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Attenuation of airway hyperreactivity and inflammation by

Cheongsangbiyeum administration in a mouse model of asthma
San Kim -Byung-Gon Sung - Sung-Jin Lee - Kyu-Sang Lim

Objective : Although management of asthma has become increasingly effective, its cure remains elusive, necessitating a
new modality to prevent or eliminate causes triggering clinical progress. Based on the clinical experiences, a novel
decoction, Cheongsangbiyeum (CSB), has been developed to treat asthma, which comsists of Polyporus, Semen Myristicae,
Pericarpium citri Reticulatae, Rhizoma Cimicifugae, Cortex Albizziae, Fructus Rubi, Rhizoma Zedoariae, and Rhizoma Rhei.
In the current study, its anti-asthmatic efficacy was evaluated using a mouse model of asthma,

Methods : Experimental allergic asthma was induced by repeated infraperitoneal sensitization and intranasal challenge of
ovalbumin (OVA). Water extract of CSB (1 mg/mouse/day) was administrated orally whereas control mice were given with
identical volume of phosphate-buffered saline (PBS) for 5 days during the course of antigen challenge.

When airway hyperreactivity(AHR) measured by [-methacoline-induced airflow obstruction was compared, AHR of
CSB-treated mice was significantly lower than those of control mice, indicating that CM extract can attenuate an asthmatic
symptom. Airway recruitment of leukocytes and eosinophils was also markedly reduced by CSB treatment, suggesting that
oral treatment of CSB can alleviate the airway inflammation.

For a better understanding of possible mechanisms underlying anti-asthmatic effect of CSB, cytokine (IL4, IL-5, IL-13 and
IFNY) levels in bronchoalveolar lavage fluid (BALF) and lung tissues were determined.

Results : The results showed that cytokine levels were significantly lowered by CSB treatment. Additionally, number of
draining lymph node cells was significantly lower than those of control mice. These data indicate that CSB suppress in
vivo allergen-specific response. However, notably, levels of type 2 cytokines such as IL-5 and IL-13 were more profoundly
influenced.

Moreover, in vitro OVA-specific proliferative response and type 2 cytokine (L4, IL-5 and IL-13) production lymph node
cells was markedly decreased in CSB-treated mice, whereas their IFNy production was not significantly altered. These data
clearly showed a preferential inhibition of type 2 T cell (Th2) response by CSB treatment. This finding was also supported
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by serum antibody data showing that levels of OVA-specific type 2 antibodies, IgE and IgGl, in CSB-reated mice were
significantly lower than in control mice, while type 1 antibody, IgG2a level was rather higher than controls, although the
difference was in significant.

Conclusions :In conclusion, oral administration of CSB attenuates asthmatic menifestations including AHR and airway
recruitment of eosinophils in a mouse model and which possibly results from selective inhibition of Th2 cell response to

allergen. Our data suggest a potential clinical application of CSB for control of allergic asthma.
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Table 1, Prescription of Cheongsangbiyeum(CSB)
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MO, USA), 5x10°M 2-mercaptoethanol (2ME)&
WHE 97 Hgele AHgsc

2. B &
1) Bpe] sl
LMk 3 29 2
o A B BY ¥
3,000rpm .2 3087 YAlE sl ’b%°“ < -r]o}
ot gAEy %7 (rotary
evaporater) & F&3 0% -70CoA freeze dryer
2 OBSER AA 84.5g9 HERMBWESE;
39.129%)1& o] #M= A3t St

_{o\‘ ["1\—14
e
o.

2) e Bl R LAY Y R

44 7184 #4E fFE37] HeiAE Balb/e
up9- Ao ¢ 2ETl (ovalbumin; OVA, Sigma)
g gt HWYFAAL alum 1 mgd PBS
(phosphate buffer saline, pH, 7.4) 0.3 mlo] &
Fate] whe2o] EAYR Fletar, 795 thA]
AA e HHor wEste 23] AHAZoH,
A 15, 16, 18, 394 =9t 2% OVAE 3&7|2 W
g A 33 5o s

_—

3) kel 1t
ek Foldole LWk ERmbme 0.1
ng/mét 1 mgymdE 13 0,1 meR 73?3; A B
040}3'- g z2o= 53] PBSE Eojsls 743d
o122 OVAEZ Ed3)) ‘é%ﬂ HT =24
A, & A 1449%E A18Y7A wid 13, % 5
g et Fofet et

4) 71398k (airway hyperreativity;
AHR) &4



el dFuiAsalA] #1978 A2300064 8Y)

