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HRERERBREET R ATERBEI R EEE M5 & R ey T Rett - &
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S FAE AN+ DU e il 7 AH B B B0 7 i B 5 A s it 2 (I A PR S s - 12
e L B A R B B O o AT RS BN M i R AEEABE (guinea pig maximization
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W43 M1 (local lymph node assay, LLNA) s8N itEs - b % & EEB B YiEin %%
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K REHBE S (key events, KE) » f&E S EE S EMAM (Organization for Economic
Cooperation and Development, OECD) 435I/ B S FEFEAL Fe i 2 HIERFES | - THAE
FEAL SR R e Sh el B F B UEUIT (alternative methods) » M H i AH B Y UG
Baliik - ZBEHEWREIFRZR - BB EZEBAEBEN - & HEE A
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approach, DA) #7175 - DIUREIYEAEE - 8ER HRTHR S RGBT EHMES
THHRE VA IREREE - (HU— R H—YWEERINE - DUEE T EFHALRIE A&
AR BB AGR - KRR ER A REARAELL - SR SR B
Bm - HAETEE - HAFBEREZE T ERBCEEEEE TR N G285
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CEERNE
2 ST

i

K 2 BR AL B2 i — o JEURO AR 81 B2
(Globally
Classification and Labelling of Chemicals,
GHS) €% > KBEEEY) (skin sensitizer)
Fy B K7 g Bt te &y 5 [ B U e B — )
Beugay (169 75 GHS 538 - ik
FERBEY AR RBE TR
FRRE 98 70 S BURY)E. (GHS category
) B ESHEMNIFEHEYE (no
category) * [fj category 1 X ] [K| & B4
7 (potency) FEIENIIRES T Fy 1A K 1B
FFHR (subcategory) 3 o H 4 R EERK
i FH A B B f7  (active ingredients, Al)
B T 5 At i 4 Y s T RS BB A
R - AR T T 122 £7 3R
EIAEMET » 30% DL ERR Y E® T
B Fia s o A e e B R R AR B 28+ BESRER
R I R AR R EE AR BUE -
A HIE A fis (personal protective
equipment, PPE) » {H3# % ¥ i 28 L 5=
B i 1 F2 B IR D B 38 B R R B R
©9) » 2[RI R EGHERI R - BERAT
REFEARZEE M PPE | » {3 R 2ENYE &
B HAN R B BRI T - IS B
W ERE A BROE CZ RGEIARL ~ 7K
HEH 2 RS SRS - KIHATRE

Harmonized System of

HeRSBITE « BRI RS TR A -

o 7 R B A T

B IE - BREFEMRIE X E
(11,30,39.59.63) o L3 Mt 52 BEAN AR 70 R ZE T[]
R BB L - fERF RIS LS
e = AR GG FEREE 00 - ik
7R B B AT R i CAHRBAE » G mTRE A
TR BRI E o RIS T = S T
12 PR Al PR A M P 2 LAt S e B R
B R EE G RUE - SEHERTE UK 5
FREE AT et - 5 &R R BB = 2 2
mn AR EE LRAIRIE A B L 2 BRI %
R R EES - DUFIR SR ORI
PEa% (hazard identification) Z3F i - f
TE R MR 50 2 v S MBS AR R i
JEZ BrEaetmfi ] 42029 -

W 25 BT AL B EE R R R UM AE P Re
RBE (in vivo) By BHBE R E N
el K bEEE (guinea pig maximization
test, GPMT) B¢ K~ Bl fif 1/ 71 5t f A 0 325
(Buehler test) FBP)aEE G50 - 1 H/NE
Jeo B0 Wbk 2 A i U G S 3 AT (local lymph
node assay, LLNA) [fZE#% - BRI a5
BB SEhE A LLNA 75 2CRHd KR g O
24.26.33) » HAi Ry IEEIBRC AR R 1 RSB
REE ~ HMDL =M (adenosine
triphosphate, ATP) B bLERILERAIRT
(bromodeoxyuridine, BrdU) 12 5¢ 1Y JE RS
MEEE LLNA GBRAHE (40 41 460 » A (I
AR E 720 M LLNA J7=XEGH
i R EE - AR - WA



BRUERFE)Y) < PR B BOE R R A B
i R R 6.20.26.39 » [HANFRHEHEY)
A6 AT REE BN o BIFRAH R R EEE AL
B BOE HUE B R R A KREE R
16 K o B £ =
(reduction) J f& #( 1/b.  (refinement) MY
"3R, MHEANESE - HHE R AT 2 HURE)
Y BB ET (alternative methods) (-
31,62, 65) o RS R EEF AL TN K
BREREAL E o A REA S A R G R
& (adverse outcome pathway, AOP) Hf:&
1] 5 % T 94 25 1 3 7 0 o A 1 B B
7%+ LA R ER 7 =R R B B FE P 1
TH B AN # SR RR - DR G
HI G B 545 /5 20 (integrated approach to
testing and assessment, IATA) Y EZE
1% (defined approach, DA) #EfTFEAL -
VB R FITE f& 55 53 B BO ST AL SRS EET TR B -
DURAGE G B A 1 i BE T AL B o o B2 5
R B A AR A A Z
Weefig » S UL R ERERET VF Ry R R B BT
REEN B HAEEN 2 HKE - F
ARG 77 S By st f kG i

SN R fi o S 1 PR A R e
(AOP) Jitirs B¢ Jid it g 1 Bl

DIRFAG L2 A5 R B ) e i 35 52
5 AOP {ERyafAtickls - Al A H e (b
SYEREEREAS TEREARKALE
FI > MM SRE ~ 2B S 21 {18 i S HE A
A Jg X - B2 74

(replacement)

(molecular

PR B RETATRNE 81

initiating events, MIE) #£& 28 E AR
FI e B 75 B B2 52 2BEH5 2R (adverse outcome,
AO) T[]y — R HI K S B Bk =B (key
events, KE) » AOP & H Bij [ PR I5 fig 55 1 22
HIFHRESEIRZL L B3R - AR Ry S AR
il (mode of action, MOA) #EH 1 {b. 22 |
BaarAli 5= @399 o — R b ER L T [RERY K2
5 3 T S AT R R ot AU B A 1k R RS AR
(allergic contact dermatitis, ACD) » ACD s&
—RHAEEME (T MBS ) 698 R s e
D R LB Y88 5 [ RE By 7 AT ([
—) » R ALEE (30.34.36.42) ;

BB — EHEMSGIFEH (KE
1/MIE, protein-binding reactions) : ACD jt
FEREE PR (chemical hapten) 4 %¢
750 7 ¥ 3R B B R R R - B R R K
W L EA L ERS S IER -

B ER — ~ fE P G I B
(KE 2, keratinocyte activation responses) :
FHUFEEEEOSER - SN
2 B 48 T2 AR R 9 R AE SR A
5 SR U R AE M I A a0/ 3R -18
(IL-18) FIfE 56K T (TNF-a) % >
55 At ey O M R i S FE S A - R B
ZEwmPL A L /R E T RENGEITR
(ARE/EpRE) I Z KRR IEHETT -

s = - B IE (KE 3,
dendritic activation responses) : 7 & 3 [
J& LU L B Jig 1) At 2 i e A 5 i < B
% gfF &I 2B M (antigen
presenting cell, APC) » RJ T 5 e #ik #8 2
HFEHRE M EEHBEHA TG
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(major histocompatibility complex class II,
MHC 1) 28 @ fEsEims/ MRIEREE|
JEIEIREE S » (E EERR A MK LS A S A
Ze M AT 32 B BOE PRI B - &S
F A EEZEY) (cell surface markers) Y3
B DU AR R (cytokine) ~ # 1L
[Kl-F (chemokine) 73R {LIKRl 32 /a0
Uge kst -

BAGE DY ~ RE AR 22 [ (KE
4, lymphocyte proliferation responses) : &[]
PREEAS HHAEHE T A (T helper cell) 7E
BE] MHC 1T 2B EPRE —EOES
Hatk 0 SfeEHAM T HEMEEE R
15 T HiME (T memory cell) iBHALAIE4A: -
A EC TR DS HHBR RS S AL RS -
PR Z TR E DU A2 - tHEER

A e

(Cellular response)
Key event 3

B 53 A K it A BT 5622 S RERY . cytokine
chemokine e HAMKEMHRK 1 - &x%&H]
L —H R ACD fEAR ©

S ERE 2 M (Organization
for Economic Cooperation and Development,
OECD) CLEF#f bt K i 1 — R 51 [A]
SRBABREAF 3 B B ¥ FERE AL Bl o IR
FET| (40.41,46,47.48.49.50.51) » &7 KE 4 F|
1% 7 2E RE 7 A B S A 5 B f5 R /N B
KR Z B FHY R EEETT RS - B ¥
KE1 %] KE3 Jy fif fl L 2 W (n
chemico) B MY 58 48 3B (in vitro)
FIREYE S - HATHB RS C X E
] % Bl 4 ol B B A T 1R 2 5 T B =2 5
Ba s - YIRETE HE &Y KR e B B AL
o MERER B AR B n £2 St i

