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Abstract Pesticides may be absorbed directly or indirectly during the manufacturing and spraying process
through human skin, causing skin sensitization diseases such as allergic dermatitis. Conventionally, the skin
sensitization of pesticides was evaluated by in vivo tests using experimental animals such as guinea pigs and
mice. However, due to the animal welfare and restriction on animal testing, various alternatives to animal test
are being developed. Therefore, in this study, before applying the in Vitro Skin Sensitization: human Cell
Line Activation Test(h-CLAT) among alternative tests, the skin sensitization of 8 of proficiency substances,
the guidelines suggested, was evaluated. As a result, the maximum RFIs (Relative fluorescence intensity) of
CD86 and CD54 for 2,4-dinitrochlorobenzene were 1586% and 597%, imidazolidinyl urea 533% and 886%,
2-mercapbenzothiazole 454% and 469%, nickel sulfate was 530% and 1012%, 4-aminobenzoic acid was
110% and 128%, glycerol was 122% and 96%, isopropanol was 146% and 105%, and lactic acid was 135%
and 124%. In 4 out of 8 test substances, the CD86 and CD54 RFI values exceeded the skin sensitization
standards and also EC range was within the range suggested by the OECD TG. Consequently, those were
judged as positive substances. In this study, by establishing h-CLAT, it is thought that it could be used to
assess the skin sensitization of various pesticides.
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TS Alx 9 AE, e g HF AR T O Slom, 2020 & oH Gl T e R o s
AR 95, 4L Sl kA =29 4 AthJo et al, FE9 & F 2,114 ©]tHAPQA, 2020).
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A3t (Rosholt, 2005) 7A1 3 & 71#7]5(Organization for
Economic Co-operation and Development, OECD) ¥ 8
A%t F-H )74 & 7154l E] (European Union Reference Labo-
ratory for alternative to Animal Testing, EURL-ECVAM)Z
STHoE FEUANEY AT dAFE AFEl
(EURL-ECVAM 2012; OECD, 2015a; OECD, 2015b;
OECD, 2016; Ezendam et al., 2016).

olf gt FA|H FAol o] FfelM® 20149 SHFE
W Rl wet s FAAEIE S EA ] A
HQAL(MFDS, 2014), 5 54 #oklxe 2010dF-E

FENEA A TEeF g AAY] 5571F) o =4
EAEAH], 47 AEE o83 AR oPIA), 7
BATEROBEEY, #8545 EY ), AT F
AYZANYY, F2GZAA AW BrdU-ELISA, HElo]=
W AIEH 5, IFASA QAR EIAEY) 5 o
& 54 ol ot SEHAAEHS 8L o5
7ol E8-31aL THRDA, 2021)

< (allergic contact dermatitis, ACD) 5 ¥|%-23}
e 4= 2th(Girolomoni et al., 2004; Maxwell et al.,
2011; Ezendam et al., 2016; Lee et al., 2020). 7] 5]
IR 7IUF2E o83 FEHPOE FUHEHNS
o 7|Ys 2 Si3s} A8 (Guinea pig maximization test
(GPMT), Magnusson and Kligaman, 1969; Magnusson, 1980)
3} #2341 (Buehler test (BT), Buehler, 1965)°] 5
2 AR EHASTHEENSA A A2000-25). dA B8
T7t 7P =2 IR sEUAAEYES AE v T
£ =49 7 = v AU ZHAIYIH (Local Lymph Node
Assay, LLNA, OECD Test Guideline 429)3} ©]& &3t
FAYZAAAY DA (LLNA: DA, OECD TG 442A), =
28 ZHASEY BrdU-ELISA (LLNA: BrdU-ELISA, OECD
TG 442B)°elu} o8] AP E=(nhe-2)S ARkl WAk
SHAYAEE o] &allof sh= ofEfwol UTHEEXIETH LA
A2012-13%; OECD, 2010a; OECD, 2010b; OECD, 2010c).
o|F FES 3] AVESIA| &5 In chemico/In vitro 2
do= whilz QIAGH MEF 58 o83 Eo|= vt
S Al8(n chemico skin sensitization: Direct Peptide
Reactivity Assay, DPRA, OECD TG 442C), ARE-Nrf2
AlH oA A& (In Vitro skin sensitization: ARE-Nrf2 luci-
ferase test method, OECD TG 442D) % °1A] HxF &4
3P (human Cell Line Activation Test, h-CLAT, OECD TG
442E) 5ol FofdE el IANEAT(FEENEE LA Al
2019-5%, OECD, 2015a; OECD, 2015b; OECD, 2016).
QA MESF B33P (h-CLAT)S 3720 4887

