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ABSTRACT : Allergic contact dermatitis (skin sensitization) may be caused by a wide variety of chemicals.
A murine local lymph node assay (LLNA) has been developed as an alternative to guinea pig models _for
assessing the contact sensitization potential of chemical. This study was carried out to evaluate the skin
sensitization potential for chemicals in Balb/c mice by LLNA. Contact allergen, dinitrochlorobenzene
(DNCB), respiratory allergen, toluene diisocyanate (TDI) and a weak allergen, o-hexylcinnamaldehyde
(HCA) were used as positive chemicals and irritant, sodium lauryl sulfate(SLS) also used as a reference
chemical in this study. The weights of lymph node in the mice treated with DNCB, TDI, and HCA were
increased compared to vehicle control. There was a significant increase in lymph node weight of mice
treated with high concentration of SLS compared to vehicle control. The stimulation index (SI) of lymph
node cell in the mice treated with DNCB, TDI, and HCA revealed over three-fold increase compared to vehi-
cle control by *H-thymidine uptake. All allergens correctly identified in this LLNA study using Balb/c mice.
These results suggest that LLNA using Balb/c mice could be a useful method for screening the allergenic
potential of chemicals. The expression of IL-2 mRNA was slightly increased in draining auricular lymph
node cell of the mice treated with TDI and HCA by RT-PCR. However, the IL-2 levels in DNCB and SLS of
treated animals were not significantly changed.
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I. M B2

Kligman, 1969). # FAE (AE 422 A4
HHAH Ao FEAY AR-S FRATIEE 2

Qo= o274 HE R & I FEAIYE2] A (replacement), A5

9 Y71z

2] AN 2= FE, ki ok ek
B N OUR AR e

2 Aol Hhat AR 7S Agat SEol
01%5101 Skch(Botham 5, 1991). L oA Hux
A Z- ©]-83H= GPMT(The Guinea Pig Maximization Test)
Alg 3 HAN A E AH3HA] 9= Buehler Al§lo] 713
Aoz AMET ¢tk (Buchler, 1965; Magnussond}
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2] == (reduction), A uPH 2] F3 (refinement)o| 2= &
$l 3Rs' 5] AMAALE GHA L UEHEC, 1999).
of T BshEAle] A Al 1A
7S AMEEE AR B ES AGHI, FETE F0)
He dAAEHES] 877F FolAEA vl o83
local lymph node assay P (LLNA)Z} mouse ear swel-
ling testMEST) Al@w o] 2T A=A 9Jvk(Gad &,
1986; Basketter®} Sholes, 1992; Basketter %, 1996;
Kimber &, 2001). o] Zol|A LLNA ubHe] &2 GPMT
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Al HA7FsA el Sl AR A dn
(Kimber2} Basketter, 1992; Kimber 5, 1994; Kimber %,
1999; Basketter 5-, 2000).

LLNAY 3RBNeAS CBA/ R Fof| =X3aL o]
7 #1324 (auricular lymph node)o|412] ZF21HR8-8- °H-
thymidine uptake® 2 7}sh= v 22 19861 Kimber
ol sl ANE o=, of=] Al@Alel o3 o] WiRe]
AF3F3 9Jc}(Basketter?} Scholes, 1992; Kimber %,
1995; Loveless =, 1996; Kimber 5, 1999). XI<7}X]2]
FFZ<] LLNA Al¥2 CBA/J vhag A3l §
©1}, Woolhiser 5(2000)0] CBA/J b9} n]awshel
< o}, DBA2, B6C3Fl 52| u}$-A% of& VAR i= 1A
B 3slgel. LLNA 42 GPMT A @e] )& A o]
3 A|Ze] BA A8EHE AAHE 2 glov, st A=
A EAS x5S W g FARE whEe] et
Yri= HTT 9)v}(Basketter &, 1998; Gerberick 5,
1999). o=t W& Bdslar) o] ATAES £
o 83 AAARE e =HE 7]80)al o, 1
uhiFo) syt WAy A B8]k cytokine®] W3}
2 o] 43l wpgo 2 A=8}3 ¢Jo}(Dearmand}t Kimber,
1999; Manetz 5, 2001). Haryia 5-(1999)< citral, eugenol,
HCA, MBT(2-mercaptobenzothiazole) 52 =X3F ¥ o]
7N HZAoMe MEE F3t F 48717, 72417 vl
3l interleukin-2(IL-2)7} Z7)3l2 2 o] 8 ARE3}
of dH 55 & F UE ARR o) % b 3
At

