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2 AEHL X120 EUNAAZE(AOP, Adverse Outcome Pathway) & U] HA|
HH A (key event)?l T-A112] B4}t 412 B7I5k= THO2A, UN GHSD 7|0 wtt
R4 B EES Tloke FAIZEAS o8ttt FAHITAAAH(LLNA:
BrdU-FCM2)o]t}.

2 AEHS 7] HA %—?4%/\5 /\}‘Qﬁ = ZAYIHEATH(LLNA, TG429)E A5

Aot wyo g, mEZAA HkE F L 7|(induction phase)ol YElGE= HEE-S SHol=
AldHolt). AlEEd A8 792t }77} Hd oA "z qo”\ﬂi«] SAFEE Y=
Eu|d(thymidine) FAFAIQl 5-Bromo-2-deoxyuridine(BrdU)E -FAIZEA7|2 S5t

HasZ B7kske Aotk
LLNA: BrdU-FCM< LLNAS} vR7IA 2 71U8 AJA(TG406) HH] AMHEHE 55
Y & don, "RZA AMgo] BdQsie] FEY 18S £Y 4 = Aol Atk
B3t LLNA(TG492)%t 2] WA 94E ARSHA a1 IRz S SRl &= Q7]
2o 2 Al AV eZolu WAMY H7IE A A7 Gl

1o,
4
i
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LLNA: BrdU-FCM9] 7|2 ¢d= IEAZA] AldEZ0] o3t 18 799 77k g4
HollA fitsls gE9] F41S Hrloke Aolth o3t gxo] J412 A@%@ g 5

o7& A(auricular lymph node)ollAl 2215 Alxo] 2712 el BrdU 4g 24519
uﬂ7]-o]-q_ BrdU+= 1:413 E](thymldlne)_,] LA i]i 1 ZN ].1— }\ﬂ:}t-»] DNAO]] ___017]_ -E-;ﬂ]_ ]’U%,
BrdU9 Z¥(incorporation> ZFL8A|Ql ©]AE 2AFKfluorescein isothiocyanate,

FITCIOE ¥AH BrdU S0l 3AE AHgdtel AAZEN/S B3 BrdU FHAE 58
g,

1) UN GHS: United Nations Globally Harmonized System of classification and labelling of chemicals
2) LLNA: BrdU-FCM: Local Lymph Node Assay: Bromodeoxyuridine-Flow Cytometry Method
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FNETS ARESte] = AlRlo] tit s els AAsfor ot PR FRAIH Rl
B8] A 4(stimulation index, SD7F 2.7 oA £718 Ao 2 7|Hsl= BT oA LLNA:
BrdU-FCM F/d%t8= oF7IsloF otH, H=dt viAl= Ee HAA=Ade UetdA &3l SI)
279 B3t ¥hE IS e = E A"tk

FARZEZD R = o E 22 H @ Y(acetone:olive oil, AOO, 4:1, v/v)oll 3143t 25 % hexyl
cinnamic aldehyde(HCA)?} 25 % eugenolS AREsH= Zlo] AAEY A3t what AEkst
W= S5l oe FHR=ES AE 5 %1‘3} o Algnitt Fiias T AZ A5,
A 3 gof g | ol fAZEA v Al @A = (historical
database)E B3 YA A U @ﬂ—‘é‘o] EE2H 932 S8 5 AT 7714
Al 7Fss (] READ 1292 45).
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ELISA £ QMESMS 0|80 FAUTHAHH
Local lymph node assay: BrdU-ELISA or -FCM

Ha

1. DR 4ozt UN9| 3)shadol 7 H #AO w3t A £8P | A]l(United Nations
Globally Harmonized System of Classification and Labelling of Chemicals, UN

GHS)oll 2 Hiet o] Hkad mji HE & e =7] Hkg2 fieshe 282 2=t

2. D R4Ae] fofsh= a3t A= Aol tisf| ARl Fo7t o w A B
I /AESH 71dS AYols AU 3AFZ(Adverse Outcome Pathway, AOP)9]
BAo=E AgE 4 AUTH2). AOP= A =2 7] A 0lA S GAE AA et
& gEE78 AEA HEEE do7]= FHOE o|FoZH AOPE #713e&E4 59
12} ofqi(Ete]4l) E HEAAH DI ¥Hgol= stehado 82 o ol #esto,

54 520] 2] BAG WA SRHANS T o] 2s)y F4o) AAsH BUSo]
36 Y= lolck. 3 WA ST key event) in chemico WEFOI= ¥ 0] 43t
5

7
| B AI S [Direct Peptide Reactivity Assay(DPRA), TG442Cl& ARESHCH3).
ACPY] 7 WA A= ZPEA oA TgstH, 5 HESERE oflzt Akl xS
k8- 4-0]&4 7 Z(antioxidant/electrophile response element(ARE)-dependent
pathways)2} Zo] SRt A2 Alodg 4= #2342 o] HolE Z736h, AAI2lin vino
ARE-Nrf2 #4520l AJ@H(KeratinoSens™ F+= LuSens, TG442D)2 ARSI Al B4
HAAA = £RJAA E(Dendritic Cells, DC)9] S H7lsk= Ao 84, gutyog EX
Al EH FX|Z}, AE7RRL Ao|E7IRIS] WS B7FstH, TG442E0] HA4H Bk Zo|
AAL] QA AlEF EA3 AlIFH(Human Cell Line Activation Test, h-CLAT), AJA]<]
U937 AlZF 2435 A|8(U-SENS™) E= Interleukin-9 reporter 544 A/FH(L-8
Luc assay)= ARSSITHS). Y] B4 AAEA = T-HE2] F41& F7lolH, uleAE 0]83h
AR vivo) FAHEZEAITEH(Local Lymph Node Assays, LLNA)S ARESHHG).
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. HIYZ(OECD TG442B MZ)

. IRRAE o]&sto] HREARMIS Wilsk] 13t A HA AIF AR (Test Guideline, TG)!
SAYEEAFEH(LLNA; TG429)2 20029 AHEAT o]F 7HG=JTH7). LLNA
HSATl tigt A7UE 2 A7t AR I HE ITK8)(9)(10)A 1(12)(13)(14)15)16).
LLNAOIA Fx 418 Z7oh= b HAM 5994 3H-E1d(thymidine)o 4 HAH
22Z(iodine)7t AFFEEE WARSS] 85, ARE Ex= H7|7F EA7} HE AGoME
LLNA9] #-&o] Agtct.

C 2 A LLNAS HBAX A AlgdRoln, |t 412 S4517] 91sf ELISA
= FAIEEAE o]-&sto] vYAMY E4Q1 5-Bromo-2-deoxyuridine(BrdU, CAS No
59-14-3)Z A3l

* ELISAEIS 0185 ZATHEAFH: BrdU-ELISARSAM )
* SNEEME 0185 FAZTHEAAY: BrdU-FCM(EEM 1)

. LLNA®} vE71R]2 LLNA: BrdU-ELISA®} LLNA: BrdU-FCM2 m|5.7244 9] G thAle}
T, 8F-5hS Brlo] et HFA doldHE AlFdch T3 DNAC| BAMIS
FASHA] Al mEAAY S WEHS = Q7] "2l Haks B4l g A Al =Eolut
H71E Aol £APF gict. 232 0= wRE S48 WEsks H 71UZ o] ARTG4001&
£0]1L HR-A9] AREZ FTHAZIAl HTK17).

2 AAHE vReAE ARESo] SRS wRAAM S B7FstalAt uRSHSIth TG40
A3, E3] 71U Sti3}t A137 Buehler A|F 02 o]F0jZItK17). LLNA(TG429)2}
H]HAM] A1 LLNA: BrdU-ELISA, FCM(TG442B), 18] LLNA: DA(TG442A)
HE TG4069] 71U" Aldo] Hls) 559 2 1EZ &°le Aol ATh7)(17)(18).
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A3 = (Accuracy): A8 2 g
/‘}i&*é (relevance)?] &t éﬁoh‘f}. g '5}74] g2 A|gAIe]  HlEE  Qulok=
3 “%

21 2] (concordance)”

=494 Z(Adverse Outcome Pathway, AOP): £+ &9 AFHAES AA AY
FoRFS7HA] £4 St d Ee FARE SotEd 1o 2RE dojus 49 d4H2)

71X 8 Ed (Benchmark test chemical): AlEEZY] H|w7|Eo2 AR EE B, 7|24
29 E4S 7FAok st} (1) 94 A AFS & = TFY; (i) AgEHE B2 124,
7158 A (i) Ee9d E8/3FH E4 (iv) €817 83 43 A= (v) Ysks HRE-9

Hel W g &Y
NS/d(False negative): YJEZ0] 24402 WH=E= A(12)
¥4 (False positive): S4EH0] FHo2 A== A(12)