A% B9 19 F, 3 43 A 1999
Hamelmann 5¢] %' we} AHRS 24319
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Fig. 1. Effect of Cheongsangbiyeum(CSB) treatment
on airway - hyperreactivity (AHR)  of

asthmathic mice, Mice were sensitized at
days 0 and 7 and then challenged with OVA
for 3 days on 15, 16 and 18, Twenty four
hours after last challenge, airway
hyperreactivity was measured by enhanced
pause {Penh) under exposure to increasing
doses of methacholine, Data are means+SE
of 10 mice,
* P(0.05 vs control
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Fig. 2, Effect of Cheongsangbiyeun{CSB)
treatment on the number of leukocytes in
BALF. Mice were sensitized at days 0 and 7
and then challenged with OVA for 3 days
on 15, 16 and 18, Total number of leukocyte
was enumerated in BALF collected 24 hours
after last OVA challenge, Data are
means+SE of 10 mice,
* P(0.05 vs control
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Fig. 3. Effect of Cheongsangbiyeur{CSB) treatment
on the distributions of leukocyte
subpopulations in  BALF, Mice were
sensitized at days 0 and 7 and then
challenged with OVA for 3 days on 15, 16
and 18, Data are means£SE of 10 mice,

* P(0.05 vs control ; **, P{0.01 vs control
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Fig, 4. Effect of Cheongsangbiyeum(CSB) treatment
on number- of peribronchial LN cells, Mice
were sensitized at days 0 and 7 and then
challenged with OVA for 3 days on 15, 16
and 18, LN cells were collected 24 hours
after last challenge and total numbers of LN
cells were enumerated, Data are means*SE
of 10 mice,

* P(0.05 vs control
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Fig. 5. Effect of Cheongsangbiyeur{CSB) treatment

on Ag-specific proliferation of LN cells

Mice were sensitized at days 0 and 7 and
then challenged with OVA for 3 days on 15,
16 and 18. LN cells were collected 24 hours
after last challenge and then in Vvitro
stimulated with OVA for 3 days. Data are
means£SE of 10 mice, ’

* P(0.05 vs control
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Fig. 6. Effect of Cheongsangbiveurr{CSB) treatment
on the level of IFN—y in BALF and lung,
Mice were sensitized at days 0 and 7 and
then challenged with OVA for 3 days on 15,
16 and 18, BALF was collected 24 hours
after last OVA challenge and lung was
homogenated, Data are means*SE of 10
mice,

¥ P(0.05 vs control ; ** P(0.01 vs control
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Fig. 7. Ettect of Cheongsangbiyeum(CSB) treatment
on the level of IL-4 in BALF and lung, Mice
were sensitized at days 0 and 7 and then
challenged with OVA for 3 days on 15, 16
and 18, BALF was collected 24 hours after
last OVA challenge and lung was
homogenated, Data are means*SE of 10
mice,

* P(0.05 vs control
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Fig. 8, Effect of Cheongsangbiyeum{CSB) treatment
on the level of IL-5 in BALF and lung, Mice
were sensitized at days 0 and 7 and then
challenged with OVA for 3 days on 15, 16
and 18, BALF was collected 24 hours after
last OVA challenge and lung was
homogenated, Data are meanstSE of 10
mice.

* P{0.05 vs control ; **, P{0.01 vs control

IL-139] 3% o8 Type2q 9] Aol Zo| &4
31 CD4+ AlZ7} Qs a2 149 o] B
A E2] IgE isotype switching?} B HE, T3 A¥
9] 2243 22101 MHC(major histocompatibility
complex) I1¢] H8& 243, 5L K34
o wge oA s Aoz A Y. =
g IL-132 WA EY FAEA] VCAM-19] 2



BeloplelFuln sz Aol AR2E(2006d 8Y)

dg JdANA 3878 T A Bae AP
A7, 715y AARuE dAse s whg-g
Ish= Aoz AEA 9o

BALFY IL-13¢] A4k tjzFo] 321 pg/ml
QA Ao vlsl LAk 0.1 mg/mé mg T3 A
oA 230 pg/ml 2 IL-139) AAto] 7Hrstge
U AL fred Aol YelA egten, i
ERgk 1 mgmé Fojdt APFNME 167 pg/mlE
zgel vl dAsA Aasgch =3 ¥ 23
o] IL-13AAE tj2Fo] 84 pg/mlo] Hl3 # L
ik 0.1 mg/m FoPe ozt #Aastgou, ®k
Wik 1 mg/ml T3t AFLM 8 pg/ml = HA
g ZAAE Yeploln

400
2 Control
= €S8 0.1 mg
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2
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=
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o
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Fig. 9. Effect of Cheongsangbiyeum{CSB) treatment
on the level of IL-13 in BALF and Lung,
Mice were sensitized at days 0 and 7 and
then challenged with OVA for 3 days on 15,
16 and 18, BALF was collected 24 hours
after last OVA challenge and lung was
homogenated, Data are means*SE of 10
mice,

