 3 BIL TiX, LLNA 73— 4T
BT 2FIEELQRERET IV (36), FRlBiE A AT TEL, AaT7 OFERSE
FHRTCHLAATS battery E7 /L (37), fRHTY — /L TavBa—2—& o~
AT X NT—=TFT IV (38, 39) ENRMESNTND. LNLRNBL, ZRETIC
LLNA EC3 Z VI3 27 /WdEEShCuWienoiz. EC3 23 FRIFTRE Thiulg,
MERFIZE ), FANC LRI A~D R, ] T EF2Z B U2 2R 8 x v
T E BRI 253528 C, M iR EEB T2 LN TED
(9). HmAEREOL M, hRIPT FOFEHO BT HENRER CHREIICHER T 52
ENEENDI®D, EC3 1T EEAEIE DT AT L CIFICH ARG R THL.
ZIT, BIREORD L7 2 R BN T 2 FIEE LT, BRICHRR BRI M o> 7
HIEHSN TWD=a—F Ry N —JENTIZE B L (41-43), in vitro #RBRAEF
X insilico TH#EHWTESEWED EC3 O Tzl T,

=a—I Ny T =2 biL, IEBRIE OB RN — L THY, =a2—aHBHAI
fEA LE Ry NI — 2% 50N TN DI R O [E] EHE A B L 7= B R 7 L
THD (44). AFRICHNZHEEI = —F L 3y T —2 X AN JE, HE, B
JE@D 3 J@inoiEksngd (Fig. 3). BEEOMIZIL, =a—v RO 2723005
&R T EANGFET D, AJIBIZ in vitro FRERFEFRSC in silico TEHRZED T
LI O E L, HAIBIZIZTRILIVMETHD EC3 ftrndbE, BT —
X (TR BC3) L#iT —4 (3] EC3) EDRAEN/NESLIAeDIHEE E1T e
MNOELEFFEL, N1k T8 OBREFIAT 2.

AREm LTI, BAEFEEME O AOP 096, 3 DORERDICERI TS in
vitro AR FXVEHNHT A=K —% AT, EC3 #THITH=2—T/L Ry T —7
BT NVEMEL. B 1 ®). £, (EFWEBEPLOIHEWR TH L F LB LS
bILHEL F A HWT EC3 2Tl T0=2—F LRy N —7E T VAR (56
2 ). BT, MR E A LS 5 AR 2/ N E AT D T 7o) DR
HELT, MET N DT FHMEAT — LR LT (5 2 &=).
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Figure 3. Diagram of neural network.

FIRAENE, SEREZMEME A EIC UVA (315~400 nm) OFEFIZE > THUR A58
BLT-RRICELDBAER S THDHEBZDIVTWD (2, 45). YRS EWmEIZ UV »
R S BRICE 2D BUGIE, etk EIEIC SN D. JemttilL, =z
X —2ALFEE R, i L2 BRIC A UAIEMERR 2 LD, Ao HIm 2N
NDIETEHD (46, 47). AL FWE L G IT@BAME T2 T & 5%, JLIZRE L
BRSO BMELURESITEY (48), (LFWE ORI RZERFILE | E RIS
DAREMEDHLAMED TG THD (49). —J7, JEBIELIE, T MIROTEME(LA
VERRR R E RSO —HTHY, (P E IR IR SN BRI 572
WIBIEMED T L VX — S THD (2). 72721, AL S PR M2 854 57
DITIE, UV BB I AEE LS R EOREE R ETHY, 2B



BMERDEZ DT, SEEMEE L — BB Z AL, il E LRIk
AN T D ENTEIRN (2, 50).

OIS E B R T ERISE, BLVEYE, U, Tk, U
REDE Y Z AN TEOFENRBRSIVTET (45, 51-55), B EE-CiEHH o
BLUEG, BAELRIERICE M R W FEAIE DB AR N TV D, etk
(ZDOUNTIE, in vitro 3T3 neutral red uptake (3T3 NRU) Y mlEikEkiEA OECD A
RITAAMESITND (48). £, IT4E ROS assay (56) 23E I 5L N2 M FHM A
ARTALEUTERIRENT (57). — 7, HEAEARTERIEICEAL TXEESD D in vitro
FIENRESNTNDD (47, 50, 58-63), HARTAL L TERARS NI 3RBRIE T2V,
TR, SRS LD RN IR DS THY, SRS/ Th
HEZZHLIVTEZ (2). UL, JeiMEE in vitro CREEIZEHM AT REE /2~ 7= BIfET
X, PRI R D EEARIEGN IR L, BRI R 3 DAEFIE D J7 A3 L3> T
DT (2, 59, 64, 65), JCIAEZFHM ATREZL R ORELE N IR SN TS,

JERAEIE, HURD AR XA EL [FER O B RIS BB 535 B 2 bt TVWD
(45). D1, HEMEIZB W THIBIELRIERIC, HEORLRDRISEBmT T2 in
vitro FRERIERC in silico TEREFMAEBDEHLZET, BEHOTIZEHEIT 52803
ARECHDHEEZBND. BITEETIZ, BHAERIGDOELRDFIGDI G, 2o R_T5ES
BRI DTEEACIZE Rzl TR EM R BRIE DR E132HDH DD (58, 60, 61,
63), FFEZMIAOTEMELICEESESE 3% Keapl-Nrf2-ARE pathway (ZfE & & Tz
REBEITHESh TV, ZZTARRR T, BERETHMIE CED Tz
RFTEFIRRIS, & BOSIZBIT D5l Z A Gt E THRIBIEDO A AR A IIIC
W3 —REHIiZ 752 &% H L L, Keapl-Nrf2-ARE pathway (275 HL TF
BB OIS AL Z T35 in vitro FEIEMERBIEOH B ZITo72 (B 3 #). &

2, EIEMLBBICBIA LM 7 e —42S L, BIEETICRESN TS
o> in vitro YCREAVEVERBRIE LA DT, FhESLE RO Y EVEVERTA 7 2 —
ARSI (B 3 ).



% 1 T Adverse outcome pathway (AOP) (Z{R>7= in vitro ilBRAE % IR E
PEFRIET IV (invitro ©F V) OBA%E

BO1 A Fram

EAEREH D AOP ThoHXL IfEE, KEMBOIGETEAL, BRI OTE AL
(MR EH T invitro FRBRIES, FEEULFEE D OHEE F WA A DT
VEMEZ TR 5 in silico FIENZEHRESNTET (14, 34-40). RIFRAEHEOH
2 TS B —REHE<° LLNA 772V —58E 2 T4 2) 273 iz B AL L
ToEN S LT, LLNA EC3 ZEH# T 5HE 1T (P W E DR E
FEAEMEREMIZ 3T, i E NRBR CIRUEME A RS WD L2 iR T2 L BN D
B3, BN AT BRI E O F H O 7= 121% BC3 ITEEREHE/eD. T TA
BT, BRSO IO BB AR 2 FiEL LT, BRI BRIty
AIVAIEIED TR IS SN TND=a—T )V 2o NI —JFRIT (41-43, 66) (T35
HL, EC3 THl~DISHERAT.

LLNA [MEE T, SBRGMEL R DBIEIRE CThD EC3 DR EESNRWD,
INHOWEIZEILTIT LLNA [kl o7o i KRBRIRE %, LLNA G EC
BILTIL EC3 % LLNA LR E L. BIEET — 2072 Mb& %D LLNA #
EAEHEELD in vitro EAEMRBRFE RO TR T 222 HAEL, LLNA OFEFEMN
BEIZHE B A D 62 {LFEWEENT, #o37fEE% SH test, 2 B OTE M
{t% ARE assay, BRRAIIEOIE M LZ h-CLAT CTREMHL, £b7-iBR T A—4
— BLORRERIEDFEEEE L TP E DK A 7R T logKew & LLNA RffE
DB AE =2 —F /L2y NI — 7 TiEHTL, LLNA BUEO FHIE TV (in vitro €7
V) REFEE AT,



B2 fi FEEMEIR X OU5E
12,1, 7—H_—2A

In vivo BAEMERERTHS LLNA &, in vitro FEAEHREROI B UGS 27
fti4% SH test FBLUBHRKAIEOTEMALZFHE T2 h-CLAT OfFRMABEFND 62
(b5 % V= (Table 2). & RBRAE R SCHEZ Ve (67-76). WAL
H D LLNA W 73V—EONGRIL, extreme sensitizer 73 6 {f, strong sensitizer

23 12 fiH, moderate sensitizer 7% 14 {#, weak sensitizer 7% 16 i, non-sensitizer 73

14 il (LLNA BT E 1 [HETe) Thotz.

