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The local lymph node assay (LLNA):= 7]Uu1
2 olgat ssedel Ly B A F oht
2 OECD 7polEgjelox = xlo] 9l (OECD TG
429) @A A BWrte] e AREEA e AlEH
o]t}, LLNAX: threshold doseE Adl=d A gsict
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Holth= X7}k 9t} (Vohr H.E et al,, 2005), o]=
Hoy = H|Eo|& A3EZEA (non—specific cell
activation) © 2 ¢laf] Yelth= 232 Hojz|n, o]z
st AAFS unsaturated carbon—carbon double bond
£ 7HK sstEdE% GPMTEE H]aA] LLNAOJA £
OFHS HAtk:= At Hivtb th (R.Kreiling et
, 2008; Thomas Armin Frohwein et al, 2015)
MRz AT gl chordt EEAY s
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Aol wek o) Btel) 918 AH U T,
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7HA] Al@Huto g Hrlshr|ols sHA 7}
t} (Corsini et al, 2009; dos Santos et al.,
200). olejg o1F2 Aol A oj2e
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HEA1O] Integrated Testing Strategies(ITS)

HO
Hgo] ZHgara Qit}h (Jaworska ef al, 2011; Osamu
Takenouchi, 2015),

& Ao A= LLNACA 9fds Heltha deixl
unsaturated fatty acidE I|FEZ2HA HAYZ9 37}
A key eventQl ThERZ Lol HWF2-A] (Spectro—DPRA:
Direct Peptide Reactivity Assay), TFA|xZo] &4
3} (ARE-Nrf2 Luciferase Test, LuSens), HYA|:E
o] &3} (h-CLAT) ZHolA Hsto] ZF key
evento] Y AGUES ol §3 1S HIWO R
H7}sto] unsaturated fatty acido] 2J3F $%A9
AAZ FEY 2 A Apshn

I. Mz ¥ 38

1. 222

Local Lymph Node Assay(LLNA)oJA $JFAS H

0]= unsaturated fatty acid 8% (Oleic acid,

Table 1. Unsaturated fatty acid 8%

Linoleic acid, a—Linolenic acid, 1-octyn—3—ol,
Squalene, Maleic acid, Fumaric acid, Succinic acid)
(Sigma—Aldrich, St. Louis, USA)E Aldo] AR5l

o}, 7} 849 24 Table 19] Lratgc),

2. NEgH

1) ARE-Nrf2 Luciferase Test

71€ 9R%E =Fo| ot HaCaT (Immortalized
human keratinocyte) AJ3Zo] Human AKRIC2 §-#
A} TR E Q] Antioxidant Response Element (ARE)
et IRl fucz2 A BE =YE HE
£ g0l 2x2g 7|9 Ax2FE AFsilnt (ZAm7lE,
Seoul, Korea), ©] A|EZFE 10% heat—inactivated FBS
(GIBCO, Grand Island, NY, USA), 0.1% gentamicin
(Sigma—Aldrich, St, Louis, USA) ©] 3*3¥] DMEM
(Lonza, Maryland, USA) HjZ|E o]&3}o] 371, CO
5% A vieFsETE, A2 W=7l 80~90% A=t EHH
1:3 H]E&Z subcultureE AA]3}H, Passage number

Chemical information (Unsaturated compound)

No. Name Chemical structure Cas # Chemical Formula Molar Mass Log P
1 Oleic acid IF/J_L\_\—\_{0 112-80-1 C18H3402 282.47 g/mol  7.73
I: -
2 Linoleic acid Wm 60-33-3 C18H3202 280.45 g/mol  7.51
0
3 a-Linolenic acid § § ol 463-40-1 C18H3002 278.44 g/mol 7.3
HO 1™ VIV 1s
H.C 2CH
4 1-octyn-3-ol 3 818-72-4 C8H140 126.20 g/mol  1.96
H
5 Squalene X VAN AN AN 111-02-4 C30H50 410.73 g/mol  14.12
HO. O o
6 Maleic acid t _,J-L 110-16-7 C4H404 116.07 g/mol  0.05
TR TOH
%]
7 Fumaric acid T 110-17-8 C4H404 116.07 g/mol  0.05
o
3
8 Succinic acid I i 110-15-6 C4H604 118.09 g/mol  0.75
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ARE-Nrf2 Luciferase Test= 7]&of 7j¥t=E SA}
AE¥ (ARE-Nrf2 Luciferase Test™)& 7]uloz
APt (Emter et al, 2010). vj¥E HEFE 3
719] white 96—well plates@} 17]2] clear 96—well
plateo] ZFzF 1 x 10° cells /120 y4 L /well® EZ3}
3 87C, COy 5% =7 sholA 24X k53 wlekstel
of HieF 24417 & AIF =d& 2-fold
dilution& £3] 0.98 4 M~2000 4 M ] 127}7] %=
2 Aeege. oW AuEAe fuz A8
DMSO®] 2% ¥R 12 stelch o@A  47fo)
plates7} FUet 2H02 2u|HYew, of F 37)o)
plates W3F F7F H2, 17]9] plates HEZYEZE
& Wk BHom AgHYt. 4847 F

