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ABSTRACT. The in vitro alternative assay for evaluating skin sensitizing potentials (SSP) called human Cell
Line Activation Test (h-CLAT) has been recently adopted as an international test guideline. The present study
was proceeded to pursue the domestic establishment and expansion of h-CLAT. The standard operational
procedure was prepared in detail by the lead laboratory (LL) and transferred to one participating laboratory
(PL). The LL demonstrated technical proficiency for the 10 substances listed in OECD TG 442E. The PL also
demonstrated a certain level of proficiency, in that 4-phenylenediamine and 4-aminobenzoic acid distributed
with coded names were correctly classified as positive and negative on SSP, respectively, and other indices
including 75% cell viability (CV75) and relative fluorescence intensity (RFI) % for CD54 and CD86 were fell
within the reference range. Methyl methacrylate, nickel chloride, and resorcinol, which are inconsistent in
predicting SSP through various alternative test methods, were unanimously predicted as negative, positive, and
positive on SSP by the two laboratories for the first time through h-CLAT. Both chlorobenzene and sodium
lauryl sulfate with the existing h-CLAT report as positive and negative, respectively, were predicted as
negative by the PL, which could contribute toward overall categorization into non-skin sensitizer.
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olx] MEF A3 WY (human Cell Line
Activation Test; h—CLAT)E 3}etE2 9] uH7 2=
= Brbete dAAARe=A 2016@ 79 FAFEY
7NEF7]3t (Organization for Economic Cooperation
and Development; OECD) Z2lA| & (Test Guideline;
TG) 442E% A==t (OECD, 2016). 2 A|&Ho
) BZAZEZ 9] Adverse Outcome Pathway (AOP)o|
Ol At 2018 6 U937 cell line activation
test, Interleukin—8 Reporter Gene Assay2} a7
OECD TG 442EZ )z} =AE9ict (OECD, 2018).
AA A2z 2443t -2 AOP 3dA o] &3h= Al
dARior FAAAZ AL THP-19 *1]55‘:—‘1 |
ﬂ"lol CD54 4 CD862] ¥wraAH =7} uH

L BT =R BAHTE And e
(Ashlkaga et al,, 2006), ¥ AJFdHL 20179 4
FojorEA AR AU HGE FEYYA P
o|Eetelo = W vl QT (AEC|OFEIAB Y
2017)

rHu

olt} (Ahn et al,,
3HA] o= Xﬂﬁ"* AdReln] &2 o] &stA &
ST RAAMEHOE AF7IE o R
%ﬂ HAA A W vaA s d SolA
AdE edste 718 Be 7IdE0dA A=
‘ili} HAAEY ARGo] FAtEY] fsiME siE

ol 71t A oldd HEol w2 A5l
SxMog mHEL (USEPA, 2018). I3y in
silico, in chemico, in vitro WWHol| 973t m 72t
4 B GAAEES A4S AOP BHe] B w
of 71| AtH ez AHEE7] ol AYA, e
4 AR 252 4 e Aol i olo whet
7_}

)

2 5
BT G A o [ =S TS =

‘ﬂ‘%‘% Z?;Sj]-‘&]_oq 2\45_2‘] oz ‘_ri_]‘:'7T-X]—
=% grlst=s E9=4 37} (Integrated Approaches
to Testing and Assessment, IATA)Q] HQAo| A 7]
E3 Qlt} (Casati, 2018), oA HxZF fi“*i} v
Al QB Ay I AY fer) e gEt
BRo] Ao oeyom wAE 7ol q:gom
pro—hapten ¥ pre—hapten®] FLLE ¢2A4Ho= T
Bd 7hs/de] & A AR 7sE o] St
(OECD, 2018).

