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Perspectives on the Current State of Evaluation

of SKkin Sensitization

Sumitomo Chemical Co., Ltd.

Environmental Health Science Laboratory
Hidenori Suto
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Nobuyuki Horig
Takafumi YAMAGUCHI

Skin sensitization caused by chemicals is one of the high social interest diseases in terms of maintenance and

control of working environments and general consumer safety. In recent years, there have been strong demands

to replace animal testing with non-animal testing to detect the skin sensitizing potential of chemicals. Several
non-animal tests have already been developed and are being used for regulation of each country. In this review,
we provide an overview of skin sensitization, and introduce international regulatory trends, new non-animal tests,

and our approach and future perspectives to the evaluation of skin sensitizing potential.

L BHIC

BEREL L Sic F OREFBEOMER - B E% 0
MR EEE 026, BELE Z2H5TEWEOA
REHB LV MZH 2 B0 E+E4HE
P 5 TETCWDS, 295 LRomh, HEMEH
ENBFRERMICHEEN S LM, Hl, M
B XOWER2» SMEM A IRET 5 -0 S
R S LT, ¢ b DRSS T B EM A
REETHHEOFHGEE & U TBEREFL &> T
. AR 12, H—0WE £ 7213 IRAM D L
JEICHE L 2B Z A7 LLE -G TH DD, X
GBI AT 2B DR LIEMT 5 Z 21k
D, EEICRNZERE (P5h) B8EC 5, EE,
B2 T ~EHEBENTICT 28Ik
WTE [ hd] BRET S EE. HEEWEL
DEVERO—2125 > TH . ALFWE O R &
FEME 2 R 5 Z L I3EETH 5,

e, IERAEMEIZELE Yy FRT T ZAFINWT
Al & T & 728, EIEAE OB 5 B & o
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e ORHiliE (@ FERAERE) ORMAESEAL, S,
P, —ffbpmD ZEEHIEH E 2D H %,
Hiid, KO RETLRO LU THHATZ 2L WE
DFFED 72012, T O PR REAFTE DR 2 i 57 % [F]
DRI E 2 DD, WIZ RO M T
BEBEL TITS 28T, ZOREMEEMEL T»
%o AR, BOFREAEMEIZBE§ 2 A 12 D v Tk
At U7z BTy [EESH 2 BRI B e Fs & OV LV akdl T
By INEE A LNHIS A 5 IS5 RO ELIC
DT %,

R 8 A4 T

1. RERAFMFMOZE AT
(1) 7V ¥ — & REEIE

A DRI LD PR A L X,
AHEWE B EDRYMORAZVIEL TS, —J5,
fekrLaY s EQBFLYEISN L Gafe L <X
AN PRS2 RTZERnHD, ThET LI
F—LnS, 201 EQFEFBAOBRE T, [T
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IELIENN  Classification of allergic reactions

BEBMEMTMOBRRESHDEE

Reaction type Immune mechanism

Example

I (immediate)

IgE-basophils and/or mast cells

Acute asthma
Acute allergic rhinitis

II (cytotoxic)

IgG and/or IgM antigens in the cells membrane

Hemolytic anemia

III (immune complexes)

IgM and/or IgG complexes-soluble antigens

Serum sickness

IV (late) T cells

Tuberculin reaction
Contact dermatitis

¥ — FEIROKSH A ERT ZERE] THD.
201441213 7 UL — PREBRRIEARE SR LT 5 7

EL T UVLF B O DS BN & stk 2
Lo TW32,

TULE—ZKEL44 4 TI2HfEh 5 (Table
1)3, PiAPBEGFAI~MAIxF U, BRI,
RIEHIIETH BTV v 3Bk & OMINaA RS54 5 IV
TLLAX— GBERI7 VLX) oI, FHH
BB (T LIV V) L. 24~480%
MaEaE—27 T 2RIERIBEEL 5. BIRNIZIET
UL — VR R 2% & oo, BREEME R IR R OR6
HELHDDELEEDbhT0EY, BEMET7 L LY -
Pl G 2 DRI & UTHEM O L E Iz,
X, AN L, ruLEEOEE,. TERFY
BHERL 7 2 VILEIE, T 285, BROWEICEEH
BINT T 2Ly OTIVEEDPHILGNTWS,

B REAE M T AE @ IC B b 2 ERB Tl a3, Bk
PECIXEREL R, AP A L4 5 72 O B G O
Al fni ik 2 R A ShB3LABH D, 72
HEHEHMIIB W TR - FIZEROBELRET S
AR D B & wE AT TR ALREmRIZE K
EhWEESZ 5,

(2) iR IEAEMED FIEREF

T VL F = IWEI xS B KIS A el - #ES Y
5 [EfE] OBME, TUILEX —JEREFRIEX B 5
[EfE] 12225 “SOBREBMeh T b, KEEME
MDA T ALFEPE 2R 0 R U B #3& U TR
MWIZIRAT S ZEI2&D. 2O EIC R =N

Key event

RIBT BTV VSRR T A CTRIRD L85 2
ET RAE] PRI L. FE. B CILE W E 2 R
EEBLTRALTLBZET, KRNIZHMHL TV
52 DFEWBEDRKDHETH BT VSEkh b5 & F
EAVA b AA VBB S R A IS RIE (A
Sh) #EERIT (Fik)).