meir] B d7e HE5A d=AleE 9 #4<] DNCB,
38 ol=jale) TDI(toluene diisocyanate), oFat =iAlel
HCA(o-hexylcinamaldehyde), 18|31 738t AF5AEA Q)
SLS(sodium lauryl sulfate)E- ©]-$3lq Balb/cE AHE-3
LLNA A8 3718 AAEaat 31312, IL-22] mRNA
b SAsh] Yol AZAE T 4 A Tt
st shaich.

I A= % &Y
1. MESE

AP EE-2 gH Balb/c FAE AlFokEekdy =
FEAA T2 e Fel 15U IS €T
F 68739 AN FEE Ak ALt B
Age AHEA AANES Son LR 2342C, §
5 55+10%, 12413t HF7)9) AFEAE fAAR LA,
ST AoAR 4Rl 83N $E82 AAALAC
(Association for Assessment and Accreditation of Labora-
tory Animal Care) 7|5l 2tA| Fzlslodc).

2. AIEEH

&4 od#Ale2 DNCB(Sigma Chemical Co., USA)
<, 35 geA o2 TDI(Aldrich, USAYS, <kt otzjAl
22 HCA(Aldrich, USA)S, Z8la 738t A=E4=
SLS(Sigma Chemical Co., USAYE AR&-319ic}. Svl2e
ujAlgS EsiA DNCB, TDI @ HCAd| disire
acetone@} olive oilE 4 : 12 4-2- AOO4 : 1 acetone/olive
oil)& AH8-3191 T, SLSE 30% ethanolS ARE-3l9ic}. wt
AR EAEARE [PH]-methylthymidineCHTdR: 2Ci/
mmol, Amersham, USA)E- AME-5191.0H, 7]e} Aok &
o AHEEH.

3. AE 9y

) AlEE2 50

LLNAAE$ Kimber 5(1994)%] v o2 o33} 3ho]
AAslth AREAS 7 FEEE 25w v
7] wiSel] 2FH FEEE slo] A[HEA0] AYHE
F5EEE sgen], 25 ot 19 13 32 Bat o
S| EE3)e] ARG HF 2E 29 Fell 331
Amge) Fee 24skT YT AL ejste] AHeaet

2) *H-thymidine uptake assay

H73e] *H-thymidine(80 uCi/m/) 250 wWis- vk 1]
Aol Fof3lal mb-AE o]AREIAR AL AZIF
FA3le] o/l =z AY HEE Fesle] Afel AME3}
gt +2 399 F2AE Bof dad 2RI )
FZ o]&s)] AHEE Euldle] 5% trichloroacetic acidel]
Yol YARZ slgiv}. 12417F Fol| scintillation cocktail
fo)& Mo] PB-scintillation counter(MicroBeta TriLux,
PerkinElimer, FinlandyE ARS3le] dujAldE A
calibrationgr ¥ DPM(disintegrations per minute)S <74

st

3) RNA & % cDNA &4

reld =4 MESFE] RNAE RNeasy Mini Kit
(QIAGEN, USAYE AHE-8le] 22lstadet. E2l® RNAS
1% agarose gelllAl Z17]°3-§3}k1L, ethidium bromide®
A3l 28S rRNAS} 18S rRNA WE 2el3}3 RNAA]
B -70°C AL YA Easte] ARttt

cDNAE 37| $1sked 5 mM MgClL%} PCR buffer
£ 7 T3] 90°CAIN 1087} A=gt ¥, 10 mM dNTP,
oligo dT primer, RNA inhibitor, reverse transcriptase
(Takara, Japan) ¥ RNase free waterS 7}3F3Z RNA 1 pg
sidake] Algel 7 30°CellA 5E7L, 42°ColAM 6033t
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4) RT-PCR(Reverse Transcriptase-Polymerase Chain
Reaction)