In vitro: In vivo: In vivo:

h-CLAT, U-SENS LLNA GPMT,

IL-8 Luc Assay ~ (OECD TG429, Buehler
(OECD TG442E)  442A, 442B) (OECD TG406)

BENE {ERSSE

(Organ response) (Individual response)

Key event 4 Adverse outcome

In silico: In chemico: In vitro:
Derek Nexus, DPRA, ADRA, KeratinoSens,
QSAR ToolBox kDPRA LuSens
(OECD TG497)  (OECD TG442C) (OECD TG442D)
(LM EaEs
(Chemical  (Protein binding)
structure and Koy event 1/  Key event 2
properties) MIE
HEYE AEEH FAET RN >
(Electrophilic > Gl > SEE
Substance) (Covalent (Keratinocytes
v with skin activation)
proteins)
(EEA ]
(Metabolism
penetration)

BIZEHAEL ) THEARE p BERERE
(Dendritic cells prfacy (allergic
activation) (T cells inflammation)
proliferation)

B—  REBBMEZEECEREUNEERE S E 69349

Fig. 1. Adverse outcome pathway (AOP) of skin sensitization and alternative testing methods

that can be used at various stages of the pathway (364344



fo & 4 CE 5 GHS category 1 E{ no
category HYZIHH (R—) » BRIt SMENHE
#8720 (in silico) 71 g H RIS S B ERAN
WA E Ry 35 B RE B (weight of evidence,

FREE . SN ETAT R 83

AN AR A A DLse e I ED A B - Mo
A TATA Bi# DA FERH - ] e[|k
{5 FHI 22 e 7 A A6 5 Ll Bl A B L B2 P
R AR A 2R - AR

WoE) FIEMKIBN /iiEe— < B (1) AR
MERHAYE BRI EF T H - 2) 1
EE ABETHMEEME R 3) HRARE TR
B L2 E A M (application domain)
FE5 - HAitHREY= AR

KR— KEGFERRABEREEBBMN G ECEDS

Gy

e Fo iz

—F I

B FIE Ho o R - WER
B BRI E B B
(18.43.99 > DUR$F# KE1 2] KE3 [
L IREN VA

e At B B TR A

173 i B R AR P 1

;E:E (23,46, 47, 48, 50, 51)

Table 1. Hazard classifications determined by OECD-approved skin-sensitization testing methods

(23, 46, 47, 48, 50, 51)

AOP Test Latest Test GHS
key event guideline updated method hazard classification
Key Event 1 TG 442C 2022 DPRA Category 1 or No Category
ADRA
kDPRA Category 1A or
No Category/ Category 1B
Key Event 2 TG 442D 2022 Keratinosens™ Category 1 or No Category
LuSens
Key Event 3 TG 442E 2022 U-SENS™ Category 1 or No Category
LuSens
IL-8 Luc assay
Key Event 4 TG 429 2010 LLNA Category 1 A or Category 1 B or
(radioactive) No Category
TG 442A 2010 LLNA: DA
(non-radioactive)
TG 442B 2018 LLNA: BrdU-ELISA
(non-radioactive)
Adverse Outcome TG 406 2022 GPMT Category 1 A or Category 1 B or
Buehler No Category
Defined Approach TG 497 2021 2 out of 3 Category 1 or No Category
ITSv1/ITSv2 Category 1 A or Category 1 B or
No Category
GD 256 2016 STS Category 1 A or Category 1 B or

No Category




84 EEMESSERIEE 5 13 1)

Br 8 RIS S LS

1

Fod¥Adi Sz R ME MIE/KE 1 #H1HY
YU BLAH AR A & S - ZHIR T
HEOGBNRHREYE
chemical) » 3034l B J¢ i 3 1 HORUEZ 20 1
TEFAZ B RS S HETT - AT F ikl B
R R 3t RO 9 AH B ) AL B R A Y T
42 o {8 OECD AFAz " it AOP Hff:
rh B B L E A5 S (Assays addressing
the adverse outcome pathway key event on
covalent binding to proteins) ; HJ TG 442C
WELFES - HAtE#Ex AERE (1) &'
B K S EER & (direct peptide reactivity
assay, DPRA) ~ (2) ZA &M T A1) S JFE &
B# (amino acid derivative reactivity assay,
ADRA) K (3) BhJ7% H £ 1K < iR
B | (kinetic direct peptide reactivity assay,
KDPRA) G

DPRA BN ED Y 5 S R
I» (EU Reference Laboratory for alterna-
tives to animal testing, ECVAM) E{THERX
REUEEEE - H U703 EOEE MY
EHFMEE (cysteine) FIEEZAEE (lysine)
FIANTHERGRES » KHE 24 /NRFRFFLAE
SREVRAEE A7 (high performance liquid
chromatography, HPLC) 3 A7 A& » A 4E
220 nm SEFEERAEITARE - 205 ARV
FRIGREDNA - BERIEAY) B A B {2 v 2
i e S - IR B R R B AE T RE

(electrophilic

T+ ADRA T H ARBYE& AT B MR+
IL» (The Japanese Center for the Validation
of Alternative Methods, JaCVAM)IESTHERKL
Re R - HUT =R R HIEA ) E B &
f& 17 £ % (N-(2-(1-naphthyl)acetyl)-L-
cysteine, NAC) K¢ Bt 2 B& 117 2 ¥ (a-N-(2-
(1-naphthyl)acetyl)-L-lysine, NAL) F & 7]
BE - FFRIE 24 /NRFRFTEE HPLC
iR I ME BRI RS T - = RIEAAR
ADRA 1£ 281 nm SEEEEETARE - I H
ADRA #H# DPRA W[ FH A S EE A HIY)
'H ; kDPRA C.#kEE#e /Ml BRI 5T
Bt (Institute For In Vitro Sciences, IIVS) %
PR ST R R SE b5 RS » 3Ry OECD fiiTe
2oL HIE T B R
DPRA - {H 7= 52 iz 71 X 35 A Z2 W) &) /) 22
(pharmacokinetics, PK) & » ¥ EfG R
=5 e e R R R R PR A LA 4R AHR
DPRA {H7F B — IR B AR i IR R B AT T
B+ kDPRA ZHHI& 5 {EIREEA 6
IF [ 85 Ay B FE - NI DL AR O ER B i
(fluorescence readout) 7t & HY < FERY &) JJ
BUHRE HAIRAERE B (log Kinay) B
TER R FIERYRE IR (235159 «

DPRA Eil ADRA FY 38 Fi 1 —fis HAE B2
—Wa - i H R REETT M B GHS
category 1 B no category MY 4> %H - 1M
kDPRA &% T &M j1 e 73 L R IR & 1)
AT DLETTERAS » 6 H AT DAFEEL A0 GHS
category 1 HRIF ST 1A TR
$H -+ [RGB RE 9 L e e EE R )
& 5D - DPRA > ADRA k% kDPRA % 5=



FH A AE 5 Bl A2 v 35 58 R 5 18 Rz i 1 AU
K% - KISHA R ZE DMtz P450 4
FEfRETE L (metabolic activation) HYELER
YIRFEIFFHUR  (pro-hapten) B ZHHAE 4
1t. 52 € (oxidation) HY Hij 3§11 ;L (pre-
hapten) FLAIANZ (aniline) ~S7r 8 FH 14 #i
(7,55« A H RiAHR 22 V8 2418
#h e AL B B L BT Tysine Je 7 8K
cysteine + HESRIEWITEE B LM E 7 1E
K% BOBURR Y B B RS A4S & A IS B
= o (HE R A 8 H BT E B O AR I
(histidine) & B9 EE Y AT RE 2 2E (s
PG ER 6D S5 A kDPRA H B
cysteine #ETTJE » [K] L ¥ A LB lysine [
JERILEY)E QI %E (aldehyde) HIIRNAE
HOE PR EE Y GL 5D o DPRA AN 5@
BB E N AR FEREH] - Lhans
A BAEE (nickel) HI 0] BB fE 15 9% 5%
HE BT TE 09 -

#Z Lee S5 ASHE 10 HHEZEGRUEK
3 - EIERFETS (benomyl) 55 6 FEE{EEL
R % LR ¢ H (glufosinate-
ammonium) 5 4 FHIEEELE o HELT
DPRA I &4 - 3f B AH BE 2 36588 KX E AN
LLNA 5. GMPT S5 §5 A i Bkt SR LLi » &
RTEMIZE (accurancy) 3 100% » 10 FHE
BEE RS B IR TE G -