1.2.2. ARE assay
1.2.2.1. #

Propyl gallate, linalool, hydroxycitronellal, pyridine, cobalt chloride, propylene glycol
IE 0ot #l 3K T3 (Osaka, Japan) LV i A L 72 . 2-Mercaptobenzothiazole &
hexylcinnamic aldehyde % ¥ 5k % 1. % (Tokyo, Japan) XV M AL 7-.
Ethylenediamine [X#fi1E{L" " (Tokyo, Japan) XV, isopropanol (% [F{—ft“AAfF3EFT
(Kumamoto, Japan) &Y, dimethyl sulfoxide (DMSO) (ZEJH (L5 (Tokyo, Japan)
DEEALT=. ZDMMDL2YE X Sigma-Aldrich (St. Louis, MO, USA) JYiEALT-.
TORIIIHFERT L — R LIZTRFELL EDb & e

1.2.2.2. MiluLRE# 51k

62 {LFWE DR FZAMIBOTEMALE ARE assay CTrEAML7=. FEMICIE, ehEL¥E
B2k MCF7 #MifRiZ, 7>k GSTA2 #Efs 1 ARE fid4l 8 VE'—h&fhaSE7z
SV4) T rE—H—aH TNV T 27— BRI FOTTAINZLZERNITEALZ
AREc32 #fifid (CXR biosciences, Dundee, UK) % UV 7z,

HEEERIL 10% (viv) 7V BRIFMLE (FBS) (Gibco, Grand Island, NY, USA),
100 units/mL ~=U> (Gibco), 100 pg/mL ARL7h~=A > (Gibco) FBELN 500
nug/mL G418 (Calbiochem, San Diego, CA, USA) # ¥ L 7= Glutamax & A
Dulbecco’s modified Eagle’s medium, low glucose (DMEM, Gibco) Z V>, HifEiX
5% CO2 | 37°C THi#&EL7Z.



Table 2. List of 62 tested chemicals.

Sample name CAS Sample name CAS
Abietic acid 514-10-3 2-Hydroxypropyl methacrylate 923-26-2
2-Aminophenol 95-55-6 Isoeugenol 97-54-1
3-Aminophenol 591-27-5 Isopropanol 67-63-0
Benzocaine 94-09-7 Lactic acid 50-21-5
p -Benzoquinone 106-51-4 Linalool 78-70-6
Benzoyl peroxide 94-36-0 Maleic anhydride 108-31-6
1-Bromohexane 111-25-1 2-Mercaptobenzothiazole 149-30-4
1-Butanol 71-36-3 2-Methoxy-4-methylphenol 93-51-6
Butyl glycidyl ether 2426-08-6 Methyldibromo glutaronitrile 35691-65-7
4-Chloroaniline 106-47-8 Methylsalicylate 119-36-8
Chlorobenzene 108-90-7 1-Naphthol 90-15-3
Cinnamic alcohol 104-54-1 Nickel sulfate 10101-97-0
Cinnamic aldehyde 104-55-2 2-Nitro-1,4-phenylenediamine 5307-14-2
Citral 5392-40-5 Octanoic acid 124-07-2
Cobalt chloride 1332-82-7 Oxalic acid 144-62-7
3,4-Dihydrocoumarin 119-84-6 Oxazolone 15646-46-5
1,4-Dihydroquinone 123-31-9 Penicillin G 61-33-6
Dimethylsulfoxide 67-68-5 Phenylacetaldehyde 122-78-1
2,4-Dinitrochlorobenzene 97-00-7 1,4-Phenylenediamine 106-50-3
Diethylphthalate 84-66-2 Phthalic anhydride 85-44-9
Diphenylcyclopropenone 886-38-4 Potassium dichromate 7778-50-9
Ethylene diamine 107-15-3 Propyleneglycol 57-55-6
Ethyleneglycol dimethacrylate 97-90-5 Propyl gallate 121-79-9
Eugenol 97-53-0 Pyridine 110-86-1
Formaldehyde (act. 37%) 50-00-0 Resorcinol 108-46-3
Geraniol 106-24-1 Saccharin 81-07-2
Glutaraldehyde (act. 50%) 111-30-8 Sodiumdodecyl sulfate 151-21-3
Glycerol 56-81-5 Tetrachlorosalicylanilide 1154-59-2
Hexyl cinnamic aldehyde 101-86-0 Tetramethylthiuram disulphide 137-26-8
4-Hydroxybenzoic acid 99-96-7 Trimellitic anhydride 552-30-7
Hydroxycitronellal 107-75-5 Vanillin 121-33-5

CAS, Chemical abstract service number.
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1.2.2.3. izttt

AREc32 iz 1 7=/L H720 ORI 50,000 HE72DE912 96 V=T
—h (Falcon, Corning, NY, USA) (Z#EFEL (180 pL/well), 48 FEfDOHIEE D%, (b
FWE O AT o Tz T W E KOS GIE, MR A VTR R
100 mg/mL F7- (XA MR - BB RS EE L0, a0 5E13 DMSO 2 Hv\ T 500
mg/mL F7o TR - IREB IR TR E LY, 2 EAICRYIT 6 I KEZFIRL7-. 1
K2 DMSO ZMWZEAE, Ml ER TSHIC 10 fFIZARL, DMSO Of&ik
FEDS 1% LAT L2501 072. 20 W OFR A 180 ul OMIIIZEIIL, CO:2
Ao FaX—F—NT 24 KRG, PBS () T 2 [EIWESLIC. Weifts, Ml
100 uL @ PBS(-) BL* 100 uL @ CellTiter-Glo Luminescent Cell Viability Assay
Reagent (CellTiter-Glo®, Promega, Fitchburg, MI, USA) ZUSINUIRFItE, &% [
96 7x/L 7L —} (Greiner bio-one, Kremsmiinster, Austria) (L, L 77—
IEVEZ PRI i % % GloMax Luminometer (Promega) CHIE L7, XFEGRIE D
MBS HIFREY, MIAAEFRDR 75% L7201 E CVT5 ZRHLE.

1.2.2.4. ARE assay

HRE OREFED DAL T E O H E I g B R OB EL F L 7-. i
e F IR B OF% E 1, h-CLAT O mhaLa5 ML (18 19), 1/8XCV75, 1/4 X
CV75, 1/2XCV75, CV75, 2XCV75, 4XCV75 LU=, M@dtEDT=h CV75 NEH
TERWIGEITX, KIEEWE O%E TR &= K2 O TR 10,000 ng/mL &
TV XV R - BRI BR SR BE 10, iEEm E 0413 DMSO W\ T 5,000 ug/mL
FINTEMR - SEBIR AR LY, 2 EATCRAIT 6 REKAELLZ. EHE, CO2
A2 Fa_X—F—NT 24 BRIMOGEHE, PBS (-) T 2 [MIPRELz. veissg, fii
(Z 100 uL @ PBS () BEL DY 100 uL @ Steady-Glo Luciferase Assay System
(Steady-Glo®, Promega) ZWsINLIEFN:, WikaE H L 96 7=/ 7L —h (Greiner
bio-one) 2L, ARE-Nif2 /Lo 7 =7 —PL R —F—EE 7+ DiEMEE GloMax
Luminometer CHIEL7=. [RIRFIZ, [AEROLEEZIT T2 L —RERINT 1 K
fiiL, CellTiter-Glo® Z M\ CHElaA773% GloMax Luminometer CH|EL7=. 5
BRIIASIUC 2 [BILLEMDIRL, 24 3 BIOEBREIT-T-.
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1.2.2.5. 7 —2f@Hr

T OFRBRIRFE BT, BEARSTIRE IR Oy 7 2T —BIEMEDR 1.5 5L
BTG S AL HIMTL, 3 SERT 2 BUBRLL TRt L R o725 B 1T ARE
assay [tEEYIWTLTZ (13). FRATIE, MIRRZAEAFERDY 50% L EOPREDOHR I L T-.
Imax 15 RBREEICBITDEHNL L 72T —BHEERORKRKMEL, Cln,
EC1.5 130 O M &8 ROG i #R K0 F H L7z,

Imax  : BRWVEALIREED LS T 25— PIEVED i KGR

Cluax : Imax Z/R7 RS

ECL.5 : Wi 7 =7 —BIEMEOFHLN, IWHGRO 1.5 fFLR00RE

1.2.3. LogKow DFLH

B E D5 ) — VIR BREZ T logKew 13 KOWWIN ver. 1.67 (United
States Environmental Protection Agency, Washington, D.C., USA) Z HW\CEHE L.
SR FPERIZBAL CIX, CAS B HE2 ATZICEHEIN logKew fEZ FHVZ.

124, =a—F Ry T —Jfitkr

SH test, ARE assay 8L h-CLAT JVG6NLEk % I T A—2—D55, LLNA
BB AR B SR HIIZFRal -2 A EIZ, LLNA BfEZ I, =2—F
VAT —27Y 7 27 QwikNet Ver. 2.23. (Jensen Software, Sammamish, WA,
USA) TRENTZAT 7=, RRRFHIBW T, AE, H—HEkE, P HE, H
TIED DRI, TNENDEDHINTIRDIED AT L7 D I BILRTDO T
(GHRS AP B 2 N — 77 L E W, KD =a—a 503, 4, 5,2, 1 fHe
Lic. FEOTNIVALNIFREVRRRE (N7 7oy —ay) 2/, 28R
(X 0.02, FALFLANTA=Z—|T 0.7 ITRELT.. ENTNLD AN DBH I KIFE

WBORESERTEART -5 7D 5 ITREL.

