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Effects of Immunostimulatory CpG-Oligodeoxynucleotides
on Bronchial Asthma in Rat
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Background and Object : Immunostimulatory CpG-oligodeoxynucleotides (ISS CpG-ODN) up-regulate the T
m-type immune response and down-regulate the Ty,-type response. This study was performed to investigate
the immune response changes resulting from 1SS CpG-ODN on bronchial hyperresponsiveness, eosinophilic in-
flammation and mucus hypersecretion in rat asthma.

Materials and Methods : 10 normal controls(NC) and 26 asthmatic rats, which were generated by ovalbumin
(OVA) sensitization and challenge, were studied. The asthmatic rats were randomized into 11 asthma controls
(AC) and 15 in the asthma-CpG treatment group(CpG). The CpG group was administered ISS CpG-ODN
intramuscularly and the AC group was administered a placebo(0.9% NaCl) on day 15 and 20. After CpG~
ODN or placebo administration, we measured the IFN-y(Ty,~type cytokine) and IL-4(Ty~type cytokine) lev-
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els in the bronchoalveolar lavage fluid(BALF), the specific airway resistance(sRaw), eosinophilic fraction in
BALF, eosinophilic infiltration, goblet cell dysplasia and MUC5AC gene .expression in the lung tissue.

Results : In the BALF of the CpG group, the IFN-y concentration was significantly high and the IL.-4 concen-
tration was significantly low when compared with the AC group. Both the sRaw and eosinophilic fraction, and
infiltration into the BALF and lung tissue significantly lower in the CpG group when compared with the AC
group. However, little difference in goblet cell dysplasia and MUC5AC gene expression was observed between
the CpG group and the AC group.

Conclusion : ISS CpG-ODN decreases bronchial hyperresponsiveness and eosinophilic inflammation in the rat
asthma model through the up-regulation of the Ty—type immune response with the down-regulation of the Ty,
~type response. However, the effect of these immune response changes on mucus hypersecretion was is not re-
markable in this study. { Tuberculosis and Respiratory Diseases 2001, 50 : 12-28)

Key words : Bronchial asthma, Immunostimulatory DNA sequences, Immunostimulatory CpG-oligodeoxynu-

cleotides.
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Sel=s)q 714 B3 e 9% L B B
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Ty 8 uhe-2 oA 5o] Interleukin-4(1L.-4) 9} IL
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ojgell e, ThE 7]He] Agshe Ao FHHL
=

Ao zc} B8] (mucus hypersecretion) = 4]
W2 Al b Fa¢ Hel Ay dgdoesizs,
<9 A5 o, T 3 Alo|EFIIQ IL-47}
STV A R17re] 7)BA] F HAZRH oA HYo] 3}
ot 28] & B2A ke MUCSAC fate) dde] Z7}
ke AoR Bag ul gloi s, v)Ex] M4 mdlo)
Al ISS CpG-ODNeoz <13 Hey wvlge] W3, =
Th, 8 Alo]E7}0191 11-49] Zhar} Hoe] mr} 2
BlE A8, H2Al9) A} Fd - Fgo] UL
Aoleh= 4| 7Fs3l.

olo] & Az WA M mHolM, thgu 2L
AlES aE3o M, ISS CpG-ODNo| 7]#x]
Aol vx]= a7ks Astazt sk

A, olu] FAHH WAl M) muloA, ISS CpG-
ODN %o %o 349 2 (antigen challenge)d
W& Eo] 7| A3} (specific airway resistance,
sRaw) & &43ld 1 W3lE vwgozx, CpG-
ODNe] 7]184] H2l9] 71F Fa3 ¥l 7]=e] 3
A6l vl A G udslnal sk}

4, CpG-ODN& F 5 #ie] Hof tjafA] 7]
#=] HE A H<(bronchoalveolar lavage, BAL)
& Alsle, HXE AHAeA] CD," helper T ¢t
79 Tu ¥ AlOlE71RIQ! IFN-y2} Ty, &l 1L-4
o] $=& 5433, CpG-ODN& T3} 4 H
2] WA Xe] FEeo} vjmgo X, 71Fx] M9
A 7] thE F e dotaat F).