serial

O

A AlFsHAT. Luciferase
Germany) #2] & luminometer (Synergy II, BioTek
Instruments, VT, USA)Z W3S =431
o Ea AEYER AP MIT assay Skl
UV—-vis spectrophotometer (Spectra MAX 190TM,
Molecular Device, CA, USA)Z 570nmo|A SIS
Skl Ald=A Y3t AlZgEEC] T0% ol
ojal, W g F7H7F x++¢l 1% DMSO thH] 1.5
v ol Sk A9, mEAAd f1Fe] e AeR
w8kl

substrate (Promega,

Inc,,

2) LuSens

LuSens A|ZF= BASF (Dr. Tzutzuy Ramirez)@
HE wokom 10% FBS, 1%
streptomycin (Lonza), 0.005% puromycin (Sigma)
£ 44T DMEM WlXe] 370, CO, 5%xstolA
wepsieleh At 459 7o ustel, 42
F7|Al0oll= 0.68 X 10° cells/20 ml, 59 F7]A] 0.4
X 10° cells/20 ml9] WEZ 75T flasko] wjeF 3FgiT),

AlH> BASFOIA Al&3t ZREZHE 43530
=4 A7 =5 A5t fd UA AxAEES ¥
Z¥shedl, & ARAl 3 A w=e B AyEolA
Az =7do] #akd 7§ 1.2 X CV75 12l Alxsk
do] §l= 7% 2000 4 MZ AT

StA] ARE-Nrf2 Luciferase Test@} ofzl7x]=2 =
A AAl luciferase®] Wy} Ax2PES F 7HAE ¥
Vst th, luciferase® ®E-S H71sl7] Y MEE
white 96—well plated] 1 X 10* cells /200 uL /well
PEEECE RN EX EX RS PUP SR
96-well platec] AT £Ae) AEE ol

24 penicillin/

clear

&--8-5F Unsaturated fatty acid®] in vitro 3% ZF2HA] 7} - 47

24A7F HieF & BEAE 6719 TR AFEH]
#3ek wiz] 200uLE w3kstg o, ojn FujR ALE
¥ DMSOY #HE Hhl 197t YA 4= gt
A3 L triplicate® A35}gich 48A17F Lok B2 X
gl & % wjAE A ASIE PBS (with Ca’*/Mg”")
300 ¢ LE o]g3ste] & ¥ NHstct, wge AL

Luciferase substrate (Promega, Germany) *g| %

o o

luminometer (Synergy II, BioTek Instruments, Inc.,
VT, USA) &= Wggks S74sksich E3k Al2AEse 4
L2 MTT assayS 4=8§5}o] UV-vis spectrophotometer
(Molecular Device)Z 570nmo|A SF=E =A%
ok A=Al 93k AlxZAESEC] T0% o]/dola, o
F Y S77F 2wl 1% DMSO o] 1,58 o]
2K A%, MRy Yol Ak Aes wyal

At

3) Human Cell Line Activation Test (h-CLAT)
THP-1 A|3%% (Human monocytic leukaemia cell
line, ATCC Rockville, MD, USA)E 10% Fetal bovine
serum (GIBCO), 100 Unit/ml of Penicillin, 100 y g/ml
Streptomycin (GIBCO), 0,05 mM 2-mercaptoethanol
(GIBCO)o] x&r=l RPMI 1640 medium (GIBCO) HJX]
£ o|&ste] 377, CO2 5%ol|A Hjekstlct Alth=
0.1 x 105~0.2 x 10%ells/mLe] WEZ 2~3Y 37
Sgstgon, HNE 47 Hg 1 x 10° cells/mL
Jx] == 313 AFA| passage number= 30
A == S
AlFe 7|&o] H1%E ZZEZV (Nukada et al,
2012) OECD 442EE 7|HWto =z L339t AxE
24-well plated] 1 x 10° cells/ml/well® EF3}
T ARER ] 2447 wE A7l T FACS buffers
= AT BEeld ge] AL w9
Blocking € (0,01 % (w/v) globulin ©] 3XZgt%
FACS buffer)2 4° C oA oF 1587 Az =

mouse antibodies

ot o Hu

FITC—conjugated monoclonal
(anti—human CD54, ICAM-1/FITC (clone 6.5B5)