tlo mX of
Y
H

Z(Adverse Outcome Pathway; AOP) 427 5 3A| ol 3]
Fohs AlFORE, A X THP-19] 843} A elA
AlE 3 2 3919l CD86 ¥ CDS549] 'l H=rt 742}
AED w2 A F7Fl 7] %8131 th(Ashikaga et al., 2006;
Yang, 2020). h-CLAT Q15 o HEAIFHIY S48
ZAAEHT 22 In vivo APl ¥l FSE= tha W
AORE W7 Qo =S 8] AMgslA] ¥ o
& I =AY vl ARgol =i A
Alzko] HwA grpe Aol th(Nukada et al, 2012;
Cho et al., 2020).

Zeut obH7HA] h-CLATS ©]8-¢F 37-72d %7h 4
T 3PFE 48 2 AFE AL
Aom, Fofo tigk A+ ARle RIS Agolnt. uhetbA
£ dApoMe woke] IR 7kl h-CLATS 2§
317] $13led OECD TG 442E0] ANE HHE B4 850
2 A% 272 gaaa at,
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JEXTRT
THP-1 M| Z H{

THP-1 M2% American Type Culture Collection (ATCC,
Manassas, VA, USA)ZFE Y3ttt L-Glutamine3}
HEPES buffer’} $H+2 RPMI-1640 B 10% fetal
bovine serum, 0.05mM 2-mercaptoethanol 2 1% peni-
cillin-streptomycins F7Fste] A3 wljF wjA = ARS-319]
o wF Aleke BE gibco-Invitrogen (Waltham, MA,
USAPIA Y43ttt Al alls %, T75 Flaskel 0.2 x
10° cells'mL D=2 3o 37°C, 5% CO, #7101 2~3Y
7vAo 2 At wigFstdnt. Al Al S (passage number)
= 300] 94 REF St

AR ofH

2 AEY e 984 OECD 442E %5 20 9%
AR Jed Y ¥ o4 EF 8% 4-Aminobenzoic
acid (95%), 2,4-dinitrochlorobenzne (99%), glycerol (99%),
imidazolidinyl urea (95%), isopropanol (99%), lactic acid
(85%), 2-mecapbenzothiazole (97%), nickel sulfate (99%)
£ ¥315F BE A%k sigma-aldrich (St. Louis, MO, USA)
A YL, HE 54 F 2,4-dinitrochlorobenznes}
nickel sulfates A& 9] FAHAYZEZ, lactic acide= SATY
ZEZAR ARSIt AlE E49] 8sl=dl ulet Az
A vlA] B dimethyl sulfoxide (Sigma-Aldrich, St.
Louis, MO, USA)ZS &vj 2 ARE-ait}. &3 A|oke] 35,
FTIC-conjugated mouse IgGl (DAKO, Glostrup, Denmark),
FITC-conjugated anti-human CD86 ¥ CD54 (BD-Phar-
Mingen, SanDiego, CA, USA)Z ¢ alo] AFR-3191t}.
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Table 1. Recommended test chemicals for demonstrating technical proficiency with the h-CLAT method(OECD, 2016)

h-CLAT results h-CLAT results

Test CAS Physical . e CV75 Reference for CD86 for CD54

chemicals state Range in pg/mL.  (EC150 Reference (EC200 Reference

Range in pg/mL)  Range in pg/mL)
. . . " Negative Negative
4-Aminobenzoic acid 150-13-0  Solid Non-sensitiser >1000 >1000) >1000)
2,4-Dinitrochlorobenzene 97-00-7 Solid Sensitiser 2-12 P(0<s‘11t(1)\)/e foo?_ti\;}
L .. Negative Negative
Glycerol 56-81-5 Liquid  Non-sensitiser >5000 (>5000) (>5000)
Imidazolidinyl urea 39236-46-9 Solid  Sensitiser 25-100 [()2031355 1()2031%;
. . Negative Negative
Isopropanol 67-63-0 Liquid  Non-sensitiser >5000 (>5000) (>5000)
L . .. Negative Negative
Lactic acid 50-21-5 Liquid = Non-sensitiser 1500-5000 (>5000) (>5000)
2-Mercapbenzothiazole 149304 Solid  Sensitiser 30-400 T\ii%ag;bv)e g‘(’)s_‘ltvoe)
Nickel sulfate 10101-967-0 Solid  Sensitiser 30-500 fzzsllgg)e g‘as_llt})voe)