* P{0.05.vs control

6. FZFo| K0|X Eo| 25 1t Yitof
Oxl= &2

YZAL Qo) U@ B 90| o=
o2 APCY ofd §do] ANSH 1 g4 £

10

old #EAE 7HAE cloneo] FA8L 471 57}
Fozm Sold dgde FsA W s I=
2, Yz2 g7 PxT9 EojFgdd ul
3 age] Qg vlastg,

Eold 99 OVAR A ¥ 33U wlgsia
AAg F73le] ELISAZ &7 A4g v|zg
v}, 223 #% ek 0.1 ngmd $3 APF
A &3 Bels & oIl AT, i LAk 1
ngnt FATE Aoz BE FHe Ao A
e Aoz Jet, IL4¢e 739 dixFol
637 pg/mi ¢ Aol Hls i LAk 1 mgml Fo
T 309 pg/ml B UERtZ, IL-139 34 gz
2 1921 pg/ml 91 Ao} vl i LAk 1 me/mé
T L 449 pg/ml 2 tjzTo] HlE FAF A
= Aol FelH

L el

Of

].

g

1 Control
w2z CSB 0.1 mg
4| CSB 1mg

g

:

1oooﬁ

Cytokine production (pg/ml)

ol
IFN L4 IL-5 iL-13

Fig, 10, Effect of Cheongsangbiyeum(CSB) treatment
on cytokine production by LN cells, Mice
were sensitized at days 0 and 7 and then
“challenged with OVA for 3 days on 15, 16
and 18, LN cells were coilected 24 hours
after last challenge and then in vitro
stimulated with OVA (200 yg/mi} for 3 days,
Data are means+SE of 10 mice,

* P{0.05 vs control ; **, P(0.01 vs control
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2 %9390 mex FARdeY LAk J)s AN 2 95 oA 23

3t g Qe B9 BHIE FE3oEH
@A WS dodiH, Igkef A g3l
Th2 NE7t 145 AAste] BEZ Y isotype
switchingg $=to 2 71584 Hoz, ¥
A IgE $=E ¢844 Jehle Fa3
A7t o,

A AN #EE HEwk | FUvrge
A3t A7t IgE A A9} #Ho| YeAE
&Q3t7] Hlske] BALFS HAujel gfgo] ol
IgE A vlwatdeh, mp9-2 Y IgE Aare
H2TH i Lk 0.1 mg/ml Fojdt APFoAE=
T3 ZolS vehfAl eFokAIE, i LAk 1 mg/
mé Foigh A¥ForE dlzio vief freld 7
& AL el

~N

—&— Control
~O— CSB 0.1 mg
—w— CSB1mg

0O.D (at 450nm)

.;) 1'0 20 4'0 8,0 160 350 64'10
Dilutions

Fig.11, Effect of  Cheongsangbiyeum(CSB)  on
Ag-specific IgE production in serum, Mice
were sensitized at days 0 and 7 and then
challenged with OVA for 3 days on 15, 16
and 18, Serum was collected 24 hours after
last OVA challenge, Data are meansxSE of
3 mice,

* P{0.05 vs control

8. Ore2 I A So|xel & Wit

_ O
0jxXls &

%) Aol Feol FolHal IgEe] Al

LS 548 AgTdA AstHe A &Y
FH90ER, in vivodlH LMk Fol7t BAE
o g2 A AT I wAeA IgM,
1gGl, IgG2ad) AXFS ZALaHgLh,

IgME ®Y wkg 27]d B A3t Aikste &
AR #% LAk 0.1 mg/ml T3 AP J4A 3
ol7} Aste] FAH foAE HolA UUARE,
ERgk 1 mg/ml FoJre dizTe] v dA
Za A4E e dohFig. 12.),

E3 140 9 $57 He g6l AP
S vwd 437, Fig. 13.94 HE dlo} 2ol #
ERk 0.1 mg/ml Fofdk AETY IgGl AL T
Za3 zolE UehiA AkARE, i Lk 1 mg/
& Fofdt AgToMe oA Ast=E .
v, IEN-yol o)sf 425 919 1gG2a
AR Fig. 14,904 Be upol Zo] i ERk
S Fofgh Agd BFoA gizatd wlE 23]d
FofatAl S7tEo] |, gAe A A= A
o] A#4E Jehhqlct,

1o

0.D (at 450nm)
N

T | —@— Control
—O— €SB 0.1 mg
—9— CSB1mg

5 1’0 2'0 4'0 8‘0 1I60 320 640
Dilutions

Fig. 12, Eifect of Cheongsangbiyeum(CSB) on the
serum level of IgM, Mice were sensitized at
days 0 and 7 and then challenged  with
OVA for 3 days on 15, 16 and 18, Serum
was collected 24 hours after Jast OVA
challenge. Data are means*SE of 3 mice,