Ei% AEE Bl i iR B R e b

Fod Al 2R E KE 2 BEHIRYAE

FREE SN R AT R 85

TE B E R BB E - E 2L RO
{EHIZ$ (luminescence detector) 2KiHI =1k
EY)E B -h ARE/EpRE ORI B
[RIFRBIGES] 4 » {K#E OECD AFHZ "#
iR 2 AOP S Hh A E T B i
b I FE /Y #4005 B

sensitisation assays addressing the AOP key

(In vitro skin

event on keratinocyte activation) ; Y TG
442D (LERMIEAFES | - HTC 270
(1) The ARE-Nrf2 luciferase KeratinoSens™
ot (LU - KeratinoSens™)
52 (2) The ARE-Nrf2 luciferase LuSens %%
Kl aAEE (LUT M : LuSens) 9 o
KeratinoSens™ Eil  LuSens *§ & fi%
ECVAM £ 17 fiff 5 AE J7 B8 3& - & &
KeratinoSens™ {5 Fj B 1 %A At S EAHBH o
AFH AKRIC2 E K] Eiff ARE-Nrf2 100
B R MIBEEY (stable transfection) Z
AR A E A ERE (human keratinocyte
cell line, HaCaT) - [tb 5 K EL A& £ 208
RN TR B » R AT R HER 2 RS 5
BBEAL R - AT =3 B R A A Pk B
R E BRI E LR 48 /DI
% - WEH ARSI THETE - —ARIE AR
RN S Gl AN
* 25 Imax TH
PR REE 1.5 DL L S H SS9 RSHHIETE
ke (MTT assay) HER0AE & 2 3% 5
A ARG 98 B A L TS SR K 70% Riffe
T+ BUATAE EE B 5 LuSens [A#R {6 H
& ARE-Nrf2 28 VA 5L HaCaT #HAM
PR o ZBAEF B TR EIERY NQO1 &K

(overall

maximal fold induction, Imax)
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gt FERERAE BRI T g &
L M B B UR AR R A B RS E R B
KeratinoSens™ £H{L] (22.48.58) o

HHij KeratinoSens™ Eil LuSens £ - EE
AT R GHS category 1 B no
category HY53 4 » fEEH R GHS category 1A
B 1B BYF43%8 - HHERTHEH S EE—
Y& - HINMESYIEEEERE ST H Rl HE 1R
AR - FEBEHR ISR ESIENE
P AR E ST BE R LB @D - SRR
— /K EEAREL (Log Kow) KA 7 B9W/'E
ESRUSITE Y S = Wy it T2
HIE > PRIFCHERRREEE| & SA IR -
EHAEEVA VB e TR B Ry R MR A SR AT AT
FIE ELE R - (B R MRS SR AT AT REHE
R NHESE » 17 2 P T T H At 5C B8 o DA
ESHIAIEL - PANERY b )N v R
AL EA RES [REEBAY IR R EPUR -
% S ME IRAREIEES) - IRATREZE £ (R
RS IR OY 5 BEJIMLEYE  (chemical
stressors) 41K 4 % FE IR (imidazolidinyl
urea) FJRERIELA B E B ERIBE - S|
7L 2 ST A B 388 HO ERRE 1T T E S AR (R 5 TR A
R Q.20 BEANEAIE HEECEE LS
] HE By Ik I A A I B B BRI 1 - KL
WA E P AHRR RS (9

#F Settivari T AEHE 8 THEZEH R
oy EIE =L (triclopyr) 5% 3 FEEAE
HHU=EE - DU 36 (methoxyfenozide)
% 5 MIEBRUREEN G K 3 BT AR L
mh BT LA KeratinoSens™ J7 2 HETTHIE
A B AH R 2E 58 25 LA LLNA 8¢ GMPT 5

e P B B A SR LR+ 5 SR U S RO FE
3 (accurancy) £ 100% - 8 il 25 A WAL
Sy BB T M IR ETEI © #1 G
ST R AE - IR PLEE DIPEIAERE — IR
P ETTERES - KPR JU R A WA BB T
= 701 Rl e e R AR
B9 18 KR - RISHHBAC RIS » 3%
JiZ A FF & KeratinSens™ J7 k55 [$1 %1 B
—YVEW AR  (H S B S I
VeI & SR E e B v RE 2 A B AR A
Mgtk - WEIR R &l RE A A4 IR R 2 1k
JBE 7 B2 DAESCES Bt = BE R SRR T 5
2 R SR R A BB B o KPR
F i Ry B — W) T A5 hE Al 1 B 43 RH R
FIREE » BT IR A R A FE S [
) o [ P R T R - S TR AT A = 7
s RIRE EAIE R R I5EE - F5R
SR 1 IEHETEE 4 SEEURA LY 2
TE DL B JEBUBUS b, 4 TR 3 18 - Hp M
R i RIS Ry B0 B =R A = s T
= 2 TEMETEE 3 TS AR T 4 H
RS - RIEETT =0 2 Ry B A Ry FEHI
M 9 o

A SR 56 1B 1 1t I ol

Ry RFAL B R ME KE 3 Bk 2
MRS HE » Bt S it £F 28 B8 BUs ) s
MuREAEZEY) (Fla] CD54 ~ CD86) =3
539 cytokine 4147 F32-8 (IL-8) HYZRFAME
fTEAL 42 K8 OECD B Tt iy
RFR L AOP SE{4-Hh R ZEil It % 1L S g
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assays addressing the key event on activation

(In vitro skin sensitisation

of dendritic cells on the adverse outcome
pathway for skin sensitisation) ; [ TG
442E ALEHIEAFES] - HET EZAE (1)
N FE A R PR 0E BT EX (human cell line
activation test, h-CLAT) ~ (2) U937 HlEfk
WIEMIER (U937 cell line activation test, U-
SENS™) K (3) IL-8 ¥ 3 J& [K] 43 7
(interleukin-8 reporter gene assay, IL-8 Luc
Assay) FEJ7EL @D o

h-CLAT Jz U-SENS™ 2L ECVAM
HEFTHERRE ST %8EE - T IL-8 Luc Assay HIl
E# JaCVAM 17T ZAE J1 BB 38 - h-
CLAT ff M A %8 ¥ & B I 9w Ml I AR
(human monocytic leukaemia cell line, THP-
1) » BRI w5 R 2 e S5 P R 8
NE - AR RSB TR S T R B AT A
B (dose finding assay) LCIHERRHIEAY)E
THP-1 Al 7GR 2% - B LM
B (flow cytometer) JHI%E H MM TS 3%
75% (75% cell viability, CV75) F{b 22
FE » Sl DAL= FE AR Ry AR ME R T B 1% 08 P R
B AR E R AR - g
I E VB S I A R e BE 24 /)
R M DARRDOUAR R Z PURSEET TR - 2RFE
T RMIIfAE R . CD54/CD86 FAREE
VIR I3 o U-SENS™ {55 F] A K R A
JE P bk B2 98 A I Pk (human histiocytic
lymphoma cell line, U937) » H 57 By
Mg BEHEAY) 45 /NRFRR - DU RS
R Y PLAS (fluorescein isothiocyanate

FREE NIRRT R 87

labelled antibodies, FITC) {748 GAE 4L
4 - FigHl CD86 FIFBEML - FEimfE th[E
h-CLAT JREMEFTHIIFEEREE - &k
FTE CD86 fErrfMiifdzE!: (sub-cytotoxic)
I T B OE IR CRH AH ER B9 I B FE B
(stimulation index, S. L) {E k&5 5 HE K
8 5 IL-8 Luc Assay fif f§ THP-1 i fiT 4
#y IL-8 #SAHfrk (THP-1-derived IL-8
reporter cell line, THP-GS8) > #H# h-CLAT
¢ U-SENS™ {5 Fu i S Bl 2% AR SV 2%
Bl » IL-8 Luc Assay Jo il 2 28 G
16 /NFf% » gl 1L-8 ke 3-Rh e H yilg A
Sl (GAPDH) Z5RE)F 2 & CHEE 12
{EAEFofti SR AR (4750 -

H#ih-CLAT » U-SENS™ &, IL-8 Luc
Assay 55 3 JEfRYaABEEE HREHET T KRS
Bt GHS category 1 BX no category 443
$H - #EEPER] GHS category 1A B¢ 1B 11
Sy¥E G HH AT E A MR R4S A
BiE S Lr e s e - BaEE—Y
H - HNREGYEEERE IR B RS
FR 5 3 Efe IR B TR EAEE LB
b FEARE R |68 B It /Al - F i B
BT B (isoeugenol) EFAFEEE (abietic
acid) » & EMIGRAVIEEEST - JRATRE
FELE RS MRS IR (1629 5 h-CLAT ¥/ Log
Kow KA 3.5 BB wIRERE 4 (Fo e M Ak
R RIS R e AIE R flE T E (2
AR R B e ARG SR AT LAER A ©D 8 4k
S Y AL B2 Oty T E By R I A e 0 DY
HOTETE » RIBE AN E AR 3 HEEs s
(16) 5 e A e 25 ME HO W) B8 & 52 BEAS SRY
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SE o [RE H NAEE F PEEE R A 5 TL-8
Luc Assay ¥}~ 5t i i P58 o] BE 2 A= (R
TEAGAR - S AEERT (anhydrides) JEYE
FIREEE A R TEAS R 47

R WK E TERL 77 (JATA)
K E#E ik (DA)

IATA ] [F] R 28 & 2% F 00 55 B FF
e~ BRI (LB - HES e - B8
Wi A R RBRER R - KBEE
ZERHFLL WoE 5 IS T IIHE S 58 5 AH R
Yig - & AE R EE IR E R
ik MHERBE B BT S 0 IATA
PN S - R B BB
B8 M R - I BAE B A i
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TE A2 LS YE AU S s & AR DS AH B
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(structural alerts) » JGH &1 ¥ F PR 3 K E
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&R
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B —8UE
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(classify based
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Rig=m—
JR A3 55
(Classify

based on 2/3

concordance)

