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ABSTRACT : This study was undertaken to develop a subacute murine model for predicting occurrence of
systemic anaphylaxis and to evaluate efficacy of various immunological parameters as the monitoring
indices _for the occurrence of anaphyalxis. The murine anaphyalxis model was developed through intrap-
eritoneally sensitizing 100 ug ovalbumin (OVA) in the presence of 1 mg alum and 300 ng cholera toxin
twice a week interval followed by challenging 500 ug OVA intravenously. Typical anaphylaxis symptoms
were demonstrated at the both BALB/c mice, a strain prone to type-2 response, and C57BL/6 mice, a strain
prone to type-1 response. Level of plasma histamine was approximately 50-fold or 30-fold higher in the
mice sensitized with OVA than the mice sensitized with alum plus cholera toxin or the saline-treated mice
after OVA challenge, respectively. Sensitization and challenge with OVA significantly enhanced plasma
leukotriene B, levels but not IgE levels in comparison with the control mice, which indicated the role of leu-
kotriene B, for progression of anaphyalxis. Furthermore, among mice suffered from anaphylaxis, levels of
OVA-specific IgG1 were significantly higher in the BALB/c mice than in the C57BL/6 mice, which implied
the genetic susceptibility for the induction of systemic anaphylaxis. Conclusively, simultaneous evaluation
of histamine, leukotriene B,, and allergen-specific IgG isotype may serve as more efficient monitoring tool
_for vaccine-related anaphyalxis.
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HAEF vehie Fahge] deiMe TP S9E
ok WAl HER Asle] WA FabEells WA,
B, T4 HE, A9 des) 22 AulshEs iy
W7} v)wd 22 kg HF, AR eh bR,
anaphylaxis), WgdA AR5 22 WAl =r} 2 53] @
A5k XAl F-2hg-eo] B IE 3L gl (Fine, 1995; Chen
%, 1998). 3] Fxbo] A9, 2 ARl =r) o9 whe A
(TS 534 ol -FA wiAle] A¢ wiuks] AEA)
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FhdE Wil 74 waks] HFA 0~105 A A= Ha
HE w55 Al Aoy AlRF Fakg B
AASE 53 ZAAHAQA JA Tl 3t deliHE A
=81 o134 sk Aok (Ward, 2000). o]2A% F2H-8-5
Al AEF FAZM BAEHE op R FAIAE Y -3
A olslAd e EAl WAl HZee]ol | IAFE WA,
Bz 2l 5o] S A I o] & T2
2 QJAFHI 9)=d|(Evans, 1996; Zimmerman 5, 1996;
Ward, 2000), 2&3}3l HdsfFS M3l DTwP W4l
o vla] HEFF o] dukg-e] R3] FAd o Ze|glotu}
AFE A widsl WAl (Diphtheria-tetanus- acellular per-
tussis; DTaP vaccine) HE Foll= 2 ¥Ao] feuetE
F3) oJe] FrlelA EIHT QTHMMWR, 1997)

oh gz A AMF AYUYS, Wik, IR, W
EE JE 55 SHlEA =58 7 e g
A Al o]2A H AHA oo WA
Aoz AHod o type I F9IHHg-¢l immediate hypersen-
sitivity®]  A#EA vehte dE27)4 FAaakgeldt
(Abbas 5, 2000). =, & 27] Y Eo| IgEr} B d
F2ReE] AAE 5 vTHEY 39759 H9ME
FHol| 9l= IgE receptor(FceRl == RINel| 23t =
w o] 5 HANZES A3E Fxs H o A 3]
ZEfRlolut leukotriene -2 HHEE FEA 7} EH]H
oh @A A FARS F=3tH(Mudde 5, 1995). IgE<]ol
= g 27] 3] Bo] IgGl HA] FeyRII receptorol] 2
3§k 23 mouseol| A A1 o bR A A Aol Thed
glo] =) R (Miyajima 5, 1997). ohHH Al
WA 7)Ao dg A AT FHel -, B
e $AE G2 39E mousedl] FHEAIA A3H
22 oh A AE e AYPFTE B3] gL
24 B auukg X8 2 G gl 37|18 9
Q)eH(Li¢} Serebrisky 5, 1999; Li 5, 2000). 221} w4l
FAF WA ol op R el i b7t
2| AAAQ A7) AB=L QA Z3).