IL-2 mRNA levelS Z4317] 913le] g3} Zo] S
A vRSo)A] A 2% cDNAS 23 (template)>Z. 3] 5
ikl ARg-allet. AR primers o3t 2 IL-2 ¢
5' TGC TCC TTG TCA ACA GCG, 3' TCA TCA TCG
AAT TGG CAC TC (391 bp), GAPDH : 5' TCC TGC
ACC ACC AAC TGC TTA G, 3' TCT TAC TCC TTG
GAG GCC ATG T (560 bp). 5'-primerell 0.2 pmol/m/, 3'-
primerel] 0.2 umol/miE el & &8l 85°ColA 5%
ZF 28] PCR mix preparations TH5o] AME-3laiv}. Taq
DNA polymerase, cDNAE- ¥ Thermal cycler(GeneAmp
PCR system 2400, Perkin-Elmer, USA)|Y FF3|5it}.
FEFHALZ 94°C HolA 58T, o] F 94°C F-2el| A 30
27+ Aesle] 4 A3 dl2]dt(denaturation), 58°C
HoA 4527 A2)sle] primerS Z3A| 7] 3 (annealing),
72°C 2ol M 2387 DNAS sk A S 443 8t
of FAA} FZ3lget. FFol Bd F 72°CelA 1087
final incubation 8+ ¥ Wh8-& F43}gt}t. PCR Uhe AHE
< 2% agarose gelollA 5 u/ PCR A&} loading dye(1 wl)
E 2% 3 Joadingdhd 120 Vel 2587 A7|dE3) ¥
ethidium bromide® G &)X transilluminator &4
Aol Al egalel EAalT.

Table 1. The change of body weight in mice treated with DNCB,
TDI, HCA and SLS

Body Weight (g) Percent change
Group

day 0 day 5% of B.W.
AOO 17.1x1.0  17.3%1.1 101.0£1.2
0.25% DNCB in AOO  17.7+0.6  18.4x0.7 101.3+£1.4
0.5% DNCB in AOO 17.6+0.3  179+04 104.1£1.7
1.0% DNCB in AOO 18.2+0.5 18.3+0.3 101.7+2.0
AOO 22.2+0.7  229x0.9 102.9+£2.2
0.5% TDI in AOO 21.9+1.0 225x1.6 103.0+3.0
1.0% TDI in AOO 214+1.6 225+1.8 105.2+1.5
2.0% TDI in AOO 22.1£2.0 22.7+1.8 102.6+£2.8
AOO 222+0.7 229409 102.9+2.2
10% HCA in AOO 227409 234zx1.1 103.1+1.8
20% HCA in AOO 21.2+0.7 22.0x0.5 103.8+2.0
30% HCAin AOO 21.6+1.0 22.6+0.8 104.5+4.6
EtOH 16.8+0.8 17.5+0.5 101.3x1.4
5% SLS in EtOH 17.2+1.4 17.8+1.3 104.11.7
10% SLS in EtOH 17.3£1.08 17.9+0.6 101.7+£2.0
25% SLS in EtOH 16.7£0.9  17.3x0.4 101.0x1.2

“Day 5 means the day at necropsy. Data represents mean=S.D. of four
animals. BW represents mean body weight. AOO and EtOH represents
4 : 1 acetone/olive oil and 30% ethanol, respectively.
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4. SHXME
B Aol gt AR M BAAY T2l
Sigma stat(Version 2.03, USAYE AMS3ld fro]4F o=
0.05 ©]3}2 3} BAMEA (analysis of variance)S- Al A] &}

Fo) Dunnett’s t-testsS o]23a}led B 25 THGad} Weil,
1994),

. & o}
1. §& % &S| Ha|
733 ofejAl E2el DNCBZ# TDIE, okt ¢ajlql
HCAT ¥ 738 A=EAQl SLST 79 AS5F7e 7+
Zke] gef 2ol vla)] fro)Hel WEE R 4 ¢l

©}(Table 1).
AZ <2 DNCBZoIAS 28 Fok2 274l

25 -‘ a) R

20 -
15 1

10 1

Auricular lymph node weight (mg)