BZ - REBEMFEERTTE =
F7iE (43.49)
Fig. 2. Defined approach for skin sensitization

assessment: The 2 out of 3 method “3:
49)
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across) J7FHMHEIE G (18 21, 32,49) o
ITS S HrAgfEEREaAE A (R D) > &
B INE 3 HEEB AR TS [ $FE A FE
BT rEE o R EE s A HEE Ry DA THINK
% MEAEmELER] (E=) > g&
JFEE 17 308 ) 14 o ] ) o B R 4 AR (R 15

HAEAR YL 3 T A e LB L @
‘l‘iﬁeﬁﬁﬂ » G [FI RS TS B HE B 4G SR DL i
o - (HERE f%f’ﬁi%ﬁ?ﬂk%%f*
ERRERT A EA R E A R K - B
ek s ik E AR A SO R g - B
Al ITS £/ ERA 2 AT HrEAREE -
A RERS HI S JEA A A+ AHER 203 SRS HAE
S R R REHEST category | PUfEEHE
FOoTHE o ITS AR 7 EAERIRS R - A
P G ST E B —E AR BRI RE - B ]

KR EEFEPHFRAAIARB 2ERRARG KR @
Table 2. Scoring criteria for alternative test methods implemented in an integrated testing strategy
(ITS) using the defined approach (DA) 4%

DPRA

DPRA In silico

Score h-CLAT MIT pg/mLY  mean Cysteine and Cysteine % (ITSv1: Derek nexus;
Lysine% depletion 2 depletion ¥ ITSv2: OECD ToolBox) ¥
3 <10 >42.47 >98.24
2 >10 >22.62 >23.09
<150 <42.47 <98.24
1 >150 >6.38 >13.89 Positive
<5000 <22.62 <23.09
0 not calculated <6.38 <13.89 Negative

" h-CLAT 3B @R B M5 IR 5 LAY i {REE SR (R % (minimal induction threshold, MIT) 2 H
REUER T 1~3 53 - i iEE A AR 0 72
For h-CLAT, the cutoffs of minimum induction threshold (MIT) based on the positive result is converted to a
score from 1 to 3, and a score of 0 for a negative result that cannot be estimated

* DPRA B8 &y R 8 [ HERG AR BB - ¥ cysteine A lysine BV EIH#ER R E] &#G T 0-3 43
For DPRA, the mean percent depletion for the cysteine and lysine peptides is converted to a score from 0 to 3
based on the threshold values associated with reactivity classes

3 2 DPRA EEEHY lysine 254 HA7 (co-elution) FE » fF R cysteine BiBHE - HIK cysteine 5%
FAIHFE LR E S HGT 0-3 2
In cases where co-elution occurs only with the lysine peptide, the depletion for only cysteine peptides is
converted to a score from 0 to 3

B MR ARG o S R T S ARG T 1 20 0 4
For the in silico prediction, a positive outcome is assigned a score of 1; a negative outcome is assigned a score
of 0
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DIHETT category 1A B category 1B HYEBEL  6-7 73 & 73 JHK category 1A 5 2-5 &0 K,
YRI5 38 > DL 3 BB fE A i category 1B 5 0-1 43 HI53%H s no category
ME @ BEfFA7E5 (combine score) FEE| (54449 6

W B i in chemico/
in Vitro assa

SRR A

HA B

ik
TR TITS FH

In silico

TEHR G AIT?

In silico

TR S HAT?

'

~ ¥
f#EDPRA ~ h-CLAT FR4EDPRA Jzh-CLAT A BV v U5 kB
J¢Derek/ OECD S TE T S AL Derek/ OECD
QSAR TBE3IE 734 QSAR TBE2IF /734
ZE&aoTHER ZEESYHER]
w5y ITS 533 oy | ITS OEH Wy | ITS YT
FRUHIEER R BIEER
6-7 GHS Ca 6 GHS Ca 3-4 GHS Ca 1!
1A 1A
2 GHS Ca 1!
25 GHS Ca 5 GHS Ca I! 2
1B 0-1 JRIETEE
2-4 GHS Ca 1B (Inconclusive)
0-1 NC e
e O st 5 ERACH
P& AR (Inconclusive) in chemico B in vitro
in chemico 0 NC ~in silico
in vitro ~ — —
in silico oy E AR
in chemico ~ in vitro

! GHS Ca | [HER RS RIBHIEYE - (BiEE
%*E;JL#DT

* GHS Ca 1: category 1 (Skin sensitizer)
* GHS Ca 1A: Sub-category 1A (High potency skin sensitizer)
» GHS Ca 1B: Sub-category 1B (Low potency skin sensitizer)
* NC: no category (Non-skin sensitizer)

B=  EEHEPHEEAERRBZEEIRAERE @

BT 28 WEGHS s B ke &

Fig. 3. Flow chart illustrating hazard classification using an integrated testing strategy (ITS)
and defined approach (DA) 49
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5 1 B 1 S SR R B S FE R S BRI
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B fEE Y MERE ST » OECD A% 196

HMALEYC BB R > B8
LLNA /]~ B A B el A R A 1 Al
patch test, HPT) ZF##5 - HH 168 flifk
LLNA 43%H > 66 H#E HPT 4348 & #5550
7 203 B ITS 55 DA BAIAE 3275 R 2L
BRI fEERE L (0P category 1 B
no category) * DL DA FHIHI LLNA #55RH95
iy #ERESR (balanced accuracy, BA) Ky 80-
84% - KM (sensitivities, Sens) ks 82-
93% » FFH 1t (specificities, Spec)fy 67-
85% » HHHAY ITS & ] f 53 # & fCME 1Y
potency 7338 (43¥¥ category 1A or 1B) >
THHI potency HYHEMEHR Ly 67-74% ; FHEA
DA TEIl HPT Yy BA J 69-88% * Sens Ky
89-94% » Spec Fy 44-88% » FHIA AREHIE

(human

HEAEEEY) faERE B
(Test chemical) (Hazard/ Potency
Classification)
l M0 R
pg/m (Strong Skin sensitizer)
Positive / .
- D
h-CLAT — (high potency) )
l Negative 10 <MIT ‘ . N
Positive <5000 pg/ml (Weak Skin sensitizer)
DPRA %) -3 L (low potency) )
Negative
I KRR
) B CLATH BRI PSS [ S IGIE (MIT) R bkt - | (L \OI-SKin sensitizer)
(For h-CLAT, the cutoffs of minimum induction threshold (MIT) based on the positive result is (NOt ClaSSlﬁCd)

converted to strong or weak skin sensitizer.)

? AfEh-CLATERBRAS F fsbt: - (HE DPRAGRES R ERE - RN T o388 R 59 R B0y »
TEGREGET BB MR - A0 R JE KRGS  (Even if the h-CLAT test result is negative, when

the DPRA yields positive results, the chemical is classified as a weak sensitiser. Test chemicals that

were negative in both tests were considered as not-classified.)

C REBBIEFHEESRTIE ¢ KE 3/1 BEFREREECH 4 o

Fig. 4. Defined approach for skin sensitization assessment: The KE 3/1 sequential testing

strategy 34 44)



HHRRE2E YR D B R RUE
{RARRURTE - 539N SURIREIE L LLNA
ted HPT RTHIIRETIM S - LLNA Y BA
A 58% » Sens £y 94% > Spec Ky 22% -+
HERLL DA FHIEI A RS B RE RS RHERE )7 5
EREYIERER - HRPEET STS & DA 27
HIHERE J1B&5% - OECD EL 2% 139 f{bE2
PIEAT LLNA /B GBad B M AP A5 2R -
FEIR STS FEHEI LLNA MUHERERE 81% -
Sens £ 90% » Spec Ky 54% (30-44.49) » GHIR
DINGE: LIREE U T IR /N =S A D = v

MR AH B A 2 o Y B RO AR - — 1
G5 AT RERT A2 2 Fl AN [R] B 21U 56 20K
G3 R URE IR S e A Y o
B R R FP AL R R @ A+ DRI A 5 A
A B P AR Bl ] A A B AL e R &
Yy R BV E R e i U
JRREE B —p sy (HIKBE AL, DA THH
R R S RO AR B RS RE TR PRSI SE - K
ZLUBR—LB2Y T - MIREEY - B
J& DABD P ARl 3P A 2 S Jl ity 2 R i
MBI iR Z - Ry PRET DL AGEA B K
DA T I 2 22 B 7 12 v 5 191 A 5
- Strickland Z A DL [=5] B8 M W 92
(retrospective) € & ¥ 7@ B (clopyralid)
F 27 i 2 EE R R L 1T DPRA
KeratinoSens™ ~ h-CLAT sz OECD QSAR
Toolbox TR AEABEHIEAS R - FFLL 203
STS ¢ I1TSv2 % 3 YA i DA H#E1T )2
JiE R I PR - Sl BRAHBA 2 LLNA
GPMT =X Buehler test BN ERHS R LL