ol & =Fol|Me DTaP Al ApA 9 Wil 74A3F
o] oh g eA| A Wi W3l T = Pl B AT
off &bA oA A M E Ao R sl 4 Qle
AREE 733 sl WA QA FAk &
B3 AR = Sl W E ARAE A7)
H3I5R= vlol

II. X2 3 by
1. Mouse strain MH&

ohpREs o] Gl =7] 4 Sol IgE =i 1gGl

o] Az st Al 71Qlg AdE At &
AN A7 A S FEshe L4 A
type-2 helper T cell®] A 3}7} £-o]3H] =5+ BALB/
¢ miceE AZ T strain®-E A A3} K Chatelain 5, 1992;
Pearlman %, 1993). o228 W& miceE type-2 helper
T cell®] A3l Z32H4-8 314 == type-1 helper T
celld] A F7L LoldA F=E= C57BL/6 straing ©]
43193 (Krishnan 5, 1996). 2} mousex Fx ohjdet
Az o 3 FodA] 47739 o mouseE Ao A}
4315 ol Al slolA WAl EI A=A ot
A A A7 F2 T olsle] FAadr|dE
73¥& ZAelth. Mices Q¥ SLC 3AERE] )3}
FgH oz ISR (A L% 25°C, FE: 55%, F
T FFT 39) Adskid.

2. 27| g
5= (challenge)

ZH & (sensitization) ! OFLIE BA| A

3F71dH 2] el Ao o-8H I 3l chic-
ken egg ovalbumin(OVAYE £ 79| ohjd x| A fzt
Fgoe slay(Wills-Karp 5, 1998) <lA] FARE: Ae)a]
Aol S3iAA ARS8l 100 ug OVA(Sigma, St.
Louis, MO)°l| adjuvant®. 23 p/2] Imject Alum (1 mg
alum hydroxide &, Pierce, Rockford, IL)2} 300 ng®]
cholera toxin(Sigmaye &383led FHEFAHLE 100 piE
mouse?] EAUWE. 15 AR 23] FAEIGEH. ofeH
Imject Alum3} cholera toxin9hg FAFSH= sham sen-
sitization @ 100 p/ A2 Fd49HS FARSIE= negative
control At A A8l 2 7 12 =Fel¥ 9] mice
£ AMg3lal 71EH R 33] ubE- Algsiict

HF 2 35 7 OVA oh AL i (500
ng/S0 ! saline)?hE A9 (tail veinp 2 FARR=H (frie
Ag), o] W UF-E2] miceoll= ohpE A2 W2l
2AF Shie) BB AT FE 7] skl
OVAS} 0.5 % Evans blue dye(Sigma)?] &3-S A=y
FAFsl e, FARE 9 A1ZE ol bE A A A FAL i
A A5-E RSl oh-REEA A AT Ay F
AR 5iellA 30 A Eel 4kl vebskew sham sen-
sitization 3~ negative control mice®] 79l 14717}

) 25 AR,

3. ddH 2l
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QoA 7143 AT P& A (vascular leakage)ol] 2
3} Evans blue dye®] W22l I == 7 F9)
W 522 sl on, okgd 7Sl el ATE



o A2] systemic anaphylaxis scoring system2 ©]-8-3}oq
(Li¢} Huang 5, 1999) SH18H8-9) MAA EE F7}319