Za— IRy N = 228D R ITE, ARG BREREHN T HET L
DFBREMFNATIE, T/ T =2 T2 FRIMEXN B35 —5 T, FillT —#I
TP RPEIME FLTLEIEFE LV OBIRPHONTND (44). £ZT, 561
727 VO TRIVEIL 10-fold cross-validation (66) (ZXVFHMEL7=. 2, &7 —#
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Ty MU TN DY T NN T — v a HEL T BEL, SRV DY TV E
MN—=U P T NELTET VAL, NV T —var o 7V E BRI
TRFT LN TEDDERET D FILETHD. ZOEELLETOF TR T —
Tar YU ERDETHVIEL, ETLOEAYEE, L TFTORXTRIND ) —F
FA7% (root mean square error: RMSE) (Z&VFHIL7=.

RMSE = \/ Z ((measured value - predicted value)”)/ number of data

1.2.5. LLNA TPHlHZ73)—
EC3 F72i% LLNA THIREMEIZEY, LT OIHETHTI)— 5821777,

Extreme sensitizer :EC3 F72IZ LLNA THIEME <0.1%

Strong sensitizer :EC3 E/2IZ LLNA FHIEAE >0.1% to < 1%
Moderate sensitizer ~ : EC3 7213 LLNA THIBIE > 1% to < 10%
Weak sensitizer : EC3 F7213 LLNA THIBIfE > 10% to 100%
Non-sensitizer : LLNA [2MEFEIT invitro #REBRAS 32 CRatE

1.2.6. HEFRHAFAT

FBIEREN I T Y - OFEFRFBIREZ Mz, AEZEMRIEIL Student's r-test %5
fEL, AEAEL 5% KLz, SIZEEYTIHTIEL forward selection 1E% MY,
/&R 2004 Y7 =7 (Social Survey Research Information, Tokyo, Japan)
W TREFTLTZ.

% invitro FBRIEBID invitro TRIFTT M7 —/S—HEHILVFHEL 7= (77).
FHE XA LU FIZRT. 72720, TP: true positive, TN: true negative, FP: false positive,
FN: false negative &9°5.

—F# = (TP+TN)/(TP+FP+TN+FN) X 100

J&FE = (TP/TP+EN)) X 100

K ELEE = (TN/(TN + FP)) X 100
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%03 i FEBREE R
1.3.1. LLNA & invitro 7% (ARE assay, SH test, h-CLAT) #% 5D b

62 1L FMEIZBAL T, REZMAOTEM{LZ ARE assay CaHiiL7z. FEGHIfLD
TEMHALLISR D AOP TohHH o/ kG BRI OTEMELIZ- DUV T, SH test 35
L O h-CLAT O SCHRfEZf FL7- (Table 3) . ARE assay @ LLNA 0O —£3R|%
80.6%, L 77.1%, FFEEIL 92.9% Th-olz. [Al—¥EIZOWT, SH test D
LLNA DR 87.1%, BEIL 93.8%, K EIL 64.3% THY, h-CLAT O
LLNA O —EH L 82.3%, BE T 83.3%, K EIL 78.6% CTh-o7=. BAEMD
AEZ2 TR 556, EEIZGEO(LF I EZ RS TR oL s 32
EINEELI D, 22T, Bt HIE LR 1 SRBRUL EHD5 5 A A EE G TS
L, BEORBR AN A DT Gl Z T o725, BREMESB LIRS R, FrRE
23 L7z (Table 4).

132, E7 WHESIME N T 5\ TA—Z—18E
FTHIET VOBEIZIBNT, — I, SRR FOENLWIEEET VO THIMER
<5 —77, BHEIERY, FE8 7 =2 TG EN TORWHR O E O T
BIMEITIRL 72 5. 16> T, BT /VOERMEZ FDDHT2DITIE T HIMEZ N CTHRLl
T OEERLDER DD, ZDOXI72BLHENG, AR TIIA in vitro 7RG
HHENDEE D /T A= —DH)D, LLNA BEE ORI E T A— 52—
Z 1 BT ORI WD R - E L CEIR LT,
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Table 4. Correlation among LLNA, SH test, h-CLAT, and ARE assay results.

SH test h-CLAT ARE assay 3 tests combination
P N P N P N P N
45 3 40 8 37 11 47 1
LLNA
5 9 3 11 1 13 5 9
Accuracy 87.1% 82.3% 80.6% 90.3%
Sensitivity 93.8% 83.3% 77.1% 97.9%
Specificity 64.3% 78.6% 92.9% 64.3%
SHtest & h-CLAT  SHtest & AREassay h-CLAT & AREassay
P N P N P N
47 1 45 3 46 2
LLNA
5 9 5 9 4 10
Accuracy 90.3% 87.1% 90.3%
Sensitivity 97.9% 93.8% 95.8%
Specificity 64.3% 64.3% 71.4%

Grey shading indicates that the same results were obtained in LLNA and each in vitro
assay or combination of these in vitro assays (‘SH test, h-CLAT & ARE assay (3 tests
combination)’, ‘SH test & h-CLAT”, ‘SH test & h-CLAT’, ‘h-CLAT & ARE assay’).

SH test 775X, EC3 EDOFENHESN TWDLTF A — VKD KA (L EZ R~
MAC value & ==2—7/L Ry NI —27D AN FTEIZH - (Fig. 4B)(76). h-CLAT (235
WL, AL EEERF D 75% M EFREEZ R TIRE THD CVT5, CD86 13
ML BRERRE THD EC150 BLWN CD54 5L 7e 2 BIEIRE CTHhD EC200
DEINZEIL EC3 BT HZENHMEIN TS (75). £7=, CV75, EC150, EC200
THEWICEHBT L2 REE R THD (76). £ZT, REBREEHE BT
B ATRE/ETHD CVT5, EC200, EC150 O f/IME (minimum value of (EC150,
EC200 and CV75)) & LLNA EfEEOHBAZMRFILIZEZA, BV RO B
72, ZOMEE ATV (Fig. 4C).
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(A) (B)
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5 ]
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E - L o ° —] =|
S ; R=-0.02 (N=62, p=0.90) it , R=-0.58 (N=62,p<0.01) %
- T T T T 1 T T T T
<+ 2 « @ 1 2 3 2 4 0o 1 2
Log (LLNA threshold (%)) Log (LLNA threshold (%))
© (D)
-~ 4 2
i
HEE
30 1
SB 2 £
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go 1 A o
_g = | 0 i
gl 0
oo =-0.52 (N=62,p<0.01)
3 5 -1 ! ! ! ! '1 T T T T 1
u 3 2 1 0 1 2 3 = p 0 1 N
Log (LLNA threshold (%))
(F)
4 R=0.18
3 = (N=39, p=0.27)
w0
27 w
w
o 1 -
g, "o 8 &es
@] o)
1 (@]
= T T T T

Log (LLNA threshold (%))

Log (LLNA threshold (%))

Figure 4. Relationship between logKow or parameters of each in vitro assay and LLNA
threshold. Relationship between LLNA threshold and logKow (A), MAC value from
SH test (B), minimum value of (EC150, EC200 and CV75) from h-CLAT (C), Imax
from ARE assay (D), Clmax from ARE assay (E) and EC1.5 from ARE assay (F). Data
were taken from Table 3.
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ARE assay (Z&0EHNT=/ 3T A—H—L LLNA BMEEOMBEZMRGILIZEZA,
Imax LN Clmax 23 LLNA BMEE BR<HHEIL, FHEREUIFAFEE CH-7- (Fig. 4
D-F). 22, ARE assay 2>HHWA/RXT A= —D#IRNDT=8, 3 HEROHE % H]
WCERFRATZ IR 72, EEFOATICLDEIRRZLL TS, TRlfEES SR ED
te#s A Fig. 5 12T,

EEIFAHTIC I DR

Log (predicted LLNA threshold (%)) = 0.717698 X log (minimum value of
(EC150, EC200 and CV75)) -0.463175341 X log Imax —0.573137179

HEF I ORE, BUFRUZ nax DBIRSNTZED5H, ARE assay H=z2—
TN NT—IRHT DA TTBIZHNWDFEIR FE LT Imax ZIBIRLT. IDIT, KEIZ
W SAVTAL P B A JE A U 7 2 1R SO -C B R A T PR b 35729,
B & REAEME DFEBUZ I TR MEIX R ER R 7B 261D (78). £Z T, in
vitro FRERFERINOHBOND/RTA—=F—IZZ, \LFEOBKMEEZ R T logKow
T =a—T )y NI =TT O AT I HWDRLR L LT,

. g}
= i o 2 B8
S o) O
; ) @
€o ® 0 % °
ES o o)
- o (@] (e}
3 o o
5
Kl
()
S -2 A
= R=0.753 (N=62)
9 RMSE=0.752

-3 . , . .