2 golMe AFFEdAm A AT

gAEYdstueld EEAGUS SYA A WA
# AYHE ST ool gl T FAY GLP 1
A AT GoAE, aFSEEHAGATD A

chlorobenzene,
sulfate, resorcinol)o] 3} A}7] 27}
9 AWL ~HT AN

sodium lauryl
Z|ge A A
. Bk,

ME 2 W

1. h-CLAT EZANEH 12

FFAEHLE OECD TG 442E, DB—ALM Protocol
no, 158 (EURL-ECVAM, 2016), 3-4% u|57ba14]
SEAANTEQIA AEF: 45 B, h-CLAT)
Floleatel (AEojobEtABAY, 201e Erjw
Aystglon] Aas theat g,

1) MIZEHHY

Alszafer Aoy
Guideline (Coecke et al,,
2002)] 7 FqstAch. 2 AW el sz
THP-1 A|ZE 1)< American Type
Collection (Manassas, Virginia, USA)oA F£¢35}4
10% fetal bovine serum (Hyclone, Logan, Utah,
USA), 0.05 mM 2-mercaptoethanol (Sigma—Aldrich,
St.  Louis, Missouri, USA), 1%
streptomycin—neomycin mixture (Gibco, Waltham,
Massachusetts, USA) 3-8-% RPMI-1640 vjofufjx|&
o|-gsto] wjeFsllct. Al 2v) F4] A)ZF (doubling
time)©| 30~55A]7F o2 HFE-A] EQIAIE (reactivity
check)ol|A] oFA J=xEZQ 2,4—dinitrochlorobenzene
(DNCB), &4ty 2 (NisOy) ¥ 24 dxEZ 2l lactic
acid Zzto] tste] Py EE 84 s1Ze] HEE 7
S Wokol | MERS ASeRAT (4EOohE
A 7hd, 2017),

ECVAM Good Cell Culture
2005; Hartung et al.,

Culture

penicillin—

2) &JAUPNE (Dose-finding assay)
AFEdol sl 75% AxBEE (CVI5)E 4
i olE VEe®E & AYA B#IHE 87 Al
£ Z2Ast7] flsto] 23] wHE AASTh & A
go| AHgHE 571 3pstEA-> EE Sigma-—Aldrich
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ApolA] Lshon Fa)e ARARZRA (Quality
Assurance Unit; QAU)oJA <& 3}sle] Fr|z 9
zZod 7| AR A AEsl3iTh. Dimethyl sulfoxide
(DMSO) 2A] 20 A% B4% 87 B Y
EAS THP-1 Ao (10°%ells/ml) 5% CO, BJF7] 9
A 24A7F &A1 & propidium iodide (PI, 0,25
(g/tube, Sigma—Aldrich) &9 H7lst SAZE
XA7]1& (FACSCalibur, BD Bioscience, San Jose,
California, USA) o|&3}o] CV75E AAI T}

3) A5 (predictability) Et 2ANE

AEEAY TR2AAAAS Brlstes 59 AlES
YA o= 23] WhESlt 7 AdEdEE 8 &
T2 (1.2x CV75, CV75, 1/1.2x CV75, 1/1.2%
CV75, 1/1.2°x CV75, 1/1.2'%x CV75, 1/1.2°x CV75,
1/1.25% CV75) 5% CO, HjSF7|o|A] THP-1 A3E9j
(10%/ml) 24X17F =2 A17] 3 FACS tubed] 43l
2= (0.1% bovine serum albumin PBS)C. & 23]
ARk, o292 600 ul blocking solution

doll ik A Al Aol ol WE oS Hrt- 17

23 AHT oS Pl B
Wi GAERHS AT OD54% D86 2kt
relative fluorescence intensity (RFI) AAFAl-L t}e
I Zoh: [(APEA A7 A|E mean fluorescence
intensity (MFI)-AJ&EZ Z 8] A3 isotype control
MFD/(FZA A2l A= MFI-FJA4 A Alx
isotype control MFI)] x 100, uXZFzHA kAl A
o thaat 2ok AYEA St o4 HwelA CDsa
RFI7} 200% o]AF T CD86 RFIZ} 150% ©]AFel 7
92 oY sEoN AEUEEE 50% olololof
3t FAHEEZE DNCB (4 pg/ml)E AH&-stoct

2. 28 NE

F7|T AR AL OECD TG 442E Appendix
I1o] (OECD, 2018) A|A|= o]l 10709 8= &3l
& W B4 dsl sd%E AEE Festo] 4 8
A ol =2l thsll Appendixoll AAE CV75, EC
(Effective concentration) 150, EC200 ZtS E==3t