Vehicle 0.25% 0.5% 1.0%
DNCB in AOO

45 - b) *
40 1

35 1
30 1
25 1
20 1
15 1

10 4 T

Auricular lymph node weight (mg)

Vehicle 0.5% 1.0% 2.0%
TDIin AOO

Fig. 1. The mean weights of auricular lymph nodes in Balb/c mice
treated by DNCB (a) and TDI (b) on both ears for 3 consecutive days.
Each value represents mean+SD of four animals. * Significantly
different from vehicle control (p < 0.05).
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AOCOT Bl8) 5= o)& oz Zr13s st 4 9l9d
“h(Fig. 1). FZA] A F=e H2E, 0.25% DNCB,
0.5% DNCB, 1.0% DNCBelA z+z} 0.29, 0.75, 0.99,
1.12 ghkgo 2 veht iR vld] F=HE 2.6, 34,
3.997F 7Bkt =3 Fd=iAlel TDREIAME o
Z7of| s =z Fako] foA ol Wbl gldle
], & oEH R Fslsvh(Fig. 1). HEZAL A
22 Y 2F, 0.5% TDL, 1.0% TDI, 2.0% TDIe|A 2+
0.37, 1.31, 1.60, 1.79 g/kg® 2 HFHo] t)Fol] us]
FEEE 7M7) 3.6, 44, 4.9907} Z7FsAS oFst A=Al
3l HCA®IX HEAL Fafo] vl visl $71de] 2
RN HFig. 2). HEZAHY] AHFHS dERZ, 10%
HCA, 20% HCA, 30% HCA®|A 22} 0.37, 0.61, 0.77,
0.77 ghkg2-2. HZAF o] dj2F~) ¥&] 1.7, 2.1, 2.19)7}
F7HE. e Zdet A 5EAel SLSEel M As s,
FexolA F=ZA folA e T Wi HEY 4
oA, TeEdAE oA sl HZAE TP

a)

20 -

15 1

10 1 T

Auricular lymph node weight (mg)

Vehicle  10% 20% 30%
HCA in AOO

10 - b)

Auricular lymph node weight (mg)

Vehicle 5% 10% 25%
SLS in EtOH

Fig. 2. The mean weights of auricular lymph nodes in Balb/c mice
treated by HCA (a) and SLS (b) on both ears for 3 consecutive days.
Each value represents mean+SD of four animals. * Significantly
different from vehicle control (p < 0.05).

A= (Fig. 2). HZAY] AN SN E 2T, 5%
SLS, 10% SLS, 20% SLST°|A] 22+ 0.25, 0.32, 0.31,
0.44 ghkgo 2 FHas]o] dixgol vls) 22t 13, 1.2, 1.7
w7} sl

Al
Al

2. *H-thymidine uptakeOl| 2|5 2]z Ho0f| A<}
83}

ol
oir

7} AHEA Fol ol fF=Ae] FAo] fxHo] A
%% DPM & 8415 78 =22 DPM 712 1}
o]A Sl(stimulation index)S F3lglon, 3jeEAlo)
A AE G 27] 34 )S Kimber $(1998)2] X1
o mhe} S} 3 o]l ZE 422 Hrlsigic}. DNCB
o] giE&7 AOO FoiFolX FZde] HF DPM ztol
101.6+402°% FAE 2w, 0.25% DNCB FoiF2
DPM & 2,0653+574.622 vieht ok 20u7} S713)
ALZ FAFG LT, 0.5%, 1.0%AA 27+ 24.6, 27.52
2 el 45 gE2-ow St Zv)8 Aoz aEg)
tH(Table 2).