IThe in vivo hazard and (potency) prediction is based on LLNA data.
PHistorically, a majority of negative results have been obtained for this marker and therefore a negative result is mostly expected. The range
provided was defined on the basis of the few historical positive results observed. In case a positive result is obtained, the EC value should be

within the reported reference range.

Ol M= &3l (human Cell Line Activation Test, TE(CVT5E 243
h-CLAT)
2 917E OECD Al@W 7lol=2R] TG 442E= 54)% FogvTe Sladlantl LD Ly

In vitro Skin Sensitization: human Cell Line Activation
Test (h-CLAT) ¥ FHAF s=dlAAEYH A+ 2713 a: 75% ol Al AEE AR, o T5%e1d AlE AE
(EURL-ECVAM)?] 7% 1-+(DBLAM Protocol No.158: & gk

human Cell Line Activation Test)oll 2]A3lo] Al

i _ e Wle 2 AE@EF 9l 34 A=, A
Aol E01717] LA, M ¥4 A8 (reactivity assay)S LA s (:.;1: I
21 opg m o o2 - - o0 A48 Al B4 I FE(CVT5E 24T &, HIFE
o) 4 8 SANEZAS T THP-1 AT WA S c o MRSl
o O 2nE Al S48 $) o] tisel X A
21-?_]6]—37_, OECD TG 442E01]H Zﬂ}\]% jT%E =2 10 3 A A f_ﬂ—iﬂ CD86/CD54 w+&<$ ixqu}od;} Ok]]ﬁ o
- - 576 o 2 U= T 0CT M. I

F 852 B8 N30 =S HAEATH(Table 1). - B

h-CLATZ =7 5 @A d9o= U= &+ 9=
AIE F3 FACDS6/CD54 E SAeA AF 49 &

3 e ARE S8l SFEP AR (Cell viability
oAtk A A AER] THP-190] Al &
Sl & propidium iodide(PI) FAS Eal FAE

ke 42 olelst 2.

dl, ©A]

s 3 b, d: ZH7He] Al E AEE adt ¢ 7S YEllE 5=

3} EHOECD, 2016; MFDS, 2017; EURL-ECVAM, 2012).

Moz AL 7eE+ 8% 7= (mean fluorescence intensity,
MFI) %2 ofel 4ol tigiste] Al wH FAAQ] CD86
2 CD542] i3 &3 7} = (Relative fluorescence intensity,

5 T
= 1o
_% ;%]_g_ RFI)E 7:“}1\}0]'»\1:]’.
Mo RFI =
&S X @ %7 2 2] 4 E MFI -
(- JBEAANeTHEIHEMEL o
Sl & A 2 2] o) Z A4 E MFI -
) = Z & 2 B & % =3 Z ot M E
Cell Viability=(;a;}i‘g}/j]ﬁ 100 gu) 3 A 2 2] 53 o) 2 Al E MFI
< S = T

>~

MFI = Mean Fluorescence Intensity (7138 &% 71=)

19 &4l thITHP-1 HZAYEES o]&3ate] ol +

Aol 248 BP0 R 75% A|E AEL tist Ha Az AL 3t o]t FEoA CD862l RFIE 150%,
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EQ29 MR T olge] P4l