FREE SN E ARG 93

o BRI RE )T - RS SRAE BRI A
SE R A SO R & A BUB RS R -
fErHR] DA HRTHHEIEE 38R BA kK 56-
78% » AL 203 fxrmr ¢ M5B AMAIEATE R
J50 BA HILL KeratinoSens™ x5l 5%
F 81% ; {HLA STS Jz ITSv2 £ DA TH I
UM 4 FER TE T EL B A 43-52%
©0) o L34 Masinja S A8 GE BH RS
(acetamiprid) 5§ 10 FEEZEG NS » B
154 FEERIERSEA R 6 AR
WU R EEE UK ST o AR 8 OECD 5
51T DPRA FEF MR » L
ITS ~ 203 K STS 5 3 Hix H {3 DA 1T
B o RRURR 1 TR - S A0EHE 10 A UK
ST ELRE 6 TEESEUM: B R,
4 TEAE SRR o FAET SR
AREEHIERALLL 203 B9 DA ST R R BUR M
TR - FEIIRS SR i 1k B B R 2 5 LA
B Y88 RS R LR ER o DUE ROk o
= 0 10 FEERBEESLE ITS PG A FHE
» 17 203 J STS 437145 8 fifi . 7 Fil 2 2
7 308 FH ek o A+ Lt 5 1 RS B
REFETET [ ERGH - AR R il
W E AR A - DL ITS FEIE g
FEERILE 5 MERSEIERE S o 4 THERSER
BPE o dE - 1 FEREEREMESHE 5 DL 203
TEHEN YRR R ALE 4 FERSEIEfE S
K 0 4 FHEREERIG 240 5 DL STS FHHIHE)
VBRI RS R 4 TEESREEREN N 0 3
MR EE RIS M B BRI EER - 75 F
UK AT EITEEIRLL ITS (19 DA St 1 i
i 0 WIHIER P SR T HLRE RS R i



94 EEEESSERIE 5 13 1)

HEHEIMIEEE - SINURERMNTES
T 5E1E DPRA JIEKH » 10 TR AL A 2
TEEEA T HEE - HAh 8 THEE 6 A
5 e P e R T A R TR » 53 2 ST
TETTHIG - (E A A A SR H B R
FRYEFEHIE R T BTG TE - IKIBLAS SR AL BR
F ; 7F KeratinoSens™ JHIERH » 10 THE 5,
hIH 4 EE AL E A HEE 5 1E h-
CLAT HIEAH » 10 TER AL A 4R W] R 8
1% 0 BRAR G L. DA HEATTHE - 10 TEEG
WA 3wl R FERFEA 3 TS R
2 TE BB AR v R 203 TH
WA Hd s 2 HEEkShErE SR 1
SE R TR B PR 43 G -

g LS EERERER - ZEE
BER TR AT AR B BN S % HRITAHRAE)
VI A I S T B BE A 25U 53 Bt TR
FIERMAAEE AR - 1 DUHR A B K2
BEER DA SRigH - K% DA HiEEA
PEas HH VB AT H R R R O B EE A UK AT B
B e ST o (EEH AT DA EFHHIE UK
JI5r BRRIRE TR A » B Bl 2 SR AH R
B Ry L BB I B R AR RS S
R 3 25 2 IR B A B A A e Aol
RN KLHAM AR R EEEE S E
BIA mTReHHE— 2 #HEqm - [EAHRARY DA th
AR THHIBE JTHEAR DL 203 THEIRE T %
15 0 HGE 2 AW AR A SR AT & 8 1 A
BERTRE T - FHEE T ER AR
(L2 S E 1 T REH 2 HBIE & AIE Fy
LT E - 94N DA R B T R R E T T
5 » HILL KeratinoSens™ FHEHIE &0y e

TR+ HoAfl h-CLAT & OECD QSAR
Toolbox % /7% Sens HESRFE = » {H Spec
BHK - BURE B ERBURAYATREYE » DL b-
CLAT 15 - HEWHIEL 2325 o Kl H 5 57
AT 15 1 7] <57 2t B 43 3 RT RE & G HE 2 I
(lipopolysaccharide, LPS) % KRY)'E H
B+ EEEXIE LPS &1 5[ h-CLAT #E&H
CD86 M1 CD54 Tl AREEY 3t BRI BL M
A RERE E R TR R SERE T 00 -

I 5% 2 4 S 1 554 ot 6 T2
i 2 i B i BT A 4 32
158 oz 1 By o

ELERESLHANGRBEERRE
(U.S. Environmental Protection Agency,
USEPA) Z R ZEZE M 2 = (Office of
Pesticide Programs, OPP) 2¥:{d; [t HI] k2 AH Bd
HiEE 60 » OPP A 2007 4E#8 5 A (H 5% et 28
T IR AL AH B Al - DA A B AU
EE L HFNEYE B - USEPA R
2016 FEF FEMEYEE H L (Toxic
Substances Control Act, TSCA) » 7K i
JIHER AL ER A R - S R B K
DI HEE VIR - IR 2018 A

"R R BOR e A BERHL FERT «© BEAI Y
Fg i O BRI E BB Y B
(Interim science policy: Use of alternative
sensitization as a

approaches for skin

replacement for laboratory animal testing) | °
L ATt e R S R BB T iR B AR e

it 82 B & (Interagency Coordinating



Committee on the Validation of Alternative
Methods, ICCVAM) HlEEBEFRHZYET S
EBx (National Toxicology Program, NTP)
FHEAAIL[FEHEE - mFE A AOP
& BRI - W ia R E
OECD L/ 25 HHEA B2 g i B S A B AU
flir Se SR » ¥ REEE LIRS - AR
PARTEER 203 J STS 5§ DA Z ik
ARG R - FoR TR E BT HE
— e R BRI R E L BE 9 -

RIZECY (European Commission, EC)
MECNE A 25 (European Food Safety
Authority, EFSA) $1 % RREEFEHY) IR 7
anE HEE S - R 2013 B
A BB R R R B AL ) A R AL
BB S - MRS SR XY
FEEE (192429 - AR SEHIT LLNA B
Ba - BRIEIR H H MR & B A 5 8AT
GPMT &Y Buehler % K™ B EEE 9 o B
It 2 a8 M5
Agency, ECHA) A 2016 @@ EE Tk
BB SR ~ BEAL ~ A R AR A
(Registration, Evaluation, Authorization, and
Restriction of Chemicals, REACH) » &} ¥f1F
ACER i B R @R e AL B 2 W aE &
AR OECD ELARARYEN Y G K
DA 855 & M s - I Hosda At
B e SN - BRIFITEAIE
eI E B AN AEAH B & AR By 36 1
B BB AR E S P A EE
A FEA o B R A R A B 22
Ko BEA S ETEYEE 1029 .

(European Chemicals

FREE SRR AT IR 95

KR H A RMOKER HE L 2k
Ls  (Food and Agricultural
Inspection Center, FAMIC) @ [ B 5] £ Ak
HERME (Ministry of Agriculture, Food
and Rural Affairs, MAFRA) 7\ B85 G
BRCHmoHT AR B © - MR 2019
FAERTER - B EYEEES - $HE Y
RF B RS - T2 OECD 2B Z#Y
B RiREE K 203 B STS % DA ZFEALER
o AH BRI S e S A 1 R S R -

MEREATE NEVEH R (Pest
Management Regulatory Agency, PMRA)
TR B R EE A L S RO - Y 2012 AR
AT T R S E R/ N RS
R Ry R R BN BT S E R
FRFAG R - BT R R B AL H AT
ZHIFEEEER OECD A2 L B G
Bayg s [ iR (25259 5 iR$% H AT LE
TN 2 2E K B I SEE PR)S (Australian
Pesticides
Authority, APVMA) REEFE FHFEELE
BHER - i % B8t - 28 e
Fr A AH B 7 B G B i 5 K98 OECD
eGP HEE R D B Y BE LT - MR
FEFE KB OECD L AFA 3R ANy
B R TR R AR R © -

o

Materials

and Veterinary  Medicines

%

FES A BB — AL 52 L O R g i
T Bow B 2 B i B RET HRE 09
BEAE R % 52 B2 WY R A5 542 (endpoint)



96 EEMESSERIE 5 13 1]

R R R B R E T R A
HIEMEZNEY RN — » THR
A AOP FFAH SRS F Ky AL RE SRR AR
HHI @9 o SR 25 AH B R R R O B Y
BRI BR S S AE LB s s A 1
EHERE GV A SH I S T T AR A
fEF R EFE SR - (e EH R
ot R EE B DA %5 TATA 3Rlg - &
2 W fige DR o O BRI B e GO » BR T
ey aER LIS - TCH HETER R %
fEE A AOP M S HEST B v it R M A Y
ANLEZEMKE VS » L4l PRED-
SKIN K SkinSensDB 2 (13,68) » yREFE K
AT AGEAL RIS AYEF] TH - DL DA %%
YA FHG RIS M S - MEH
STEM LLNA FEhY)ElEefs R - Hp i
HPT 35655 B BR A H8 B2 Jf a8 0 1 A5 SR AH
B WEGE M - BT 3R BED
Gh - EYIERER 7 v DU 2 58 A T A
LAY I FEARHE 28 SFFaR I R -
RIZERHER - R RS T KR s R 3
il R BB H B ERE S RS
AR - B aEE T Ry dEE v sERE SN
BT RO I E - AR B S A 5 2R
R ARSERRBREREZRASERE - K
ZEEbE L AR B RBERSRAE S
Bl @ - FEiEfH AOP #E:&HY DA Jitk
FENY S AGARR TG RN - HEETAH R TE
AR B HERESR - L m A A E)
Yridhs 400D (B3 E LB LB - A
HE A B AR - IR B HE G 24 o0
THEBDNFEREZEEESZBER -