* P{0.05 vs control ; **, P(0.01 vs control
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Fig. 13. Effect of Cheongsangbiyveur{CSB) on the

serum level of IgGl, Mice were sensitized

at days 0 and 7 and then challenged with

OVA for 3 days on 15, 16 and 18, Serum

was collected 24 hours after last OVA

challenge, Data are means%SE of 3 mice,

04
—8— Control
~O— CSBO.1mg
—v¥-CSB1mg
0.3

0.D (at 450nm)
(=4
N

o
-

0.0

2 o 128 2% 512
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Fig. 14, Effect of Cheongsangbiyveur{CSB) on the
serum level of IgG2a, Mice were sensitized
at days 0 and 7 and then challenged with
OVA for 3 days on 15, 16 and 18, Serum
was collected 24 hours - after last OVA
challenge, Data are means+SE of 3 mice,

* P{0.05 vs control
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Gl o) L3k AAe o) s vl
HES) Fe $44% B A¥7t A0sh= gkt 2
gato] Bujahs o astAe] A4 72si
3 &3}, AR} Bolste] gFRYE B 9
FAE o8 e 7z A g8Ay 2
goz oFgx Yo,

AYe) S 24 AZR9d 3479 2
7t AeE 3ATY BHoz HARBAHUA,
leukotriened# 22 3R E WAIs A, 7]%
%, A% ¥4, B9 ERHE ML, B
3w, A&l FPRyon oy 94
HESS 93292 #93d 7eRuge 37t
A7, olEg AESEHE U o AES
A e Ao Jlee) &4 fukag?,

AZ F|FARY ) UG A7 HESFA B
o] AFHL itk =, FFHA ko] Bofale
A} B3t oJZA GZuhso] Bofald ol
Ao g zagosR 7BA A4 Aol
A2 e 2asta g,

71BA Ade) gelsi= AT F Th AEE &
3 Hu P4 75l watk Thid Th? A¥E
vHEth Thl M¥E IL-2, IFN-y5-S Akl A
A8 WgHgDo polsin xF, YAUHEE ¥
ABAA 718F) thd wolatg ulolg2o] g
do]7)ze] #oFch, Th2 A¥E IL4, ILS,
IL-6, IL-10 $& Aste), QAN sk, 34
¥ Fuhlg, 7|45 7o) tid ddugd o
39, B A2 845 A Bt o
2§ Thid Th2 AEE A2 23382 ey
o] WSS oAstn, s@ARAY BAe o
EAFAN F2 Th2 A¥E7t Qe 231
At Bulgs Aog Th2 AT §4o] 27}s
E Aeg #adsn o,



2 A9 30w HARdel #ERge) Sl ARtk 2 95 oA A3t

LA Hgolt HA TN Aoz BY
g AFE Jelde @RS B, AEK, M
K, 7th, 280k, Baf, B, kK 1A &
R TAE AR Ao, o i kaske &3
7b HY wgg Ao e AN AL
TEHoR AR 4 gleA AU a7 I
248 A3 A¥o ArEid

i Like] TAolM RS BiRAIkY 2o
AL, WHEE WhLEEPTERY 280 o
o, BT FIRENERMERY Z4o] 9t =3
THRE BRES HRRE,THEERY g o,
AT KRE,iEminEe] 28] glon, BEa
i WAH R Zeo] oo, 181 #Ei
< TR RIS 2ol 9loH, k¥E XK
TR A TR e Zgo) itt,

ole] & AAE vhg2 Rdg 0|43 71#AH
A npe2oA i bRk & A AHgo
AAE st J1BA £EARY AXduy
A o FET Y vhg, aake] Aate) nlxe
WLk ERE ZAs I

71BAAA S gl s R Yehle
308 HFHS AEEC] dFHdE HeHd
ojm, FANEE] Al A9 HYystoz
U3 TRIFE oIt F4E A e
& methacholined] T3} 7% FAHlwie g o435}
2 g

18RS FEY vpe2o i BkE 0.1
mg/mé, 1 mg/méE ATFFoete tzole 5%
PBSE Fo3l &, methacholined] tjdt 7)=39l
W3S AR A3 Fig. 1LoM RE ule} Zo]
Y 2T methacholine E50] 9ZH0E Penh
#ol 37h stEot, i bAk 1 ngmd & Fofd
ul 2o 1FE ] methacholine EE oA Penh
gol frolstAl ZAste i bigke Fo7} vhea
o 7= gL FrosA qATE ReFot