CF, FEAY F R Sl gleS 0ieE @)
Fqom A, 2, W] FHE Rl s 13-, ©
E=E Y 9 FFo] AZIAY FL o8] vlEe] AT
A3k 2A9E Hold 24, XA 2FS G 4,
A = mag] FHol FAFo] DAk 3, WA o
5ol FHkEEA &2 o] YlolAH 44, 3FAME 30
£ ool Al s Feisheh

2|2k} mice®] Z4-$- Z|A}F A Fol] kIR F-(periorbital
plexus) 3-& A&} (cardiac puncture)ellA] AMEL APt
on] AAlEAE AAITE ehbEEAl A 4 F7E mice
B FARE 308 Fol ™S Aol , AT A
F A7 Fol Ade] P AHH B2 oA
FeiE AL AMEA7EA] -80°C WYFazel] EAst. of
=9 QYA F A2 vAS AF 3%

4, HELH S| AElRl H leukotriene ST HE

ZA 3k v ) 3G TSl A 2H])FE leukotriene
B, ¥ 3|xel71e] gAY w8 ELISA 7[Rl o] A=
st sl2elt] A% $siME IBL histamine ELISA
kit(IBL. Immuno-biological laboratories, Hamburg, Germany)
£ ARgEiied, S dEEhE o Z.

A 20 AFYA 2 FF A, positive control
g Aoll 20 w/| indicator bufferS Wil &8 ohg, 4w/
2] acylation reagents ¥ thA] E¥HS 3§ AofA
302-7F A AZIE. o] F 150 uie] diluted assay buffers
Yl 583} H, o] &gt 50 u/s- goat anti-rabbit anti-
serum against histamine 337} 225 96 well plate] ¥
o}, F¥E peroxidase-conjugated histamine 50 uke -
7F8k3l %% 22 rabbil antiserum against histamineS-
50v H718FE orbital shakersl|A] 3A|7F &3tsic). o]l %
plateE |2 5l32 TMB(tetramethylbenzidine) R &S &
718F & 20%-°] At T3 450 nm(reference wave length
610 nm)o|4] ELISA reader(Bio-Tek FEL800, Winoski,
VD)E ol&3ld FHEE A8t Leukotriene B,
(LTB4y= R&D systems AH(Minneapolis, MN) kitE AR-
glo] A|ztatoll M FFehe FE3E vl mel As)
=t

5. U oLt EEA A RY R 50| X Y

A OVA-specific 1gGl, 1gG2a 52 £ A7}
7)kgt ELISA hell (Heo &, 2001) &7 A=kslgic}. ut
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OVAZ 0.1 M Na,HPO,pH 9.0) coating buffere] 20
ug/m/2 50]31 o] 888 100 w4 96 well ELISA plate
(Immulon 2 plate, Dynex, Chantilly, VA)ell #7135 o5
WAEelA 24A17F AAAIZ G ©]F 1% BSA(bovine
serum albumin, Sigma)-PBSZ non-specific bindingS- 2}
93 o B " APYER 9 25 YA (reference serum)
S A71E o2 WA EeIA 24412F AX AR o,
biotinylated rat anti-mouse 1gG1, 1gG2a(Z2 1 ug/ml 1%
BSA-PBS, PharMingen, San Diego, CAYS #7}5leq 24|
7k AeoA A XA detection antibody”} H-2+s1A &
o2 avidin-peroxidaseE 93 A A7} ALl AA|
A Ze}. °]F ABTS(2,2"-azino-bis {3-ethylbenzthiazoline-
6-sulfonic acid}, Sigma)Z -5 F-%3F vha 405 nmel|
A FREZ A, OVA-specific IgG FHS 8
FF3AL OVA 100 gt alum 2 mg S 150 2
WA 352 B FAbstel dled, o] A= 1/2500,
1/10022 3143k 735 2+ 100 unit/mi®] OVA-specific
IgGl 2 OVA-specific [gG2aZ 3H-h3l= 7122 Aslgivt.