B DRIERTF A2 E 2 5 LT, TOAEWER
Bl (Adverse Outcome Pathway: AOP) #% PRfE 4
0N H B (Fig. 1), AOPEZ. {L¥EWENE %
BRI FTHHFERRISHL T, rLr~on, fillgr <o,
FHAR L ~OL, R L ~IOL D B BEETREY 5 B (i 4
DEEHL (Key event: KE) #FEURHT THERR
FHETORMBELTRLZEDTH D, KK
PEDAOPIZ20124EIZOECD A 4 &V 2 X HE L TAER
EhTuw39,

BRAEED [RfE] OEFREIE. £ DAOPIZHED <
EM>0HEGL (KE) 2R 0K d 5 (Fig.2). KE1T
. ACEWE S AR L CREND & Vs o B &
AT, IEWAREIZIIN) TIRERH D, &
231,000 OB IIE S 2 @M T E 729, K
AR AR T T LU Y (W) 13, 1ZEAENK
BB TH B, B TILEME s Vo B /S
THZ TR ELD, PURMEAR T, &I, KE2
TlE. ML (Keratinocytes) 235t b4 %, & v
INTB LR LA FINE D &M A B B
DREZIEDI% % 58 5 A Lila, 2 D(LEPE I
K B H» SN % IRGET 2 72D WML S N TRIER
JBAEGE L, BRI (Dendritic cells: DC)  #3$iE )X
JMZIBE T 5, KE3STIIDCAEMAL T %, Pilsid, &

Onset of

symptoms

Molecular
w (Protein/DNA) Cell

Key event

BB A concept of Adverse Outcome Pathway (AOP)
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Tissue Organ Organism
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BEBEMTFEORR ESHOBE

| Induction phase | Key event 1
Binding to skin proteins

Challenge phase|

Inflammation (erythema/ edema)]

W\ .
i % "

[ Key event 2 J
The activation of keratinocytes
v/'.' e
Wr o
skin 7S .\\ b
\ Key event 3

Cytokines release .':',...: :'._' . Q O=. o .
o o |® . g

1

@ to regional lymph nod e‘ The activation of dendritic cells

Prohferatlon of educated T cells

% Key event 4

lymph node

B Mechanism of skin sensitization

J& DIREREG & B\ NI EERGIZAFAE S 2 DCICHfifE & A,
WAL L 2DCE & 1D ) VSFiH Iz h 5,
KE4TIITY 7 SERANEMEAL L THEIA S 5, ) v 3girh
DARBERETY VBRI, DCIZX DR S h PR %
Ak Uit b4 5 2 &, PR 2 Tie & 5
b - B - B %, ReE PRS2 Rk &k
LTS 5MBT 22T, [BYE] BRTT 5,

(3) TR 2B A FH S 72 B R RS AR S T 1

LA W'E D B 1 & AV % ST 9 5 Gk v B 76 0 i
g <, 1940E R &b e b B L UEHW A v 5 5
%< OBRES MG S h T 5,

REW B % Fl o 72 B REAE MR BR & L ¢
OECDF 2 b 4 F54 ¥ (TG) 2R XT3
RERIEAIEELET2ELEY FAHWEYF V2
A¥—vavikb&U¥a—35 -k (TG406)9, TV
VOSEROB A fRIE L B~y X AW 2R v
JSHiERER (TG429) D03 d 5, Zh 6 SFHDRER LI
DT, ZOMIE AR,

O TLEY L IFVIAE—V 3V
(Guinea Pig Maximization Test: GPMT)

Magnusson & Kligman!Z & 0 1969412 B 7 & WA
KM U 7ilBRETh 5, RIZINE &5 5 IR
#l (Freund’s complete adjuvant: FCA) & & & 125
VB & BN UL RO BRI IE T
VLT PV Y LB BT 55 E L THRTIRE %
RO 7R TH 5,

TLEy bt OFEIEICFCA L WHERWE % e N4
U (—WIEAE) « LE B2 12 B BRI % A% 1 12481
MIPAZENSST U TR IE T 2 (k& SE) . —WRIEIED2
M. N GRS E & 24 B PAZEG T U TR

26  Copyright © 2019 Sumitomo Chemical Co., Ltd.

Educated T cells

l dissemination into peripheral circulation ‘

@ Chemical

() Skin proteins

) Dendritic cells

128 v

Keratinocytes

R IE & FHR 5, BT %24k & U4
RHERRT D BRI GRLBE, v9IiE) #fs L. W »
KRG KIS ZR8 b N -t e HET 5,

@ =EMLEvY b E2—7F—1k (Buehler Test)

BuehleriZ & D 1965412 S M 727k Th 5,
BRI E 2D B F TR TR TEM L,
FCARFHWAWZ &b, FEEOE F OBEFESRMIC
MOFHIIEEE Z 5T, FCA%ZHW2GPMTOD
MRS TIE, KO FEGmICHIL -3l HWE L
THRiixhsZLddH 5,

FILE b OIS B BRI E A 1], 6FE P
FERGfT UL 2 & R CEALIZER3INTT - TRET 5,
A RAE D2 M B, A U 7238000 & SORHE] o0 558
ISR E & 6IRERIPAZE RGN U TR %, BB &
O SEIZ DV TIE. GPMTERB TS 5.