-3 -2 -1 0 1 2

Log (reported LLNA threshold (%))

Figure 5. Correlation between reported LLNA and predicted LLNA thresholds by
mulpile linear regression analysis. The descriptors used in this formula were selected
from MAC value in SH test, the minimum of CV75, EC150 (CD86) and EC200
(CD54) in h-CLAT, Imax and Clmax in ARE assay and logKow by multiple liner
regression analysis using the forward selection method.
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1.3.3. =a—F/L Ry NI — b4 FIV 2 LLNA BE T HIE 7 L O

62 \bFMmEEZHANT, Ll 4 k¥ (logKow, MAC value, Imax 38X O
minimum values of (EC150, EC200 and CV75)) % AJJJEIZ v 7= LLNA e TH]€
T V% Fig. 6A [T . RPEEOLFWEIZH XIS ATREE R D LD /AN F — g
L EATOIEDTT IV Fig. 6B THDH. 7aAN)FT —a it 3 [mFEfEL 7. &l
ot =2 —7 /L3y NI =R OB BT T4 0.753, 0.812 + 0.006,
RMSE 1321 ZE4 0.752, 0.667 + 0.009 THY, fi#HLbiC=a—T /LRy T —7F
TIVDJi D RAF7R5E R ChhoTz.

RETNTETSH LLNA FHIEMERSEZ O LLNA FHIA7 =Y —% Table 5 |27
9. —ERIL, %A 3 73U — (extreme or strong, moderate or weak and non-
sensitizer) |2 FHLT-5 A% 79.0%, 4 7772V — (extreme or strong, moderate, weak,
and non-sensitizer) (Z/7 ¥ L7852 61.3%, 5 7 T VU— (extreme, strong,

moderate, weak and non-sensitizer) (277 FAL7235 5708 56.5% Td-7= (Table 6).

(A) (B)
2 =~ 2
X X
< S O (@)
2 9 ¢ 21} Og O
o o) o O
L=
o % o) o ®©
£ o0 3 £ 0}
o) @]
2 o° o 2 W
= 1 o) Sto
©
3 O 06 3 © 00
32} o Before CV B 2O / afercv
g R=0.838 (N=62) & R=0.812 + 0.006 (N=62)
- 2 RMSE=0.628 2 4 RMSE=0.667 + 0.009
o _ . . . ; :
- "3 2 4 0o 1 2 T 3 2 1 0o 1 2
Log (reported LLNA threshold (%)) Log (reported LLNA threshold (%))

Figure 6. Correlation between LLNA and artificial neural network (ANN) prediction
results based on SH test, h-CLAT, cytotoxicity, ARE assay and logKow of 62
chemicals. Imax (ARE assay), logKow, MAC value (SH test) and the minimum values
of (EC150 (CD86), EC200 (CD54) and CV75) (h-CLAT) of 62 chemicals were used
as the input layer and published LLNA thresholds were used as the output layer.
Correlation before cross-validation (A) and after cross-validation (B, N=3).
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Table 6. Correlations among LLNA classification and predicted LLNA classification
using in vitro prediction model.

(A) LLNA classification (in vivo)
Extreme or Strong Moderate or Weak NS
L Extreme or Strong 12 1
in vitro model
. . Moderate or Weak 6 28 5
classification .
Negative 0 1
Accuracy 79.0%
Over predicted 9.7%
Under predicted 11.3%
B) LLNA classification (in vivo)
Extreme or Strong Moderate Weak NS
Extreme or Strong 12 1 0 0
in vitro model Moderate 5 12 10 1
classification Weak 1 5 4
Negative 0 0 9
Accuracy 61.3%
Over predicted 25.8%
Under predicted 12.9%
©) LLNA classification (in vivo)
Extreme Strong Moderate Weak NS
Extreme 5 2 0 0 0
n vit el Strong 1 4 1 0 0
mode
e o Moderate 0 5 12 10 1
classification
Weak 0 1 1 5 4
Negative 0 0 0 1 9
Accuracy 56.5%
Over predicted 29.0%
Under predicted 14.5%

Grey shading indicates that the same results were obtained in LLNA classification and

predicted LLNA classification. 3 categories (A), 4 categories (B), 5 categories (C).

NS, Non-sensitizer.
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o4 H B

AREIZBWT, (bW E OBKMEEZRT logKew, 2/ \IfE A ZFHIT %5 SH
test 22DALFWVEILERIRF DF A — )V EE D RELEZ 7R MAC value, 2Bl
DIEMALZ AT 9% ARE assay 2>DACFE LR D i KV 7 =5 — B IR
2 RT Imax, BERGHIEOTEMAGZFET 925 h-CLAT 2>DALS- B LB D
CDS86, CD54 SphtEL72 2 BMEIRE B IO 75% M A7 35 7~ 398 B O &/ Ml
(minimum value of (EC150, EC200 and CV75)) @ 4 ftib 1% AJjJEIZHVy, LLNA
Bl Z Pl 5 =a—F 0 Ry NT—2FF IV (invitro BT V) REZLT-.

In vitro ET WZEBWT, 9 {LFMENEBEORWEL TV —I0h i/ NS
7= (Table 5). #¥lZ, LLNA &7 =Y —7% strong T&% phthalic anhydride |% weak
ETHIEI, 2 TRV RIRE 72 > 7=, Phthalic anhydride (ZFEHE/KYCTHY,
HIBE V238 9 D BRI IIK 3 RS IND Z &5, h-CLAT ([ZBWCAFRTEL D2 &M
WEIINTWDD (79), ARE assay (B W CHIEIEMERMEEHESNT-. F72,
phthalic anhydride (%, Z> /755 %735 DPRA (ZHBWT, VATA L E T
NRTFREFISE T, VO RXTFREILIET HIEDREN TS (11). ARE
assay | Keapl DTVATALFRILIIANT TUREE L%, MREELT- Nif2 1255
AR T RBFELZNE TR CThY, VORISR A T 2L 2L E LG
TEARNIEDND (13), DPRA DXHRVI LRI FRED itz & ekt B8
INU TRIBR DN 2 I3 40, K0 BAF 256 RO GEL 5 RENEN S . Phthalic
anhydride L[RIEEIZ 3 3BT 1 SRBROLDGMEERo>T AL FWEITE B T5&, 4
fbEH 3 b8 CIREMETREE L weak SHIBrS#L TV (Table 5) .

1%, invitro RERIZBWTRISNIINEATE, LLNA BMED @<L PRSIz H
LR T DR THS.

—F, KETVIZBWT 18 {LFWENEBEDAEL T —L0H i KEHii S
, EEORIETTI =2 weak OH D% moderate & THIL7ZH DY 10 L2
Bbol-. D55 8 ALFEWHEIL in vitro RERETHBELHES LTV, DI
EEIIIERBAEEME THHLOMN, KET NVIZEWT weak 721 moderate &7
RStz 5 AL EIZREL T, in vitro RERT 1 RERLL EDGEChH o7z, oF
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v, WRFHES = EICBLTY, in vitro REBROFE A2 FEF ISR L7Z Tl
2o TNDIENE 2 HID.

K invitro TT )V TASEIZHWFLIR D55, MAC value & minimum value
of (EC150, EC200 and CV75) DA% AJJJEIZ V- LLNA BfED T HIET 14 L
AT L7z (76). BT AMESIZH WAL WEIL, AIET AN 64 H, AET AN
62 AL FE THLHAY, HEAREITZZNZEI 0.774 £ 0.007 & 0.812 + 0.006,
RMSE MZHE40.751 £ 0.013, 0.667 £ 0.009 THY, fHEEFREL, RMSE &HITA
ETVCBWTCH LA LN, £, EAEMEDBGYE - BEPEO M B i\ T
LLNA BT VO —EHRKIX, AT 0 50.0% (5 1732V —), 57.8% (4 BT
—), 78.1% (3 BT TV—) IZHL, AET /BT 56.5% (5 HTIV—), 61.3% (4
7 3V—), 79.0% (3 H7AY—) &E7eh), —BEERLARET VIV T ELZ. 2
1%, RRERIVEIZB 5 28K AR T logKow 38K BGMAL D TE ML A I &
9% ARE assay OfEREZANEITIENMLI-ZET, BIEHEHNCRITHEE RS
MEVRINIAER THDHEZEZ DD, A BEIATIBIZHWTORWEERE R O
AOP EL T, b F LB OHUR R T MO G, L F W E IR
ESIN TRV ERD IR HIIRL 72 T M Tl PURRR RO a— 3431
72<, in vitro FRRFAFBHEEETH 7223, HIEEME T MIaZ S Tehl#y 7y o
=LA ETRBRERE S ESHZ EN VTR S AL, BB ORI S AT
REL7eoCTETz (80). 5%, PURFFEAZ2 T MO AL FIEEL 2R, ZD
FERAEANEIIINZ LT, Wb THREEOR LR CE5.