Aol thal ¥, 2384 ded

A 22 M= ¥ fMZ 2Y

SHRAAAF(CVT5)IA] A8 B s Al Eaj =]
T dimethyl sulfoxide (DMSO)E ©]&3t9om, &7}
A Eaj ARl 73-e- EF S (stock solution)yS FHIFE
100 mg/mL, DMSO2! 73%- 500 mg/mLZ s}tk 5 &
A s AP EE o] 2 HUEEEEE 128 A
o gJAste] FYNE FHISHATE A2l 2 vHAT=
A &9 (working solutiony> ¥ -89-S Al Zuf A=
s|As|x] AR, AlE Ed W2 DMSOE ©]&-3 73
$ 1:250, AR A E o] 88 B9 1:5002 )M 513
T} OECD TGl Wt Alg &2 8ol 7} Al zu) =]l 7
%, ZHYo|E HIFES | mgmLold FEAY o A2
NESZJAES AAste] Hases AAAsIoH, HE
o2 Smg/mL °lst=Z A3t £7F DMSOS! 7,
FEAolol ZYolEoA HIFEEE 1000 pg/mL ©|3}
2 AT A" FY AEE 2.0 x 10° cellsmLe] 5%
2 N2 AE wieF wjxol] ASEste] 24-well plated]
500 pL (1.0 x 10° cells/well) ki ch Alg &AL F=h)
g AX dgds Ll(vvE APt A SYolEs
37°C, 5% CO, ¥i%71o1A 24 +0.587F &<t wjekslsit.
o]%F Pl €A (HF F50.625 pg/mL)C 2 FHAsle] FAHE
A 53l Alx AEES SH8T

=
2 ANEY BE 29 ARl EF S 387
Ly

RS ] o 1

Algog golgl H e gholl 1.28) At 84 (1.2 x CV75
~0.335 x CV75)3ted, Alzujguxet DMSO ZHzt 1008)
L5000l F-Sshe el FeE Alxsitt FHlE Al

HEN (2.0 x 10° cells/well)d} A1d E2S 22t 500 pL
3t F 2407 STk 2447 wjoke M Ee 9%
(FACS buffer)2& A= &, v]5o|% A AF Atk
&M (blocking solution, 0.05% globulin in FACS buffer)
600 uLg 2|5kl 2427004 FITC-labelled anti-CDS6,
anti-CD54 2 mouse IgG1 (isotype) & 50 uLz 2+t &
A AABIATHAC, 30:2). FAE Al HFH R PI
SN EHF FE 0.625 ug/mL)ye F7HEIGoH, FAE B4
Z1(FACS Calibur™, CellQuestPro, Becton Dickinson, San
Jose, CA, USA)?] 85 Al'd(acquisition channel) FL-3 %
FL-15 &-8-sto] B85l

d

12 AT MM

Qo] dEFrdS Fal Hash Hel ke AF oA
CD86 ¥ CD54¢] 4 &4 7= (Relative Fluorescence

Intensity, RFI) o] ZFzF CD862] 739 RFI > 150%, CD54

>200%S 234 739 FA, 71 rivkd 3
AT WA B2 B tizelx o] Al EAYE

2 90% ol/delojol afn BufjtfellA CD86 3 CD54
©] RFI 3+ %A 7125(CD86 RFI > 150% 2 CD54 RFI >
200%)s ZaskA] efofof gkt gk wjx] E Swf oixd
B 5% (isotype) thErol]l ik CD86 % CD54°] MFI
H]go] 105%5 Z3slof sttt YAUZEZS] 2,4-dinitro-
chlorobenzeneo| A= CD86 & CD54¢] RFI ko] A 7]
& 53 A EZAEE] 50% oldolojof gt 919] 7]

F % st 33e4 28 Aol ANES SR,

A71E ol &3 ¥ ¥ 374 AAE Fig. 190 HeERASIH
PNZEZ2 2 4-dinitrobenzene (Fig. 1B) % nickel
sulfate (Fig. 10)5 A 2§ -, FA 2|7 (Fig, 1A) % =4
2= (Fig. 1D)o} HIaLstAS W) FL-1 A dellx] ez}
SHIFT ¥|3 =2 MFI 2 Uehith 2H24e] x4l
tsld RFI 3 Al4FE A3, 2.4-dinitrochlorobenzene®
CD86 2 CD540l thsh RFI a2 782% 2 714%, nickel
sulfate= 498% % 6808%, lactic acide 34% Z 111%%=
VRO H, ol B IR A 2 54 Ve B
F et

Ae 24 8T Ui SFERA-I(CVTS) whel B
2,4-Dinitrochlorobenzne> 4.92 ug/mL, imidazolidinyl urea
= 29.11 ug/mL, lactic acide 2974.90 pg/mL, 2-mercap-
thobenzothiazole 195.53 pg/mL, nickel sulfate= 54.13
pg/mLZ LEFSTHTable 2). 4-aminobenzoic acid, glycerol
2 jsopropanol& 4173k 871 SEOA A E BEE]
75% oldo 2 Yeht CV75E 242k AHe-3 fujjof uke)
IFE 1000 pg/mL EE 5000 pg/mLE Z2A s wet
M AIE A 8% CVT5 32 EF Table 16 AAI= 0]

)= OECD TG ¥ 9] ol 23+ Aoz vepitt.