AEA, AeA Be B4 AP0 =22 W, feldde oM

L.84d(Hazard): E2o0]
=4 EE= A8Hsituation)?] 243 £4

7Fs7gol e =

AYA7 @A (Inter-laboratory reproducibility): e AgAA = 3]
ANFEAR AES oI9S o ¥ E= FHOoE FARE 235 A 4= A=A SHok=

Ao2H Aol A9A 7+ A5 M5 oRE YehfE A(12)

AYAY A4 (Intra-laboratory reproducibility): 23+ AAofA A5 2= Alglo] thE
AlFollA e AgdatE 22 AnE JArd 4 Qe F=(12)

S3rEMixture): Mz BHSSHA| b= 2714 o9 EdE FA4E e e &9

A EEZ(Mono-constituent substance): FHFAQl 02 Ho=, shto] F844E0]
Zol= 80 % (w/w) o3l &4
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A EEZ(Multi-constituent substance): & 7}A] ©]A4te] FQAH9] oFo] > 10 % (w/w)
2 (80 % (w/w)l B2, tHE B4 ity Ahgolt}, S3ET} tHEEZ ] Xjol=

THEL F 7 ol £EE IS glo] Ao P, TR EAS SOl A
o4 (Outlier): HtollA 722 AHFTE HEo] ThE A9t 3] e g Hol= A
A 7171&(Performance Standards): A5 E Al

Al
AP ANE AEEES) )L TRAS BRI V1R B A4S ZFE

(1) .‘ﬁJ/\XJ }\]:‘ H]—l:ﬂ ‘7_}\4_9_/_]\_;

&8 T B4 (Proficiency Chemicals(substance)l: EE3HE Ald =Y 7|43
51| Qo] AFANA A== 45 7IE0] 23 7|1EEZ. o] B9 g 7|E2 dukxog

Wgle RS AT BN 1 4 Y= A, 121 1A $8% AFARs

l

r

O
o
-
i

>

o)

A RZ(Quality assurance): A8 +HT SHEH 7iolo] AFA A9 7|&, AH], 7|&E B

Axje] z%o] TR Bl AXE WS A

FEZReference chemicals): T4 9] tido] H= F(species)e|Wt 1S 4= = in vitro
Y+ in vivo N8 (reference test system)o|A2] W30l oju] AHA il AZIAO| A

1 o

| ==
[e]

il

AgElo] o8 AlfEd, o] S Aol A8E Ao = AldEd CHEESHoF
stH, Ald=do] 4o Zlor i ¥ 2E WA, of 9)E Usor I

AZEAe] GA, AFY L ARBA0] et G2 FnEY B8o] WA Sk UL
A Relevance): A3 A Tte] YA @ A3o] B4 ZAo] o] 9l $-83 Ao
thet A, A Alde] ekt Al el avs Hee 24

= gotal dSsie Al HERH,
g AldRY] AE=(IA)E HEH12)
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A2 d(Reliability): 523 AP H wzt 8912 AJ6lS o U AFAT} TE AP A A
A 2IE AT & U= Ax. A2 AFA Y, A4 7+ AEA(reproducibility)t

AYA Y vHEAd(repeatability) 22 H7FH(12)

A @A (Reproducibility): 3Let HHOo 2 HUSH EA-S AFsHS o L2 279 LX|(12)

;Q,

12} & EX4J(Receiver Operating Characteristic, ROC) £4): d& 2] tisto] 9]
71 E4cut-off value)S AAsH| et B4, IHVEHES AMESE 9 RES £,
]l

]
Ezo] ofy TO Sxog Haxw & olo wAy|Z7io BE HA-

1. O

>

A (sensitivity)
Eo]%(specificity)?] ¥g}ol| whe} vl HIgko 2 Wol= A= ojojd AU ROC #4
oA Ak Aol gt 229 W7|EdtE Fote o ARERH

p=)

W =(Sensitivity): AFH R RE FY/BA sotedo] A6 EFEHE Ble. UdEs
AR HE 2 dih =] Hkolw A[FHe S Bk S8 J—E%/‘Pﬁé}(n)

i

T RZFA(Skin sensitization): HHEHA IO 4 QU= ARl 315HY o] A4
LE2HUES o Yehu, 315H g HAEA 2 d(contact sensitization)s WHEAIZ

m% delg e Huw

4>

91}\'115' 2 T=eu
Bo|x=(Specificity): AEHOE BE S4/HEA FehEdo] FoH ERE+ HE. Bolk+=

14 o] 4
Alxe] W 240 digt 2] Hkoln Al 4WdE Bk S8 ALEARK12)

A}3A)%(Stimulation Index, St AHEE] MR} /F5AS BSH] ) Ak g A
gz A8 Az 34 PO v

E4(Substance): A4S B9l Ao AY A AR AojRl sFsFAE(elements)d} ol &2
o]Foix dE4 (compound). ARES] FY/AdE FAIAIZI=H B Q39 H7HA|9F YA of A
ol EES ETEOMA|T, o2 2] Aoy 24 9] HSto] P3RS 4] Yl e
T A= B A1)

ANFEA(Test chemical): A9 thito] & B2 T3

UVCB: €2A|A] 2 oAy 7h#Ql 28 7Y, B3t Whe=o iy sk Az
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|_11 HOIZ(OECD TG442B B22M 1)

HHU(in vivo) TIRZEVS: QMIZEME O|83t JATTHA[HH
In Vivo Skin Sensitisation: The Local Lymph Node Assay:
BrdU-FCM

=] 22jArgt & Aoty

1. LLNA: BrdU-FCM< AZE|QY, ZA|F o8 ARE7IE W o|% wB7FZM 9 H|72AH]
A FEZS ThE5Hs 5851 Ajggog HuEw 9oy dB Agkdo] 2AK1)(2)(3)A).
LLNA: BrdU-FCM #HZATE= SARIALY HdE LLNA DR324 AdHS 571517

Aot A I E 717 )E(Performance Standards, PS)©]

k)
&
9
iH;__-_C
%)
o

2. LLNA: BrdU-FCM2 TR2H] A[RELS AdHsp] fgt HEg" udArg
FAYTEA Yo, E 7HA] AFHE 7 itk ol= BAW AlERe] BRI HoR
g o] BE 9ol Slo] WAMY LLNA(TG429) &2 71Ud AJF(TG406)Z LLNA:
BrdU-FCMO.2 YIEA] thA|sto] ARgafof gttt QJu]i= ofut. Tk, o] AL F53t
AHe 7281 Jlom 34 9 ¥4 Aol digt 71l Ejlo] 87 EA] %S o TE9
HAAFHOZ AT = ATHDQ)OG). AP FotalA}t ks AT AIFS Al&6H]
ol AIFEH ] Hoto] BHE JRE desfof gttt o]e} Z2 HHo= AFEH] E4Y

= -

3 ofebd .z, FEjofetd 4, AldEdol e 2 A9 9 AU =549 2,

3. LLNA: BrdU-FCM AW We|n2 A 274 A 42 24 H7loke ol 5&

=
Ahgo] HiAIE 4 gtk whebd SRS AHSSHe A9 T4l A& in vitro, in chemico
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4 in silico A@HO &I} olfet WHEZ AREY HIHE 1EsfoF gt} LLNA:
BrdU-FCML th2 LLNAS} iR, 71U" A|R(TG406)T} H| A] ARGE= SE9
4= 29 4= Ik5). TS LINA: BrdU-FCME TG4063} €] 3edt mBARS G|
o] wiizol] LRV HE ARS B7ol] sl 5E0] ARSEAT AAH o R 5E
4= Q= AlgRolth E3F 71U" SHiE} AlolAle HYEZAIE ARESfok
: BrdU-FCMOlA= o]2igt HYB A7 HRSHA] gth(5). mhA] LLNA:
BrdU—FCMA § =9 15Z Y 5 AUtk
O]9 TG4063} ¥ A] LLNA: BrdU-FCM2 A& AYIL AT, AW A8 QlojA]
Algkdo] ZAI5t0] TG4069] Akgo] B7lae &= M(Oﬂr 4 25 B4, 95 ARggAet
2ol A¥ATE Y= 54 fREASA, E84 AFEDG)0)(7). EIF A
IHARJNEAZA ZHE3ITH L B EE A8 2ieks BEolU 24 IF91 A
alcohol 1, fatty alcohol 2,
o = JATH5)(8). 71 LLNA
Aol 7HA| 1 gl AlgHd2 LLNA: BrdU-FCME 7}X1 = A= AAZTHIN).
ol2|gt A3t 19401] LLNA: BrdU-FCM9] Ao ¥ & = AU 548= ZdsHA
A= AFEEHQ 4, LLNA: BrdU-FCME #-8% & ot A5+ W=H LLNA:
BrdU-FCM<2 LLNA Z3}e} H|3l A] TG429 A ERE77129] 2271
gefotA AESHATH1). LLNA W13 A|FHENA d&she b eHAIE Uetdie 1719
A2 24 2-H 2 EH R E|o}Z(2-mercaptobenzothiazole)?} 1709] k2] &4
A HetZ 2 0| E(methyl methacrylate)?] 7%, LLNA: BrdU-FCMoA = 93439
o= ZAAE YEHATH1)(2)(9). 13y Z&A 4 (Stimulation Index, SI) #+= AAskaL

fatty acid glutamate oleic acid, oleic acid ester, fatty

o) dzee ARshe b Yot dojg AET AER] o] g ATk 44
JJaentt o) SEe 2= Ak

Al FHo2 EREC] it AIFAERE =E0l] Al 2 AlEHE AMSele B Al

Y57] Aol 2 AlgHol 1%t S| Uil AEt 2vE A = 9l
Tl I 1 olrh FARJAE AEsfof gt JEuy o] F2 IHARYS =
Aol ok 7412 840] ofn] EAstke Ftole RSk ¥
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-
ot