AKHFZED%, in vitro JEAEMERERIE THSD DPRA, KeratinoSens™, h-CLAT 723%
NZi OECD HARTAAAELLUTERIRENT: (81-83). KET MIZEBWTIL SH
test, ARE assay, h-CLAT OfERAZHWZN, ZNHDIVZLOEZT —XE2H[T5
NYT = ESNTTARTGAAEDREREZHNDZET, JVEEMEOEWET LA~D
A LR CTED.

25



%2 B ALEREED D ORYEMTRIET IV (in silico BT V) OREE

%1

Fe JERAEVERHm OAREEE LT, in vitro RERO 7257, in silico FiExE W=
THNCBIL THZMESILTND (84-88). In silico FHliiEEL T, WP E DR
PEZAL FZREE W MED S T3 2 E &R ETE YEFE B (quantitative) structure-
activity relationship ((Q)SAR) &, b PG CY B PRI E EIZ > T EWE D F
TAV—LEZITV, BT DTV —I2ih> Ttz it % read-across 73%%.
(Q)SAR DfXFEAHIEL T, ADMEWORKS (Fujitsu Kyushu Systems Limited, Fukuoka,
Japan), TOPKAT (Accelrys, San Diego, CA, USA), TIMES-SS (University of Bourgas,
Bulgaria), Case Ultra (MULTICASE, Cleveland, OH, USA), DEREK (LHASA Ltd.,
Leeds, UK) & 203% 5. —J7, read-across DX HI&L Tid, OECD QSAR toolbox
(89) MHIBIL TN,

AR, @O 100 AEFEICOWT, T D insilico &7 /v TRERAEMEZRT
L7 SRS iR S e (90). Feb TRIMEDS @ WE T L CIE s — 7,
{5 R BEIR AN N NE T L TR ST B E DN S WL RS, BURD in silico
EBT UL, BEIRNZ AT DAL E ORAEMEZ T T DT TEAR 0 ThS

ERERRATIT B TND (90). ZDEHNZ, in silico & NVEIMTOREIZIZRA 1S
HbDD, HEDFHMIEDAEDED —EIZ in silico TT NVEHW AN MM
DN ODDIFIEIZ I REINTND (36-38). ZIHDHETIE, HHNZHMRAOE
PRI EE DWW CHEFIZE D A AR % weight-of-evidence (2, in silico #FAfh
A ANDZET, FRIPEDH EARSH TN,

Ho1 EICBWT, ZUNIRG, REMIOTEMEAL, BRI O TE AL 2 FE AT
T 5 in vitro RRFER G EDE T=a—F N Ry "N — I RIT 21T S T2 A5 2,
LLNA BfEZ THIFRE THHI LA L. T2 TAFEIZE W T, (QSAR E£7
VELT, in silico TRIUIALFWE D 7y T #uEF R IEOND R 74 VT
1 BEFMRIC=2 =TV 2y MY =T 2170, LLNA BfEz T34 Smat4
1To72 (in silico &7 V). EOIT, W/NFHS T2 E B OB Z BRIEL T in
vitro &7V, in silico T NAFAHA DETIRAEMERAT AN — L OREFLA R 272
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%2 i EREEHR IO
221, T—HR_—=2A

164 ORI EL 42 HOIRBIEEMENORDS 206 LW EEBRFNC
FHUN= (Table 7). 2 CTOALFEMED LLNA & RI1E, SCkEZ 5 L= (68, 73, 91).
WAL E D LLNA 173V —58 O NFRIZL, extreme sensitizer 75 12 f#,
strong sensitizer 7% 20 i, moderate sensitizer 2% 69 1, weak sensitizer 7% 65 ff,

non-sensitizer 2% 40 fl§ (LLNA (2B 5ABMEEZ 1 HETe) Thote.

222, =a—FN Ry T — AT

fbsmEOHEENXT 74/ (MOL 77 A /) % ChemDraw Pro 10.0
(CambridgeSoft Co., Cambridge, MA, USA) TIERR L7=. fEkL7=7 7 AV %
Chem3D Ultra 10.0 (CambridgeSoft Co. ) TPB#&, Molecular Orbital Program Package
(MOPAC) 2002 (Fujitsu, Tokyo, Japan) ¢ Parametric Method 3 (PM3) 7EZH W\ T=x
ANFX—Z /ML, 0 FELEEDOAELAHFLIR £ LT sum of charges of
carbon, hydrogen, oxigen, nitrogen (Sum C, Sum H, Sum O and Sum N), Core-Core
repletion, COSMO area, COSMO volume, dipole moment, heat of formation, electronic
energy, ionization potential, total energy, polarizability o, B, y 3L T molecular weight
ERFRLZ. BoN iRl 7 R OBIE OB ZMREL, MO RV RRRF£227 1 —
Z{EL7z. LLNA BMELHBERRBO SRR 22N ENOMIL LI/ /L—T 7
BIHL, =2 —F /LRy T — T O AT @I V-,

Sum (C, H, O and N) IRFR, KFE, TR, ERIE T O EN
Core-Core repletion ALITE e Vi e

COSMO area, COSMO volume AN RAZELIZRE D7 7 7 VT — LA LR LTz
Gy FIERE, SRR

Dipole moment (p1) 7 TN TTRUINRBREEZZ U BN, RESDFELLY 1 D
ERADEMDIRSZ KT &
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Electronic energy P OEB TR —, AR 07— b))
BTy b, B RO —a  KBERT VO

Heat of formation ALFE 1 END, Gy IC RO BARNDAER T DD
s

Tonization potential SR DBET 1 HERVEST, 1 HOBAA T D7D
(B L —

Molecular weight o HICE AR B O

Polarizability o, B, y CEHIZIVAELL ML ETHS dipole moment LY L%
Fi DT D i E K

Total energy LRV — LR SO RV — DD RS S - [E AR D
BT HRLF—

FEMTIZES 1 BmLFEEROGIETIMLIZ. AJJE, H—E, & P EE, B
JED=a2—mITn T 6,4,2,1 fHELT.

2.2.3. LLNA FHIATTY—
EC3 F72i1% LLNA THIFEEIZEY, L FOIEMETHTI— 5552 T-o7.

Extreme sensitizer :EC3 F/2I1X LLNA FHIBME <0.1%

Strong sensitizer :EC3 F72IL LLNA THIBE >0.1% to < 1%
Moderate sensitizer : EC3 F/ZIL LLNA THIBMHE > 1% to <10%
Weak or non-sensitizer : EC3 F721% LLNA THIEE{E > 10% to 100%

2.2.4. et

T VHEEE 2004 Y 7R =7 (Social Survey Research Information, Tokyo,
Japan) Z W\ C, MBMREIIE T Y O FMEREER L. AEERTIX
Student's r-test Z3fiL, AE/KLET 5% RimeLiz.
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903 Hi SEBRRER
23.1. =a—F Ry N =TI SRR 1 o

206 fLPE D LINA BHERS LOMEAEE LV FH RSN 7245 il 1% Table 8
(RT3 1 BRI LY, BT VO Z SO 7O TRIMEE T T
THRLR T OBER DM ENHD. ZOT=, 57 FHUETELVELNTZFLlR 7055,
MR EmWNbOE7/V—7{EL, LLNA BfEEH R FHICA B2 RO b
EBUN R /) S A/ W (i ¥ i fan | DY/

ARk & LLNA BEEOMHBEZRFILIZEZ 5, Sum H, Sum N, heat of
formation, ionization potential, polarizability B 33 TN polarizability y (Z55\ V235 FH
BAMFE®HBALIZ (Table 9, Fig. 7). RIZ, Ak M OMHBREA R HLIZLZA,
Sum C, Sum H, COSMO area, COSMO volume & COSMO area, COSMO volume,
molecular weight, polarizability o, electronic energy, total energy (FFHBEIERELDY 0.8
PLEFZIT -0.8 L FOEWEBAZ I RLIZ20, 7 v—7{b&1T-7= (Table 10). LA
FOREREMNS, HAHAAIIZ, Sum H, sum N, heat of formation, ionization potential,
polarizabitliy B 33T polarizability y @ 6 fHDFER % LLNA BEEEFHEINRHY,
INOMNELTFEIR LU TERINL, =2 —J /bRy N — 2T D AT Iz,

2.3.2. LLNA Eﬁfﬁ%iﬂu::—ﬁzv*ykv~7%v7*‘/w>1%§%

206 {LFWEIZOWT, =2—T Ry NI —7D A @2 Lk 6 fHDFER+
Z, MEIZHE R0 LLNA BfEZ HWT, B7 VOREEEIT>72 (in silico &
FV). FIBMRENT 0.791, RMSE (% 0.571 Toh-7= (Fig. 8A). ZDOET /LEIA
NYF =g L% OFBIREIE 0.708+0.018, RMSE % 0.660+0.017 Téh-7=
(Fig. 8B). 206 {LFWEDET NAEEIZH WGk B ORANY T —T a4
® LLNA THIEfE% Table 11A (TR 7. KIZ, FHISILZ LLNA BfEicikO%,
JEAEVERREA 4 77— (extreme, strong, moderate and weak or non-sensitizer) &
SYFELT= (Table 11B). ZEERD LLNA 72V —78HE0—EHKIT 55% THY, i@
KEHMAS 23%, /NS 22% Th-o7e.
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Figure 7. Relationship between LLNA thresholds and MO-calculated descriptors
showing a significant correlation in Table 9. Relationship between LLNA thresholds
and Sum H (A), Sum N (B), heat of formation (C), ionization potential (D),
polarizability  (E) and polarizability y (F).
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Figure 8. Correlation between LLNA and ANN prediction results based on MO
descriptors of the dataset of 206 chemicals. Six descriptors shown in Fig. 7 were used
as the input layer and reported LLNA thresholds were used as the output layer.
Correlation before cross-validation (A) and after cross-validation (B, N=3).