=y
2=

N STol et IRgEy Bl
B AREY 0 39 A1) B A8 B 8390 o)

ool AR, 58 (isotype) THZE
o gk CD86 ¥ CD549] MFI HI& = 105%S X35t
A FE14 s SEST Al ER 9RAEA
H7Fe 98 2 AgS Fest A9 A 24 3 9l =
T ZF 7P =& (D86 2 CD54¢) AthA #374% (max

RFI) 352 Table 29} 794t} 2.4-Dinitrochlorobenzene®]
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Fig. 1. Flow cytometry analysis. Density plot of THP-1 (control) (A); density plot of THP-1 (treated 2,4-dinitrolchlorobenzene) (B);
density plot of THP-1 (treated nickel sulfate) (C); density plot of THP-1 (treated lactic acid) (D).

Table 2. Results of cell viability and skin sensitization for test chemicals with iz vitro human Cell Line Activation Test (h-CLAT)

Test Average of Mean of h-CLAT” Classification based
X Solubility CV75 Max RFI Max RFI  EC150° EC200 h-CLAT
chemicals
(ng/mL) (CD86)  (CD54)  (CDS86) (CD54) from OECD 442E
4-Aminobenzoic acid DMSO >1000 110 128 >1000 >1000 Negative
2,4-Dinitrochlorobenzene DMSO 4.92 1586 597 2.01 2.70 Positive
Glycerol Media >5000 122 96 >5000 >5000 Negative
Imidazolidinyl urea DMSO 29.11 533 886 2531 26.01 Positive
Isopropanol Media >5000 146 105 >5000 >5000 Negative
Lactic acid Media 2974.90 135 124 >5000 >5000 Negative
2-Mercapbenzothiazole? DMSO 195.53 454 469 120.53 95.92 Positive
Nickel sulfate Media 54.13 530 1012 34.83 36.26 Positive

9The final concentration in the plate should not exceed 5000 pg/mL (saline or medium) or 1000 pg/mL (DMSO) even if this concentration is
non-toxic (OECD, 2016)

»The RFI of CD86 and CD54 is equal to or greater than 150% and 200% in at least one tested concentration, respectively, the h-CLAT
prediction is considered positive. (with cell viability > 50%)

9Average of effective Concentration value

9In case a positive result is obtained, the EC value should be within the reported reference range (OECD, 2016)

CD86 % CD549 that max RFI 32 1586% 2 597%, 110% 2 128%, glycerok 122% % 96%, isopropanol>
imidazolidinyl urea= 533% % 886%, Z-mercapbenzo- 146% % 105%, lactic acid= 135% 2 124%= 23] WHs-
thiazole 454% 2 469% ©|™ nickel sulfates= 530% % AlgellA CD86 ¥ CD54 RFI gho] B5F A 7% ol3t=
1012%= Uepdth, 53 452] Alg B4 tiste] 2 3] Ve 932 24 B2 ISl tH(Table 2).

HHE AJglolA] CD86 % CD54 RFI #to]l BF A 71+ AE EFo] D= o Bz AAYE A4S 48
(CD86 RFI>150% 2 CD54 RFI>200%)S Z3slo= 5% (Effective concentration; EC) 78 4= 9lom whahA
2, IR o BdE HE: st v 4 B2 ARS 5o HAERE IHE AE BE 42024