UrE}Ur“% % ‘X—VEH x*‘%kx U= t
AL ZF Ao A Bt FE S41S EPA] A7 iR (vehicle treated control
group, VO)2| B+ LT S H]i’-ﬁ}@] SRttt 594 A2 279 Bt S4l
5t Al Agj9] Hi Z419] v1e-2 AR SDE AHolshy, A A nE2Ag B8
ol =Hof AlgEHo digt F71H<l /\]'53:% ol-gsto] B7st7] A SI A7t = 2.70]
Eojof jitt,

& AR ol W SAske A2 5 Ashr| flsl BrdU & Sttt BrdU=
El|d(thymidine)®] fARIZA, S45k= A2 DNAC] ZgRity. BrdU9 2k

l

_:

FAIZEAS o]8sto] ST 4= =T, o] FAIZEAS ST AQ] o]AE QAL
(fluorescein isothiocyanate, FITC)2.& ¥HA]H BrdU %O];ﬂ FA7E AREEC
FAIZEAS dxd AN 2] 5 BEXote=t de ARREI = FAIZEA7E

ARESEe] AoRQlE BrdU &4 Ao 5 Aeleith

S|
=

(o))

85 49

20

7. A¥FERE ukeAS ARSSITE LLNA: BrdU-FCMol| tigt 257= BALB/c Fofl tiafiA
FHASH =7 dEo] BALB/c7t AT F02 ofAZITK1)(2). CBA/J ¥ ESE LLNA:
BrdU-FCMell AM&-E = it} CBA/J & §H<2 BALB/c & W =2 A4S UehiH
BALB/c &9 ¥Fg-ETH & H RIZSIEH2)(10)(11)(12). 131"} Z}ZY0] k- Fofl QlofA
ROC(Receiver Operating Characteristic) ¥4 3, £ FYstd ¢ A== o]
A8 e 7 IEA (cut-of)E AEdoF & ke 3 ‘jr- 01‘34 dA19 AR =AM U4l
SAt B0l Qe THAE ARSI EAIE AR EE U}O_/:‘,: 8~1257o]o]oF 5},
Re-A0] AlF WAks 4R StE, Bt ASY 20 %E 2= F Het diAdoz
£ FoIU #3E AT & Ul l)r LLNA: BrdU-FCM Al®H} Folu Aol ofgt
= SIS HlolE7} Qlofof Bttt



II. HYZ(OECD TG442B £4M 1)

A8 H AFREH

8. ThoAk AEALS o] TH B Hota A7 ANEA Rerhe AL AL 4 Gl A
Zgo] Gl Beat ARIAO)IH TEASE)S Flok FHI0(11(12)(13). A3AY L=
2243 T2 SA=lofo} Gt AThGEE A Ha A5 AL HA 30 %7t Hofol
313 70 %S WA ehotok sk, 50~60 %2] Wlol Yook Tk, 2L 12407k 7HA0R
wa} uke AAslo] 2RI Al ANkl nReA AlnS AM8St Aot BE A4E7

SHRU.

b
ot

s

9. Rt TR ADSIAL A YA @A AR R[] A (hair clipping)(14)(15)] 2t
E3 AIFEE AY A HAa 5GT eItk AREE AP A BE nReAo] igh &

T =
W {55 AARITE s HAF 29t cupping?} tunnel handling?t 22 &2]2Q1 Wo=2
o

10, TANFZEL np92o] Exsh] A, AHet §o)/59A 0] 89 E BEPAAoE 5}
gasichd, ohea W% 7o) ARBAL EEep| Ho] 1 8o slsof d.
PAAFELL YD El Tk Ao SjAjste] Exgick. J7]/o)H QubHow Ll

#2713 BE Hio] 259
8 2 &3t sfot Pk APRIL Bae]
IRsdehe A SHT W Y A Grkd AF Lol ARk ek

L
0
o4
In}
kS
gjﬂ
03
\n
T
=
o
[~
ol
I
s
=2
o}
L
[o
&
o
N,
)
=2

=y 2

11. F3HEHPC, Positive control ¥H-g73&E7 A 7HA B2 Q 22

- -
»
o

)
2a)
N,
N
2,

il

mii

o

e
fo

%
X,
o)

_C‘DL
o]

AEY e B2 HoFso=H 2 Algo
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12. A

13.

14.

o Anic} PR ARES 714 FHIRT ARECE Qlsf oflE = Q= F7HARI
%‘16’1‘0— st7| Ysff T SRS SFUERT te] A=A57) 2.7 204

0= dZTe kEFEoA LLNA: BrdU-FCM 4 ¥h3& uehdfjolo} itk
Ok*éT‘HJ—:’L«] ST 4= JR-AS e A4S YEA] 22 f=Rke-2 A
DA YEFARE =gt 9HE- (ST ) 27)2 FEsH] Y= 55 AEsfof it Aox=
FHELL o E:2TE Q2 U(acetone:olive oil, AOO, 4:1, v/v)ol 343t 25 %
hexylcinnamic aldehyde(HCA, CAS No. 101-86-0)2} 25 % eugenol(CAS No.
97-53-0)°1 A5t ol whet AE3t BfgAdo] A =L, f19] 2o Rt tE

FoHEzEde AT 5 U

ujth SRS TEsE AL AASHAYE LLNA: BrdU-FCME A7|14 02 4345111

Ao
= (e}
9,11( LLNA: BrdU-FCMZ Z 4 St &0 St ¥ o]A} =3)), FANZZY QA A

A2 2hE 7] 918l P HolEHlol A Stk Aol QPyrhEE o
e 714 AR G718 Bl QA APk, AUE A WG, 19 SRl A
10819] opgejzol] et S AFoIA BeeA FYZIE JHFORA LINA

BrdU-FCMO] Hi3t 388 ST 4 ot

LLNA: BrdU-FCMo] gt A
9 A]QF ZH|, upkeA0] %’—
FEGFAAOF gttt 1124l o]

Azlo] I Q= 71%S s Al MiARARE o] Wade ARl lolA ofiet
H730] o|Hof e viFAIAAFEL] AHE o] omgt FT

 FHE2 Y, Aol ARgsle AR
7§ o

ABARE o] e 37189 A§S 23T ), vf Al YRS A8
i Y AN ESE 24 AFFa] e B £871540 BT FIES
Tegor k. oIS Sol, 7714 PRI AL & vf ke Ak ek,
PRI UL vhAle FYREE AT 92 P b PYURE AR Alole]
S8 o4 WY ARZAY Aol thshA AT 4 gick. o) Agukc PR
TP AR PR et F7120 AP AT AWM 2T ol ol
AYEUES F0] 27 Teiolol Pk, MAAEARE Fo) P AGE nhoo]
52 29 5 Ak Ho| YAHoE UFHUS W), T AGHE FHREDY vhes
52 29 4 Ut
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I'-ID

II.

16. 5743 34 TIFolY Bk WS 2 AREEE B71RE 39, 71EE 4 (benchmark
chemical)> & AlHo] o] F7Y AIFEHY] ¥FH 55 B7Isked 2 dsit+=
A& Sl Yol B8 & Qlrk A Ve dS thaat 22 E4= 7HAok etk
« AREEY OFY 24 75AE FAME AE A
- =2]4/3ket E4o] 4HA Slg A
* LLNA: BrdU—FCMOﬂ et AlA=7E SlE A
c OE 5= FoIu A AldAETE Sl A
Al
o= T ¥ FoE
17. Foi8F & & 24 4012l mieig ARGSH, 24 1Y) s ARE AlREE, FAR
ojFolX FPAE, FIHEHLAA #82 ZA= st 11~ 15%1011*1 AeH 22
AEst] FA EE = F AlREAYE AR FHIRIGE E5| ZFdAo R PUETS
ARt B, FAUEAY] B0 Foj8Ee ALt Sttt AlEEERE AEE SH
U AFE Aol it A A2 ukeAet FUS Ao R S B Asfof ¢
18. Foi&s 9 A A JFEd 287 199e] A|A] AFS 7R 2 Rtk
379 T8 B, 1‘41711 Méﬂﬂl ?ié—ﬂ—‘:— FEOA Wé?lﬁ}(oﬂr 100 %, 50 %,

4 4 1 XP) ?Lm
Eﬂﬂ Zi B (E= %UW_E. e *1 AEZ)ES TefdfioF gt ol NS Es
gt 4 i A5 TotHAL HI SR k&S HYstelr] golti16)(17).
ole} 2 FHI} g F9oll= AHIAA(pre-screen test)o] LFHTH21~24T=} =),
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20.