=3k §4 d=iAlel TDI M= A0O FololM
=42 HF DPM FEe] 61.5+16.8% A =0.0, 0.5%
TDI $o72] DPM 72 1,169.4+745.92 Jeht oF 19

Table 2. Local lymph node assay (LLNA) response and stimulation
indices following incorporation of [*H]-methyl thymidine in draining
auricular lymph nodes exposed to DNCB

Group DPM SI

AOO 101.6+40.2

0.25% DNCB 2,065.3£574.6* 20.3
0.5% DNCB 2,504.1£312.9* 24.6
1.0% DNCB 2,797.74562.5* 275
AOO 61.5+16.8

0.5% TDI 1,169.4£745.9* 19.0
1.0% TDI 2,296.9+885.5* 373
2.0% TDI 2,601.5+1066.6* 423
AOO 61.5+16.8

10% HCA 233.1£46.1 3.8
20% HCA 571.3+137.0* 9.3
30% HCA 1,216.3+294.8* 19.8
EtOH 64.1+13.0

5% SLS 51.8+36.1 0.8
10% SLS 106.8+15.1 1.7
25% SLS 421.4+226.6* 6.6

Data are expressed as group meansz+standard deviation, n = 4 mice/

group.
DPM represents disintegrations per minute/2 nodes.

Stimulation indices were determined by dividing the mean DPM
response towards DNCB, TDI, HCA, and SLS by the mean DPM
response following AOQ application.

AOO and EtOH represents 4 : 1 v/v Acetone/Olive oil, and 30% EtOH
respectively.

* : significantly different from vehicle control (p < 0.05).



w7} F7ksE Ao2 EE LM, 1.0%, 2.0%0A ZHzt
29.7, 42308 Jeht}, 43 o)Fd oz Sy} 2|5 AL
2 HEF N (Table 2). F8F 3= B39l HCAYME
7ol vlal &8 o|EH 02 DPM ghel Abso] sats
921, 10% HCA®) =oM% SIEe] 3.88 el o
Aoz JAEeH, 20, 30%2] T4 22 9.3, 19.8
2 Jeht fpojEx oz S #3384 e
(Table 2).

738k A=A EAQ) SLSL 5% 10%eA4] 84 27
Q) ol Fo 23} viwsjA] DPM Frol £ o=
ofzb sl ot BAIA el e 9l 25%
SLS Eo]ZA= gjZ22e)| nv|wEte] S} 6692 AR
I FAXCRE oA Al Sk veligieh

olAke] As} otejAl 24l DNCB, TDI, HCA XX
oA SI Zko] ZH=HAd fabEAle] 7)4l 3 o] A vER
o] BX ZPRA-E s ofdubgel Wit e,
Irgxe] SLSTelME ok ubgol vehde A}
Act.

3. IL-2 mRNA expression

IL-2 mRNA2] 92 DNCB Foiojx= £ W3k 9l
gjor}, TDI FoZolMe Az F7ksld e, 20%

DNCB TDI HCA SLS
A\ 11 I 1 v
1L-2
GAPDH R . _
5 25
2
$
13
&
3 20
z
g
I L5
=
£
2 L0
g
S
=
- 05
]
=51
0.0 -
025,051 0.5,1,2  10,20,30  5,10,25
Vehicle DNCB TDI HCA SLS

Fig. 3. Semiquantitative analysis of IL-2 mRNA expression in lymph
nodes of mice (n = 4) treated with allergen DNCB (0.25, 0.5, and 1%),
TDI (0.5, 1, and 2%), HCA (10, 20, and 30%) and irritant SLS (5, 10,
and 25%). Signal strength was assessed by densitometric scanning of
the digital pictures following RT-PCR and each cytokine data was
standardized to their respective GAPDH controls. Dotted line
represents zero change in cytokine expression, compared to vehicle
(AOO and 30% EtOH) control. V means vehicle.
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HCA Fo47olM E7181d=(Fig. 3). AF=AQ1 SLS <7
TAME HEZF Clakg XAl vls] & W3t ol
%At

v. 1 &t

E A7 3EEA o3 IR JrkE V1S
71Wg 29E gAs7] {13 whE 22 Balb/c wH28]
HZA FANSE e AlEdch AlEAEE YR
&2l A&<=i41<] DNCB, ¥4¢=41Q] TDIE AH§-313
2w, mjofet el M E 5= s Slete 4
UEF HCAE AASIA, 74t A5 AA 9] uhe-& o
7F8F7] $18ked SLSell Wit Frhe A 2 74
7} Balb/c mf-220f|A] 7H8E ob2]4llq] DNCB, TDI®] A &
ZollA FAR|gel S} 3 o]k E HAFe| BF FA
27 Ao, ot oAl HCAJdME A3k,
TR AP E BT Mo E ey