® ~IZ IR Vo SHEiEAER
(Local Lymph Node Assay: LLNA)

Kimber 5 12 & 1 1986412 FA % X M 7= iR ERVEOT H
5, BAEREDOTY V3 BROMMIRIL (KE4) % o
WETEE SN M) Fo4bF IV VY OTY v ISEk
DDNANDHLD AL TR %,

7 AOWH IS HEBRYE 218 18], 3H [T
WAL, REEMIHBIC VY FoabF IV VER
RS- L. Bt Vo SH#iz i3 5, #BRE
YA U 7T & AR O A & YA U 72 kBRI O O
PED It % Stimulation Index  (SI) fii& L CHEM L,

IARTE U 72882520 6 e, 2 DOSHEA3LL ED

BT 5, /2. SHEAS3 %R B E
g (EC3MH) #KERMEMOMEDOEREET5Z &
NTE% (Fig. 3).
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Day 0 1 2

VVY

BEBEMTEORR ESHOBE

1 week

5
? CP Measurement of

Application
Test substance
1

®

Injection of

= DPM (treatment group)

(Stimulation Index)

DPM (control group)

DPM: amounts of [3H] incorporation

B Local Lymph Node Assay (LLNA)

ARRBEE, ELEy bEHOAZRBRE KL T
EEMFHEA AR Z & FHT 2D % <L
FCAZ MWW Z &2 5 B\ OTERS K S b
T & B RGO 853 IR 25 75 e e 4 G ol
B 2L ENDL, EEMICHEESRTHWS, L
L. —#Bo&EBIcx L THEBEE (e Mo TS
ARV R T2, BRI ORER) . & 5 g
BB ISR LT (B M 2o TR RENE
ERE VA, R TIIBEEO/KR) 2RT 2 ER
b, EHEGEHICHRO» 2 Z L 3 Moh T 5,
F 72, R & F O B 72 0 Sl R0 ik i 7 £ i
Khd 0. BESHEWE &gt Bk e L CAdeno-
sine triphosphate (ATP) <°5-bromo-2-deoxyuridine
(BrdU) % HIv» 3 J5 ik 4320104F 12 TG442A (LLNA-
DA) D35 & 0'TG442B (LLNA-BrdU-ELISA or FCM) 12)
& LT, OECD TGIZIN#E X T 5, Y4HIZLLNA-
DAONY F—3 g ViRBRIZBIE L, #4 F T4 1Ll
HFhH L7,

2. BREBMEFHFMEOREDER

(1) Kk (HA, KEL FIH) OB FREL:

R PR, AR OB RIS VT,
B R AR PER A I 1 S sk CH T O WA D 5 720,
Table 212 HREK =M DB FELFIZONWTE L D72,

M1 R ¢ IR, DS OB, AT O et
THEPRE 2§ % i

32 LA AL B DA N O BLE S DR B 5 5 i

X3 LA ¢ R ek

FRILE 2019

[*H] Thymidine

2 o>

[3H] incorporation ‘.‘
into LNC VN
Isolation of
Lymph Node Cells (LNC)

5hrs

12
Positive
(Sensitizer)

Negative
(Non-sensitizer)

Stimulation Index

0 v I I )
0 EC3 20 40 60
concentration (%)

WEhOHRIZE W T e, BIERERY @&
MO NERED W IR 2 U H 5

®© HX

RIS & > THEI 28BS TR0 Hr Tk
0. REPNCHE T 2 SRR IEEGHIE (R
A) . BRSO R A 5 L OPERI R (8
ENE) . bR R (REEEY - R
AT - BB b X ORENE®S (AR5 HE)
& Dl 2T B,

JEERITA RIS T B B IR & FEERO B T b 5 B
2 o b h. REBIEEOFHIiE L UTid, ik
12GPMT. #1%i1ZBuehler Test2 % X T X% 7219,
L L s, [REEOBFHGFEICE O TR §RE
BERHZ DWW T OSBRIy, BEEEFERICH L TiE
OECD TGIZYUiK & 1 7= B 2B A O 23389
5B KDk -7,

Pigsioh CREMICIHEE S T3 80k, [IE
TR BRE S A F 54 v ] I2B W TGPMTA E
DFCAZ I 2 iABRE A HESE X T 319, AR
RAFETIC KD EEBARITHEESNA TS
DY H D, Hek. BRI WIZEERDICHEC TEL
oy b EHOZRERE 72 IZLLNADOFER A Y THh B
EEINTOR0, 2018512 [IEIEIH & - (LBE S
DR AWM O 72 3 O HE K D Fe R R AR BR U 1
ERLE 2RI RICBI T 2 A4 & v 2| MR &
. B E O REERBEO T G WTHE L & -
7= GEE2. (2) Gzt 1,

— AL O L FE B K ORHEEIC B VTR, B
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KRS BAEMEE DR R ESBDOBE

FRPVRL i D BRI B R AR R IR HE H Tid e <
AREE L ED 5T,

@ K@

KETIE, FHHTIRRPEEDTH 20 E 5 01
B &3, BEA - BREAl - BdAl - BRIEA G E
(Pesticide) 13—#5 L OKEERBEIRFT (United States
Environmental Protection Agency: US EPA) 23 i% L
T, KIEFEHRE AR R AR ARE  (The Federal
Insecticide, Fungicide, and Rodenticide Act: FIFRA)
IZ&k > THIRl X Tnd, Pesticide DB EF Tl fA, B
Al & AT R T — 2 B WEOEB Th 5.
EPA%i A FZ4 »iZiE, LLNA., GPMT. Buehler Test
MEPRE & L TEFEN T E), LLNAZ S —E#IO
PEBRE LTHERE L T2 19, —J5, #isesRilgiko
WHERME SN TH D, FERRLATEER ) 75 E D —
WHEIZOW TR EMAGDYE 2T — 2 242l
HE& T B EHEEN2018F4 A I AR S /219, B
ETIEHDEDD, BEEHEH%IT 5 US EPARHE 1 s
7 L8 (Office of Pesticide Programs) 1. Z D¢t
TR NI - 725HIAE R T h UL, HERH
IZTF— 4% FAN5ELTED, MEMIZRE %
HEDHBEMDBI DDA B,

— AN S FARICUS EPARS T E L TR D, A5
BRI (Toxic Substances Control Act: TSCA)
ICEDHfl N T s, —ibFMoOBEHFTIE, H
GO T — 2RI MEATIE AV DD, YEFEAE