3, 7® 958 &Y 91t 71EA HE

Adde] & HET $8 ST 2 w929
Folgt i Lbaike] vt s WET 71
Aastgen, 58 3 471 A FAa
1 AR AR 7 el F71s
& s gckFig. 23). ol Wbk §out
713 kg Buk oplzt Ve g5 whS A
3 AATE RAFE FHold, F3] sie 7
A5 woahg st A WAl HEEY 5Y
T7} AAkske leukotriene, histamine, EAH&4)
A 5¢ ¥ arysulphatase, histaminase,
phospholipase5-& #H|3k= f2lg AMER deid
ou}, geA Ago] 3At] g HAUNhEoR
THEEN AEEA GSHAEE Sl dE 2l
Ho| ¢d3] A@HYT. olHF TATE IL3,
IL-5%9 g3h} A238490A, leukotriene 9
situfjAlol  ofs) B3}, Akt
LTC4, LTD4 T& HEZ FEA 09, dAFHA
& FPIIL AR $F& A weA
Z1BA R 2ol RS Fojd o
2 AZAFAY AT FY Fae Ve 9F
o At B3 WA FHE e FoF
71 -olgtal Azhec,

A2 Ay AESo] FUE AL W0l
dojubs FAEA RN f4d FUE APC
7t AY AREANA AAEY gdE
0] dolve FaeA I e Sl £44
€ 7Kg dE7 E80 FA%L
2H Eold g4d s weaA Bt

WA, in vive HETY FA5olH WS #
A% b}, Fig. 404 B ule} o] i Lak 1
mg/m{ FololA oizael Hls| YZAY Yz
o 7t ZALste A& EUddAen, oF &Y
A& syl 93 A FH9 22 H
o9 o83t ol i dz7 F4
¢ U A WHEMK 1 ngnl FAFA
iz vlg] S5l fofsAl dAEE Aol
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FAsYHFig, 5). olHT AFE W hikgko] ¥
79 ggEold uhe-g st gFuke-S 9
Asl= Aog Azher),

IFN-Y& typell interferono|d}ix Rz
CD4+ TH ¥} CD8+ TAIE 93 wESojx=d)|
HAULg-2 243} wlfo] immune interferon]
g% B2, IFNyE CD4+ T AZE A1y
ZYAEThDE 5319, vlolg2 F29 oz
b gol AEA WNEe B8, 4o
ta 23248 sto IgEe] AL dAFtn ¢
A o], UzEF Lk FoT HXAF
A3t g A9 IFN-y9] A3Hg ulase}, 1
A3 % Lk FoTe dz2aol v FEAHy
o] IFN-y9] Rato] frofdiA #AAisligon, i
EER 1 gt FE2oN # 2o IEN-y
¢ 24 @48 JelliithFig, 6).

L4 T Axe A4y Ay uhg-g FE3e
el A9zl g, g43d Th Axu
HTA X, Ao o&] Aitsu, IL4E 843}
€ CD4 T AT/l Bojshs TH2HS G50 %8
g 488 = Aow UEA o] AXAHYH
7 AU 149 AiHg v|wstgl,

3 A% HLEEEK 1 ngnl Q70 HEAH
W IL-49] Aol o4 oA #adgew, 5
ZAY 9] IL-49) Qb= & zbol7} gl A #
2 3 9ckFig. 7).

IL-5E Th239l CD4+ T ANIJ/F ikl
homodimer2, FFoA FALY A&d) A4
BT 22 Aoz H3o BT, B
A7} 4FR92 RoAEe 9%e g A
o2 %A glo BALRY 3379 471 Zolz
= olfi7h IL-59] Akt Aol YEAE IL-5 A
AR AR 2 Ad Fig, 894 RE npg)
Zo| W EMEk 1 ng/ml FoATMN iz 3]
HEAHAY Y IL-5¢] Pato] FoA YA 723}

on, # Y9 IL-59 A= 4 YAl
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IL-13& 845 Th2 AE7} A48t IgE A4,
Ao AR, 713X Fouks, RaRa @y,
swslelse] wie 2 ave, YT
RBaEze] VCAM-19] 93e dANA 537
T AZe A4e AN, 7z Hozuls
At 7E wee dAHE Aoz A

- Fa% AT,

WEEK 1 mgmd FelEe ATAFAYe)
IL-139] Qo] fol4 A Zasigled, d =
el IL-139] AAE YA #ide AL BF
dou, S48 fo3E Holx YstrhFig. 9),
olHd 2} H¥E A 5 z2Fe 7|AAH
A3t AgsolAE Ade]l A LMk IA
3lod, AA4Ee dAlske Aow AzEd,