AR, 7194 HE AHY(BAL fluid) We 54
o] £3 (differential count) 3} 34| #Hz32), E3
7184 99 s4H+ A& (infiltration) 2] =)
sl Helzaega 2218 dAFgo e, Hy uhge
H37h 713 e a3 wel dAR) 3T
71984 934 v e e n@snz} g

A, 7184 =919 w4 HE o134 (goblet cell
dysplasia) # #zZd4] MUCS5AC #dzle] d

AEE AAAL a4 AH9re (reverse transcrip-

tion-polymerase chain reaction, RT-PCR)& o]
3l YA u (semi-quantitative method)
o2 vlwsk], CpG-ODNOo.Z Q18 W ukgo)
b A wE A 5 F 2] Axd 2938 A3
mlxE ) Tt} Bulo] @ Je Lol o
At

AEH R 919 v 7ix] AF AHE sl o)
v ¥ CpG-ODNe| wefsty mazh A4lelA
ke 27 A, Bely @ nHe 93
wEsla, 1 avse] 43 BN dn BAE
MatomM 718 B4el o 2 3|2 ISS CpG-
ODNe| Q4% #-840) thslel maslig & o
E Al

II. ¢ by
1. A MA| 2Ee| HA

73 A 8F FH(W)') A WA (Sprague-
Dawley rat) & 50v}el& tidoz, A+ A1dz} 7
Yel] &Y ovalbumin(OVA) Img#} HE B7H =
F4rgl &-Fn|F {aluminium hydroxide, AI(OH);}
200mg& 3} FAF5le] 712} (sensitization) A7) 1,
A 14U 1% weight/volumee] OVA £o1& 51
2t A7) (nebulizer) 2 FYAA 7)1#A AL &
ettt of o fd AFY Bo 7|E AL &3
slof, 2 Axr} sRawrt 150% 014 27k AS
& HA mde] J4H Aoz Bt ¥(Fig.
1), 2350z 50nfe] ZF 26viejold H4 wdo]
FA=H AT

sRawe] £4& WA & vz} 7)8A] ABe A7)
2] & deollA, ve] FEa 25 BRo® 1}yo]
X 5 " (chamber) 02 49 AF FE8& AF 7|
& A} (animal phlethysmography box)'?¢] Pul
modyn®(Hugo Sachs Elektronic, Germany )ol|A]
et AR VNF FAE FHs, F7) wolAe
A42H(0) & o] &3} Pennock 2o 2 4319
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Pre & Post Allergen Cha
Day 1 { Day7 —— D‘%“ | Specific A.m".'.?, Rosistance. Asthma
l Model
Sensitization 0‘::"“‘" If post-resistance is larger
Henge more than 150% than pre-resistance
Fig. 1. Formation of asthma model.
Full line : thoracic flow / Dashed line : nasal(head) flow
. ol
Expiration — AR
Baseline — 't \ // Secps
Inspiration — - £
8
T
(272=30" )
tan 8=Q xR xC

4 : phase displacement

Q' 2z Xrespiration rate,
R x C : time constant of respiratory system
C : thoracic gas volume(V)/(Patm-47mmHg)

Specific airway resistance (sRaw),

R x V=(Patm-47mmHg) X 13.6 X tan § /2af

R : airway resistance

Patm : pressure of atmosphere

f : respiratory rate

Fig. 2. Pennock method for measuring specific airway resistance(sRaw).

oH(Fig. 2).

2. U oidTe| &d

ARTe M pdg A e A diEzr 10
nka], ovalbumin 73} S 718A] A 2dE
Bele 26 vlelel WA E, H4 =T (asthma con-
trol group) 11 mtg] 2 A4 -CpG A #H+ (asthma
-CpG treatment group) 150}2]E 3o g Altl

2 o] et (Fig. 3).

A4 QzTe AF A7 A 714 7% A8 (basal
sRaw) g 3% ¥, 49 A154# A|20¢9) pla-
cebo( A Ad4) 1mlE &8 FABIL Al6UH
A21del] Azl 4EFE R AR =E:AL
% A121Y44) sRawE 2333t

A gzge 43 A1597 A20¢€9) placebo
(RBE) Ads) 1mlE 28 FAkeka, A16da A
21d9) 1% weight/volume?] OVA £94& 5871
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Normal
contol
(n=10) ﬁ ﬁ
Asthma
control
(n=11) T T
Asthma-CpG
Treatment T T
(n=15)
Day 1 7
4 Ovalbmin sensitization
l Ovalbumin challenge
L] Normal Saline Challenge

Sl di

1r Normal saline sensitiztion A sRaw measurement

O Normal saline treatment
@ 1SS CpG - ODN treatment
® Sacrifice

15 16 20 21 22

Fig. 3. Overall schedule of formation of asthma model and placebo or CpG-ODN administration.

sRaw ! specific airway resistance

ISS CpG ODN : immunostimulatory CpG-oligodeoxynucleotides.