I2&kD ) Z GO 72 DI AN LT & b X 7=
Lelor—afgiE ko ohns,

® B

RIS PR BLS, (Plant Protection Products:
PPP) & U TN MZE4T (Europe Food Safety
Agency: EFSA) 2348 U . he ¥ f& 7 84 & AR A1
(1107/2009) 2k D HH 2 T3, FKIZDNT
. BINEES (EC) I fEHEiTa0Iicx L, #
FANIEUDALTE - HifB - mik o = Hblkd 5 5 FERIZHR
569 B MK D K ERYHNOHEEA L EE kb, T —
2 BRI HI31107/20090 AR Tdh 2 ZESHAIN
283/2013 (J{R) ¥ & 1'284/2013 (BiH]) TE®D S
NTn3, WTFhOZESHANCE . LLNAD E i
NE—FIRNTH . LLNAMHENE T X L WBEH DA
EYMEERL 72 ETCGPMTO EfiAi80 5h 5 & it
WEhTna20.20, 75 BiEsid, BRAEYERG
(Biocidal Product) & U TRINALZ5 T (European
Chemicals Agency: ECHA) 2 Ar4 U, AWk 85,
BUHI (528/2012) 12X D HIHI 2 T 522, 37
FTTHEZR 7 — 4 25l U, FHli © & &2 - 2541
Y& 725888 (in vivoid5R) % 9EHE$ % 25, PPP
EARRIZCLLNAZE —REIRTH 0. £ LIS OiER L
ERERL 255 FEYHERTRELRH S,

— AL IZECHAIZ T Tk . REACHHML
HHZ kv #fl T3, REACHTI, F/1 b+ v
PLEBGE - A S 2 eI L TEEA B

LELI WP Skin sensitization test acceptability for registration of chemicals in Japan, US and EU

Regulati Acceptability
. . egulating .
Region Chemical class authority Regulation Act GPMT/Buehler LINA Non-animal test
method
Agricultural Agricultural
MAFF O O O
chemicals Chemicals Control Act
I ticides fi
| nsecticidestor MHLW PMD Act O O O
Japan infectious disease control (quasi drug only) (quasi drug only)
MHLW
. . JCSCA
Industrial chemicals METI ~<——— Not necessary —————————>
ISHA
MOE
Us Pesticides US EPA (OPP) FIFRA O (@) O
Industrial chemicals US EPA (OPPT) TSCA <«——— Not necessary ——————————>
Plant protection EFSA PPPR o o .
products (1107/2009)
BPR
EU Biocidal products ECHA (528/2012) O © —
REACH
Industrial chemicals ECHA (1907/2006) O O @)

(O: acceptable; O: high priority method; —: not listed; MAFF: Ministry of Agriculture, Forestry and Fisheries; MHLW: Ministry of
Health, Labour and Welfare; PMD Act: Pharmaceutical and Medical Device Act; METI: Ministry of Economy, Trade and Industry; MOE:
Ministry of the Environment; JCSCA: Japanese Chemical Substances Control Act; ISHA: Industrial Safety and Health Act; OPP: Office
of Pesticide Programs; OPPT: Office of Pollution Prevention and Toxics; PPPR: Plant Protection Products Regulation; BPR: Biocidal
Products Regulation; REACH: Registration, Evaluation, Authorization and Restriction of Chemicals
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Reagent in which a structure
easy to detect by HPLC is bound
to the amino group of Cys or Lys

NAL 0 O

B Method of ADRA

Key event 1 can be addressed using ADRA. Key event 1 is the covalent binding of electrophilic
substances to nucleophilic centers in skin proteins.

TH., FH1~10. 10~100. 100~1,000. 1,000
Pbo b vfomZ e icBk e h 2 @tk itk %,
P R REAE M2 2T b v B TRl 5 2 & S ERR
XM, B EEREEIC & B A 2 R 2 A D A
in vivosNER DS EHEBE T D 5. In vivoshA5RId 238 - B
PESE L [AARICLLNAZY S B IRTH O . 2 h LISt o
B BIR L 2 A 3 IE Y A2 R N B 52,

(2) B FEEAEED FIFERIL

WRINT20035F- 12 AFf & 7z [EULBES BB S8 7okl
1E (2003/15/EC) | &, LBEMmBATEIZ 361 2 By e
7 PRBERICHEIE UL 20134 LIRS, Bh el 2 920 X
hrzAbbts (BB &) OEUMKINTOIRGE % 5%
FTE2EDTH -0, {LhEERICES . ARG
DHEERICEHYFBRRBEORRBENE S E 2 % 5
I e 570, ZOFIUZ RO . K E OB
ICRELSEEBL T 5,

ARV B O T & RFIC HOW AV I3 AR AT O fig
HAMEATE D, EBDAOPIZF 1) 2KE1~KE3IZ%f
W& U 728090 % B O Ze W ERBREE 2 R 2 ISHZE & ot
%, OECD TGIZEEIZIHK & Ty 3 KKED K 7«
P A D IS T B L & R, HmE Tk
(in silicoF15) R T b Z AR DE ZFHIEIZ DN
T, EOHAZELTICE & D7,

@O KE1 (% v/82HEOIARKEE)

BT ENNENES HEEYIE. RO & Vo8
2BEOT I W BV 2574 Y (Cys) RV Y
v (Lys) &&) LEARATEZLTRAENIFEE &
3, ZOLEWME L 24 VS0 B L ORES BT 5
FRBRVE & L TRA¥E & M7= Direct Peptide Reactivity
Assay (DPRA) 3. 20154 ICKE1D iz L L C

FRILE 2019

Mix the test substance
with NAC/NAL

!!!!l,[l

BEBMEMTMOBRRESHDEE

[ Sensitizer binds to NAC or NAL ]
25°C 24h !