At maee A0T feystolg Ak} s, SaeE A9l 0] T8

7ol 7P 2 S ¥ 7 e FRAE Aok et 2 A FaAlz Etks 2
2B 2A(AOO, 4:1 v/v), N,N-tH&ZZo}u]=(N,N-dimethylformamide),

HEo A E(methyl ehtylketone), Z2HHAZE]ZEA(propylen glycol), TiHEAZAlo| =
(dimethyl suphoixde)(6)°1AI%t, Swet #oha] ZA7F LY HHE e FIASE
ARG 5= Qlth. ofH B RO EA AldEEo] AlitEE FHe 22 AAl =
dgH oz Ast & ARESfof & Ak ok ASLAHEAQ] A%, HEg B5iA(9:
1 % Pluronic® L92)5 ARESte] AlREA -§do] WES 27 511, ERsh= SA] 80|

SHEAA s S8t FAE 71ofoF 3t AA7E 84911 FFAIE TEfof ettt

>~

|
0 3
ox

i

ol

A mheso] Yud HHE B9 vl 7ko] WEA Woiet AP
#folo] tfst BAH Bli7t RsHHG3R), B8, AE 0k9so] et Hole7t £
o) P ALGTHE PHOA 5 2 4 Aol TR A5 HS W 4 K14,
olg} tio, AR F7te] A oI 224 nhe HlolelS SsHES skl ek
uRe HolES Foks HAloR Sste] AUBA ATES EESH 49, R0 ok
Aol a7l utet ApE The HlolelS BksloRt S Q] T oleit FEAIRS
w37] el A ok Holel s 4714

i)
1t
ok
>
u)
Y
;

N
B

APIAIE

21.

22.

24

A Al HI sEE 2] s AEVF Iiohd(18dE Fx), AHAEE 3ot
LLNA: BrdU-FCMof|A Alge 274 Fol-83hS 4 HOF St} ouIAIES HAI=AY (24
Zx)olyg Fedt =4 HJTXP(ZSEJ %h):% % l=E°ﬂ 1‘41 Xéiﬂ %i:% o,

A= B, /\Wﬂ’“ = —1‘04‘9‘%]:% 0 % %F-_O]Ui IA B @EHO] Fe=

7hstt #Y el

AHIAI$-S LLNA: BrdU-FCM EA|&3} A 274 lof|A = x]qt

ﬁﬂﬂ%m Ao Boj8TF I A2 0] neAE

5.2 T uig| 9] e AE ARSSIEE FASICE RE heAE HAEAY Ee T X HY
Z0

Th AT 5 RE QS Y B AFS Y A3t Fu A6LAhe] ST
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. HAYZ(OECD TG442B £4A4 1)

7} uRpLo] I 2
A vlo]2zu]E
A 3L oF 4841 3) B 6D é—@ﬁiﬁk E3H 6°1X]01]L u}TéE Olixq_i qmm
T A BHE &5t

A FA = 25 %OIH Hedt 4 A= L}E}lﬂt Ao 7%’6@(18)(19). LLNA:
BrdU-FCM ZAIE-& Hﬁ; F1 FoGFL2 AHAEoIM AR sS(18E HR) &
Arl=rgdolt Fest

L To
0}0(1

J-Ll
_\=_
411
]J
filo
e
5
B9
el
rr
N
oﬁ
m}r
rlo
OF
by
i
>
)
r&“
o b

oo
Bt B
2410] 812 0
0 ML HEO EH(I X OfRiS 1
TS| Lt St 2
SS= 010l Bt 3
TR MAEI0] BY AES ZHOP| 02 A2 SV 4

LLNASIA = A5 wgst7] sl A FA018)(197F 25 % 5712t 37 -8vll/ 53 xﬂ qﬁ;&ﬂ
HW A] AIFER Aol F FAVE 5AR R Golst 7S HEhfE=A]9] oRE SRlsfof
H19)20)21D(22)(23)(24)(25). 1y # FA7F 25 % Bt AE dol= ]ﬁg
Qo5 Z7pt UEE 4 QEEE, EdsA #ed A2y #EERRs
2=ThH22)(23)(24)(25)(206).

S Tt dgto 2 ARZS A9 ool A A= A4 1%*51(27)~ % o,
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS

Local lvmph node assay: BRDU-ELISA or —-FCM

GENERAL INTRODUCTION

1. A skin sensitiser refers to a substance that will lead to an allergic response following repeated skin contact
as defined by the United Nations Globally Harmonized System of Classification and Labelling of Chemicals (UN
GHS) (1).

2: There is general agreement regarding the key biological events underlying skin sensitisation. The current
knowledge of the chemical and biological mechanisms associated with skin sensitisation has been summarised in
the form of an Adverse Outcome Pathway (AOP) (2), starting with the molecular initiating event through
intermediate events to the adverse effect, namely allergic contact dermatitis. This AOP focuses on chemicals that
react with thiol (i.e. cysteine) and primary amines (i.e. lysine) such as organic chemicals. In this instance, the
molecular initiating event (i.e. the first key event) is the covalent binding of electrophilic substances to nucleophilic
centres in skin proteins. The first key event can be addressed using the in chemico Direct Peptide Reactivity Assay
(DPRA) TG 442C (3). The second key event in this AOP takes place in the keratinocytes and includes inflammatory
responses as well as changes in gene expression associated with specific cell signalling pathways such as the
antioxidant/electrophile response element (ARE)-dependent pathways. This key event can be addressed using the
in vitro ARE-Nrf2 Luciferase Test Methods (KeratinoSensTM or LuSens) TG 442D (4). The third key event is the
activation of dendritic cells (DC), typically assessed by expression of specific cell surface markers, chemokines and
cytokines, and can be addressed using either the in vitro Human Cell Line Activation Test (h-CLAT), the in vitro
U937 Cell Line Activation Test (U-SENS™™) or the Interleukin-9 Reporter Gene assay (IL-8 Luc assay) as described
in TG 442E (5). The fourth key event is T-cell proliferation, which is indirectly assessed in the in vivo murine Local
Lymph Node Assays (LLNA) (6).

3. The first Test Guideline (TG) for the determination of skin sensitisation in the mouse, the Local Lymph
Node Assay (LLNA; TG 429) was adopted in 2002, and has since then been revised (7). The details of the validation
of the LLNA and a review of the associated work have been published (8) (9) (10) (11) (12) (13) (14) (15) (16). In
the LLNA, radioisotopic thymidine or iodine is used to measure lymphocyte proliferation and therefore the assay
has limited use in regions where the acquisition, use, or disposal of radioactivity is problematic.

4. This Test Guideline describes two non-radioactive modifications to the LLNA test method, which utilise
non-radiolabelled 5-bromo-2-deoxyuridine (BrdU) (Chemical Abstracts Service [CAS] No 59-14-3) in an ELISA
[Enzyme-Linked Immunosorbent Assay] - or FCM [Flow Cytometry Method]-based test system to measure
lymphocyte proliferation:

The Local Lymph Node Assay: BrdU-ELISA (Appendix I), and

The Local Lymph Node Assay: BrdU-FCM (Appendix II).

2, Similar to the LLNA, the LLNA: BrdU-ELISA and the LLNA: BrdU-FCM study the induction phase of
skin sensitisation and provide quantitative data suitable for dose-response assessment. Furthermore, an ability to
detect skin sensitisers without the necessity for using a radiolabel for DNA eliminates the potential for occupational
exposure to radioactivity and waste disposal issues. This in turn may allow for the increased use of mice to detect
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skin sensitisers, which could further reduce the use of guinea pigs to test for skin sensitisation potential (i.e. TG
406) (17).

6.

This Test Guideline is designed for assessing skin sensitisation potential of chemicals in animals. TG 406

utilises guinea pig tests, notably the guinea pig maximisation test and the Buehler test (17). The LLNA (TG 429)
(7) and the non-radioactive modifications, LLNA: BrdU-ELISA and FCM (TG 442 B) and LLNA: DA (TG 442 A)
(18), all provide an advantage over the guinea pig tests in TG 406 (17) in terms of reduction and refinement of
animal use.
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Annex I — Definitions

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

(12).