ARl =EAZl F, A21Y =% A sRawE &
garact.

A4 -CpG AmTe AE A 1547 A20Y)
CpG-ODN 300 1 g?& &% FAlsla, A16Ya} A
2144 1% weight/volume2] OVA £-2 5E71
AFste] =&A7 F, A 21Y =& sRawd &4
Eipii=g

Al 2 25 AF A22Yo 34 (sacrifice) Al
T, 7184 A AHes Al g 238y o
TR B ESH ATE ) A=A S A s

3. CpG-ODN2| g 3 &

CpG-ODN& 2712] CpG-motifsE& F&Hsh= 207
9] g7] ME(TCCATGACGTTCCTGACGTT) =
BionnerA}(Daejeon, Korea)d] 9]2ele] 43314
i, Fo & CpG-ODNe| fake. 300ughoed
phosphate-buffered saline(PBS)dl] 2Jo{x] wixg]
T2 (B, gluteus muscle) ol & FASIATH

4. 718X ¥ Hie| Mg W x|

AE A22d v B9 =2 2427 F, pento-
barbital sodium 60mg/kgE B2} FAlsle] vl
A&, FEE A 713X} i A4 E 4%
At A& F S 9492 RT-PCRE 98 o
A daz Y% A, -70C dAud Basido
EH B A9 Az O B Hla) wia
A olgge] HrE #ABP) 98ld 10% ¥
d gdog 3P e 718A AE A
Hoy o] Al]EFRI(IFN-7, [L-4)9] »%o} 54
7o £8& F4] Al 71BA AE AHee
Al AT

5. 7[8x| 2 MiXe
FEe HAE 7, Fekay REE /WS 5

o
2= F7])3A] (left main bronchus)e) AH¢l&}1, 3-
0 B2 F7]BAE H2 ¥, PBSE 4nd, 3md,
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2nf A} 9 FYsld, ofd FUE wfuict Eekxd 7
BE E3lo] &V & (natural drainage) A3
& ATl YTt

6. 7|@x| ®ZE M2 ufe] IFN-r2} IL-4 529
&3

A 1mfe) 718A Ax AHY(BAL fluid) & 1.5nf
Eppendorf F2o] w& 3 47Co4 150GE 10%
7t 44 el 3, A3dg FHae -70CHd 3%
wgath [FN-7¢} IL-4 59 Alolzvielel %4
& s BAF HE AFHE %A F Solid phase
sandwich Enzyme Linked-Immuno-Sorbent
Assay (ELISA) #oz A&sldd. ELISA=
wije] IFN-y¢} IL-4 kit(Cytoscreen Immuno-
assay kit Rat INF-y and IL-4, BioSource Inter-
national, Inc., USA)& AM-3l1, I §3=& ELS
800 ELISA READER(Biotec, USA) 2 Z73lH
=g 2330

7. 71@X| HIE A2l o] sMT 2| &Y

A 1S A9 Uiz AFRe 22 F, & Hn
1% 20010 & #H8k, cytospin 71AE o] &3l
HedA 887 94 Belsld Hd F, Wright-
Giemsa stain'o.2 4% & & 20070 AX F
AR B3 ALt

8. mxZ| the| EMT R W sHY HE ol@HY
BE

A & 34" 59 ¢ 39e b (paraffin)
B2d oj@ &, 4me] FAR Fet 3T H&
Aw 2 A7) 951 Hematoxlin and Eosin(H/
E) 94g Aasia, i Alxe o|84& B2
9)3le) Periodic Acid Schiff (PAS)®? G418 Als)
). AT A& FEo} v E o]HAY A
T 747} 5709) Tul& Alob(x400) o)A TEE Al