Unreacted NAC, NAL is
quantified by HPLC

OECD TG442CIZ#k X 7=, wlt. w7 4 L Lkk
A2 4L ADPRAD K KL ¥ T & % Amino acid Derivative
Reactivity Assay (ADRA) #&HFX L., Ytkg ) 57—
g VkERIZ Sl L C20194E6 H IZOECD TG442C\
JEB NN & 417229,

DPRAIZ., AR 4 V32D D IZCysd 51
BLlysa EH TS DO/ TF F a5 5T
b5, RPN % 24 6 & 72, HPLCTAR
JBRTF FEHAEST S ZEI2ED, 2V 52HED
WEOREAGHME L, BB X ORI AEE T H B
HEEe e LT, Cyskb K ULysO X7 F F DA H
DY 236.38% LA T DIGA X B, 6.38% & D K x
WIGEEBEEHET S, 720 WAEH6.38% KD
K& 22.52% A D5 3RO RIS . 22.52% & 0
KE L4247 % K DG T, 4247% LD K ¥
WA REORIGHEE . BHEORE A =I5 T
5L TESH0.2D,

ADRAIZ. DPRAL [FREDFHELIT, AT F F D
B D IZCysd B\ M FLysICUVIRIN DS 7 2 L v
BAEMMUAENTEFLY Z74 Y (NAC) B LU
N7xFNLY) Yy (NAL) #HVn3ZEickd, i
R A S0 72 BRI T H B, WEERIYVE %25 'C T24M¥
MRS & 272 1%. HPLCTAKIBDONACK & UNAL%
HWEL. ZHENDWAD ROV 234.9% LL LD
BICEMEEHET 5, MIEE 2 EO728ODPRAK D
KBS TG EHE Z ENTE, HRMEDH» R
R A EANOFEARMHIL AL EORFTEHT 5
(Fig. 4)2®,

@ KE2 (F{LAlfao w1t L)

(L2 EE 2 PR & i 4 5 B, ALl &2 flL
FIERIS AR TR I 92 &, fALHlaoRE ol
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BEBEMTFEORR ESHOBE

Vector DNA encoding Luciferase

downstream of ARE*

\,I %ijw

\Y
MTT assay
Measure cell
viability

|
MM

37°C 48h Add Luciferase substrate

Add the test substance %

[Human keratinocyte-derived cell J

*: antioxidant/electrophile response element

BEEEE Method of KeratinoSens

Measure light emission (reaction amount of ARE)
with a luminometer

Key event 2 can be addressed using KeratinoSens. Key event 2 is gene expression changes or
inflammatory responses associated with specific cell signaling pathways such as ARE-dependent

pathways in the keratinocytes.

WY 7 F IR A TS 5. £ < OFE A
PR, TR 2SO F % £ Tlic Al o di
AL ADGE S (ARE) 12 &0 HI & h 585 18
AHET LI ENME IR TS, FFICNr2-
Keapl-ARER P& 2 WML 35 L LN T 5, Nri2
W, 7 OIHIA T TH b Keapl & #EE L TAWEL
IRREIZH B H, KeapldD ¥ A 7 A ¥ ERFIEIZH G RRAEM:
WEEEDOKRBTFHEOWELIREAET S &, Nri2ik
Keapl/ & fi#Bf L. FANF17 L TDNA L OAREIZHE
BT 5., ZTOME. THOEETHOFEEFHE X
N ALEEIC X B RS S DM fREIC@H <, K
F2 1 72 iR : & U CTKeratinoSensi: % & U'LuSensi:
M. ZNEF 201585 & UF20184-1ZOECD TG442D!c
Y & 7229, w3 h ok v b Ailiietk
HRALHNE 2 T, AREFIICEAL LY 7 o
7 — ¥ OFRNEE IS T 5, M4 FELT0%
Pl b»>ay ba— )il b RTLELL LR B
NALNDGACEMEEHET 5 (Fig. 5) .

® KE3 (BHRMIRzoREMEAL)

BrikAI (DC) 3R EBIEMEMEZDE D, &5
WAL S Sz A N A4 R v R —
a4 R ko T Eh, W5, WL 7
DCi3Fi4 Dy 7 F VWE (FA b4 v, rEHNA
V) BEAT S, 720 B LU ZDCRYE A AR
L. Z OPUFHA O % 585k U CHila e _FIc/# 7
3 5 ERMAE IS AR (major histocompatibility
complex: MHC) FIZHURE LTIRRT S5 Z LT, Bt
JRFFERA L TR A S L35, 2D X5 IS L
7=DCTIE. PURERR IS 2 il 5+ T b % fllia