AOP (Adverse Outcome Pathway): sequence of events from the chemical structure of a target
chemical or group of similar chemicals through the molecular initiating event to an in vivo outcome
of interest (2).

Benchmark test chemical: A sensitising or non-sensitising substance used as a standard for
comparison to a test chemical. A benchmark chemical should have the following properties: (i) a
consistent and reliable source(s); (ii) structural and functional similarity to the class of substances
being tested; (iii) known physical/chemical characteristics; (iv) supporting data on known effects;
and (v) known potency in the range of the desired response.

False negative: A test chemical incorrectly identified as negative or non-active by a test method,
when in fact it is positive or active (12). The false negative rate is one indicator of the test method
performance.

False positive: A test chemical incorrectly identified as positive or active by a test, when in fact it
is negative or non-active (12). The false positive rate is one indicator of the test method
performance.

Hazard: Inherent property of an agent or situation having the potential to cause adverse effects
when an organism, system or (sub) population is exposed to that agent.

Inter-laboratory reproducibility: A measure of the extent to which different qualified
laboratories, using the same protocol and testing the same test chemical, can produce qualitatively
and quantitatively similar results. Inter-laboratory reproducibility is determined during the pre-
validation and validation processes, and indicates the extent to which a test can be successfully
transferred between laboratories, also referred to as between-laboratory reproducibility (12).

Intra-laboratory reproducibility: A determination of the extent that qualified people within the
same laboratory can successfully replicate results using a specific protocol at different times. Also
referred to as within-laboratory reproducibility (12).

Mixture: A mixture or a solution composed of two or more substances in which they do not react.

Mono-constituent substance: A substance, defined by its quantitative composition, in which one
main constituent is present to at least 80% (w/w).

Multi-constituent substance: A substance, defined by its quantitative composition, in which more
than one main constituent is present in a concentration > 10% (w/w) and < 80% (w/w). A multi-
constituent substance is the result of a manufacturing process. The difference between mixture and
multi-constituent substance is that a mixture is obtained by blending of two or more substances
without chemical reaction. A multi-constituent substance is the result of a chemical reaction.
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Outlier: An outlier is an observation that is markedly different from other values in a random
sample from a population.

Performance standards: Standards, based on a validated test method, that provide a basis for
evaluating the comparability of a proposed test method that is mechanistically and functionally
similar. Included are (i) essential test method components; (ii) a minimum list of reference
chemicals selected from among the chemicals used to demonstrate the acceptable performance of
the validated test method; and (iii) the comparable levels of accuracy and reliability, based on what
was obtained for the validated test method, that the proposed test method should demonstrate when
evaluated using the minimum list of reference chemicals (12).

Proficiency chemicals (substances): A subset of the Reference Chemicals included in the
Performance Standards that can be used by laboratories to demonstrate technical competence with
a standardised test method. Selection criteria for these substances typically include that they
represent the range of responses, are commercially available, and have high quality reference data
available.

Quality assurance: A management process by which adherence to laboratory testing standards,
requirements, and record keeping procedures, and the accuracy of data transfer, are assessed by
individuals who are independent from those performing the testing.

Reference chemicals (substances): A set of chemicals to be used to demonstrate the ability of a
new test method to meet the acceptability criteria demonstrated by the validated reference test
method(s). These chemicals should be representative of the classes of chemicals for which the test
method is expected to be used, and should represent the full range of responses that may be
expected from the chemicals for which it may be used, from strong, to weak, to negative.

Relevance: Description of relationship of the test to the effect of interest and whether it is
meaningful and useful for a particular purpose. It is the extent to which the test correctly measures
or predicts the biological effect of interest. Relevance incorporates consideration of the accuracy
(concordance) of a test method (12).

Reliability: Measures of the extent that a test method can be performed reproducibly within and
between laboratories over time, when performed using the same protocol. It is assessed by
calculating intra- and inter-laboratory reproducibility and intra-laboratory repeatability (12).

Reproducibility: The agreement among results obtained from testing the same substance using
the same test protocol (see reliability) (12).

Receiver operating Characteristic (ROC) analysis: An analysis to set an optimal cut-off value
for the prediction model. The prediction models using cut-off values allow test chemical to be
categorized as positive or negative. Any variation of the cut-off value will result in changes of the
sensitivity and specificity, in opposite directions. ROC analysis is commonly used to obtain optimal
cutoff values for diagnostic tests.

Sensitivity: The proportion of all positive / active chemicals that are correctly classified by the test

method. It is a measure of accuracy for a test method that produces categorical results, and is an
important consideration in assessing the relevance of a test method (12).
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Skin sensitisation: An immunological process that results when a susceptible individual is exposed
topically to an inducing chemical allergen, which provokes a cutaneous immune response that can
lead to the development of contact sensitisation.

Specificity: The proportion of all negative / inactive chemicals that are correctly classified by the
test method. It is a measure of accuracy for a test method that produces categorical results and is
an important consideration in assessing the relevance of a test method (12).

Stimulation Index (SI): A value calculated to assess the skin sensitisation potential of a test
chemical that is the ratio of the proliferation in treated groups to that in the concurrent vehicle
control group.

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

Test chemical: The term "test chemical" is used to refer to what is being tested. It is not related to
the applicability of the test methods to the testing of mono-constituent substances, multi-constituent

substances and/or mixtures.

UVCB: substances of unknown or variable composition, complex reaction products or biological
materials.
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Appendix II: In Vivo Skin Sensitisation: The
Local Lymph Node Assay:
BrdU-FCM

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS

1. The LLNA: BrdU-FCM has been validated and recommended, following an international
independent scientific peer review, as useful for identifying skin sensitising and non-sensitising test
chemicals, with certain limitations (1) (2) (3) (4). The validation study for the LLNA: BrdU-FCM was
performed in compliance with the performance standards (PS) for assessment of proposed similar or
modified LLNA test methods for skin sensitisation in Annex 1 of the OECD Guideline for the testing of
chemicals, Skin sensitisation: Local lymph node assay (TG 429).

2. The LLNA: BrdU-FCM is a modified non-radioactive LLNA method for identifying potential
skin sensitising test chemicals, with specific limitations. This does not necessarily imply that in all
instances the LLNA: BrdU-FCM should be used in place of the radioactive LLNA (TG 429) or guinea pig
tests (i.e. TG 406) (5), when the use of an in vivo method is deemed necessary, but rather that the assay is
of equal merit and may be employed as an alternative in which positive and negative results generally no
longer require further confirmation (1) (2). The testing laboratory should consider all available information
on the test chemical prior to conducting the study. Such information will include the identity and chemical
structure of the test chemical; its physicochemical properties; the results of any other in vitro or in vivo
toxicity tests on the test chemical; and toxicological data on structurally related test chemicals. This
information should be considered in order to determine whether the LLNA: BrdU-FCM is appropriate for
the test chemical (given the incompatibility of limited types of test chemicals with the LLNA: BrdU-FCM
[see paragraph 3]) and to aid in dose selection.

3. The LLNA: BrdU-FCM is an in vivo method and, as a consequence, will not eliminate the use
of animals in the assessment of allergic contact sensitising activity. Therefore, consideration should be
given to the applicability domain of suitable in vitro, in chemico and in silico methods and consequently,
the possibility of using these approaches rather than testing on animals. Like other LLNA test methods,
the LLNA: BrdU-FCM has, however, the potential to reduce the animal use for this purpose when
compared to the guinea pig tests (TG 406) (5). Moreover, the LLNA: BrdU-FCM offers a substantial
refinement of the way in which animals are used for allergic contact sensitisation testing, since unlike TG
406, the LLNA: BrdU-FCM does not require that challenge-induced dermal hypersensitivity reactions be
elicited. Furthermore, the LLNA: BrdU-FCM does not require the use of an adjuvant, as is the case for the
guinea pig maximisation test (5). Thus, the LLNA: BrdU-FCM reduces animal distress. Despite the
advantages of the LLNA: BrdU-FCM over TG 406 (5), there are certain limitations applicable to the LLNA
test, that may necessitate the use of TG 406 (e.g. the testing of certain metals, false positive findings with
certain skin irritants [such as some surfactant-type substances] (6) (7), solubility of the test chemicals [such
as practically insoluble or insoluble substances]). In addition, test chemical classes or substances
containing functional groups shown to act as potential confounders (e.g. fatty acid glutamate, oleic acid,
oleic acid ester, fatty alcohol 1, fatty alcohol 2, polyaminofunctional siloxane (8)) may necessitate the use
of guinea pig tests (i.e. TG 406 (5)). Other limitations that have been identified for the LLNA (7) have also
been recommended to apply to the LLNA: BrdU-FCM (1). Other than such identified limitations, the
LLNA: BrdU-FCM should be applicable for testing any test chemicals unless there are properties
associated with these substances that may interfere with the accuracy of the LLNA: BrdU-FCM. According
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to the validation study, the LLNA: BrdU-FCM correctly identified 20 among the 22 reference substances
listed in the TG 429 PS on the basis of the LLNA results (1). One moderate skin sensitiser,
2-mercaptobenzothiazole, and one weak skin sensitiser, methyl methacrylate for which the other LLNA
variants have limitation in prediction, were misclassified in the LLNA: BrdU-FCM (1) (2) (9). However,
as the same dataset was used for setting the Stimulation Index (SI)-values and calculating the predictive
properties of the test, the stated results may be an over-estimation of the real predictive properties.