Ik 3 7 B B 5 ORI AR ST R AL TS
R o HIREHRREREE - HEH R
EAERREAR G R - RENY
Ec Y GHEY Y23 A DS & N
BB B R B ilr IEh e R
DR] Ik 3t 25 RH R 2 B 5 b I 1 S H AR A S
EUEZIER ot 6 S NSRRI A A
HBURZWEREEY - HAlufEEE - B
F R R A B 8 A B R R AT
& 3R B AL R i L L B R B
£ 77 . (new approach methodologies,
NAMs) » i R EERACH RS R - S s
[ 5 JHE [ kA2 2 AE BR B P 2 AR IE RO
BECR - A REERCE SR &Y H AR
63 o DU ARSHETT EBRREAETT S - fEEA
FH BE Bl 78 QB0 S B 47 HA G B B TR R
- FEFHIE R RRERE (1) HEER
B2 B ¥ A e B A Baagne )y
4% OECD SRR » H B IE
MR BB KD K (2) B
7 R A SR S AT & H AT S B oK
teansE s Mo M AT H R 02 - B
B E R RHAE TS - SR B BT
e BRI IR EE Y ALY E R LR
YraEcEzuyEREE @ BLIH
MRS AE MBS o BT BIPIAHR RH
5 Az BhY)adsE © - FE L SORRIE] R AT
fiE B H AT A R L B AR B BaT AL R
e E R R YRR R EEREE
SERCERRE - Sl L B 5 B L A AL 2R
a5 B B L R R A T AH R AR i R RS
LR - T BR e TR EN Y B - Al



R ABIR AT [FIBEE A DA FEIEC
T REORM » A AF Ry it e 5 P A B e |
FMEBFICS% - BRI mEH I E L
SERENE - AT A B R E ). (5 F SR
Hows - 17 & H Al R e R B R EY)
ETIRERE R

IR T RS B E B AT IERT
111 RRE-13.1.1-38-P1 - FELLEGH -

i SC0RK

1. i EERENY) SR - 2018 © AL L TiED
EYIHEE OTEM e S - 1TB e
RREg - -#Zb-144H

2. H AR OK e B 1H B 4 & By Rl
(Food Agricultural
Inspection Center, FAMIC) » 2019 ° 3%
DEFHFFICB O TR TS ERIZ
DU e Retrieved from-https://www.acis.
famic.go.jp/shinsei/ (Apr. 27, 2022)

3ATHIERHEZ A - 2018 - REEH L
KB Bl - T PE R A g R
BAEE 1071488885 SREIEREAME 3
ToRBfS A

4. TTBERIEIREE Y M LEYER -
2020 - B LAY E RS SR A RHEEET
HIIE R - TR R - 2L -
106 H -

5. FEE 0 RECHE - FEME - R

and Materials

ik

10.

. Australian

FREE SRR AT R 97

2016 - EFEFEELHIGUESS « BRSMALEA
B e 1 s i P B S St BT B )

B o EZEEEERIE 11 195-205 -

B EMEERME Ministry of

Agriculture, Food and Rural Affairs,
MAFRA) - 59F & x|e|l S8IIE -
2021 » Retrieved from https://www.law.go.
kBT A S A UHR IS BT |E

(Apr. 27, 2022)

. Anderson, S. E., Siegel, P. D., and Meade,

B. J. 2011. The LLNA: a brief review of
recent advances and limitations. J. Allergy
(Cairo). 2011: 104659
Pesticides and Veterinary
Medicines Authority (APVMA). 2022.
Agricultural data guidelines. Toxicology
(Part 3). Retrieved from https://apvma.gov.

au/node/1036 (Apr. 27, 2022)

. Ball, N., Cagen, S., Carrillo, J. C., Certa, H.,

Eigler, D., Emter, R., Faulhammer, F.,
Garcia, C., Graham, C., Haux, C., N. Kolle,
S., Kreiling, R., Natsch A., and Mehling, A.
2011. Evaluating the sensitization potential
of surfactants: integrating data from the
local lymph node assay, guinea pig
maximization test, and in vitro methods in a
weight-of-evidence
Toxicol. Pharmacol. 60: 389-400.

Barentsen, H. M., Jonis, S. U., Pelgrom, S.
M. G. J, Rijk, J. C. W., Westerink, W. M.
A., and Paulussen, J. J. C. 2019. REACH

alternative

approach.  Regul.

testing strategy for skin



98

11.

12.

13.

14.

15.

EEEERIE 55 13 1)

sensitization in practice: Fact or fiction?.
Regul. Toxicol. Pharmacol. 106: 292-302.
Belsito, D. V. 2019. Toxic responses of the
skin, pp. 953-976. In: C. D. Klaassen [ed.],
Casarett and Doull's toxicology: The basic
science of poisons, 9th ed. McGraw-Hill
Education. New York, USA. 1639 pp.
Bhuller, Y., Ramsingh, D., Beal, M.,
Kulkarni, S., Gagne, M., and Barton-
Maclaren, T. S. 2021. Canadian regulatory
perspective on next generation risk
assessments for pest control products and
industrial chemicals. Front Toxicol. 2021:
€748406.

Borba, J. V. B., Braga, R. C., Alves, V. M.,
Muratov, E. N., Kleinstreuer, N., Tropsha,
A., and Andrade, C. H. 2020. Pred-skin: a
web portal for accurate prediction of human
skin sensitizers. Chem. Res. Toxicol. 34:
258-267.

Braeuning, C., Braeuning, A., Mielke, H.,
Holzwarth, A., M. 2018.
Evaluation and improvement of QSAR
predictions  of
pesticides. SAR QSAR Environ. Res. 29:
823-846.

Casati, S., Claudius, G., and Whelan, M.
2013. EURL ECVAM recommendation on

the direct peptide reactivity assay (DPRA)

and Peiser,

skin sensitization for

for skin sensitisation testing. Publications
Office  of the
Luxembourg. 38 pp.

European  Union,

16.

17.

18.

19.

Casati, S., and Whelan, M. 2015. EURL
ECVAM Recommendation on the human
cell line activation test (h-CLAT) for skin
sensitisation testing. Publications Office of
the European Union, Luxembourg. 44 pp.

Casati, S., Aschberger, K., Asturiol, D.,
Basketter, D., Dimitrov, S., Dumont, C.,
Karlberg, A. T, P.,
Patlewicz, G., Roberts, D. W., and Worth,
A. 2016. Ability of non-animal methods for

Lepoittevin, J.

skin sensitisation to detect pre- and pro-
haptens: Report and recommendations of an
EURL ECVAM expert meeting. 1st ed.
Publications Office of the European Union,
Luxembourg. 30 pp.

Casati, S., Aschberger, K., Barroso, J.,
Casey, W., Delgado, 1., Kim, T. S.,
Kleinstreuer, N., Kojima, H., Lee, J. K.,
Lowit, A., Park, H. K., Régimbald-Krnel,
M. J., Strickland, J., Whelan, M., Yang, Y.,
and Zuang, V. 2018. Standardisation of
defined approaches for skin sensitisation
testing to support regulatory use and
international adoption: position of the
International Cooperation on Alternative
Test Methods. Arch. Toxicol. 92: 611-617.
Daniel, A. B., Strickland, J., Allen, D.,
Casati, S., Zuang, V., Barroso, J., Whelan,
M., Régimbald-Krnel, M., Kojima, H.,
Nishikawa, A., Park, H. K., Lee, J. K., Kim,
T.S., Delgado, I., Rios, L., Yang, Y., Wang,

G., and Kleinstreuer, N. 2018. International



20.

21.

22.

23.

24.

regulatory  requirements  for  skin

sensitization Toxicol.
Pharmacol. 95: 52-65.

De Avila, R. I, Lindstedt, M.,
Valadares, M. C., 2019. The 21st Century

the

testing. Regul.

and

movement within area of skin
sensitization assessment: From the animal
context towards current human-relevant in
vitro solutions. Regul. Toxicol. Pharmacol.
108: €104445.

Dimitrov, S. D., Diderich, R., Sobanski, T.,
Pavlov, T. S., Chankov, G. V., Chapkanov,
A. S., Karakolev, Y. H., Temelkov, S. G.,
Vasilev, R. A., Gerova, K. D., Kuseva, C.
D., Todorova, N. D., Mehmed, A. M.,
Rasenberg, M., and Mekenyan, O. G. 2016.
QSAR toolbox-
functionalities. SAR QSAR Environ. Res.
27:203-219.