30 Copyright © 2019 Sumitomo Chemical Co., Ltd.

14y 1-CD86X°CD54 D FE B L AR i~ v &
FAE 4 va—a4Fr8 (8 xE) OEE
sE. JERERN I K UBRERZ LA C 5 Z e RI6
T 33080, Zh 6 O A BT 2 &N %7k
&L b b lasRE M EE (h-CLAT) . U937Miie
BREEMEALERER (USSENS) & X UIL8L K — % —#fx
T7 v ¥4 (I8 Luc Assay) »'. 2016~184-1Z ¥k
W TOECD TG 442E12 R X 1 7239, 4TS Luc
AssayD/N) 7= g VEBRICSBEIL, A4 FTA4 Y
LIZE 5 L7,

h-CLATIZDCOfH DIz b b HERAR NI TS 5
THP-1#ifl2 % Fy, CD86% K O'CDYMD B HL % 5L &
T2 HLETH D, WHYVE % TSI 240 8] 12 A 34
L 72CD86% K UCDMO B EAZ 7 a0 —4% 4 + X
MU =Sk DWE U, PR R LR B
TR EOERE  (Relative Fluorescence Intensity: RFI)
TRl % . HlE A, M 7= H150 % DAL 2
DCD86F L U'CDS4DRFINZF N FN150% ¥ KL O°
200% Ll b & 7 BAER 20045 & h 2 Al &
ET B, Foo B EHIE S 5 R/ N BRI RS
(MIT) % Fh\ T, MITA310 pg/mLA i % 58\ RS &
TEVERIE. 10~5,000 pg/mL % 55 e i &R MEE &
THuE. EENLFMANORA SRS T
239,30

U-SENSIZh-CLAT & [A]#. DCOXb DIz e ik
BtV v o SEERaRE T B 5 U937 L 2 F VY 72CD86D
FBLAARIE L $ 5 L Th 559, WERWE % RNk
45IK¢ 1S, CD86™D 5 Al e =8 % i By B S QLI &
DI, Stimulation Index (SI) THHli§ 5, JlE Kk
3. MR ENT0% LL EA2DSIN150% Ll E & 7% b
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Vector DNA encoding SLO
downstream of the IL-8 promoter

Vector DNA encoding SLR
downstream of the GAPDH promoter

BEEX Method of IL-8 Luc Assay

BEBMEMTMOBRRESHDEE

!!!'ih
N .
\ 37°C 16 h Add Tripluc (Luciferase substrate)
I:||:||:I V @ 10 min
I
/ <
THP-GS cell i
Add the test substance

Measure red emission (number of viable cells)
and orange emission (expression level of IL-8)

Key event 3 can be addressed using IL-8 Luc Assay. Key event 3 is the activation of dendritic cells,
typically assessed by expression of specific cell surface markers, chemokines and cytokines.

fR 20 5 N a CEE L HIET 5,

IL-8 Luc Assayi. Rihiod DD ke B DIL-8D
FEBA B L 3 5%, MfiZTHP-G8Mila (THP-1/
J1ZIL-8% &L U'GAPDH ' 1 & — % —lil5| D F iz L
v 7 17 — ¥ E{E T T » 5 Stable luciferase orange
(SLO) # & UfStable luciferasered (SLR) % ZhZHh
MARATZX 2 2 —DNAZEA L 7-#ile) %5,
GAPDHIZEHIZRBT 5/ 7 2+ — ¥V 7851
THHEE TFOMESNEREOZLEZR T 5729
DRFEEIZHWS NS, HEBRYE 2 BN 16K I
SLO# K USLROFE AWML, L3I/ A — 5 —TH
HiE g A WE S 5. GAPDH & IL-8D FEHLD L 23 i I
RTHERE & IR TLARS DL FEEIN U 72358 2B & flE
T5, MBEAMOBR UFERMmL, BEORER 201G 5
N7=GE B BHEOKRA3EIG 5 =56 12k
HE¥ET S (Fig. 6).

@  BeRFREAEMETI (in silico k)

LB O P EEAL 22 0 V0 UL B D I
SaitE A Pl 2 Bk, i< 2 5 8RB o
ISRRET ST E 22H WES OB I8 HIK O Ba5 %

LELIERN Summary of iz silico tools

T2 — 4 —FOIEICKD . 2O FH
BT b B Il R B AR 25 & MR A2 A
DODb 5, WHLFMHEE LTE, EAERT
HB5TE, X2 =/ RGERBUCIRS 3.
B OMGE ISR 58 T IRRE A & DRk il 2 F)
HLU, =4 X—=Z2{tL L= KBEDERE RT3 Z
EIZ KD HRWEORMETTHIATT S .

BETEY — i, MR — 2 LR - 2D
TOOY—=LRdHBb (Table 3), Hal~N— 2%, &
HWLEMDT -4ty M8 X2 ET L
ROV S TET, ALEME &0 (@) oM %
RS - Pk - BT oML L2 S RN 5 E R
FRE S WG PEAERE  (Quantitative Structure Activity Rela-
tionship: QSAR) 12T 5, #HEl~— 2D E
M7z ET )L & LTiE, VEGA. CASE Ultra. TOPKAT
BEPHMONTWD, —F. FEkN— 2 3HHER L
=T 7= FEHVSTET, ks & ORI
EHRPLEMRIZE BT — ik bEH x5,
Wi 7 7 — M3EMERER X = X LB 5§ 58
G L ER I NS, MR- 2ORENHEET L L
L Cid. ToxtreeX®Derek NexusZs & BHIS LT 5,

In silico Model Builders — Characterization Freely available
Statistical-based Expert rule-based software

OECD QSAR Toolbox OECD v v/ v

Toxtree JRC v v

VEGA Caesar project v v

CASE Ultra MultiCASE v

Derek Nexus Lhasa v/

TIMES-SS LMC v v/

TOPKAT Accelrys v
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BEBEMTFEORR ESHOBE

k. & (OECD QSAR Toolbox, Toxtree, VEGA)
& £ 1§ (CASE Ultra., Derek Nexus, TIMES-SS.
TOPKAT) DETFLNAAET S0, AEETILTIE
FEREIZ 31 2 R & B8 U 72 B RS REAEME 73 % i
A5KkE, BETTLIOBEENITEL TS,