6. &L total IgE HEF

Al SR IgE T8 A2 mice®} Bl ZEA 3}
7] 918 £ A=) AEsl(Heo 5, 1996) sandwich
ELISA #hiell 2] total IgEE A3l 2htaiA
e 7esiy ot 2o

Rat anti-mouse IgE capture antibody(PharMingen)Z
Immulon 2 plate(Dynex)ll 2 pg/mi(Zt welld 100 pl) *
718t v YAAElA] 247 AXAIFIAL o] F 1%
BSA-PBSZ non-specific bindings A3t v 3A%
AldEa gl BF IgB(purified mouse IgE mAb isotype
standard, PharMingenyS %713t v Aol A 244)
7F AXAF . oS, biotinylated rat anti-mouse IgE(1
ug/m/ 1% BSA-PBS, PharMingen)Z #7}8led 24]7F Al
2o|A] AA|A)A detection antibodyZ} 2344 g o
avidin-peroxidase® ¥ oA A7} A2l HAAH
t}. o]F ABTS(Sigma)Z g §=3F o3 405 nmell
A FEEE AT

A

7. EH % A

I

7L 2pole] BAA oS AS3) $18] Kruskal-
Wallis one-way ANOVA #P-& ARg-slsivt, Aaje) #)A|
= 7 a3 *= p<0.05 FEIM BAASE feldt
zpe) 7} Sle-S viepdi.
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OVA OVA OVA

(100 pg) (100 ug) (500 pg)

Alum hydroxide Alum hydroxide Optionally add

(1 mg) ghn:g) the ‘EStI Observation

Cholera toxin olera toxin ’ materials b—p» for 5 minutes

(300 ng} 1 (300 ng) ks waek to 1 hour
! weok Total injection

Total injection Total injection (100 ul)

(100 pl) (100 ui) Tail vein route

Intra—peritoneal Intra-peritoneal

route route

Fig. 1. Optimization of murine anaphylaxis induction with chicken
egg ovalbumin sensitization and challenge through intraperitoneal and
intravenous route, respectively.

. ot
1. SH7|ZH0l OfL}EIZfA|A HME AAEE = QU&=
mouse B8 JHu
A FE oM oA WA 3L miceoll

ohFFAI A fod A S AT, TF == &
2T [/ e 7T, B v 52 AR E
d3le] opHHFAAE frEd o] B gl
(McCaskill 5, 1984; Wiedmeier 5, 1987, Li®} Sere-
brisky 5, 1999; Li®} Huang &, 1999; Li 5 2000). &
ATl e 7128 A7olA A=A b2 Tl Fod
2 53 b AW FALE B8 AR EE £
o] 477kl ohfEEAAE FEFS 4 e S
AdstdehFig. 1. £ = 28-S A48 o 27
o] wWoshy wiF-S o]F% type-2 response”} $A|EH
BALB/c mice®} ©]ol ZA3}ah8-S v}ehl}:= type-1 response
7} $-A18 C57BL/6 mice E5olA g Q] ol e
25 =8 5 ddd-

Fig. 2= A7|9} 22 v o2 opdesr|ay) fredl
C57BL/6 mouse2] HEA <jgld] Evans-blue JA|2FE
OVASH @7 A= FAA] SE 7= APdEt mouse
2 T4 5 w17, A, RS A B ohbReh
o] meio E4q REPOE AT GAAI)
8PS B3 225 & 4 sdTHFig. 2.5). ¥ sham
sensitization(OVA ¢l°] cholera toxin®} alumTFeE 7H=h)
gt Foll OVAS} Evans-blueZ F-=A33F 7-folli= ol2igt
HakeAte] MASHA] S FAE 4 AUltHFig. 2T).
ohjgdeta) A~ ZFAbo]l HAE mice F XAl ©]E mice:
5 FAE 108 o)W Algsielon o] 29 mice WA
FEAAQ FAF WA B AESIdvH(data not
shown).

sle) As 2 upy 3. A ARF T4 8 o7 2
Aol A 7)43) vlel] 2] AB] Zt A§FolA anaphylatic
scores ZAAsle] BA38E A3}, cholera toxind alum 22
A grute g e F OVAR -5 AdS & 45