(DAKO, Glostrup, Denmark); anti—human CD86
(clone Fun—1) (BD—PharMingen, CA, USA) & Al%
sto] AzFAF PR F= (6 pL/3 x 10°

cells/100 g4 L for the anti—human CD86 mAb, 3 u
L/ 3 x 10° cells/100 # L for the anti—human CD54
mAb, 3 x L/3 x 10° cells/100 x L for the anti-—
human IgG mAb)E 3057l 4° C o)A A3}t
FITC labeled—mouse IgGl (clone DAK—-GO1; DAKO)
S isotype control Z AFEE QT AEE FACS
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MFI of chemical-freated cells - MFI of chemical-freated isotype control cells

RFI =
MFI of vehicle-treated cells - MFI of vehicle-tfreated isotype control cells
MFI = Geometric Mean Fluorescence Intensity

bufer % Wl Aol ¥, F& AEE AUl 9 A% WgelA ke Helol=ol e PREAY
3] propidium iodide (Sigma-Aldrich, MO, USA)”7} 5—dithiobis—2—nitrobenzoic acid (DTINB) (Dojindo
Z3E QoS o]83lo] AEZE JMEIHTE AE E Molecular Technologies, Inc., Japan) = fluorescamine
H oupA L] dd Mz 2L FJFSAYNEZEFT] (Sigma-Aldrich, MO, USA)E Ag $ UV-vis
(FACS; Fluorescence Activated Cell Sorter)S ©o|& spectrophotometer (Spectra MAX 190, Molecular

Sto] =431, CellQuest AZE o] (BD Biosciences,
USAZ 24 shith % 10,0007)9] Aol AEE ¥
H310m, Eul nlAe] wle] thse] isotype control
I} w)asho] ofgf o] Alof 2] Relative fluorescence
intensity (RFI)S A A} T}

AE=Hol gt AZBEEC] T5% o)dollA, Al
X ulA CD689Y] RIF Zro] 150% o]Aro] A4, CD54
o] RFI glo] 200% oldd 7% IFAAE ol
de Aer WAl

4) Spectro- Direct Peptide Reactivity Assay
(DPRA)

Spectro—DPRAL o} g A|ZojA] 7t AlE 4
He A83l9ct (Jeong et al, 2013; Cho et al,
2014), 200 p M9] Cysteine HE}O|= (Ac—RFAACAA,
Peptron, Dajeon, Korea) T+ 100 g M9} Lysine ¥
E}lo]= (Ac—RFAAKAA, Peptron)& 1mM9] A EZ
I} 24A7HERE HEEAIXD &, Hkg-o] o

U el Sl gast g ol gatatt. AYE

A=Ay

Table 2. in vitro I¥224 A A8 A9} in silico model

Device, CA, USA; absorption wavelength: 412 nM)
@} fluorometer (Flexstation 3, Molecular Device;
excitation: 390 nm, emission: 465 nm, 475 nm)E
oj-g3ste At AldEdt Hefol=eto] whg
e Wb o] HEEdol s "AE HErol=7t

FolE H&2 Uehyn, 4 ey gt

] - Pepﬁdeunreocfed

HAefol= 7hAH S (%) = - X 100
Pepfldemu
AFE- 95 cysteineFEFO]=2]  ZFAH]EO]