Emter, R., Ellis, G., and Natsch, A. 2010.

Performance of a novel keratinocyte-based

workflow and major

reporter cell line to screen skin sensitizers
in vitro. Toxicol. Appl. Pharmacol. 245:
281-290.

European Chemicals Agency (ECHA).
2021. Skin sensitisation. Retrieved from
https://echa.europa.eu/documents/10162/
1128894/0ecd test guidelines skin
sensitisation_en.pdf/40baa98d-fc4b-4bae-
a26a-492b0d0cf63?7t=1633687729588
(Apr. 27,2022)

European Commission (EC). 2013. Setting

25.

26.

27.

28.

FREE SRR AT R 99

out the data requirements for active
substances, in accordance with regulation
(EC) No 1107/2009 of the European
Parliament and of the Council concerning
the placing of plant protection products on
the
32013R0283. Commission regulation (EU)
No 283/2013 of 1 March 2013.

Fabian, E., Vogel, D., Blatz, V., Ramirez,
T.,Kolle, S., Eltze, T., van Ravenzwaay, B.,
Oesch, F., and Landsiedel, R. 2013.

Xenobiotic metabolizing enzyme activities

market. Document number

in cells used for testing skin sensitization in
vitro. Arch. Toxicol. 87: 1683-1696.
Gerberick, G. F., Ryan, C. A., Kern, P. S.,
Schlatter, H., Dearman, R. J., Kimber, 1.,
Patlewicz, G. Y., and Basketter, D. A. 2005.
Compilation of historical local lymph node
data for evaluation of skin sensitization
alternative methods. Dermatitis 16: 157-
202.

Griesinger, C., Casati, S., Worth, A., and
Whelan, M. 2014. EURL ECVAM
Recommendation on the KeratinoSensTM
assay for skin sensitisation testing.
Publications Office of the European Union,
Luxembourg. 39 pp.

Guo, Y. L., Wang, B. J., Lee, C. C., and
Wang, J. D. 1996. Prevalence of dermatoses
and skin sensitisation associated with use of
pesticides in fruit farmers of southern

Taiwan. Occup. Environ. Med. 53: 427-



100 EEHEEEEREE 55 13 1Y)

29.

30.

31.

32.

43].
Suto, H., Higaki, T., Kitano, S., Okuda, Y.,
N., T. 2019.

Perspectives state of

Horie, and Yamaguchi,
on the current
skin sensitization. R&D
Report, “SUMITOMO KAGAKU” 2019:
24-36.
Hoffmann, S., Kleinstreuer, N., Alépée, N.,
Allen, D., Api, A. M., Ashikaga, T., Clouet,
E., Cluzel, M., Desprez, B., Gellatly, N.,
Goebel, C., Kern, P. S., Klaric, M., Kiihnl,
J., Lalko, J. F., Martinozzi-Teissier, S.,
Mewes, K., Miyazawa, M., Parakhia, R.,

van Vliet, E., Zang, Q., and Petersohn, D.

evaluation of

2018. Non-animal methods to predict skin
sensitization (I): the Cosmetics Europe
database. Crit. Rev. Toxicol. 48: 344-358.
Jang, Y., Kim, J. E., Jeong, S. H., and Cho,
M. H. 2014. Towards a strategic approaches
in alternative tests for pesticide safety.
Toxicol. Res. 30: 159-168.

Johnson, C., Ahlberg, E., Anger, L. T.,
Beilke, L., Benigni, R., Bercu, J., Bobst, S.,
Bower, D., Brigo, A., Campbell, S., Cronin,
M. T. D., Crooks, I, K. P,
Doktorova, T., Exner, T., Faulkner, D.,
Fearon, I. M., Fehr, M., Gad, S. C., Gervais,
V., Giddings, A., Glowienke, S., Hardy, B.,
Hasselgren, C., Hillegass, J., Jolly, R.,
Krupp, E., Lomnitski, L., Magby, .,
Mestres, J., Milchak, L., Miller, S., Muster,
W., Neilson, L., Parakhia, R., Parenty, A.,

Cross,

33.

34.

35.

Parris, P., Paulino, A., Paulino, A. T.,
Roberts, D. W., Schlecker, H., Stidl, R.,
Suarez-Rodrigez, D., Szabo, D. T., Tice, R.
R., Urbisch, D., Vuorinen, A., Wall, B.,
Weiler, T., White, A. T., Whritenour, J.,
Wichard, J., Woolley, D., Zwickl, C., and
Myatt, G. J. 2020. Skin sensitization in
silico protocol. Regul. Toxicol. Pharmacol.
116: e104688.

Kimber, I., Basketter, D. A., Berthold, K.,
Butler, M., Garrigue, J. L., Lea, L.,
Newsome, C., Roggeband, R., Steiling, W.,
Stropp, G., Waterman, S., and Wiemann, C.
2001. Skin sensitization testing in potency
and risk assessment. Toxicol. Sci. 59: 198-
208.

Kleinstreuer, N. C., Hoffmann, S., Alépée,
N., Allen, D., Ashikaga, T., Casey, W.,
Clouet, E., Cluzel, B.,
Gellatly, N., Gobel, C., Kern, P. S., Klaric,
M., Kiihnl, J., Martinozzi-Teissier, S.,
Mewes, K., Miyazawa, M., Strickland, J.,
van Vliet, E., Zang, Q., and Petersohn, D.

M., Desprez,

2018. Non-animal methods to predict skin
sensitization (II): an assessment of defined
approaches. Crit. Rev. Toxicol. 48: 359-
374.

Lee,M. ], Lee, S., Ham, S. N, Park, Y. K.,
Oh, J, A., and Shin, J, Y. 2020. Assessment
of pesticides using in chemico direct
peptide reactivity assay for skin sensitiza-
tion. Korean J. Pestic. Sci. 24: 286-295.



36.

37.

38.

39.

40.

41.

MacKay, C., Davies, M., Summerfield, V.,
and Maxwell, G. 2013. From pathways to
people: applying the adverse outcome
pathway (AOP) for skin sensitization to risk
assessment. ALTEX 30: 473-486.

H. W. 2021.

alternative non-animal approaches for the

Masinja, Evaluation of
prediction of skin sensitisation potential of
agrochemicals.  Doctoral

John

dissertation,

Liverpool Moores  University,
Liverpool, United Kingdom. 253 pp.
Natsch, A., and Haupt, T. 2013. Utility of
rat liver S9 fractions to study skin-
sensitizing prohaptens in a modified
KeratinoSens assay. Toxicol. Sci. 135: 356-
368.

O’Malley, M. 2010. The
evaluation of the skin effects of pesticides,
pp. 701-787. In: R. Krieger [ed.], Hayes'
Handbook of pesticide toxicology, 3rd ed.
Elsevier, Amsterdam, Netherlands. 2342
pp.

Organization for Economic Cooperation
and Development (OECD). 2010. Test No.

429: Skin sensitisation. local lymph node

regulatory

assay, OECD guidelines for testing of
chemicals, section 4, OECD, Paris, France.
20 pp.

Organization for Economic Cooperation
and Development (OECD). 2010. Test No.
442 A Skin sensitization, local lymph node
assay: DA, OECD guidelines for testing of

42.

43.

44,

45.

FREEC S BRI E 101

chemicals, section 4, OECD, Paris, France.
16 pp.

Organization for Economic Cooperation
and Development (OECD). 2014. The
adverse outcome pathway for skin
sensitisation initiated by covalent binding
to proteins, Part 1: Scientific evidence,
OECD series on testing and assessment,
No. 168, OECD, Paris, France. 105 pp.
Organization for Economic Cooperation
and Development (OECD). 2017. Guidance
document for the use of adverse outcome
pathways in  developing integrated
approaches to testing and assessment
(IATA), OECD series on testing and
assessment, No. 260, OECD, Paris, France.
33 pp.

Organization for Economic Cooperation
and Development (OECD). 2016. Guidance
document on the reporting of defined
approaches and individual information
sources to be used within integrated
approaches to testing and assessment
(IATA) for skin sensitization, OECD series
on testing and assessment, No. 256, OECD,
Paris, France. 317 pp.

Organization for Economic Cooperation
and Development (OECD). 2017. Revised
guidance document on developing and
assessing adverse outcome pathways,
OECD series on testing and assessment,

No. 184, OECD, Paris, France. 32 pp.



102 EZHEEEEREE 55 13 1Y)

46.

47.

48.

49.

50.

Organization for Economic Cooperation
and Development (OECD). 2018. Test No.
442B: Skin sensitisation, local lymph node
assay: BrdU-ELISA or -FCM, OECD
guidelines for testing of chemicals, section
4, OECD, Paris, France. 36 pp.
Organization for Economic Cooperation
and Development (OECD). 2022. Test No.
442E: In vitro skin sensitisation, In vitro
skin sensitization assays addressing the key
event on activation of dendritic cells on the
adverse outcome pathway for skin
sensitization, OECD guidelines for testing
of chemicals, section 4, OECD, Paris,
France. 91 pp.