Fig. 2. Induction of anaphylatic reaction resulting in vascular leakage
at the C57BL/6 mice challenged with mixture of chicken egg ovalbu-
min and Evans blue dye following sensitization with OVA (top), but
not the mice sham-sensitized (bottom).

o= BALB/c @ C57BL/6 mice E-FollA] op A~
e FARS BAsk 4 ¢l wbd, OVA$} adjuvant®
Z2Hg § OVAZR =2A13E 3t 739l BALB/c mice
= 3124027, C57BL/6 micerx 4.36+ 0252 F5=9]
o g A A FAHE By

2. 3| AEIR] 2 Jeukotriene2| OFLFEEIA[A HFM 0=
X ZX2Me 7isMof st HE

SENSEI RS NP EAREE TS PRSI E e
g YT £2E FEsly, Ay ze] £%
& Z3) WINE} EE GATo R P 2o
P wroz o] AR S Gwale] ohjuetalze] Al
2458 §uFI BREA ohjge] A Bais)e]




F 9314 A=}, by, olelFlE Ak arachidonic acid) ™
Abe] FQ AHEQl leukotriene B4ALTB4yYs F2 HAIME,
ZAN 9 330 S e EREA TUAd
9] LTC4d Bls| ohtbdaA s &3 Aol digh odto)
2 d2A YA grk(Yokomizo 5, 1997). & el w]whA]
Fol|A E¥]|EE= platelet-activating factorel] &8 opd
Al Aol LTB47} A€ 7FsAdel mice A-TolA
R %) A 9H(Haribabu 5, 2000) ¢}&74<) LTB4 #4)¢}
oA 2 A o) Aol HEjME EAAes o
TFE I A Ut 53] WA Tl upd o P A A
Aol LTB47} o] 3t 93-e $3lEA= 79 vl 9o

E Apore A 2 Az slaeirle] =
= Aekslodth. OVA 3] adjuvante} EjF= o] 7=
miced]] OVAZ A2 Fogt A9 3|2epdl Fxr}
(BALB/c mice; 309159 ng/mi, C57BL/6 mice; 24937
ng/m/) adjuvant 5+ ZHFHA| oAl Fe{gt ¥ OVAR %
A1t A$(BALB/c mice; 612, C57BL/6 mice; 3£ 1
ng/mht AR QLS A Foddt ¥ OVAZR
+=A1838 3 9-(BALB/c mice; 12+9, C57BL/6 mice;
13+ 8 ng/ml) B} 1A (P <0.05) 32 (Fig. 3),
BALB/c mice$} C57BL/6 mice?t 23t xlol: $1%ich.
o= OVAS$} adjuvantZ 7H218F & OVAR F5A1%S &
749 BALB/c mice ¥ C57BL/6 mice B-FlA] an-
aphylaxis score’} HiF 3 o|ALE TH5EHE vhd, d=
ol ME FAbo] HAFHR] ooiwl Aol dX3= Aol
o}, o} oA A B S Fule A xe I
ElNl Z7Re dhdel] dAbH o E Ahabe 5 Sdel 1t
B x2ge] 323 89S AAsh= Axel Ao

222 B AFeA dE OVA 7H2HS 55 oh g
FAA f = T LTB4Y A3 A 45 2
3l ch(Fig. 4). MicedllA] stem cell factors E7FW F-o3

400
= . CVAOVA
T sham,OVA
g saline, OVA
& 3004 .
Q.
E
(=2
E
— 200
@
>
K]
)
£
g 100 -
®
T
0 NN
BALB/c C57BL/6

Fig. 3. Levels of plasma histamine for the mice sensitized with OVA
mixed with cholera toxin and alum, cholera toxin and alum, or sline
followed by intravenous challenge of OVA.
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£ sham,OVA
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Fig. 4. Levels of plasma leukotriene B, were significantly enhanced
in the mice sensitized with OVA in comparison with those of the mice
sensitized with the adjuvant or saline followed by OVA challenge.