Pxge oRgdd sl Y7o whgo] Yo
e Xoz 4o did weds 2859 34
sel, ol d3 BF wge RFrE, ol
Fig. 5914 #.ERK 1 ng/md FolFos HzTo)
F4%0] gz Hs A3 A3jEE AL &
g uh, &z AN HAE G Loluy
Yato] PxTe) Eo|F Fgo) g Ade] A
< w3,

Thi W30} #ojahes IFN-yE t27H 487
o] Zo]2 Ho|A| @gkom, Th2 whgo] Fofst
£ IL4, IL5 ¥ IL-132 Y27 J=FoA 43
3] gol A=A, # LMk 1 ngmd Fold
aA fe4 Al Bashe AL FestirkFig.
10). 02§ FFHT Ho} ¥ ek FZTY T4
Eol4 whg-g 23] Ak Aoz Aztgr),

B A¥sl Adste e Ad4 dWYgursd
#ofair], IgGE BE 4719 olfog oA,
IgG2a= IFN-y oJ3iA Aabo] {EH0, IgGlE
L4 o o] FEHNP, IgEE= IgEIFc
FEAE AR HRAES AT O A
A BRY BuE Aoy deA wee o
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57)3, IgE9 AAR IL-47} BYPZTY isotype
switchingg FE8ogx 715787 sHoz, g
AU IgE FEEYYA $4¢ YeERE 523 A
7} 9,

QU9 OVA 3o Eo|A<l IgEe| A4S ]
W AR, LMk 0.1 ngmlFoTe gz
Hjste] YUY IgEe] AR A3 AR, H23
ol VERNA Uk, w bRk 1 mg/ml £
i B IgE] Aol 2ol HlsA £
A Al FAsdokEFg. 11).

F3 in vivoolA i LHEKS] Fol7l BAIEY

£ A Az e wAeR] Lol 9

3te] IgM, IgGl, 1gG2ad] A3HE ZARBIST
IgM& 1Y ¥k 27]e| B AlX7} Aikshe 34
2, HLEMK 01 mgm! FoAFe AL HA
IgMo] AARe Zhaat 3R FAlxtol7} Asted
o3 ol RolA AYAT, W hHgk 1 my/ml
FoALE tz2Lo) wEiA F94 Al #as ot
(Fig. 12),
w3k A 15619 A% i ERk 0.1 mg/ml
oAre iz wlastd & Aolg YehjA
FOARE, BB 1 ngnl FoEe] A$ 1gGl
HE frosi ZaEdchFig. 13).
HHA Thl ¥HEA] A BH|EE 1gGa9] 8%
FToT HEME | ngml Foiteld IgGad] A
Abo] thztof wls]  fofsiA Fvbehe RAeg Y
ERIth(Fig, 14).

o9} 2 A= i LMk Forl AAH<
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G olHT Wbk 4 ged WY
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HPHe-g BT AT 4 oy 53 AP ¥
quk3-& Hoh Y3 dAlshs Agez A7
o, dejAg Aol vg F 4R 2E A=
o 83 AHEE & Ao Als gt

V. & &

A Az FAE @bk 3 YA
a9} tjEo] HZ GFWNE F/AHL e
CD4+ helper T lympocyteod] Hu|EE Alo]&
7kele] Wgje] mAE e duA OVAZ ol
3to] 4EAE FEA mouse?] AHRE Z431L,
BALF Y macrophage, eosinophils, neutrophil,
lymphocyte , Ab]E71Q1Y] w3}, FAY Ig E
o Wig}, dEold o WA # Lk ¢
HAR 7184 A4 A aAE #Fste] o
22 ARE  A)d BHaske wpojtt

L bRk nh-29] 71537 vhe-& fojstAl
A3kt

2, WEBKS 95 F= vh$2el  BALFY
WYL £2 HAS) ArAAen, ofF tAA
29| 7k} 3] 7HAE YehQld

3. W EREE  BZA NEFE Al Aa
Aou, g9 FEe &Aooz F2o| F}
g HEFE AT FATNAN BARA Ti
AlFt,

4. HLEmgke izl ulste] BALFSY} ¥5x23
oA IFN-yZ AstAlIZ e, IL-4& BALFY

15



Setou|elulyaAs}a)A| A9 A28(20064 89)

AT AN, E¥ Lo 1139 A4
= AR5 BLAAT

5. HLEHE TFE Folzo PLTY SolF
o) ot Z7tE IL4, 113 §93H
RANZOH, IN-y8} ILSE 47T

6. HLHHE TEE Faizold IgE A4e Uz
2o w8l feldA AR,

7. BERKE TFE TN BAY IgM %
1gG2a 9] 8AT 72 B e,

olfd ZAAE FHHA, Wimke Tt A
A Akt Ady BghES 2F AAsht
A AAurg-g Het 33 Ao s o4
A AA% g T LA 289 Az d
83 882 & e AR Jlddd.