Organization for Economic Cooperation
and Development (OECD). 2022. Test No.
442D: In vitro skin sensitisation, ARE-Nrf2
Luciferase test method, OECD guidelines
for testing of chemicals, section 4, OECD,
Paris, France. 49 pp.

Organization for Economic Cooperation
(OECD).  2021.

Guideline No. 497: Defined approaches on

and  Development
skin sensitisation, OECD guidelines for
testing of chemicals, section 4, OECD,
Paris, France. 54 pp.

Organization for Economic Cooperation
and Development (OECD). 2022. Test No.
406: Skin sensitisation, OECD guidelines
for testing of chemicals, section 4, OECD,
Paris, France. 11 pp.

51.

52.

53.

54.

55.

Organization for Economic Cooperation
and Development (OECD). 2022. Test No.
442C: In chemico skin sensitization, Assays
addressing the adverse outcome pathway
key event on covalent binding to protein,
OECD guidelines for testing of chemicals,
section 4, OECD, Paris, France. 58 pp.

Pest
(PMRA). 2021. A framework for risk
assessment and risk management of pest
PMRA

document. Health Canada, Pest Manage-

Management Regulatory Agency

control  products, guidance

ment Regulatory Agency, Ontario, Canada.

24pp.
Pest Management Regulatory Agency
(PMRA). 2022. Pesticide registration

process: Health evaluation. Retrieved from
https://www.canada.ca/en/health-canada/
services/consumer-product-safety/
pesticides-pest-management/public/
protecting-your-health-environment/
pesticide-registration-process/reviews/
health-evaluation.html (Apr. 27, 2022)
Roberts, D. W. 2021. A critical review of
the kinetic direct peptide reactivity assay
(kDPRA) for
assessment- taking it forward. Crit. Rev.
Toxicol. 51: 805-819.

Roberts, D. W., Patlewicz, G., Dimitrov, S.
D., Low, L. K., Aptula, A. O., Kern, P. S.,
Dimitrova, G. D., Comber, M. L., Phillips,
R. D., Niemel4, J., Madsen, C., Wedebye,

skin sensitizer potency



56.

57.

58.

59.

60.

E. B., Bailey, P. T., and Mekenyan, O. G.
2007. TIMES-SS- A mechanistic evaluation
of an external validation study using
reaction chemistry principles. Chem. Res.
Toxicol. 20: 1321-1330.

Sakaguchi, H., Ashikaga, T., Miyazawa,
M., Yoshida, Y., Ito, Y., Yoneyama, K.,
Hirota, M., Itagaki, H., Toyoda, H., and
Suzuki, H. 2006. Development of an in
vitro skin sensitization test using human
cell lines; human cell line activation test (h-
CLAT) II. An inter-laboratory study of the
h-CLAT. Toxicol. In Vitro. 20: 774-784.
Schwobel, J. A., Koleva, Y. K., Enoch, S.
J., Bajot, F., Hewitt, M., Madden, J. C.,
Roberts, D. W., Schultz, T. W., and Cronin,
M. T.2011. Measurement and estimation of
electrophilic
toxicology. Chem. Rev. 111: 2562-2596.
Settivari, R. S., Gehen, S. C., Amado, R. A.,
Visconti, N. R., Boverhof, D. R., and
Carney, E. W. 2015. Application of the

KeratinoSens™ assay for assessing the skin

reactivity for predictive

sensitization potential of agrochemical
active ingredients and formulations. Regul.
Toxicol. Pharmacol. 72: 350-360.

Spiewak, R. 2001. Pesticides as a cause of
occupational skin diseases in farmers. Ann.
Agric Environ. Med. 8: 1-5.

Strickland, J., Truax, J., Corvaro, M.,
Settivari, R., Henriquez, J., McFadden, J.,

Gulledge, T., Johnson, V., Gehen, S.,

61.

62.

63.

64.

65.

BB SN E AT IR 103

D., Allen, D. G,
Kleinstreuer, N. 2022. Application of

Germolec, and
defined approaches for skin sensitization to
agrochemical products. Front. Toxicol. 4:
€852856.

Takenouchi, O., Miyazawa, M., Saito, K.,
Ashikaga, T., and Sakaguchi, H. 2013.
Predictive performance of the human cell
line activation test (h-CLAT) for lipophilic
chemicals with high octanol-water partition
coefficients. J. Toxicol. Sci. 38: 599-609.
Tannenbaum, J., and Bennett, B. T. 2015.
Russell and Burch's 3Rs then and now: the
need for clarity in definition and purpose. J.
Am. Assoc. Lab. Anim. Sci. 54: 120-132.
United Nations. 2021. Globally harmonized
system of classification and labelling of
chemicals (GHS), 9th ed. United Nations,
New York, U.S.A. 556 pp.

United States Environmental Protection
Agency (US EPA). 2018. Interim science
policy: Use of alternative approaches for
skin sensitization as a replacement for
laboratory  animal Document
number EPA-HQ-OPP-2016-0093-0090.
United States Environmental Protection
Agency (US EPA). 2022. EPA new

approach methods work plan: reducing use

testing.

of vertebrate animals in chemical testing.
Retrieved from https://www.epa.gov/
chemical-research/epa-new-approach-

methods-work-plan-reducing-use-vertebrate-



104 ZHEEEEREE 55 13 1Y)

66.

67.

animals-chemical (Apr. 27, 2022)
United States Environmental Protection
Agency (US EPA). 2022. Pesticide registration
manual: Introduction. Retrieved from
https://www.epa.gov/pesticide-registration/
pesticide-registration-manual-introduction
(Apr. 27,2022)

Urbisch, D., Mehling, A., Guth, K.,
S.,
Landsiedel, R., Jaworska, J., Kern, P. S.,
Gerberick, F., Natsch, A., Emter, R.,
Ashikaga, T., M.,
Sakaguchi, H. 2015. Assessing

sensitization hazard in mice and men using

Ramirez, T., Honarvar, N., Kolle,

Miyazawa, and

skin

non-animal test methods. Regul. Toxicol.

68.

69.

70.

Pharmacol. 71: 337-351.

Wang, C. C., Lin, Y. C., Wang, S. S., Shih,
C., Lin, Y. H., and Tung, C. W. 2017.
SkinSensDB: a curated database for skin

sensitization assays. J. Cheminform. 9: 1-6.

Weng, C. Y. and Black, C. 2015.
Taiwanese farm  workers’  pesticide
knowledge, attitudes, behaviors and

clothing practices. Int. J. Environ. Health
Res. 25: 685-696.

Xu, W., Vebrosky, E. N., and Armbrust, K.
L. 2018. Potential risk to human skin cells
from exposure to dicloran photodegradation

products in water. Environ. Int. 121: 861-870.



FREE . SN BREEFASTIRIE 105

Alternative Methods for Assessing the
Skin Sensitization Potential of

Pesticides for Animals
Chun-Lin Liao'", Yen-Chun Lo!, Yi-Ting Li', Wei-Ren Tsai!

Abstract

Liao, C. L., Lo, Y. C., Li, Y. T., and Tsai, W. R. 2022. Alternative methods for assessing the skin

sensitization potential of pesticides for animals. Taiwan Pestic. Sci. 13: 79-106.

Farmers and agricultural workers are at risk of pesticide exposure, which can lead to
skin sensitization. State pesticide regulatory agencies are responsible for determining hazard
classifications and using related information to create warning labels and recommend
appropriate personal protective equipment. Traditionally, the skin sensitization potential of
pesticides has been evaluated using in vivo tests, including the guinea pig maximization test
(GPMT), Buehler test (BT), or murine local lymph node assay (LLNA). However, to
improve the welfare of laboratory animals, international chemical assessment agencies such
as the United States or the European Union increasingly seek new approach methodologies
(NAMs) that can replace animal tests. Among the many toxicological endpoints for the
testing of pesticides, skin sensitization is a representative model of introducing the concept
of adverse outcome pathway (AOP) as an evaluation strategy. The Organization for
Economic Cooperation and Development (OECD) has published test guidelines for different
key events by using AOP concept in assessment of skin sensitization. These guidelines
include alternative methods to animal testing, such as in chemico and in vitro methods. To
improve the predictive ability of animal-free NAMs, the OECD recommends to integrate
multiple alternative tests and use the defined approach (DA) in the integrated approach to
testing and assessment (IATA) to replace animal studies. Although doubts remain about the

ability of animal-free NAMs to predict mixtures, for general monoconstituent substances,
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evaluation strategies such as DA (1) can effectively predict the results of animal tests and
(2) have a higher accuracy rate in assessing actual human exposure results than do animal
tests. Pesticide authorities in the United States and Japan have revised relevant regulations
pertaining to the pesticide certification and begun to accept alternative tests. Therefore, in
this study, we reviewed animal-free skin-sensitization NAMs to identify alternative tests and
novel assessment strategies that have been verified by OECD and other international
validation institutes. We suggest that future domestic regulations to certify pesticides using
results of animal-free NAMs and promote pesticide-testing methods that effectively assess

risk while also reducing the need for laboratory animals.

Key words: pesticide, skin sensitization, animal alternative methods, adverse outcome pathway
(AOP), integrated approach to testing and assessment (IATA), defined approach
(DA)