10%5 2337, lysinefElo]=9] fhaH]&o] 30
A

%S 2T, ARELY Pl Yk Ao By
shqict.
w23

Chemical information ARE-Nrf2
(Unsaturated FEAY 23 OECD QSAR toolbox LuSens Luciferase  Spectro-DPRA h-CLAT
compound) Test
ARE-Nrf2
GPMT Lusens final - Luciferase PO h-CLAT final -
OASIS OECD "1" indicates  Test final - _— "1" indicates
No. Name log P LLNA class (Y/N) ) ) " s indicates "
= algorithms algorithms  positive test 1" indicates - positive test
1¥) - positive test
results positive test results
results
results
1 Oleic acid 7.73 Weak None No alert No alert 0 0 0 log P >3.5
2 Llinoleic acid  7.51 Weak mf;i?/ned No alert No alert 1 1 1 log P >3.5
3 o—Lquemc 7.3 Moderate no No alert No alert 0 1 1 log P >3.5
acid data
4 1-octyn-3-ol 1.96 Moderate None No alert No alert 1 1 0 1
5 Squalene 1412  Moderate None No alert No alert 0 0 0 log P >3.5
6  Maleic acid 0.05 Moderate None No alert No alert 1 0 1 1
7 Fumaric acid  0.05 None None No alert No alert 0 0 0 0
8 Succinic acid 0.75 None None  No alert No alert 0 0 0 Az, B84
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1. in vitro DR4EY OM AlE@E © 88t

Unsaturated fatty acid® &=y Et

2 AEEelA AWEL] gy whe
Table 22+ Zt} Spectro—DPRAY|A= 3% (Linoleic
acid, a—Linolenic acid, Maleic aicd)7} <FAJo|al,
ARE-Nrf2 Luciferase TestoAX= 3% (Linoleic
acid, a—Linolenic acid, 1-octyn—3—ol), LuSens 3
% (Linoleic acid, 1-octyn—3—ol, Maleic acid)o| &F
‘gollet. h—CLATOA = AlFdEEY &84 EA=
Q3] log P ko] 38.50]4F2l Oleic acid, Linoleic
acid, a—Linolenic acid, Squalene2 Alglo| E7}5
39131, Succinic acide log PZF2 3.59|5to]L) A=
o G e x| ookt AnHor 8% F 3% A¥
7Fsdlal, 11 % 2%(1-octyn—3-ol, Maleic acid)9]
FgoE BAHEU,

llio
o
o
o
do
2

2. ITSEZEY in silico model
[=|

y Ty

1z

-~

MN 1o

2 B WRRLA TR GPMT FEAY 27
7] st9om olE LLNA, HolgE && &
£ Q= ol W& A} (Spectro—DPRA, ARE—Nrf2
Luciferase Test, LuSens) 27}4] A& (Spectro—DPRA,
ARE-Nrf2 Luciferase Test ¥+ Spectro—DPRA,
LuSens)& 83t ITSHTW 8al 371K A9
(ARE-Nrf2 Luciferase Test, LuSens) < &-83} ITS
o] Axkel vjwsE Tt (Table 2), AA| Q1A
Aol A o= dolel7t giAY (Linoleic acid,
Maleic acid)
Fumaric acid,
Succinic acid) X AlFoA wu]ekst HES (Oleic
acid)o] 9J2ltl. (CIR Ingredient Status Report) Th=
Algor BXA] = AW (Spectro—DPRA, ARE-
Nrf2 Luciferase Test)?] accuracy= 83.33%% H %

H

rEl

o

¥

a—Linolenic acid, 1-octyn—3-ol,

non—sensitizero] A (Squalene,

Table 3. A& o= 2 %3 [TSHZHEY Accuracy H] 1L (%)

1, LuSens?| accuracy~= 66.67%% o] T A|gHE
o} 32 AHIE (accuracy)ES HE T} Sensitivitye}
Positive Predictive Value:= GPMTA} 9FAlQl E3Z o]
8lo] A, Specificity®} Negative Predictive Valued]Z
S AREHE 5 GPMTAL} §le 23S AlQdshd Al
AHZE Fou|et 2folE HolA| ool & AtoA = Al
AVSEA] QFQFt} In silico modeloA= 8% X% no
alert® toolbox W HWHE alert7} EA3}A] o} =A]
wAHo] 755kl

AR AT Aol 7HeP Y h—CLATS A&t
W2 37FA AEH ol AE ofg] 7HA] WRle® %39t
s ol Z+Z accuracy & H| W E QT (Table 3), T
A AR, T 7HA A AnrE XS o
oz Wy, 44 ARY BEs AAGHE PEes
WY, 1A AR F 2710 Aok dRlehe W
2 BASIE o g Up=o] v Y-S A] GPMT
Auoh HTIHGS W accuracyl F M ARHS
2% 1TSEF Al 7HA] Al 2343 ITS & W&
FY o FHoE FAT ITSHIH O] 100%= 714

|o

v, =

7|& ZolA GPMT Aol dE25 WE - ¢l
AY glo]gl7} ¢l&= 2% (Linoleic acid, a—Linolenic
acid)e AL v FA4 6Fo] I EAA,
LLNA A= 24 2%, weak sensitization 2%,
moderate sensitization 4F0°=2 AT Qo
33.33%9] accuracyE Ho|il Qlrh. ol¥l HE Fl
g BAZAY A|FHEE unsaturated fatty acid®] I