2.3.3. Invitro &7V & insilico &7 )VEDIHEDHE

o1 ECHELL in vitro BAEMERERTHS SH test, ARE assay 3L h-
CLAT fEREZHWTHEEL in vitro BT /VE, K in silico &7 VEEMABGHE
ToRAEMEF T ORI 2 FEhE L7 (Fig. 9). In vitro ©T )VERESTHERICH W 62
IbFEWE DHY, 4 )&% & e potassium dichromate, cobalt chloride 5T nickel
sulfate | MOPAC2002 T4y F#LiEIEICLAREIR T OF E N R AR TH 72720,
ZNDHEERS 59 ALFEWEIZOWT in silico T7 V& H\WT LLNA Bz THIL
7= (Table 12A). D55, BECARET VOB F — 2 & EN T 53 WEICH
Wi, 7aARNYF —oar %O THEZ LLNA BEEL72. J2] LLNA e
ARETIOVIOFEH UL LLNA TRIBEEIZEWVAEREZ R (Fig. 9B). LR35,
KRB OWE LT, THRIE2FERIEZ ERl> TR, Ziu s B oh 2 R
FJOHFSTFRML TWLZLEBHRT 5. (LFWEOZ BRI OB R TERLLE, K
VEMERR BE 27 3 D BRI/ NI S VO E A i ) T 28N EETH L. - T,
W/ N D S D70, MR LT DO FHlET L0955, LLNA Tl
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EBRN G OEE R THEAETT VEREEL, FAEEOKE{To72 (Fig. 90).
ZOBEETMIEBNTE, LLNA TRIBIEIZLIREIT in vitro €7 /L TOTHI
LA T 725, Invitro &7 )V, in silico ©T /VEBIOEEET VICBITA 7T —
TR R4 Table 12B (TR, FAET MK AT ) — 38 Citl/ Nl S 7=
Bix 8% (L.
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2 2
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Figure 9. Correlation between LLNA and prediction results of in vitro model and in
silico model. (A) Results of in vitro model for 62 chemicals which is the same as Fig.
6B. (B) Results of in silico model for 59 chemicals. (C) Correlation between reported
LLNA threshold and minimum of (predicted LLNA threshold of in vitro and in silico
model).
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Table 11 (B). Comparison between reported in vivo LLNA classification and predicted

LLNA classification using the in silico model.

in silico model classification

Extreme Strong Moderate Weak or NS
LINA Extreme 8 2 2 0
. . Strong 0 4 16 0
classification
. Moderate 0 4 40 25
(in vivo)
Weak or NS 0 3 40 62
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Accuracy: 55%
Over-prediction of potency category: 23%
Under-prediction of potency category: 22%
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54 Hi B

INT T ATE B EDREEIT IV REISE 2 TE AL T 22800, (L= WEO
R E DRI T 2B 26N TERY (23), RERICESL— L=
AT W AW CEAENER Fl9 %5 DEREK (LHASA Ltd., Leeds, UK) %28\ C, =
DI G EEE T T — L THWTWD (92). LINLRND, Sioii&EnT 7 —k
(ZHESWETF TR, BAEEOAED TR ATRETY, EAEEOMRE T 2T 52
CIINEETH o7, £ZT, KETIE, ALFWE DS FHUEENDRONLRIE T4
HNT, 8 1 BLARO =2 —F 2y N — iz £ L, LLNA BIfE 7 HlE7
IVOREAEAT ST

LLNA BB EHEFHANICA BRAMAMEAHY, 23> L7ftif 4L T Sum H,
Sum N, heat of formation, ionization potential, polarizability B, polarizability y 73R
SN, INHDRR T &2 =2 —F NV Ry T — 7T O A EIZANWDZETRAF2
LLNA BIfETHET AAEECE. ZOHBELT, ZhHOFE 72 EEMED
FEBUZHE R LMK EBIE L CWDFERHELRESND. BIZIT, MR 1
REBIOKFEREGELEET D720, TNOIZERDHS Sum H, Sum N, ionization
potential, polarizability B, polarizability y |Ff& S WRUNH L S IFERITHET HEHE R
55, £72, Sum H, Sum N, ionization potential |1 &/ EREEH 35205,
REFOSRKEF SIS EET HEF 2 HVD. SHIZ, heat of formation, ionization
potential (ILFWE DL EMIFEER G HEMESNDHILEND, EERNTORGH
R R B D I REME S B A HND.

BN EED TN B W T, ZDRUSHEF DEMESDZIZ, in vitro FRERDE
R in silico \ZIVBEONLIHEWMEHR AL, (LB OLEW 7R, EAFH), (b5
BO7ekE % 7RI E W CGRHMlIT 22 ENMIEE B Z BN TS (33). 2T, 1 =
THEZELTC in vitro FEREY LINA BUEZ THIT D in vio TFT /VBIOATET
WEEELTALTFWE D insilico 16#HEY LLNA BEZTFRIT S insilico &7 Vil
HEDETHEAET VEAMEL. ZRMRFEOBLATIE, W/NHm% E D EA i
LT ZENIEFICEHETHLD, HAEET VLTI, %%YEU%?/V“C“EHjéﬂf:
LLNA BHMEDIRIEZER L7, Table 12B (IR XIS, invitro £T VDA TAY—
SRR NTE, 7 AL E S NS, 2055, AiROLEY, REE
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ip cobalt chloride |ZBHL TII 0 FHLENEHE CTET in silico &7 /L CORHM*T SR
#1&720, benzoyl peroxide, propyl gallate, 3,4-dihydrocoumarin |3 in vitro €7 L&V
b in silico 7 VD LLNA TRIBEO T 3 min-7ziz), HEET VBN Th
[FIARIZ I/ NGEA & 72> 7=. — 5, phthalic anhydride, maleic anhydride, 2-nitro-1,4-
phenylenediamine (23 TlE in silico &7 /LD LLNA FHRIBMED 523 in vitro
ET VO TFRIBELIVHIRLS, ZOfER, phthalic anhydride, maleic anhydride (230>
T LLNA PHIAT ) —1XEEED LLNA B 73U —&—F L7, 2-nitro-1,4-
phenylenediamine @ LLNA TFHIBMEILFEEED LLNA BUEIZIE DWW, 7
V=3 FEIZB W TR/l O EETH-72. LLNA B 73V —7 strong ThHD
phthalic anhydride 1%, % 1 BECTOELDMEY, VDU XTFREFEATHIE, in
vitro FRER TIINMK RO BN E 2 GNADHZEEND in vitro T7 /L TIEFEFEIY
b 2 TUUENTI weak LHIESNZ. LL, in silico BT VEMABEDET
BAEET VTIE strong EHESNIZZENDE, WLKOND invitro FRERIZIWTE
LR b EICEAL T, AT MIFEEICAMTHLIL /RSN, T
DI, W/ N EIIE AT T BV TR T2 /REINT- (Table 12B).

@J%%’i’ﬁﬁb\fé:fh?%’%@@ﬁéﬁ%ﬂﬁﬁ?éﬁ%& FRZmPEDH W EICRL

T, EMZIE M3 D RN B2 A7 5 2AT) ZE NI ICHE THS. /- T,

8/ NEAT A B DR AT D T LD ATREIR AT /WTV AR A LB B2 5.
ARETRUCEEET VB WT, /NI E S DLW 28T, — 0 Tl KRE
P ENPER D2 EZBEWT 508, eh~Oii ] & AifE s LI AZFHINZ 3BV T E
RIARE T 2NEBE LN,

In vitro &7 /VIZF T non-sensitizer & ISz 10 (LFEHEDH L,
dimethyl sulfoxide 335" sodium dodecyl sulfate A0 M&FEETH -7, Dimethyl
sulfoxide |3 LLNA (23T EC3 2% 77% Lmi<, BAEMERE L weak Lii5S
AU TCEDY, sodium dodecyl sulfate [FEMIIBWTREAER TIEZ2n 2 &5, LLNA @
FERMAGEL R ESN TS, DD, invitro T /v IXARRMENIER 10700 T
HWETNThHD. €T, BLENRFIAF—LEL T, W in vitro 55 FE i
L, 1 BB EAGIEL 22> T AL EICAL TDF, EEET /L TOFEAEL
TWHEBZHILS (Fig. 10).