L]

238

1. Adelroth, E, Hargreave, F.E,, and Ramsdale,
EH: Do physicians need objective
measurements to diagnose asthma? Am, Rev,
Respir, Dis, 134:704-707,1986,

2, Palmerio, EM., Hopp, R.J., Biven, RE,,
Bewtra, AK., Nair, N.N,, and Townley,
R.G: Probabili&s of asthma " based on
methacholine challenge, chest, 01:630-633,1992,

3, Kay, A.B: Asthma and Inflammation. J.
Allergy, Clin, Immunol, 87:893-910,1991,

4, Wills-Karp, M: Immunologic basis of
antigen-induced airway hyperresponsiveness,
Annu, Rev, Immunol, 17:255-281,1999,

5. Del Prete, G.F,, De Carli, M,, De Caril,
M.M,, D'Elios, P., Maestrelli, M., Ricci,
Fabbri, L, and Romangnani, S: Allergen

exposure  induces = the activation of

16

10.

11,

12,

allergen-specific Th2 cells in the airway
mucosa of patients with allergic respiratory
disorders, Fur, J, Immunol, 23:1445-1449,1993,

. Coyle, AJ., Le Gros, G,, Bertrand, C,

Tsuyuli, S., Heusser, CH,, M. Kopf, M,
and  Anderson, G.P: Interleukin-4 is
required for the induction of lung Th2
mucosal immunity, Am, ], Respir, Cell,
Mol, Biol, 13:54-59,1995,

. Nakajima, H., Iwamoto, I, Tomoe,

Matsumura, R,, Tomooka, H,, Takatsu, and
Yoshidl, S CD4+ T-lymphocytes and
interleukin-5 mediate antigen-induced
eosinophil infiltration into the mouse trachea,
Am, Rev, Respir, Dis, 146:374-377,1992,

. Wills-Karp, M., Jackie, L, Xueying, X,

Brian, S,, Tamlyn, Y.N., Christopher, LK,,
and Debra, D.,D: Interleukin-13: Central
Mediator of Allergic Asthma, Science,
282:2258-2261,1998,

. Bhagat, R.G., Grunstein, MM: Effects of

corticosteroid on bronchial responsiveness to
methacholine in asthmatic children, Am,
Rev, Respir, Dis. 131:902-906,1985.

Horn, B.R., Robin, E.D,, and Theodore, J:
Total eosinophil counts in the management
of bronchial asthma, N. Engl, J. med.
292:1152-1155,1975.

Schleimer, R.P: The mechanism of anti
inflammatory steroid action in allergic
diseases, Am, Rev. Phamacol, Toxicol.
25:381-412,1985,

Bousquest, J., Chanez, P,, Lactoste, ]J.Y,,

' White, R., Vic, P., Godard, P., and

michel, F.B: asthma : a disease remodeling
the airway, Allergy, 47:3-11,1992,



13,

14,

15,

16,

17,

18,

19,

20,

21,

RN

Caramori, G,, and Adcock, I: Pharmacology
of airway inflammation in asthma and COPD,
Pulm, Pharmacol, Ther,16:247-277,2003,
Hamelmann, E,, Schwarze, J,, Takeda, K,
Oshiba, A,, GL. larsen, GL., Irvin, CG,,
and Gelfand, E,W: Noninvasive measurement
of airway responsiveness in allergic mice
using barometric plethysmography, Am, ],
Respir, Crit .Care, Med, 156:766-775,1997.
Pare, P.D, and Bai, T.R: The consequences
of chronic allergic inflammation, Thorax,
50:328-332,1995,

Bousquet, J., Chanez, P., Lacoste, ].Y.,
Barneon, G., Ghavanian, N,, and Godard,
P: Eosinophilic inflammation in asthma, N,
Engl, J. Med, 323:1033-1039,1990.

Burnet, FM: The Clonal selection Theory
of Acquired Immunity, London Cambridge
University Press 1959,

Beasley, R., Roche, W.R., Roberts, J.A.,
and Holgate, S.T: Cellular events in the

-bronchi in mild asthma and after bronchial

provocation, Am, Rev,
139:806-817,1989,
Donald, Y M., Leung, S., Szefler, J,, and

Harold, SN: The role of lymphocytes in

Respir, Dis,

allergic disease, J, Allergy, Clin, Immunol,
105:399-408,2000,

Schreiber, R.D., Hicks, LJ., Celada, A
Buchmeier, N.A,,

Monoclonal  antibodies to

P.W;

murine Y

and  Gray,

-interferon  which differentially modulate
macrophage activation and antivial activity,
J. Immunol, 134:1609-1618,1985,