I Ta

HA2E 9k F - 340l HEA W Eeld 4
ARom  HAAQ  accuracyr= 66.6~83.3% =
LLNAo|| ®l3] FEHA| Al@®o] unsaturated fatty

acid® |Z3ht] f2akn 58] spectro-DPRA
9} ARE—-Nrf2 Luciferase Test7} LuSens®rt} AZ =
7h =i SAEAES U A A5 AR AR

Z

el
LuSens2} ARE-Nrf2 Luciferase test= A|HEZA 2

Spectro-DPRA ARE-Nrf2 LuSens Spectro-DPRA + Spectro-DPRA Speciro-DPRA + ARE-Nrf2
Luciferase Test ARE-Nrf2 + LuSen$S Luciferase Test + LuSens
Luciferase Test
P8R Ve %4 %4 & s o %4 A Fd F AN FE
Accurac 83.33 83.33 66.67 100 83.33 100 66.67
4 (5/6) (5/6) (4/6) (6/6) (5/6) (6/6) (4/6)

* Linoleic acid, a-Linolenic acid 2&2 GPMT 23} #HE719l no datao]B& AccuracyE 3= tliell A #9359 .
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FolA Aoldt AxtE Heled, o & GPMTZIP}
Al 2]shH Maleic acidof| A%t
A2 2 A3 (LuSens %FAl, ARE-Nrf2 Luciferase
test 24)E HEth ARE-Nrf2 Luciferase testS
Aot ot AgHEdE FHeE Y s 1
2o]Ho} ARE-Nrf2 Luciferase tests= A|gIA =
ES} $83) WA ol w4 S40] e 7
ox ke,

ESE log P7} 3.50]4H¢] B39 A9 h—CLATS o
W% gAA wE AL Bk SEonE of
E45 7= B4 deiA = h-CLATHAl o
AP (LuSens, ARE—-Nrf2 Luciferase Test,
DPRA)E Sgsto] 2% BAO) olg3He Aol £8
< Aljtst= Hiolth, o AtoA= AlFd=H9 b
OlE]7} in silico modelof §lo] o]& Z-&35}x] EA
9t in silico model®] EﬂO]E17} = &

nefsto] WRekE Aol HHES ¥ 4 UG
G Ten e o) ABNE L3 T5H0
5 LLNAY| 944 Al
71t 7P =2 Accuracys 2 ITSH
e = 71x] A]EH (Spectro—-DPRA2} ARE—Nrf2
£ ITSHIH T Al 7HA] Al
e zasla Al o o] Ao opyoz A}
ISy ol dek Al 7HAl Al 2ol AN & A
oA ¢kl w ooz HAF= AHXL Accuracy
7b 66.67%% WFQITh o3t Adb= AWEE
S gael A=t deEn, AgEE AZE oe
(§AFeE AlFHESH ol ARE-Nrf2 Luciferase Test2}t
LuSens7} 2ol Afolg Hel) A8 75 gofe)
ol 2 log P A% GAS Aol kool
e ol A K] W Aow B
A AR 2 E A T e o
gl 2O Accuracy’t = 16
o} AAa Aol FHoR BT
FRATE A PHABHE FAT 5 U7 e
Az, 19 BoRA AL 2 - A

ZLHolgt AJZHETE  Spectro-DPRA2F ARE—-Nrf2
Luciferase Test ITSHW A] 100%2] Accuracy
Ho|2 & Unsaturated fatty acid H7}A] ¢oFAl
o] GPMTARS} dA&& =9 anFQl HH
2457 g
=4 B

9= a-Linoleic aicdZ&

fu & oo
rsL' ok

=z

MR p® o a2
1 O > -

Luciferase Test)2

[o

e rlo
l-ﬂl
x
ne
Hz
2 (e TN < M

tlo

a2l =

2 AL ofm gAY R&D Unito] Yo <)
Ry Eglon ofo] A=Y YL

AnE
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