FA7HA12] Kimber 5(2001)2} Basketter 5-(2000)°]]
°J3t LLNAHPY - CBA/M CBA/Ca RH-AF o831
YA M) F2HH--S *H-thymidine uptake assay®. =
Asle] S} 3 o)Al AL o E A= AR 5
oJglem, u|= ICCVAM(Interagency Coordinating on
the Validation of Alternative Methods)o|H w2 F2
CBA/IL} CBA/CaZ o|&3leln Husla gleh(Dean 5,
2001). &)} Woolhiser S-(2000)S 5%, 25%, 50% HCA,
1% TDI] ds}ed DBA/2, CBA, Balb/c, C57BL/6, B6C3F1,
SIL up9-Zof A9 Hbg-& vlwEslS 9 CBA w27}
o vk B akge] FejuA] ¢kghen, SIL, DBA/
2, Balb/c "h® HR-e] Fieha Rusige & Al
< AHE3AEA, FYLEA, ofst el Soll st
Balb/c wh$-2el|A 9] W5 H7}gh v, defAllel] diated
H=ZA SRSl A2, ol Kimber 5(1994)
3} Loveless 5(1996)] CBA nh$-Aorle] o772 3)e}
UABlE R, ¥] 5 2 AgelA CBA =29} Agn| s}
A A9t Balb/c mRg2 o8] 7FedE BT
g 733k AFAIQ) SLSE A, TeEoME SAeE 3
AFPA T, IFEAAME S} 3 ojAkeE yeh} 7hsH
Z4F-El| sjrE LLNAAZA] *H-thymidine uptake H}
Ho g fok ubgel vEbPEE o 4 Tk (Table
2). o] A= SLSE T3S o FHoE ehd
Basketter 5-(1996)%} Kimber 5(1995)2] E 1} A X]3}%]
o mepA ojefdl AHE2 v S o] 83 LLNA AJ¥
< IR RS R 2 el 3
u, 738 AASE Hig ZEAE FoE B
ol 3o FIAA Fech

el g FERA &, 2T AHE ) F-
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-2 FuHkS-(hypersensitivity) 5 A|433<¢] 2|93 FHwl
02 T AME v/ dulge= A3 glon,
o] 5 M= upyoE, HARZAE AMSHE GPMT
W HARZAE AM-SEA| o4 Buehler test7} 7}
72 dutAel FEAFEEEE AV Qo (Magnusson2}
Kligman, 1969; Basketter %5, 1996). ©]218} 7|1 =
HAAFHLE MEST Al§# LLNA A¥e] d7H
g).ow (Basketter 5, 2000; Kimber 5, 2001), °]2}3} 3
5 7z vk T AZE R3] dEell AAA ¢
cytokine B3}E- o]&3t WA AF/t L ATHL Yo
(Dearman 5, 1996; Dearman &, 1999; Vandebriel -,
2000; Manetz &, 2001). Haryia 5(1999x LLNA A1¥
oA 733t AFEoll e 91k Hbe] vehbe AE
IL-2E5 o] 83 AR FS] o] &7laAdell sl Haralgl
o}, 252 citral, eugenol, HCA, MBT(2-mercaptobenzo-
thiazole) 5= X3 F o)/ A A2 HEE &
g F 48217k, 72417k wloFsld&dl interleukin-2(IL-2)7}
F71EER o] F o|&dle] YA FFE &+ Ux A
F2 o]& 7hFsEiea syl v, B AfeME &
¥ &4l TDIH ofFsh ¢2iAlQl HCAIA dx=aHet
IL-2 mRNA o] %7t F7lshe A o2 fasglev, 74
g <=Alel DNCBF SLSelA ®H Wz} ¢lo] IL-2
mRNASKS] &A4e] dejAlla} A55E 78 4 gt

E A7 kg st IR JrkE v1Ee
7148 22e AAB] g WSS Balb/c R
o|4€ LLNA Algle] 7F5eg HeiToich, o2 oo
A3t validation A77} L83, ASEAF giAE A
g3 EE $ o= AAAE 27 9 v S o
43} LLNA A8y 97 5] /P22 o[ F9xjof &
Rez Aadd.
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