(0.01% globulin $+3 FACS 9= Sigma—Aldrich) O ZR h-CLAT Aldo] tf3t =dHZ7} Fl=ch
S H7hste] 4TCoA] 1587 FAAZ 5 3709 &4 (ASE 8l AlE A= Lee et al,, 20190 A|A
Aoz 1}Fo](180 ul/FACS tube) HAJEEF F o] Q). o] 71 A, FH7|H QAUA
fluorescein isothiocyanate (FITC)—labeled anti— HAZA EZ 9] 4-phenylenediamined} H]ZFZHA] &
CD54 (Dako, Denmark), FITC-labeled anti—CD86 Z%l4—aminobenzoic acidE& YB3}l A|FsH H
(BD—PharMingen), mouse IgGl isotype control kA /24 o|=2 CVT75, EC150/EC2009] ojst ZAx}
(BD-PharMingen) 50 ul % 7} tubeo] WL 4To]x = 5141 wo} SRS selshelet
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Table 1. Proficiency test results on 4-phenylenediamine and 4-aminobenzoic acid

Test substances® Proficiency indices DCUS KTR® OECD TG?
cv7s8 46.4%1 4" 74.5£12.7 5~95
RFI® for CD54 1638 267
4-Phenylene RFI for CD86 226 169
diamine EC2008 for CD54 18.8 71.0 Negative(>1.5)
EC150 for CD86 19.9 1.0 Positive (<40)
Skin sensitivity Sensitizer Sensitizer Sensitizer
CV75 >1000 >1000 >1000
RFI for CD54 110 183
4-Amino RFI for CD86 144 122
benzoic acid EC200 for CD54 NCS NC Negative (>1000)
EC150 for CD86 NC NC Negative(>1000)

Skin sensitivity Non-sensitizer Non-sensitizer Non-sensitizer

$DCU: Daegu Catholic University, KTR: Korea Testing & Research Institute, OECD TG: OECD TG 442E Appendix I,
CV75: The concentration (¢g/ml) at which the test substance demonstrates 75% cell viability, RFl: The
highest relative fluorescence intensity % among the eight serially diluted concentrations tested,
EC200/EC150: the concentration (¢g/ml) at which the test substance induces an RFI of 200% for CD54 or
150% for CD86, respectively, NC: Not calculated.

*,'The test substances were coded and distributed to experimenters prior to the h-CLAT assays.

‘Data are expressed as meantSD from two independent experiments.
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Table 2. Predictability test results on chlorobenzene, methyl methacrylate, nickel chloride,

sodium lauryl sulfate

resorcinol, and

Test substances

Proficiency indices

DCU®

KTRS

Other test methodst

(CAS No.)*
§ v
CV75 367.4+61.7 577.3£107.6 LLNA:DA, LLNA:BrdU-
RFI® for CD54 551.5+320.3 132.0+28.3 ELISA: false positive
Chlorobenzene  RFI for CD86 463.5+200.1 137.5+16.3 LLNA, LLNA:BrdU-FCM:
(108-90-7) s 5 non-sensitizer
EC200% for CD54 222.0+183.8 NC DPRA., KerafinoSens:
EC150 for CD86 208.5£112.4 NC non-sensitizer
Skin sensitivity Sensitizer Non-Sensitizer h-CLAT: sensitizer
CV75 >1000 >1000
RFI for CD54 112.5+14.8 157.5+24.7 LLNA: sensitizer(weak)
Methyl RFI for CD86 118.5+20.5 108.57.8 LLNABrdU-FCM:
methacrylate non-sensitizer
(80-62-6) EC200 for CD54 NC NC DPRA: sensitizer
EC150 for CD86 NC NC TIMES-SS: non-sensitizer
Skin sensitivity Non-sensitizer Non-sensitizer
CV75 82.8+10.0 104.9+9.8 Human: sensitizer
RFI for CD54 1543.5+444.8 2755.0+1021.1 LLNA: false negative
LLNA:BrdU-FCM:
Nickel chloride  RFI for CD86 460.0+77.8 330.5+164.8 false negative
(7718-54-9) EC200 for CD54 18.0£2.8 17.0£19.8 Human epidermis IL-18
EC150 for CD86 14.5¢3.5 2340£111.7 assay: non-sensifizer
KeratinoSens: sensitizer
Skin sensitivity Sensitizer Sensitizer LuSens: non-sensitizer
CV75 548.1+14.4 525.9+68.2
RFI for CD54 352.5+43.1 584.0+189.5 HMT: negative
Resorcinol RFI for CD86 260.5+150.6 145.543.5 HPTA: posifive
(108-46-3) LLNA: false negative
EC200 for CD54 317.5+4.9 227.5+72.8 DPRA, KeratinoSens:
EC150 for CD86 419.5£317.5 NC false negative
Skin sensitivity Sensitizer Sensitizer
CV75 68.2+4.9 44.6+18.5 HMT: negative
RFI for CD54 492.0£325.3 190.04.2 LLNA, LLNA:DA,
. LLNA:BrdU-ELISA,
Sodlulrp T'OUW' RFI for CD86 350.5+178.9 135.5¢10.6 LLNABrdU-FCM:
(155U1 _21?3) EC200 for CD54 4104113 NC sensitizer (weak, false
positive)
EC150 for CD86 40.5x4.9 NC SENS-IS: non-sensitizer
Skin sensitivity Sensitizer Non-sensitizer h-CLAT: non-sensitizer