3-& w) LTB4°] YA & F=3kal o) F F3 3T &
23S "I/ ZHN IgE-mediated hypersensitivity A<
7% 4 Qlols ¥ 319K (Klein 5, 2000; Klein &, 2001)
Mol 715l 23k vid ARl LTB4S) 8% =7}
Z718 s B Y-S (Cardell &, 2000) Hlero 2 B oo
M dlzEiml BT o8] g wWAle] ol
A2 ol el HY A A EAERMY SFeAS B
A3z} slodet. S|Aeple] 799} WISsA OVA 34l
o] 22 miceell OVAE AW FAKE 73971 ddel
=g AF1A b AelolA OVAR F-=AIESH 7398
o} o5 B (p<0.05) LTB4 FE5 Holo, E3
type-2 response’} -§-0]8A F-E== BALB/6 miced] 73
< OVAY] ZH#E (1010% 155 pg/miZ} o) &7 (sham;
616+ 117, saline; 596+ 153 pg/mlZte] Z}po|7} C57BL/6
miceol] B8} =LA dsict. ol FAH Adsel wle} LTB4
2] 7}1A4*Z(background level)ol] &}o]7} gl-&-g AlAleh=
AOR LTB4 5] - Frial sjr SHlE o}
vREEAI A A ThsA o] s AelEhe 7 FEIY
< AR 2o

3. XL total IgE FF2| O}L}EEIA|A Wi ato| &

By Bt

B Q7o A ohfdA A fr= 23 eA an-
aphylaxis score, S|2E}RI, LTB4el| °lo] Zkz} 27w=
P total IgES] F3HE EA3KT. BALB/c mice?]
7% OVAel ZF2Hel mice(1034+ 195 ng/ml)e} 712+ #]
92 mice?t(sham; 1395+214, saline; 978+ 288 ng/m/)
A IgEe] el I8t Alol7t d+H(Fig. 5). =
3k, OVASl 7H=E C57BL/6 mice?] IgE %+ 728+
139 ng/m/Z- adjuvant= 3t ZHHE mice® 4344227 ng/ml
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1600 q S OVAOVA
sham,OVA
saline, OVA

1400

1200 1
1000 1
800 1
600 1

IgE level (ng/ml plasma)

400 1

200 1

0-

BALB/c C57BL/6

Fig. 5. Levels of IgE were not significantly modulated by the OVA
sensitization at the BALB/c mice.

3} kA el A AR dgnt Fo98F miced] IgE $°F
(549£178 ng/mlpl| MISHA ESHAINE ALz folgt
zfeli= o it d|2El] P LTB4s} o] 712} =718
2 IgEe] Fo] o3 Ao| S HolA] gk AL, ot
HeA a8 el 2=k AR 7L AR T el e
29 o d2el 9 LTB4:= FEul9lel] 1 QAo] 57}
3= FRFEA el vkl IgE: o] Y-S 71Ys= B ¢
I(memory B cell)®] B} F241& B3l FA
o5l F71E IgE®] =5 UElWZ|7HA] o] 48
7] Wi el 58 B 4 v =3 Fr Ao
4 A=F 357 AE A YeFce S 2
2lahd Ighr} &4 A2 dAA 02 Asyoh) A
o] AlE A7l oA W R EFHNE 7t
A QA BRI o] 7FeAE ool =FF miced]
A4 xF F 2F AR IgE 0] FHalel] g3t ¥ 45
Holle AR Folziche A7 (Pelletier 5, 1994)
o QAAA B F gich B AFAIE w4l 2 2
WA A 93t opf A AT Hrlels BE o=
A 7B AR 717ke] At ol FEAIR S R S
2 IgE 5] Wl oAt oA A S
A&she A WEe] auA] B4 &5 T UsE A

etz 9.