¥o] $2 ®Ask Bl

9. MUCSAC {FX} ailof cigt TAl SRS
od2f WkE (RT-PCR)

-70°cz2 A" $A9e=z%E TRIZOL REA-
GENT®(Life Technologies, Inc. USA)& ¢85}
mRNAZ =234t 229 mRNA9 =& &
A2 2R ZE B tale T 24g9
RNA 2 1st Strand cDNA Synthesis Kit for RT-
PCR(Boehringer Mannheim, USA)& ol g3l
cDNAE #4sich. §4€¥ cDNAE A
(primer) 5-GCC CTC CGG ACA GAA GCA
GCC TTC-3's} 5-GGC CAG TGC GGC ACT
TGC ACC AAC-3'& A3l 8as d4 vk
& Aggsldct. PCRE GeneAmp PCR System
9600®(Perkin Elmer Cetus, USA)o 2, 94°CollAl
BE ZF whgAl7l 3, AANESS 94TColA 20, 2
ghtee 61.5CAA 30%, AN 72ColA
0xR v oz 328 AE Agg F 72CAA 7
we-A)7 13 4 ColM Bt House keeping
S 2= Wae] glyceraldehyde 3-phosphate de-
hydrogenase(GAPDH) & AMg-3sl4th. 884 o
H Hke AAES H7]9%E AlA Ethidium bromide
M T Zegol= BEo g FYPsle] AFH el
& Scion Image(Scion Corporation, USA) & AM-
o AE dx BYe 5 2 A¥ETeA
MUCSAC fdate] wd A=g T o=
£33kt

w

Hr

10. BAlEM

z} 77t} v Mann-Whitney U A3 Kru-
skal Walls A%¥S Agalal 2Asian. CpG-
ODN 5ofzojA 5o A} Fof xjolof & Blas
Wilcoxon?] £41% AAS o] &siya, AR &
As 2t 2] 1A wHE =2 ik NS A
g3t BAs4T. 28 A4S SPSS for Win-
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dows Release 9.0.0 (SPSS Inc. USA) & A}g-3}1,
p#rel 0.05 o]&el A9 BAA Fo4e] e Ao
2 gasiyoh

md =

1. Bo| 7| X% (Specific airway resistance,
sRaw) 2| #3}

Placebo(Qzl 449+) && CpG-ODN Az A,
ovalbumin(#4] tjzx7# HA-CpG 8F) &
Ae] NEF(FY dR2F)E IR =ax7) &
SAT 5ol 7= AL, =F F 425 102711
Al 2 {FoF Al BHTHp<0.05 by
Kruskal-Wallis test). & FA} d|=F#+3 HA gz
# 8 A4-CpG ARE Aol kd F 2804
10871 715 Aol UoIA freld 2lolg Yo
H(p<0.05), 2 27 4 -CpG A JEF Alol
de =& AT f2 Aol AR AYH(p
>0.05)(Fig. 4).

Placebo(Ae]2995) 22 CpG-ODN 3z &
4T 7% AL, g =F F 2800 1027
Al ZollA - Fold xolg BY e (p<0.05 by
Kruskal-Wallis test), #4] tjZF#% #A4]-CpG %]
57 9 B HE2F Aloldlle =& F 2894 108
72 71 Al glojA] fefdt xfolg HP ot (p
<0.05), B diz=aH "2 -CpG AET Aoldl=
E Foll fof@ zole HEAER 2ol (p>0.05),
CpG-ODN X# % #HA-CpG B2 7% A3}
o] FAIHE frolstAl #aE AUt (Fig. 4).

2. JI2X] HZE MIX LHe| IFN-72} IL-49] B&

718A AE AHYNA AT T § AJo|EARIS
INF-y¢] 5= 924 gz23 12 -CpG 2229
Al 242} 3.941.3 pg/ml, 24.1+10.4 pg/ml= &4
Hol, #4-CpG XgTq HA gz vl
frelabll Ekom (p=0.005), Tw, & Alo]E7191Q1

A.
14 | Normal control hid
12 A Asthma control
. ® Asthma-CpG
810 Treatment
s *
8
E
[}
E *k
%4
2
-2 Challenge 2 4 [} ] 10 min.
B.
16
14
312
[
B10
Eg
3
-
4
2
-2 Challenge 2 4 [] 8 10 min.

Fig. 4. Specific airway resistance(sRaw) before
(A) and after(B) placebo(saline) and
ISS CpG-ODN treatment.

In A. *p<0.05 by Kruskal-Wallis test
#p<0.05 Normal control vs. Asthma
control and Asthma-CpG treatment
**p>(0.05 Asthma control vs. Asthma-

CpG treatment
In B. *p<(0.05 by Kruskal-Wallis test
**p<0.05 Asthma control vs. Normal
control and Asthma-CpG treatment
#p>0.05 Normal control vs. Asthma-
CpG treatment.

IL-4¢] s A4 d239 34 -CpG A E79A]
Yz} 5.3+0.7 pg/ml, 2.7+0.6 pg/ml, #H4-CpG
A gollA A dizg vl folsiAl wekth(p
=0.006)(Fig. 5).