/
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In vitro assays

(protein reactivity,
keratinocyte activation and
dendritic cell activation)

Positive Negative
|

|

| |
Risk assessment ) .
In vitro In silico
model model
| |

|
‘ Lower predicted LLNA threshold ‘

@ Quantitative risk assessment

Hazard identification

‘ Human acceptable exposure level ‘

2

Human tests such as repeated insult patch test

Figure 10. Proposed evaluation scheme for skin sensitization using the in vitro model
and the in silico model.

KEIZBWCALFWE O FILEF R IV AL FE VW T=a—F L
Ry NI =T aATH9ZL T, LLNA BIEA FRIFTRE ChHZLaRLTz. ZIVETIC
WESILTND in silico FHIIENY—REHIA BHE L2 DO THHDIZKRIL, 4E
WEEELIZET VX, o FIGEED DAL IEIICHE B L CEMEORELZ TR 5
VD MLIZHEZE L2V dnsilico DVAZFHII~DISABITHHEZ 2 BN, SHIT,
BAET LV THRISN LLNA BfEZHWT, [ERRAS), AL 8, HH
HES BB U285 % T2 E BV AN (9) 2% 2524T, BRNC
W FTREZR IR EE DB NP REL 72D, 1D TO R FRAEME FRIET L ThD. In
vitro X in silico FHMD - TREAEEZ TR 256, RAEHIZERRERIZ I TR
ISEANLLIRNZ AR T DN DD . HAEET /L THRIEL. LLNA BIfEZ I,
TE B YA A KV e M ) AT REZe iR FE iR E#, hRIPT 55 00 B R ek 2 92 fit
L, in vitro iRBR, in silico 1H#R, MR QTR LBMERMET22LT, I0EHE
DB DHFHBIEDHENT FTREE B 2 HND.
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% 3 Invitro JCRUEMERBR OB

%1

SEZMEMEC UV DS S CTAELD ST, Ktk R EIC oINS,
JeEMEIZEAL T in vitro 3T3 NRU JtaMEakBi (48) <° ROS assay (57) 23 AR
FAELTERIRE A THDH—J7, HEAEICBEL TUIEID in vitro B HESH
TWDDS (47, 50, 58-63), TTARTA ALV BRERTE T2 0.

SERAEITNEZ EE DY UV IZED =T —E RN L CTHURE D PIAM T, 7%
TELRAEDGIE R THHEZEZ BN TND (45). BAEE K& R 50Z, in vivo
REVEZB W T AR TA AN FIENRL, [FA—7 mhayL T CEHlis 7z Ab
FWE R DIRNZE, LLNA OXO725R A E T 2slBRIEN N2 e, SHITEEIE
PEVE I N TR FFLHDOEDIEND (2, 50), FHlOBITER S, ek
EEETOLENSLIEENFTEND. LvL, NP =R IR E T U, BAIE
REETRFISN TEIZIOIS, RIEISEOEERDGERI TS in vitro FRBRSC
in silico FMZR AN AAGDLEDZET, Bia HOSICFHli 21752 S A EE
ThHEZEZ BN,

MAEBUG DI, Z R_IUFEEIZE R ZH T in viro ARBRIEELT, ENMILTET
NI I EDIERER E R T RN HESN TS (58). F7o, BRRMIEOE ML
(ZHE R E S TRBREL T, THP-1 MO E N RAY 2 SRR R 7= bl a2 L5
BAFE T UV BELZEED CD86, CD54, HLA-DR 5% &+ i BA A iE &
LTS (60, 61, 63). LINLIRING, KEZAMBOIEVELICE 82 & T invitro 3R
BT RESN TRV, 22T, BIEICB W TEREMEOTE L ORI AV s
TUW% Keapl-Nrf2 pathway (27 H L, JEREAEMERIBRO B 253472,
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52 Hi EBMEIRIOU5E
3.2.1.

3,3°,4’,5-Tetrachlorosalicylanilide (TCSA) X Acros Organics (Morris Plains, NJ,
USA) XV AL 7. 6-Methylcoumarin (6-MC), musk ambrette 33 J T8 3.4°5-
tribromosalicylanilide |3 # & fb 5 T. 26 (Osaka, Japan) XV i A L 7= .
Chlorpromazine HCl 33X TN sulfanilamide X7 #7747 A2 (Kyoto, Japan) JViEA
L72. Sodium dodecyl sulfate, anthracene, L (+) -ascorbic acid 35X T" dextran [TF1E
FEE T 3£ (Osaka, Japan) SO AL7-. Isoniazid (£ LKT Laboratories (St. Paul, MN,
USA) LVl AL 7-. Acridine (% Lancaster Synthesis (Ward Hill, MA, USA),
diclofenac sodium salt (£ Cayman Chemical (Ann Arbor, MI, USA) XY, benzydamine
HCI % MP Biomedicals (Santa Ana, CA, USA) LV AL7Z. o b EWE 1T
Sigma-Aldrich (St. Loius, MO, USA) XV ALTz. 2 TORIEKITFHKEI L —REHLL
(XRISLL Eob 0% -,

3.2.2. UV/VIS R4t

UV/VIS M5 F B 21% SOL500 Sun Simulator (Dr. Hénle AG, Grigelfing,
Germany) (2 500 W AX L ANTARZ 7 BEON UVB fHIKO a2 RS E 5720
Hl 7 H—Z B0 72t D% 2. UVA 58 ORI E 21E, UVA-meter (Dr.
Honle AG) %z e,

3.2.3. Photo-ARE assay O Bf¥&
3.2.3.1. MifuksEE
AREc32 MaIXE 1 ZICEHEOmITEEE L.

3.2.3.2. iR

1 UL Y7200y 50,000 {HE7255512 AREc32 #ifuz 96 U=/ 7L
—h (Falcon, Corning NY, USA) |ZHEFEL (180 pL/well), 48 FEfDOwIEZE D%, 1k
WV A LT KM L PBS (4) ZHWTHECK 100 mg/mL F72 1 IA R -
BRI PR R FE J0, WA E DA 1L DMSO % W TR 500 mg/mL 7213
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VAR - BB IR FUR E LY, 2 A FCRYIT 6 REKMELIER L. HEARIZ DMSO
ZHAWTES5ETL PBS (1) TEHIT 10 FICHARL, DMSO ORIREEN 1% LLTE
PRBIINC LT, HIREEE, MRS A 180 uL @ PBS (+) I[ZEHL, 20 L O
IR EIRIMNL T COy A FaX—X—NT 1 KIS, UV/VIS BE%1T-
7o, [FIBR ORI G B 21T 7= 7L — MBI 1 KL, 7AIRAL Tl L
72121 UV/VIS BSEAT oo filazktlEL THW -, UV/VIS B, gimE
ZEREL, MREEEBIREZNA T COr A2 FaX—F—NT 24 KRG # LI, gk
#%, Mifinz PBS (-) T 2 [MIPEEL, UV/VIS FRETES, JEMRETIFZ N2 ofiind:
%2 1 EICREROmITHEIEL, CVTS 2R,

3.2.3.3. Photo-ARE assay

AL EE R LD B L7z UV/VIS BEIFD CVT75 &b &0, MR i B X
1/8 X CV75, 1/4X CV75, 1/2XCV75, CV75, 2XCV75, 4 XCV75 LLT=. HEttoi-
W CV75 DR TERWEEITIE, KEEEDEOLA L PBS (+) 2 HWTHR K
10,000 pg/mL 7o X E i - B TR AR E XY, MEEYE O% A 13K K 5,000
ng/mL F72 VTR BREIR SR EE LY 2 EABCRAIT 6 IREKMELGRE L.
Ja7’L—hE ARE-Nrf2 Vo7 =27 —PU R —F—& a1 OiE MR A L it
M UV/VIS HREE, FERRE O 2 B > HELT-.

UV/VIS HRIF & 5528 17 00 18 #1350 e T P R BR & [RI AR I SR i L 72 UV/VIS R
24 KEff2 MR %Z PBS (-) T 2 [IWEHL, ARE-Nf2 LI 77 —EBLR—F—
BB TOEEBLOMIRAGFELE 1| BICEO@ICHE Lz, FRITMzL
T 2 [l EMDIRL, 2 3 BORIEETITST.