4. O} ZIA| AT} R El mice2| &2 £0| 1gG1 &
1gG2a] in vivo 4N =&

U 27] ] Fo] IgE folx dHE7] FU 5o
IgGl 9GA] FeyRIN receptorel]l 33224 mouseol| A
AAA opfHHAIAT el Tl MEHYS W
ol el (Miyajima &, 1997), IgE 327} 2% miceol
ME ZF7] FRkgel o7t op A £37) fod
Ho] BE¥ v} Qlvh(Oettgen 5, 1994). ©]&3 HAx=

OVA-IgG1 (x 10*units/ml)

OVA-gG2a (x 10° units/mi)

o N S o e o]
1 L L L

-

C57BL/6

BALB/c

Fig. 6. Levels of OVA-specific IgG1 and IgG2a were significantly
higher in the BALB/c mice than the C57BL/6 mice sensitized with
OVA.

IgE o] 9]9] A7} ohbg A e} 212 RIS vl 7|
g 5 S AAERe AHEA B ATl OVAY
e F {FEAY dAlA FY ddel oA =E2H
mice®] OVA-specific IgGl ¥ 1gG2a9] $5& SA35}oq
B IR EATH(Fig. 6). OVA-specific IgGl3} OVA-
specific 1gG2a9] & 3718 @ BALB/c ¥ C57BL/6
mice 5|4 OVA-specific [gG1¥] 2] OVA-spec-
ific [gG2aol Blal] °F 10u) A= Fodo}. o= & A=l
A A AUEE 2yl ohbuaAlsgl mes
7 7144] type-2 responses AL 9122 AAls=
= she] Axz Azbee) oFg8 OVA-specific 1gG19]
BALB/c mice &AM 4Fo] C57BL/6 mice Xt} F-2]3}
Al =5 9] F5e] =, ol BALB/c mice’} C57BL/
6 miceol] ¥]3) type-2 responseZ.2] H3FAd o] 7}l 7|
#2] ¥ I1E(Chatelain 5, 1992; Pearlman 5-, 1993;
Krishnan 5, 1996)7} W2hg zre] 3l= Zeolc}.

[t

Iv. 1

£ ielMe B oh e a fok 841 chic-
ken egg ovalbuming 159 7HH 23 23] Fofsle] 7zt



AZIE A 3F Foll T S meyY FTAE B8
EEAZ) 02 47| o bRl MY A FAkE
FAsE 5 9le 23S AUsle] whEslgir). o] 53 7Y
e ) fEvEte] A Al Wl chdE A
A Ao fdstAl FAEUE v dxel]
Z7N PSR EFHAA 7 E L A, 1999) B9k &
T ol HhdelElRe AHellM L 997} 9l& Aolct. w3k
E 232 o] 7[R i1 A Aol A ol =hAi s
T S AP 5 e £ 7EEE AR
v} B3] B 232 [gE-mediated type-1 hypersensitivity
T ) &, A7) dlel] AEY S s
ATl FaL o] F WAAHF WA ool Bl leir WA
A W 7 FAAEe] o B FEA| A FAF o] o] = A
E 7198 & UEAE F71E ¢ e 2o,