®  EFEBRAEEOMAS D FHI

B AR 3 M 25 VRIS T b 5 728, Hi—D
KE % ZFAli 4 % A v D A TR aHAl R #E & X o Tn
be ZTD¥., KEID Z VIS2 B & DFEAEERD
& 9 Kin chemicoii°KE2% K UKE3D X 9 7 iy %
A 7zin vitrotk &0 o 22l ekl R 72 0 T <L b
B ORI ENIRERS T v ¥ 2 — 4 —fRTIC &
Bin silicod: & FHNTHR O W72 G R A2 HlAad by 7-a
FE0) 2 B AN EER S Th 5,

WAL in chemico¥s & UVin vitro D FEERAE R R in silico
OYVHT — 4 E#HAEDYE S FkE LT, Defined
Approach (DA) 23 FH X hTwb, DAIZFERHMEE
UM PREEE N2 T A P4 VIR R EDT — 4
A A DY, THITER AR % & % Wk 727
fifi 7s L — L (Data Interpretation Procedure: DIP) (Z
KO, EMFHW AT T2 2 LD FBIMEICHE
NG FAETH 5, 2016 IZOECDIZ A 4 2 F
FaAYVPEERL, 207 -2 245 4 #fET L
TW3% (Table 4) .

2018412, HIHIME & LTI CUS EPAL D R
AP D MR (B /FEMERE) 2 HBE L72LL
TO2EHDDAE R E 17219 (Fig. 7,8) .

(a) BASFtl» 6484 X N7z “2out of 3 approach” %
N—=2&LL723DT, KE1I~KE3D 9 647 5KE
DAL D2RER A FHE L T, MRS KL =254
EZ OFERERAGHTE U, SRS RL > 254

LELICYS  Case study of defined approach

(3 RFEMEOKED AR & Ik LT, 23k T—3X
L 7248 R & meidatli & L CERI % (Fig. 7).

(b) fEFEMAStE2 5% &7z “Sequential Testing
Strategy (STS)” #RX—2Z2L L72=8DT, mHIc
KE3DAER & FfE L. 7 DOEELEMETH L
Ptk LA L. BEEOEAIE. & 5ICKE1OMER
EFEMEL. Z ORI T & S mAS T X
P BT & AU AR S B L A AR T S

Test substance

Classify based on
concordance

Classify based on
2/3 concordance

Defined Approach: “2 out of 3 approach”
(USEPA)

’ Test substance ‘ —>» Positive —» Negative

—xes ———— [

Non-sensitizer

.m Defined Approach: “Sequential Testing
Strategy” (US EPA)

Case study Proposer Purpose

1 An AOP-based “2 out of 3” integrated testing strategy approach to skin hazard identification BASF
2 Sequential Testing Strategy for hazard identification of skin sensitisers RIVM
3 A non-testing Pipeline approach for skin sensitisation G. Patlewicz Hazard
4 Stacking meta-model for skin sensitization hazard identification L’Oreal identification
5 Integrated decision strategy for skin sensitization hazard ICCVAM
6 Consensus of classification trees for skin sensitization hazard prediction EC-JRC
7 Sensitizer potency prediction based on Key event 1+2: Combination of kinetic peptide Givaudan

reactivity data and KeratinoSens data

The artificial neural network model for predicting LLNA EC3 Shiseido Potency
9 Baysian Network DIP for hazard and potency identification of skin sensitizers P&G L.
10 STS for sensitizing potency classification based on in chemico and in vitro data Kao prediction
11 ITS for sensitizing potency classification based on iz silico, in chemico and in vitro data Kao
12 DIP for skin allergy risk assessment (SARA) Unilever
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(Fig.8). (a) &MEIBRIZ, BRKEIZHIET 2k T
HAUTREBFEOFE 13 2500,

DH2ET {2018 12 JEA I A L 0 RIS -
LS OBEEHEREE LT “K 47 v 73outof 37
MR Eh, ZhZFhKEI~KE3IZ7% Y ¢ %2 DPRA,
KeratinoSens# & U'h-CLAT T\ h & BIED A& D
A AHIPIE R L HE X B (Fig. 9) .

OECDTIZDAD 4 4 F 74 Vb= HIETHEH Z 1 H
D, EYEFE 213 US EPAL W U “2 out of 3
approach” 723, EEAMNIE (K REAEMED 3% X DFF

—>» Positive —>» Negative

Test substance ‘

Additional studies

T

> Non-sensitizer

B Defined Approach: “Bottom up 3 out of 3
approach” (JP MHLW)

—>» Positive —» Negative

Weak

g Not classified

*: Minimum induction threshold (ug/mL)

’ Test substance ‘

IGEELN Defined Approach: “KE 3/1 Sequential
Testing Strategy” (OECD)

h-CLAT MIT DPRA depletion ~ OECD QSAR

Score (ng/mL) %) toolbox
3 <10 >42.47 —
2 >10, <150 >22.62, <42.47 —
1 >150, <5000 >6.376, <22.62 Sensitiser
0 Not calculated <6.376 Non sensitiser

7: 2~ 6: 0, 1:
Strong Weak Not classified

IGEEEE Defined Approach: “KE 3/1 Integrated
Testing Strategy” (OECD)

FRILE 2019

BEBMEMTMOBRRESHDEE

filivk) 12i&. STSEE U K fEFMA b 5 DL T
» % “Integrated Testing Strategy (ITS)” D DDk
flidiA F o7 gL LTRES A, FHiSERED =
DOXGr (EOGEAEME, 550 RBIEME, BEEZSE L)
WZHIE &N 539, STSTId 5 v BE 2o s Bt 2 KE3 13
h-CLAT. KELIZDPRAIZHEE T2 %, h-CLATA
Btk T, 145 N 7=MIT (Btk & F1E & 5 i/ NEE)
7310 pg/mLAI T & AU O EAEME. 10 pg/mL& D