4. Before use of the Test Guideline on a mixture for generating data for an intended regulatory
purpose, it should be considered whether, and if so why, it may provide adequate results for that purpose.
Such considerations are not needed, when there is a regulatory requirement for testing of the mixture.

5. Definitions are provided in the Annex 1 of the General Introduction.
PRINCIPLE OF THE TEST

6. The basic principle underlying the LLNA: BrdU-FCM is that sensitisers induce proliferation of
lymphocytes in the lymph nodes draining the site of test chemical application. This proliferation is
proportional to the dose and to the potency of the applied allergen and provides a simple means of obtaining
a quantitative measurement of sensitisation. Proliferation is measured by comparing the mean proliferation
in each test group to the mean proliferation in the vehicle treated control group (VC). The ratio of the mean
proliferation in each treated group to that in the concurrent VC group, termed the SI, is determined, and
should be >2.7 before further evaluation of the test chemical as a potential skin sensitiser is warranted. The
methods described here are based on the use of measuring BrdU content to indicate an increased number
of proliferating cells in the draining auricular lymph nodes. BrdU is an analogue of thymidine and is
similarly incorporated into the DNA of proliferating cells. The incorporation of BrdU is measured by FCM,
which utilises an antibody specific for BrdU that is also labelled with fluorescein isothiocyanate (FITC).
The FCM quantifies the number of BrdU-positive viable cells using a flow cytometer, which is widely
employed in analysing lymphocyte population.

DESCRIPTION OF THE ASSAY

Selection of animal species

7. The mouse is the species of choice for this test. Validation studies for the LLNA: BrdU-FCM
were conducted exclusively with the BALB/c strain, which is therefore considered the preferred strain (1)
(2). The CBA/J strain can also be used in the LLNA: BrdU-FCM. CBA/J strain responses are highly
correlated with and more sensitive than BALB/c strain responses (2) (10) (11) (12). However, different
cut-off SI values may have to be adopted for each strain to maximize sensitivity after Receiver Operating
Characteristic (ROC) analysis. Young adult female mice, which are nulliparous and non-pregnant, are
used. At the start of the study, animals should be between 8-12 weeks old, and the weight variation of the
animals should be minimal and not exceed 20% of the mean weight. Alternatively, other strains or males
may be used when sufficient data are generated to demonstrate that significant strain and/or gender-specific
differences in the LLNA: BrdU-FCM response do not exist.

Housing and feeding conditions

8. Mice should be group-housed (13) on solid-bottomed cages (34) with suitable substrate and
nesting material (35) (36) (37) (38), unless adequate scientific rationale for alternative housing mice
individually is provided. The temperature of the experimental animal room should be 22 + 3°C. Although
the relative humidity should be at least 30% and preferably not exceed 70%, other than during room
cleaning, the aim should be 50-60%. Lighting should be artificial, the sequence being 12 hours light, 12

© OECD, (2024)
20

47



48

S IS SEUHMFHGMEEAS 0188t ZAZTEAYY, LLNA: BrdU-FCM) 7101=2121

OECD/OCDE 442B

hours dark. For feeding, conventional laboratory diets may be used with an unlimited supply of drinking
water.

Preparation of animals

9. The animals are randomly selected, humanely marked to permit individual identification
preferably by non-invasive hair clipping (39) (40), and kept in their cages for at least five days prior to the
start of dosing to allow for acclimatisation to the laboratory conditions. Prior to the start of treatment all
animals are examined to ensure that they have no observable skin lesions. During all examinations, the
mice should be handled using non-aversive methods such as cupping or tunnel handling (41).

Preparation of dosing solutions

10. Solid test chemicals should be dissolved or suspended in solvents/vehicles and diluted, if
appropriate, prior to application to an ear of the mice. Liquid test chemicals may be applied neat or diluted
prior to dosing. Insoluble chemicals, such as those generally seen in medical devices (33), should be
subjected to an exaggerated extraction in an appropriate solvent to reveal all extractable constituents for
testing prior to application to an ear of the mice. Test chemicals should be prepared daily unless stability
data demonstrate the acceptability of storage.

Reliability check

11. Positive controls (PC) are used to demonstrate appropriate performance of the assay by
responding with adequate and reproducible sensitivity to a sensitising test chemical for which the
magnitude of the response is well characterised. Inclusion of a concurrent PC is recommended because it
demonstrates competency of the laboratory to successfully conduct each assay and allows for an
assessment of intra-, and inter-laboratory reproducibility and comparability. Some regulatory authorities
also require a PC for each study and therefore users are encouraged to consult the relevant authorities prior
to conducting the LLNA: BrdU-FCM. Accordingly, the routine use of a concurrent PC is encouraged to
avoid the need for additional animal testing to meet such requirements that might arise from the use of a
periodic PC (see paragraph 12). The PC should produce a positive LLNA: BrdU-FCM response at an
exposure level expected to give an increase in the SI > 2.7 over the VC group. The PC dose should be
chosen such that it does not cause excessive skin irritation or systemic toxicity and the induction is
reproducible but not excessive (e.g. SI > 27 would be considered excessive). Preferred PC test chemicals
are 25% hexyl cinnamic aldehyde (CAS No 101-86-0) and 25% eugenol (CAS No 97-53-0) in acetone:
olive oil (4:1, v/v). There may be circumstances in which, given adequate justification, other PC test
chemicals, meeting the above criteria, may be used.

12. While inclusion of a concurrent PC group is recommended, there may be situations in which
periodic testing (i.e. at intervals < 6 months) of the PC test chemical may be adequate for laboratories that
conduct the LLNA: BrdU-FCM regularly (i.e. conduct the LLNA: BrdU-FCM at a frequency of no less
than once per month) and have an established historical PC database that demonstrates the laboratory’s
ability to obtain reproducible and accurate results with PCs. Adequate proficiency with the LLNA: BrdU-
FCM can be successfully demonstrated by generating consistent positive results with the PC in at least 10
independent tests conducted within a reasonable period of time (i.e. less than one year).

13. A concurrent PC group should always be included when there is a procedural change to the
LLNA: BrdU-FCM (e.g. change in trained personnel, change in test method materials and/or reagents,
change in test method equipment, change in source of test animals), and such changes should be
documented in laboratory reports. Consideration should be given to the impact of these changes on the
adequacy of the previously established historical database in determining the necessity for establishing a
new historical database to document consistency in the PC results.
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14. Investigators should be aware that the decision to conduct a PC study on a periodic basis instead
of concurrently has ramifications on the adequacy and acceptability of negative study results generated
without a concurrent PC during the interval between each periodic PC study. For example, if a false
negative result is obtained in the periodic PC study, negative test chemical results obtained in the interval
between the last acceptable periodic PC study and the unacceptable periodic PC study may be questioned.
Implications of these outcomes should be carefully considered when determining whether to include
concurrent PCs or to only conduct periodic PCs. Consideration should also be given to using fewer animals
in the concurrent PC group when this is scientifically justified and if the laboratory demonstrates, based
on laboratory-specific historical data, that fewer mice can be used (14).

15. Although the PC test chemical should be tested in the vehicle that is known to elicit a consistent
response (e.g. acetone: olive oil; 4:1, v/v), there may be certain regulatory situations in which testing in a
non-standard vehicle (clinically/chemically relevant formulation) will also be necessary (15). If the
concurrent PC test chemical is tested in a different vehicle than the test chemical, then a separate VC for
the concurrent PC should be included.

16. In instances where test chemicals of a specific chemical class or range of responses are being
evaluated, benchmark test chemicals may also be useful to demonstrate that the test method is functioning
properly for detecting the skin sensitisation potential of these types of test chemicals. Appropriate
benchmark test chemicals should have the following properties:

o structural and functional similarity to the class of the test chemical being tested;
» known physical/chemical characteristics;

e supporting data from the LLNA: BrdU-FCM,;

e supporting data from other animal models and/or from humans.

TEST PROCEDURE

Number of animals and dose levels

17. A minimum of four animals is used per dose group, with a minimum of three concentrations of
the test chemical, plus a concurrent VC group treated only with the vehicle for the test chemical, and a PC
group (concurrent or recent, based on laboratory policy in considering paragraphs 11-15). Testing multiple
doses of the PC should be considered especially when testing the PC on an intermittent basis. Except for
absence of treatment with the test chemical, animals in the control groups should be handled and treated
in a manner identical to that of animals in the treatment groups.