$DCU, KTR, CV75, RFl, EC200/EC150, NC: abbreviations are same as the table 1.

*The test substances were coded and distributed to experimenters prior to the h-CLAT assays.

‘Data are expressed as meantSD from two independent experiments.

TLLNA: Local lymph node assay, LLNA:BrdU-FCM: LLNA: 5-bromo-2- deoxyuridine-flow cytometry, DPRA: Direct
peptide reactivity assay, TIMES-SS: Times metabolism simulator platform for predicting skin sensitisation,
KeratinoSens:ARE-Nrf2 luciferase KeratinoSens test method, LuSens: ARE-Nrf2 luciferase LuSens test method,
HMT: Human maximization test, HPTA: Human patch test allergen.
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713l 57 AldEE ] tiEt dlSY Aol o
AR A o] QlojA] =g B7lsh] flst
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4-phenylenediamine-&
4—aminobenzoic acid2 H|ZAZA EZZE OECD TG
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QufFulA] izt cr] £FA (DMSO) tfx+t CD54
RFI<200%, @ujeFujA] iz tu] HgA] (DMSO)
&+ CD86 RFI{150%; DNCB oFA tjzxat9] ZH$
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o] 2] ¢Fokt}. Methyl methacrylate= &= 7|3 253

Aol gt Al HlEF Bgept o) Ao wE A5 7). 19

og A, & HHAAE 242 #AHSIY. Nickel
chloride ¥ Resorcinol-& & 7|3 HEFoA TAHAE
A2 WA EQth Chlorobenzene ¥ Sodium lauryl
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ERF A5 HIF AlFoAE 57 Ald=Eol s +
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o2 4EHoR ALEATR Brh 4 A= 2A%
g Zoltt,
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Aol eiAE ASoR WEHyREE 43w
215 AASHTE 2 EH2 Local lymph node
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o ubeaE olgg MR WAL AFHAE 2t
7k 90%, 99%, T79%9] w2 FEANAN THsS 2=
fA =4z EFEol e (ICCVAM, 2010 &
2010a), In chemico <2l Direct peptide reactivity
assay (DPRA) AloM&= ofdos HiH uf ik
(Kimber, 2019)., ¥®bH  LLNA:
deoxyuridine—flow cytometry (LLNA: BrdU-FCM)
Ao S4er HiuEom (Ahn et al,

2016), Quantitative structure—activity relationships

5—bromo—2—

(QSAR) H}¥iol Times metabolism simulator platform
for predicting skin sensitisation (TIMES—SS)ofA]
= o7 HuE dHF )l (Kimber, 2019), & o
T Axel 7|E Hiud AdE FUSHH  methyl
methacrylate= T2 5o SlojA= FAL &4
Aol Q= borderline 282 EFHo| I A
oz oAXL,
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UAL Ao A= toll-like receptor 4 (TLR4)9] &
Aas £33 g5z St 7)o s e A v, oo
F20) A= TLR4 wj7) ¥h3 7]H™o] {8514 gthe
HollAl LLNA 7]5F A Al oA 9134 A =&
o] Ax]1 9t} (Schmidt et al., 2010). In vitro

Ald¥ el ARE-Nrf2 luciferase LuSens test method
(LuSens) Al ZAip Aoz Hig vb glou
ARE—-Nrf2 luciferase KeratinoSens test method
(KeratinoSens)o| A= A o2 WL o] in vitro T
AABEDANE  Hgay wHel Aol ort
(Urbisch et al., 2015),