aminobenzoic acide CD86 2 CD540l W3 max RFI o dinitrochlorobenzene, imidazolidinyl urea, 2-mercapbenzo-
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thiazole, nickel sulfate)ol] thsl] CD86 ¥ CD54<] EC150
2 EC2008 AlAFFATE. 2,4-dinitrochlorobenzened] T3l
EC1502 2.01 pg/mL, EC200- 2.70 pg/mL, imidazolydinyl
ureae 2ZF 2531 pg/mL, 26.0 pg/mL, nickel sulfate=
34.83 pg/mL, 36.26 pgmLO.E E=ZETHTable 2). 95
gAY B 3%t EC%k—S— 25 OECD 7o|=a}el
o AAE A= FA 71F Wl Ferdth(Table 1).
2-Mercapbenzothiazole®] 73-%- CD86 2 CD540l tjst EC
Zrel Z¥z) 120.53 pg/mL, 95.92 ng/mlLzE 25 FA 7=
2351921} OECD TG 442E0A+= CD86ell thstq —u—*é
02 AAIFo] StKTable 1). ©]= 2-mercapbenzothiazole
S o835k tre] AdaAIEAA CD86ol| thste] 244
7F YeR7] it 2 weF Al A3t CDR6oll thste] 43
o] A= A= 7§, CD540 thak EC200 %kl 10 pg/mL
£ zIstodok sith, E Algo)A 2-mercapbenzothiazolex=
9] ARzl Fdelng HEFHoRE I Ve T50

ek webd Al =4 8*01] st h-CLAT A9 @JJr
OECD TG 7te|=giRlel| 7|&d Ao} FdsiA #A =
At

h-CLATZ: ©]-8-3F 3|72 7ol A 2 g eest )
e B2 A9 dFES B3l &2 & 4 Utk Nukada
et al. (2012)2 LLNAZ 718 106712 A1d E4e 44
sto] h-CLATS &3l 9772M %71E vlwsislon, 2
A3} h-CLATS] AH3=7) oF 84%=2 UERGT . X313
o}, H]=g ohE A 7,—%3} M= rER7 A 2 h-CLAT®] 9
B et =& A58 Hi’il, S FEoME
frolek 8- b}E}‘,ﬂiE‘r(K et al., 2009; Otsubo et al.,
2017; Nishijo et al., 2019). S8t 5}3%7“01] e sU3
AHRE dSote A8 7 AL Stk et
(Sakaguchi et al., 2010). o] g MPAF+ A= h-CLAT
O] UHAAA] e A2 B4 g A ArpHeRE &

8] 283 e 7FeAS YERATH

T8y h-CLATS LLNAS} Wlasils o 95224
BrklA 998 e e A3E JEIE sisith
(Sakaguchi et al., 2010; Nishijo et al., 2019). log Kow7}
3.5 ol Al EH B AIgES A8l &St
stol B2 o] E7lsl] wiEel] $leAol v
ATHNIER, 2016; Park et al., 2016; Saito et al., 2016;
Otsubo et al., 2017). ZZ2]3 h-CLAT-S M EZo] Thiz uhg
o] AXE AREE7] Wl HIAHE SlsiM= A27 &
A e g 20E 25k Zlo] F88th(Ashikaga
et al., 2008). THP-1 A|ZF+= HEH cell line 2 A} &
ol Aghe]o] Ui, BA AA7} £15-9] 4zt -JBIW s
xMLo_ L}E}m;}m} (pre-hapten) 2 5} 3}7-]] 7szﬂ oq
© o= §1em, lauryl sulphate?} 312 H|RIZH XP%X%]E
WS e = ok LA th(Ashikaga et al.,

do

2008; EURL ECVAM 2012; Urbish et al., 2016; Otsubo et
al., 2017; Yang 2020).

oleld Y5 THNAL 1 bl e 3Haray 3
71l h-CLAT 28 A, A8 243 Azl et 2124
< Eole Zlo] 7P Tasith. 287] flsiM = #A LLNA
o Aol g Y ATl Mad 5 YES h-CLAT
S olgdle] Ty FFel B4 Bk Jurt £5 Hojol

A

Skal Fot

494 21
5ofo} & Zloltt
FA ot A R F2) B B4 % Y W7kl
BRI =g 283 488 ol BRI

87 8% 0@ A9 298 B & w A

8% IR W QA AEF BHA(-

93A0E FHAAT. GoE L AGYS ol

274 Bolsh AL Eol7] 91 A7t

AR, Fopel WA B

FEUAADY A8 A Bk AR RA Bph ot
)

>=
[e)
B A= OECD TG 442E appendix 1
-

B e 2220353 2 ely B3sh)s A
AR (AR PI01423701)2] Aol 2]3lo] o] Fo
7o

HAge
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