18. Dose and vehicle selection should be based on the recommendations given in the references 2
and 19. Three consecutive doses are normally selected from an appropriate concentration series such as
100%, 50%, 25%, 10%, 5%, 2.5%, 1%, 0.5%, etc. Adequate scientific rationale should accompany the
selection of the concentration series used. All existing toxicological information (e.g. acute toxicity and
dermal irritation) and structural and physicochemical information on the test chemical of interest (and/or
structurally related test chemicals) should be considered, where available, in selecting the three consecutive
concentrations so that the highest concentration maximises exposure while avoiding systemic toxicity
and/or excessive local skin irritation (16) (17). In the absence of such information, an initial pre-screen test
may be necessary (see paragraphs 21-24).

19. The vehicle should not interfere with or bias the test result and should be selected on the basis of
maximising the solubility in order to obtain the highest concentration achievable while producing a
solution/suspension suitable for application of the test chemical. Recommended vehicles are acetone: olive
oil (4:1 v/v), N,N-dimethylformamide, methyl ethyl ketone, propylene glycol, and dimethyl sulphoxide (6)
but others may be used if sufficient scientific rationale is provided. In certain situations it may be necessary
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to use a clinically relevant solvent or the commercial formulation in which the test chemical is marketed
as an additional control. Particular care should be taken to ensure that hydrophilic substances are
incorporated into a vehicle system, which wets the skin and does not immediately run off, by incorporation
of appropriate solubilisers (e.g. 1% Pluronic® 1.92). Thus, wholly aqueous vehicles are to be avoided.

20. The processing of lymph nodes from individual mice allows for the assessment of inter-animal
variability and a statistical comparison of the difference between test chemical and VC group
measurements (see paragraph 33). In addition, evaluating the possibility of reducing the number of mice
in the PC group is only feasible when individual animal data are collected (14). Further, some national
regulatory authorities require the collection of individual animal data. Regular collection of individual
animal data provides an animal welfare advantage by avoiding duplicate testing that would be necessary if
the test chemical results originally collected in one manner (e.g. via pooled animal data) were to be
considered later by regulatory authorities with other requirements (e.g. individual animal data).

Pre-screen test

21. In the absence of information to determine the highest dose to be tested (see paragraph 18), a
pre-screen test should be performed in order to define the appropriate dose level to test in the LLNA: BrdU-
FCM. The purpose of the pre-screen test is to provide guidance for selecting the maximum dose level to
use in the main LLNA: BrdU-FCM study, where information on the concentration that induces systemic
toxicity (see paragraph 24) and/or excessive local skin irritation (see paragraph 23) is not available. The
maximum dose level tested should be a concentration of 100% of the test chemical for liquids or the
maximum possible concentration for solids or suspensions.

22. The pre-screen test is conducted under conditions identical to the main LLNA: BrdU-FCM study,
except there is no assessment of lymph node proliferation and fewer animals per dose group can be used.
One or two animals per dose group are suggested. All mice will be observed daily for any clinical signs of
systemic toxicity or local irritation at the application site. Body weights are recorded pre-test and prior to
termination (Day 6). Both ears of each mouse are observed for erythema and scored using Table 1 (17).
Ear thickness measurements are taken using a thickness gauge (e.g. digital micrometer or Peacock Dial
thickness gauge) on Day 1 (pre-dose), Day 3 (approximately 48 hours after the first dose), and Day 6.
Additionally, on Day 6, ear thickness could be determined by ear punch weight determinations, which
should be performed after the animals are humanely killed. Excessive local irritation is indicated by an
erythema score >3 and/or ear thickness of > 25% on any day of measurement (18) (19). The highest dose
selected for the main LLNA: BrdU-FCM study will be the highest dose used in the pre-screen concentration
series (see paragraph 18) that did not induce systemic toxicity and/or excessive local skin irritation.

e Table 1. Erythema Scores

Observation Score
No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet redness) to eschar formation preventing grading of erythema 4
23. In addition to a 25% increase in ear thickness (18) (19), a statistically significant increase in ear

thickness in the treated mice compared to solvent/vehicle control mice has also been used to identify
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irritants in the LLNA (19) (20) (21) (22) (23) (24) (25). However, while statistically significant increases
can occur when ear thickness is less than 25%, they have not been associated specifically with excessive
irritation (22) (23) (24) (25) (26).

24. The following clinical observations may indicate systemic toxicity (27) when used as part of an
integrated assessment and therefore may indicate the maximum dose level to use in the main LLNA: BrdU-
FCM: changes in nervous system function (e.g. pilo-erection, ataxia, tremors, and convulsions); changes
in behaviour (e.g. aggressiveness, change in grooming activity, marked change in activity level); changes
in respiratory patterns (i.e. changes in frequency and intensity of breathing such as dyspnea, gasping, and
rales), and changes in food and water consumption. In addition, signs of lethargy and/or unresponsiveness
and any clinical signs of more than slight or momentary pain and distress, or a >5% reduction in body
weight from Day 1 to Day 6 and mortality should be considered in the evaluation. Moribund animals or
animals showing signs of severe pain and distress should be humanely killed (28).

Main study experimental schedule
The experimental schedule of the assays is as follows:
e Day 1:

o Individually identify and record the weight of each animal and any clinical
observation. Apply 25 pL of the appropriate dilution of the test chemical, the
vehicle alone, or the PC (concurrent or recent, based on laboratory policy in
considering paragraphs 11-15), to the dorsum of each ear.

e Days2and3:
o Repeat the application procedure carried out on Day 1.

e Day4:

o No treatment.
e Day5:

o Inject 0.1 mL (2 mg/mouse) of BrdU (20 mg/mL) solution intra-peritoneally.
e Day6:

o Record the weight of each animal and any clinical observation. Approximately
24 hours (24 h) after BrdU injection, humanely kill the animals. Excise the
draining auricular lymph nodes from each mouse ear and process separately in
phosphate buffered saline (PBS) for each animal. Details and diagrams of the
lymph node identification and dissection can be found in reference (14). To
further monitor the local skin response in the main study, additional parameters
such as scoring of ear erythema or ear thickness measurements (obtained either
by using a thickness gauge, or ear punch weight determinations at necropsy)
may be included into the study protocol.

Preparation of cell suspensions

25. From each mouse, a single-cell suspension of lymph node cells (LNC) excised bilaterally is
prepared by gentle mechanical disaggregation through 200 micron-mesh stainless steel gauze or another
acceptable technique for generating a single-cell suspension (e.g. use of a disposable plastic pestle to crush
the lymph nodes followed by passage through a #70 nylon mesh). The procedure for preparing the LNC
suspension is critical in this assay and therefore every operator should establish the skill in advance.
Further, the lymph nodes in VC animals are small, so careful operation is important to avoid any artificial
effects on SI values. The LNC are harvested with an appropriate volume of cold PBS (e.g. 2 mL) and, if
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necessary, the LNC suspension can be diluted (e.g. 1/10 dilution). The number of LNC should be counted
and then 1.5 x 106 LNC are needed for the next step.

Determination of cellular proliferation (measurement of BrdU-positive
lymphocytes)

26. BrdU-positive lymphocytes are counted through the FCM using a commercially available kit
(e.g. in the validation study the BD Pharmingen, Franklin Lakes, NJ, USA, was used). Other anti-BrdU
antibody kits may be used if they provide consistent results. Briefly, the LNC suspension (1.5 x 106) is
washed once with PBS by centrifugation and then re-suspended. Cells are permeabilised with the buffer
supplied with the kit and then treated with DNase. After washing, FITC-conjugated anti-BrdU antibody is
added and after another wash, 7-aminoactinomycin D (7-AAD) solution is added. The number of BrdU-
positive cells within the viable 7-AAD-expressing cell population (104 cells) is counted with a flow
cytometer.

OBSERVATIONS
Clinical observations
27 Each mouse should be carefully observed at least once daily for any clinical signs, either of local

irritation at the application site or of systemic toxicity. All observations are systematically recorded with
records being maintained for each mouse. Monitoring plans should include criteria to promptly identify
those mice exhibiting systemic toxicity, excessive local skin irritation, or corrosion of skin for euthanasia
(28).

Body weights
28. As stated in paragraph 25, individual animal body weights should be measured at the start of the
test and at the scheduled humane kill.

CALCULATION OF RESULTS

29. Results for each treatment group are expressed as the mean SI. The SI for the LLNA: BrdU-FCM
is derived by dividing the number of BrdU-positive LNCs/mouse of test chemical group or the PC group
by the mean number of BrdU-positive LNCs in the solvent/VC group. The average SI for the VCs is then
one.