Kasakura, S: A role for T-helper type 1
and type 2 cytokines in the pathogenesis of

23,

24,

25,

26,

27,

28,

uhe AR ] Tz Auivke R @30 oA 3

various human diseases, Rinsho

46:915-21,1998,

Byori,

. O'Garra, A,, and Arai, N: The molecular

basis of T helper 1 and T helper 2 cell
differentiation, Trends, Cell, Biol,
10:542-50,2000,
Paul, W,

stimulatory

and  Ohara, J:
factor-1/interleukin4,
Rev, Immunol, 5:429-459,1987,
Gordon, §:
macrophages,
3:23-25,2003,
Lopez, A.F, Sanderson, C]J., Gamble, J.R,,
Campbell, H.D,, IG Young, 1.G., and
Vadas, M A: Recombinant human
interleukin 5

B-cell
Annu,

activation - of

Rev,

Alternative

Nat, Immunol,

is a selective activator of
human eosinophil function. J. Exp. Med.
167: 219-224,1988,

Yamaguchi, Y., Hayashi, Y., Sugama, Y.,
Miura, Y., Kasahara,
Torisu, M., Mita, S,, Tominaga, A., and
Takatsu,

interleukin 5 (IL-5) stimulates eosinophil

T., Kitamura, S,

K: Highly purified murine

function and prolongs in vitro survival,
IL-5 as an eosinophil chemotactic factor, J,
Exp. Med. 167:1737-1742,1988.

Clutterbuck, E.J,, Hirst, EM,,
Sanderson, C.J: Human interleukin-5 (IL-5)

and

regulates the production of eosinophils in
human bone marrow cultures: comparison
and interaction with IL-1, IL-3, IL-6, and
GM-CSF, Blood, 73:1504-1512,1989,

Foster, P.S., Hogan, S.P., Ramsay, A].,
Matthaei, K.I., and Young, I.G: Interleukin
5 deficiency abolishes eosinophilia, airways

hyperreactivity, and lung damage in a

17



PelolleliuatslA] Aol A2s006d 89)

29,

30,

31,

32,

18

mouse asthma model, J. Exp, Med,
183:195-201,1996,
Pascale, V.G, Guan, ], Liu, L,

Kuivenhoven, J.A,, Robert, D.R,, William
C.S., and William C,A: A vascular bed -
regulates cardiac
endothelial nitric  oxide
synthase, J. Clin, Invest, 103:799-805,1999,
Andrew, D.P., Chang, M.S., McNinch, J.,
Wathen, S.T., Rihanek, M., Tseng, J., .
Spellberg, J.P., and Elias 3rd, C.G: STCP-1
(MDC) CC Chemokine Acts Specifically on

specific ~ pathway

expression  of

Chronically Activated Th2 Lymphocytes and

Is Produced by Monocytes on Stimulation
with Th2 Cytokines IL-4 and IL-13, ],
Immunol, 161:5027-5038,1998,

Bochner, B.S., Klunk, D,A,, Stensky, S.A.,
Coffman, RL., and RP Schleimer, R.P:
IL-13
adhesion molecule-1 expression in human
endothelial cells, ], 154:799-
803,1995,

Alimam, M.Z,, Piazza, MF., Selby, DM,,
Letwin, N, Huang, L., and Rose, M.C :

selectively induces vascular cell

Immunol.

33,

34,

35.

36,

37.

38,

Muc-5/5ac  Mucin Messenger RNA and
Protein Expression Is a Marker of Goblet
Cell Metaplasia' in Murine Airways, Am, J.
Respir, Cell Mol, Biol, 22:253-260,2000,

DeKruyff, R.H., Turner, T,, Abrams, J.S,,
Palladino, M,A]Jr., D.T:
Induction of human IgE synthesis by CD4+

T cell clones, Requirement for interleukin

and Umetsu,

4 and low molecular weight B cell growth
factor, J, Exp, Med,  170:1477-1493,1989.
Herrod, H.G: IgG subclass
Allergy, Proc, 13:299-302,1992,
Ward, E.S., and Ghetie, V: The effector
functions of immunoglobulins: implications
for therapy, Thera, Immunol, 2177-94,1995.
F84, 27 : BA A4 2 g,
A4 2 dEA. 2372562002,
Frigas, E., and Gleich, G.J: The eosinophil
and pathology of asthma, J, Allergy. Clin,
Immunol, 77:527-537,1986,

Barnes, P.J: Cytokine-directed therapies for

deficiency,

the treatment of chronic airway diseases,

Cytokine Growth Factor Rev, 14:511-

522,2003.