53] £ T 7)o oh e HAla 3
ste] 83 HrHE T ol 85 sl2El So) ohvt
YA A Ay e] w7371 - Q) type-2 response”} o3}
fr=¥ = BALB/c mice ¥4t ohJ2} type-2 response &
Aol Hat=-8-8 34 == type-1 helper T cell®] A3
7t &l F=8E C57BL/6 micedl = #2= g
(Fig. 3). o] WA FA 7ol Hekgt 422 Fsle] 7wl
U i aRlol] A EH 2R w2HE A9el: type-l
-2 type-2 response HEFAell o3l FxIF jolol] Hul
oFE WA 4 oAl WhAo) Tjgk ZhpAdo]
7H 4 98-S AAls). 3-8 leukotriene B4: stem
cell factorell &J3)] 1 g o] FAl=|o] AR A 2] 7]
oJZER] (Lynch 5, 2001), LA =27)A v LA 3
7HARRER], o} Eu]A] 3|39 zle)e]] Frod FHhER]Fol] o
A 7)) LR ATHKoro 5, 1999; Mitsunobu
S 2000), ohHFEEA 2 T S Aol A=Azl
24 freEe o feAA 4o wAte] AbAle] o
M EE v glgich B 97 A3k LTB4 4] 3
ezt FARH eh A ok dRle] zhel F
T el A2 =FF miceell M 3kl kgl ¥
A, S FAI A WAA] 7126 dBAH YE IFT,
BT, vlA ) 9& 9ol 3AF W LTB49) op )
A2 Aol 3 98-S FAPoR s 2 9eA
<+ AAEL 9l

=3 2 ATl M= A total IgE £F2] WE] &
Hsle] op A v Woksl= AL B|AEml &
< LTB4 % F7H vls] A=r} dojal 4 gl e-E
(Fig. 5) F2A81 = AHE AAlsisitt. o] A= Alste)
78 AL FAHLE 3 HuukeA A3le) A
¥ Total IgE 55F°] S7Hde] Eugo] 9l (Bumey =,
1997; Sherrill &, 1999) A3 RIFo] 79o)= 24

™

ABAE FAFOEN gEY] oh A FUEF A
FA2AMS] BlFE HYrsEe Heo] BRF}ES AT
gict. o} ohfE A i 3R Bo] IgGl H 1gG2a
BA-2(Fig. 6) type-2 helper T celi®] 7]%53%lo] Aefx
22 A5 JfAlel YoM o HEAIA 1 3
Eo] IgGY A GFo] FUskar ololl W} FeyRII
receptordl] A= wl=® FHoR FT)El Sl
optE B 2 o] Bhe)] 3 Al o] ol S gle = Al
Alskal 9let.

g, WAl B ol IR A HAF ) el A
Aol HsiME A7 8-S A7 ¢ ot F,
L, AFAAEA § 3753l AR= helper T cell®] 2
3} type-2 helper T cell2 H&F3hA) 7)1 (Kishikawa 5,
1997; Heo &, 1998), RA|E B3l &L vt &
AT 1gE8] 7F S7HE Fr=gte] BaEe] WA A %
o= o3-S v 4 glfol RIEI gl Miller 5,
1998). 53] AfrdanEdel Al gl AYPFE ZFN
A 27)38] Bo] IgE ¥ IgGl WAL FUH)7) 1 E3)
G} R EZe] 2] FAIE FEdl] o]F A
XZ25H interleukin-4 ¥ 3|2 S PAAA A
AL HAHAURS-S- U =7] whafo] Lofst type-2
response® H3FA|F] o] 2T HUEQcH(Wang 5, 1999;
Diaz-Sanchez %, 2000; Heo %, 2001). ¢]2{3 37 Az}
=2 ool 5ol dat sfelal =& A%} s
TE5 WA HE F op A A A 71sA 9A) Feol
A oke 7S A ke B g9e0) gleS A
A&k sict.

2 A5 T 4 A9 SR WA A2 %
Hsle] UAYF 4= gl A4 oukgel ol e~
T type-1 hypersensitivity® 58 4 UE I =&
g A9 Tl daEHg o B3] B =ReA] AA|
T mice obgA EH-2 WshA wiHe] Ao (type-1
response 2~ type-2 response2] A3 H3FA ol AT
o] och A A AL ke B2 Ee] 9 LTB4s} 22 |
A9 A5 FAY 4 e E9HQ AAA ol
Al 2 AP ez AXE Hqd 4 o) ofge] 2
A= S, LTBY, 34l 50| IgG isotypes B-A)el
Ao ER s Wale) oAl i) EEAL Y
T U= AAFR Qe

ZAbe) mr

B AFE 4FEINY SAATNMAIIS) AT
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