The number of BrdU-positive LNCs is defined as (See Appendix II-Annex 1 paragraph 7):
Number of BrdU-positive LNCs = % of BrdU-positive cells (% of Q2!) X number of LNCs

30. The decision process regards a result as positive when SI>2.7 (1) (2) (10). However, the strength
of the dose-response relationship, the statistical significance and the consistency of the solvent/vehicle and
PC responses may also be used when determining whether a borderline result is declared positive (6) (29)
(30).

31. If it is necessary to clarify the results obtained, consideration should also be given to various
properties of the test chemical, including whether it has a structural relationship to known skin sensitisers,

" The gated percentage data (Q2 region %) from ‘Quadrant Statistics’ in the flow cytometer analysis.
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whether it causes excessive skin irritation in the mouse, and the nature of the dose-response observed.
These and other considerations are discussed in detail elsewhere (31).

32. Collecting data at the level of the individual mouse will enable a statistical analysis for presence
and degree of dose-response relationship in the data. Any statistical assessment could include an evaluation
of the dose-response relationship as well as suitably adjusted comparisons of test groups (e.g. pair-wise
dosed group versus concurrent solvent/vehicle control comparisons). Statistical analyses may include, e.g.
linear regression or Williams’s test to assess dose-response trends, and Dunnett’s test for pair-wise
comparisons. In choosing an appropriate method of statistical analysis, the investigator should maintain an
awareness of possible inequalities of variances and other related problems that may necessitate a data
transformation or a non-parametric statistical analysis. In any case, the investigator may need to carry out
SI calculations and statistical analyses with and without certain data points (sometimes called “outliers”).

DATA AND REPORTING

Data

33. Data should be summarised in tabular form showing the number of BrdU-positive LNCs for the
individual animal, the group mean number of BrdU-positive LNCs/animal, or, its associated error term
(e.g. SD, SEM), and the mean SI for each dose group compared against the concurrent solvent/vehicle
control group.

Test report

34. The test report should contain the following information:

Test chemical:
source, lot number, limit date for use, if available;

stability of the test chemical, if known;

Mono-constituent substance:

physical appearance, water solubility, and additional relevant physicochemical
properties;

chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChl
code, structural formula, purity, chemical identity of impurities as appropriate and
practically feasible, etc.
Multi-constituent substance, UVBCs and mixtures:
characterised as far as possible by chemical identity (see above), quantitative
occurrence and relevant physicochemical properties of the constituents.
Controls:

identification data (e.g. CAS number, if available; source; purity; known impurities; lot
number);

physical nature and physicochemical properties (e.g. volatility, stability, solubility);

Solvent/vehicle:

identification data (purity; concentration, where appropriate; volume used);

© OECD, (2024)
26

53



SYE S LRLEY SEHANEHRMEZAS 0183 SAHTEARE, LLNA: BrdU-FCM) 710|=2f2!

OECD/OCDE 442B

justification for choice of vehicle;

Test animals:
source of BALB/c mice or CBA mice;
microbiological status of the animals, when known;
number and age of animals;

source of animals, housing conditions, diet, etc.;

Test conditions:

source, lot number, and manufacturer’s quality assurance/quality control data (antibody
sensitivity and specificity and the limit of detection) for the FCM kit;

details of test chemical preparation and application;
justification for dose selection (including results from pre-screen test, if conducted);

vehicle and test chemical concentrations used, and total amount of test chemical
applied;

details of food and water quality (including diet type/source, water source);
details of treatment and sampling schedules;
methods for measurement of toxicity;
criteria for considering studies as positive or negative;
details of any protocol deviations and an explanation on how the deviation affects the
study design and results;
Reliability check:

a summary of results of latest reliability check, including information on test chemical,
concentration, PC, VC and benchmark test chemical used, as appropriate;

concurrent and/or historical PC and concurrent VC data for testing laboratory;

if a concurrent PC was not included, the date and laboratory report for the most recent
periodic PC and a report detailing the historical PC data for the laboratory justifying
the basis for not conducting a concurrent PC;

Results:

individual weights of mice at start of dosing and at scheduled humane kill; as well as
mean and associated error term (e.g. SD, SEM) for each treatment group;

time course of onset and signs of toxicity, including dermal irritation at site of
administration, if any, for each animal;

a table of number of BrdU-positive LNCs, and SI values of individual mouse for each
treatment group;

mean and associated error term (e.g. SD, SEM) for number of BrdU-positive
LNCs/mouse for each treatment group and the results of outlier analysis for each
treatment group;
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calculated SI and an appropriate measure of variability that takes into account the inter-
animal variability in both the test chemical and control groups;

dose-response relationship;

statistical analyses, where appropriate;

Discussion of results:

a brief commentary on the results, the dose-response analysis, and statistical analyses,
where appropriate, with a conclusion as to whether the test chemical should be
considered a skin sensitiser.
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APPENDIX IT - ANNEX I: MEASUREMENT OF BrdU-POSITIVE LNCs WITH
FLOW CYTOMETRY

This method is based on the LLNA: BrdU-FCM protocol, which was used for the KoCVAM-
coordinated validation study (1). It is recommended that this protocol is used when implementing
and using the LLNA: BrdU-FCM in the laboratory.

Preparation prior to measurement

1. To measure incorporated BrdU, the following samples should be prepared prior to
the measurement.

Blank sample (n=1): LNCs from the mouse not injected with BrdU.

Non-treatment sample (n=1): LNCs from the mouse not treated with any substances,
but received a BrdU injection.

Vehicle control-treatment sample (n>4): LNCs from the mouse treated with the vehicle
control and received a BrdU injection.

Test chemical-treatment sample (n>4, a minimum of three concentrations): LNCs from
the mouse treated with test chemicals and received a BrdU injection.

Positive control-treatment sample (n>4): LNCs from the mouse treated with the
positive control and received a BrdU injection.

Analysis of flow cytometric results

A flow cytometer should be calibrated using appropriate tools (e.g. ‘BD FACSComp’ for
FACSCaliburTM or ‘Beckman coulter FlowCheck’ for Cytomics FC500) prior to testing or
regularly.

Forward scatter-side scatter (FSC-SSC) graph
1) Both the X axis (FSC) and Y axis (SSC) should be on a linear scale.

2) Set up a zone (gate) with a flock of viable lymph nodes at its centre in the FSC-
SSC graph.

3) Outline the gate such that it has at least 10,000 cells.
7-AAD-BrdU graph

1) The X axis (7-AAD, FL3) should be on a linear scale, whereas the Y (BrdU,
FL1) axis should be a log scale (Figure 1).

* Compensation should be set using unstained, only BrdU-stained, only 7-AAD stained
samples, and double stained with both anti-BrdU and 7-AAD at the time of beginning this
assay. The compensation can be saved for future use.

Set up Q2 following the steps below

1) Using the blank sample, set up Q2 (upper right) where no cells are present
(Figure 1A).

2) Using the non-treatment sample, set up Q2 so that % BrdU-positive cells are
about 1% of all cells (Figure 1B).

3) The Q2 region percentage indicates the proportion of FITC conjugated anti-
BrdU-Antibody positive live lymphocyte in 10,000 LNCs.
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o Figure 1. Flow cytometry configuration for the calculation of % of BrdU-positive cells
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Note: A, blank sample; B, non-treatment sample; C, vehicle control-treatment sample; D, test chemical or
positive control-treatment sample

Count of % BrdU-positive cells

Perform flow cytometric operation for the vehicle control-treatment samples (Figure 1C), the test
chemical-treatment samples and the positive control-treatment samples (Figure 1D). Obtain the
gated percentage data (Q2 region %) from ‘Quadrant Statistics’ for each sample.

Calculation of the SI and the EC2.7

The number of BrdU-positive LNCs in the LNs of the vehicle control-treatment group is obtained
by multiplying the number of LNCs in the LNs by the ratio of cells expressing BrdU in 10,000
LNCs (obtained by flow cytometry). The number of BrdU-positive LNCs in the LNs of the test
chemical-treatment group is obtained by the method described above. Individual Sls are calculated
by dividing the number of BrdU-positive LNCs/mouse in the test chemical-treatment group by the
mean number of BrdU-positive LNCs in the vehicle control-treatment group. The mean SI of each
test chemical group is calculated based on individual Sls.

Stimulation Number of BrdU-positive LNCs/mouse exposed to a test chemical
Index (SI)

Mean number of BrdU-positive LNCs in the vehicle control group

For the positive results, the EC2.7 value, i.e. an estimated concentration showing 2.7 of SI, could
be calculated by linear regression method using the following equation.

Y (SI) = aX(concentration) +b — EC2.7=(2.7-b)/a
* Parameters a (slope) and b (y-intercept) can be derived using linear least squares method.

Other estimation methods (e.g. linear interpolation or extrapolation formulas) could be utilized to
calculate EC2.7 value (32
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