Resorcinol2 pro—hapten EZAZA T EoA A}
Hof TRPHAE el Aoz %A ge £
o] X9t (Urbisch et al,, 2016) Human maximization
testoﬂlxﬂt 2402 LLNA, DPRA, KeratinoSens A

Ho = Qedor HiE vl Qth (Dean et al,
1999), 12Y} Human patch test allergenol A=
Jog HIuET Qi 2 ApoAE F 7| BE
Aoz A A= resorcinol EAo] & 27
X-L?:/\‘] _1_]HOE]° 01:”—‘6]— _/,\_ OTO 0 .rJH %?l—]’;}—:ﬂ /\(])-]
H o}, Nickel chloride?} resorcinolef tjgt 2 At
Aito]] W2 h—CLAT A|gHo| th= in vitro thA
AlRol Hlsl o R AAo] aAl AlRC
2 3#E 4 9L Aot}

Sodium lauryl sulfate?} chlorobenzene® 7% F
o B U P B e i e s i S P S PA I S el
Sodium lauryl sulfates= OECD TG 429 (OECD,
2010) Annex Io] @2 LLNA A= QoA
o7 BEX1 9tyd LLNA: DA, LLNA: BrdU-
ELISA, LLNA: BrdU-FCM A3 HoJA® ooz
H1Ect (Ahn et al,, 2016), DPRA A|@dHo|A=
“inconclusive”® Z& ZAEo] §HESXT SENS-
IS 9 g AtoA #3H h—CLAT AFoAE= 34
o2 HIEQC (Clouet et al,, 2017).
lauryl sulfate 20| LLNA 7|8} 0fA w2 7F2FA]
W7k Aol FEHOR A (CRIA) 2}
7 EEEe AL upe2oA WeriHe] BoE ] oF
& OFAZRA] S E AL YA Fohe oWk o] fol A
o)t ’—‘iﬂj At (Ahn et al., 2016), o]#gt 3
= LHEAS o 2 A5 Fov)e] Bls) 3oir]
oA Hoh Xé%}@ A7 =EEATAL oA A T
sodium lauryl sulfatex= B|ZFZA] E22 TAglo] 7
B olgt AZE}, Chlorobenzene HA| 37 |Ha} &
ol 7|87t A TA o zlo]7b 2191tk Chlorobenzene
£ OECD TG 429 (OECD, 2010) LLNA A|&¥

ox of?‘. ol

£

Sodium

l

LLNA: BrdU-FCM A3 ¥ oA (Ahn et al., 2016)
Sgdog Hagly 9 o1} LLNA: DA % LLNA:
BrdU-ELISAA| & H o AL oFJ o8 wWiEelth DPRA
9 KeratinoSens A|@ ZAi} GA| vz 242 H
1% v} o} (Kolle et al,, 2019), WA B} AA3Lo A
4% h-CLAT Alglold: magray dew u
1= ¢t} (Takenouchi et al,, 2015), ‘i’_ A 1w B7FEAA]
of tigt F8&st YFAETF 71—4 A= AgolA ol
I:Hiﬂ/\]'&] _],]—7]— _1_]‘:‘71—X]—/\‘] O]:/H _‘Q___ O Aoz L]—
Ha Q7)o 2 dAF Akl AAA]A chlorobenzene
of MRS ol Yo WAL AL U5

.

8 A Az
ohegel 71%3& o B *‘717} F25o] 9t 7|
o AFW A5 EUIHOR AT 5 QY A
< ohdstgitt OP%E% o2 95132 B2 A"
XA b=
methyl methacrylate, nickel chlorlde, resorcinol o]
o= 242 o R AR S48, FA, FHeE #F
sH3l=dl ol h—-CLAT A|FHE o]&3t niias
B7t2E= Agolth, E3 7] WHEE h—CLAT A9
W ZAilo| A 9FA (chlorobenzene) = 24 (sodium
lauryl sulfate)o2 Hi%E EZ 2&2L t}ofdk A
Y ANE FYRAS o QO vy
24 QAL ik o, L AT Foly|woA BE
SRR WAFOoEHN olHFt HAA QAo 7]ofst
 A7|= vhEskel

gAe =2
H o7 32 A]EOokEelH A A% 0|kl T
7h 8o A (171825 72)406) Aol 23] S =]
on AR FaEEATF sEEA 954
Bt e AR A Ao XYL wrol SaE
A7l A=Y,
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