WA E S OESEME & HE T 5. h-CLAT2 A D
WA ICIIDPRAZ FESE L. BT &b U 55 VR,
VT H SRMEME A L & HEY % (Fig. 10), ITS
Tix. KE1I®DPRA. KE3Dh-CLATOZEREIZHA . in
silico™ — L IZIZOECD QSAR Toolbox 3 fEdE X Ju Ty
%, ThEZhOEREO~3IZZITIL., ZDOHE
RDBTTH AT OB, 2~67T & 11559 W EAE
P, 0F 2231 ChIUTRRIEME L L EHET 5 (Fig.
1), Zds. GHSHFHV & OA M & BT B HED
L5 TW5,

LBHICH T 2 RBREEOEMERBRABEAND
HR ) A

AL TR 20055F-H 2> 5 B2 RS AR O i 2 BRAfh %
ELTHARD B E PRI V2 FF v (&7
LAIVIB.YATA YV )Y Y BB RTFF)
& D FEA MR A& FhE U T % 7223940, Z ZKELC
M3 22 TdH 5 2. DPRARADRAD & 5 125
BOWMASHRIZEBHETIEI AL, ERT HHE (7
NAFF V) &AM ELC/MSTRMIYT 5 LT
bbb, LrLars, MOKEIORE & Fkic, H—
DA LR O A DGl TIFMHINIZIRA 25 0 |
F 720 @A O THEO X5 ISR EEBIEMED M X
FTEHETELEVEWIRED b 5,

EEFRREOBRTIE. FRIBOMZEL XL D
B BT D S R A 2 & 8 THE
JEAEME R ARFHR OLFIEIE L <. Zh b 28Tk
B LIRS 2D, HMBIENIZEHE T & 2 Fho
FXENLEEN TS, 2612, BiEd 20kl %
AHli§ %7203 ThaS KIRETE B F ThrEhzild
T3 &S HEOCERIEEYE & T & 2 F A S
TEAL. B T e o RO PR B3k %
WD B Z N TE, AINFRE KRIZP
T eRTES,

BUE, Bt TidnNy 57— 3 Vil & 8 U TR
AL ZZikBRE AW UL dn silicoy — L & LT
Derek Nexus# & UFOECD QSAR Toolbox, KE1& LT
DPRA% & O'ADRA. KE2& L CTLuSens#:., KE3& L
TIL-8 Luc assay & Ul AR DES Z LI2&kD,
A THRIE OOk L B L THETHTh 5.
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KRS BAEMEE DR R ESBDOBE

SHOEL

P2 F& REAEVEIZAOP MR & LTy 2 Beb 2 gk
D—DTdh . FEFOMRN 2 B EHIE % K
LM OE E D & &I, BH LB EEERR
BEEARLZIZERZIN TS, UL TiZ200H 0 B
BIET DA E) % B CHNT %2 GARD (Genomic
Allergen Rapid Detection) assay23iEH 4T\ A M,
OECDNDU A H 5 U THE D RRER D MG 3E 23
BH5N T3,

FEB D . HRERERE DR R AS DX FHl O
TREIRTHINED 5 T B 08, BB OREML
IR HDRS S AL o5 F i 7 E < D Ok
DD REFUZENT TR 2NED 5T 5,

1. BEMOBEOFRICOVT

B R REAEE O BEAG (355 M /B2 D IX 43 720 Tld
< BEMEOR S QEEE R OB THE LN H
THb, Fho#y, OECDTIRE X TV 5STSE
K OITSOM AL DEFHEEIL. —BREOATIE S %
DREAEMED IR X O FEN IR THETH 5, %, &
DRI RBIEVE DR & % PUIT 5 72912, BAEMEO M
FHIIG U T LRI HRI T & BEHIEORR AR &
ncTni,

2. BHEMEORBEICOVT

WO FEERR (in vitroll:) T, BEAKM:O &
WNEEZK VA M D FH 203 PRI 8 &0y S el OFRRE A B
2o B RE RO RN i, B MR o FTA I
L7z “ROCH B O e P REET L % O 72508k
RHABEIZOECD TGIZI#E 2 T % (TG439) 42,
AARERT, LA ERERNCE I3 2 &k < Kk
R FICE BRI U T4 TR 5 AT
H5, TOFETI & PR EEERHTIZISH L, &5
DO FACMRarh OBE AT O TR B & 85I & L 7257
k2R . BHEH A F o4 YLz HIEL T3
(EpiSensA. SENS-IS assay) 4349,

3. KB EBEXTHICONT

270 23 B I 7 32 it 72 L2 A & 32 0 TR %
AT [Tuny s v LHEERE LX) ok
T [FUNTF V| OFMIIZE U 22k BREA &
< YD 2 AL VR 0 BR 7S R A T B RE A B A 72
in silico FHEDOWEH L ERWIRF SN 5,

B Ri T b 5 0 2 LEWE & B EE AR RIS
BICEBRT S Z LG REL RSN T2, BRI
BHTE & M7= skBrid b & OB ROR 10> 3RBR OO HE B %0 i
FHAGTH % FURR & . BIR 0 BRI % LA B b CATA

[
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T2 % EMRIAVEIGE - Hiifi 2 8325 Z &2k 5
N5, 5% BRI S M-3Rk %
A2 A L DD, in silico. in chemico® & Win
vitroD % 2 DR A1 LT, HEEEED®E &
EREL =i matMEomE 2 BB L. Yrili s &
OMEEHOR MR kg & IS @R O Hlic &
AL Tnv&E 720,
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