3.2.34. T —H2fFMT

UV/VIS BREBEOMIN OFRBRIE 2B W T, SRR RE L Ly 7 =T —
BIEMEDS 1.5 520 BN, 22 DREREICB WIS R i L Ty 7 =T —
BIEMED 15 (5L BN G2l Uiz, 3 3BT 2 SBRLL L CliEs
725755 A 12 photo-ARE assay [ &flWrL7-. f#HTIE, MIAAEAERD 50% LIk
DIREDHFERMLT=. UV/VIS B FFRIOIERREIFD Cluax 1, SEHIE O
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G HRRIDE LT,
Imx  :UV/VIS BEREOWEBRME IR LD N7 =T — BRI FEFR &L
RED PR E LB Z LDV 7 =7 —BIEME L CRRUTZAE D i KME
Clmax  : Imax 27T JRE

3.2.4. HEEHEMT
HEFZEMEIX Student's r-test Z3EfiL, A B /KUEIX 5% KLl
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B3 fN FEBRR R
3.3.1. Photo-ARE assay @ UV/VIS PF&5SRIFORG
AREHZIRWT, Ml AR, Aflamsko ATP 213727 —BRISIZED
AUBHINAEFRIEIZ, £72, ARE-Nif2 L3727 —P LR —F— B\ FORHIT
N7 27— BULR—=F=T e ANITEMLTND. ZZTHIDIZ, ﬁéﬁiﬂ@i%%?ﬁiqﬂc:
GEND pH FRREK, B3, MIGZ L /7% OWE N, UV/VIS IO/~
=7 —EBDFHITGEZDEEIZ OV TR 21T o7z, UV/VIS B &%, 3T3 NRU
RO oL (48) B, 1.7 mW/em? OFRE T 5J/em? LLT-.
RIS E D%, M RROFE TR #IEEZ PBS (+) I[CEH LML
UV/VIS ZRRETUTZRE R, Ml A=A ==& > CellTiter-Glo® #HED /LT T =T —
VRN BICH B ETRD LN -T2 (Fig. 11A). —J5, LiR—2—T v AHO
Steady-Glo® FRIED/L L7 =27 —BRLEIX, Milasi&E P T UV/VIS BIFLI-5E
(ZHERR G L L L C 5 5 DL B TTHEDSFED B, PBS (+) 1T UV/VIS BRELT-
A TR B3B8 bi/ed »7= (Fig. 11B). UV/VIS FRE D 2

(A) (B)

]

- N
(8] o
L L

-
o
L

CellTiter-Glo® (x107)
N w S (6)] (o] ~

(6]
L

Luciferase units measured using
-
1

Luciferase units measured using
Steady-Glo®(x104)

medium PBS medium PBS

Figure 11. Effects of UV/VIS irradiation on cell viability (A) and ARE-dependent gene
expression (B) of AREc32 cells. Luciferase activity was measured with CellTiter-Glo®
(A) or Steady-Glo® (B). Cells were irradiated at the dose of 5 J/cm? in cell culture
medium or phosphate-buffered saline (PBS). The results are expressed as the mean +
SD for at least three independent experiments. Statistical analysis was performed with
t-test. **, p<0.01.
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TNy 7 =2T7—BEPITELIZS S, (ELFWERHIZES ARENMf2 17 =7 —
PHER T RUOFEL W T 200K EEL D70, IO IR TIE, PBS (+) F
T UV/VIS B ZFERi+HZE2LT.

BT, BB IEEYE CTHD 6-MC 2 AT, fill UV/VIS FREH &M
ZRRETLTZ. 6-MC DR FEIE, FERKRFI R EEME D TR B2 250 ug/mL 2°5
ELT=. 2.5 J/em? @ UV/VIS % 1.7,2.5, 5 mW/em? O CTHREL7Z5E O Re
Fig. 12A |TRT. WTNOMHE 2B TH UV/VIS FRIFEED ARE-Nif L7 =T
—PUR—F—EaF DRI EITIERE RS L L ThO P TTER RO bz —
07, MIRAERRITZEAERBLEZ b7, 5 Jem? @ UV/VIS % B L7- I
X, WERAFHIC ARENIf L7 =7 —BL R —2—i# {5 ORBUILEL, &
REEICBWCIEIRUIR R iR L C 5 (SREOFHENEO L (Fig. 12B). —
AR EENE ISR E CO A, DT MNITRDOHNIZ. 10 Jem? O UV/VIS Z STk
1%, VRO B, REE R E I BV TS ARE-NIf Ly T =T —
BLAR—F—B 3TN LTZO A THh-7- (Fig. 120).

UL EOFEREY, HEAEEE ORI WS UV/VIS BE &L 5 Jem? 235
W CHHEHMI LT, ZOME L, 3T3 NRU PT B CHW DG B[R —THo
(48). FRETRIE DOFE T, Ml HER LY ARE-Nif L7 27 —FPL R —¥—8x
THBLDOFAM R E IR BN D o722 e, BEICHE 3 O o e ENE R BR
ERIERD 1.7 mW/em? Z LD FEERIZH WD EE LT (60).
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20 -=-Ac--  Cell viability (2.5 mW/cm2)
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activity
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Figure 12. Effects of UV/VIS intensity and the total amount of irradiation on ARE-
dependent gene expression and viability of 6-MC treated AREc32 cells. Cells were
irradiated at various intensities and dose levels [2.5 J/em? (A), 5 J/em? (B) and 10
J/em? (C)] as shown, after treatment with various concentrations of 6-MC. After
irradiation, cells were incubated for 24 h at 37°C. Induction (fold) of luciferase activity
and cell viability were culculated. The results are expressed as the mean + SD of at
least three independent experiments.

3.3.2. Photo-ARE assay ([Z3ITDMRAEMEMEICLD ARE-NM2 L7 x7— 8
fnrOIEBFE

6-MC & MWW TERELTZFHZREHITE W T, ol 2 E OFHfi 21T -7, ek
YEMEE &1L T TCSA, bithionol, chlorpromazine HCI, ketoprofen, musk ambrette %,
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EMEYE L LT 5-methoxypsoralen %, M NIAEMEZ RS2 WE EL T
sodium dodecyl sulfate 33208 DMSO ZFEAML7=. ZD#ER, SCRVEMEY) B H R
DI UV/IVIS BREHZE-T ARE-NIf Vo7 =T —BLR—4—Ba DI IIMN
P (ZLEEL 72 (Fig. 13).

AV F LD ARE assay (R EEAEMRERIE THHZEND (13), BEBRME 1 Z
JERAEMEE DY 5 121%, UV/VIS FERRSTIFIC ARE-Nrf Ly 7 =7 —EBLAR—4

BIETORBANTTET HEEZEZILND. o T, HEIELZFMT 720121

UV/VIS B FEEIERREFIFON L 7 27— EBFEEO LN EE THLHEE 2 DI,
UV/VIS BSTERRZ W THEYART R LG LT 1.5 (FLL DO T7 =T —BOFFEN
OB, 130, FERHFFOFPRE LU T 1.5 52 EoFERRBOLNSGE
G L HEL 328, BETLTZ 5 O EME BT 2 TH ML Z L5
&7z (Fig. 13A-E).

3.3.3. Photo-ARE assay & invivo fifHED L

RN EVE R B O RAR I Ji 70 ) E M E MR R 5720, 30 L FEMEIZ OV T
photo-ARE assay % 3ZJiiL 7= (Table 13). JelZE DRI ELEH L7545, ot
EAEE BT 17 WET 12 WED, StEEEIR 6 MEDIL 2 MED M
Elpolo. HFmMEE RSN T MEIZB W TIRTHRRESHESI. B EER
FITE R HER L photo-ARE assay OERE RO —F=, LI L O R
% Table 14 |27 . JSLEAEMEME B IOt mEME L RELT G 6, —BERIX
70%, BT 61%, FFEREIX 100% THo7= (Table 14A). —F5, HEAEEME O
HERRELTZ G, —BERIL 77%, L 71%, FFREL 85% TéHh-7- (Table
14B).
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Figure 13. Effects of chemicals, together with 5 J/cm? UV/VIS irradiation, on
luciferase activity and cell viability. 3, 3°, 4°, 5-tetrachlorosalicylanilide (TCSA) (A),
bithionol (B), chlorpromazine HCl (C), ketoprofen (D), musk ambrette (E), 5-
methoxypsoralen (F), sodium dodecyl sulfate (G) and DMSO (H). Cells were
irradiated at 5 J/cm?> UV/VIS at 1.7 mW/cm? after treatment with the test chemical.
After irradiation, cells were further incubated for 24 h at 37°C. Induction (fold) of
luciferase activity and cell viability were calculated. The results are expressed as the
mean + SD of at least three independent experiments.
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Table 14. Correlation between in vivo or clinical data for photoallergenic /phototoxic
chemicals (A) and photoallergens (B) and photo-ARE assay results.

(A)
Photo-ARE assay
Positive Negative
L .. Photoallergenic/phototoxic chemicals 14 9
in vivo or clinical data ) .
Non-phototoxic chemicals 0 7
Accuracy 70%
Sensitivity 61%
Specificity 100%
(B)
Photo-ARE assay
Positive Negative
A . Photoallergenic chemicals 12 5
in vivo or clinical data - .
Non-photoallergenic chemicals 2 11
Accuracy T7%
Sensitivity 71%
Specificity 85%

Grey shading indicates that the same results were obtained in in vivo or clinical data
and in the photo-ARE assay.
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%4 H B

Keapl-Nrf2-ARE pathway 1%, B EIEMEIZIBWVTHRIERDISESILTEHY, in
vitro FZJEIEAEMERER CHD ARE assay X° KeratinoSens™ (2 b Tinay 7
TR THD. HEAEIZIB N T, JEAELAERRIZ Keapl-Nrf2-ARE pathway 723H
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Figure 14. Proposed evaluation scheme for photo-sensitization.
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