3. 7|x| HIE MHY W sixZof|lAef sMTY H
39 3

718A] A A HAo|xe] sFe) RYL, F4 of
2, A4 iz ¢ A4 -CpG ARFA % 200
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40 pg/mL . - pg/mL "
f 1 6 T .
30,
4 53

20! 8.
10l 2

| ] L )

IFN-y IL-4
B Asthma control . Asthma-CpG treatment

Fig. 5. Concentration of INF-y and IL.-4 in BAL fluid in asthma control and asthma-CpG treat-
ment group.

*p=0.005, **p=0.006

Normal .
contol 2%; — 97
L *
Asthma "%
control
*
Asthma-CpG I —
Treatment
] i L |
4 6%
Fig. 6. Differential count of eosinophil in BAL fluid.(% in 200 cells)
*p<0.05, **p=0.57
e AE &= 42+ 2.0+0.3%, 4.8+0.9%, 2.0x0. 27§27 2ol YAt (p=0.57) (Fig. 6).
4% 2 H2 g2FANA g Fod visle fof s Hz74, 53 7182 F99 3T J&e] =,

1
E%oH(p<0.05), B4 iz A -CpG A& 5709 Taj&(x400) AloklA, B4 2T, A
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150 - (5HPF) | " “ z |
100 ¢
50 L ;:':’:
[ 201 | -
Normal control Asthma control = Asthma-CpG Treatment

Fig. 7. Eosinophilic infiltration in lung tissue.(number of eosinophil in 5 HPF, x 400)
*
p<0.05

]
250 | : * ! *¥ ]

150

50

284 ] ,

Normal control Asthma control  Asthma-CpG Tratment

Fig. 8. Goblet cell dysplasia in lung tissue (number in 5 HPF, x 400)
*p<0.05, *p=0.508

— 20 —
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= I

a5 *

[« % f

g |

0]

°

510 I

£ 1052

[ =

[

b -]

®

£ i

o

O 3 >‘
Normal control Asthma

.

i i
control

Asthma-CpG Treatment

Fig. 9. Expression of MUC5AC gene in lung tissue(optical density, % of GAPHD)

*p<0.05, **p=0.61

=7 g H2-CpG XETNA 42 20.1+£5.98
7R, 116.0+21.67], 60.5+11.670=, Ha 2T
A tE T b3l {2 ke (p<0.05),
A4 dlzEs A4 -CpG A mTe] vlame] gloiA
= A2 -CpG A8ToNA F4 tjz=al visk] 9
3lA ol (p<0.05)(Fig. 7), CpG-ODN g 3 &
2 9% ARVt felEA AATE BEsiiY.

4. uifA MZe| o|HAM % MUCSAC §Xxlel wsl
HE

PAS o4 sloll A #E3 7]#A] Fe] vl A Ee
ol A MEFE, A tiRT, M dxFE, H-
CpG X745 & Alof B3 bzt 28.4+7.43
A, 2073274, 173+£17.2702, A4 2z
H)gle] 2] iR 2 A2 -CpG A 8olA o] HA
o) Axrl Gl E4L(p<0.05), 4 hZE3
A2 -CpG Ag77te] BlwolMe #4-CpG g7
ol ke HEe HEovl, EAFHE {7 ol
= TEHA 43k (p=0.508) (Fig. 8).

ZAFE =83 Scion Image (Scion Corpora-
tion, USA)E AME-3}ad, House keeping f3x}2l
GAPDH¢}e] A7 38} 2t (optical density) &
AL B3 2435 MUCSAC &zxte) vtd Au=
A gz, FA g2, J4-CpG X 53dlA 2}
7t 10.52+0.84%, 14.45+0.45%, 14.56+0.53%
2, A izt sl 1A e g #1424 -CpG
AAggola wdl A=t folaA %o (p<o.
05), #2 izt A4 -CpG st o3
zo]7b glol (p=0.61)(Fig. 9), CpG-ODN9} 5.
7F A dopEn)e] A EQ i AlEe] oy ¢
MUCSAC gene] L& /9§ 482 v]x|X
% Aeog A=t

7l wae] Qe
olsel, HAle BYHT
o 7 AR 2 95 o)

24 et o] 5477} Aes
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g fde] AlE wisig dE wkdE AARBIE Ut
olE AR|EIRIES doflo]2U| 27 (aeroallerge-
ns) ¥} A vpedst Aurel gld) i, T 57
o Ty, 8 WY wigo 2 Ql3led ExjEr o|9} ol
gAE Ty & W8-& RISk Ao] FF 29
g2oll ol Fa% H3E VMHE F Us Aoz @
953 A}, o] o] FUHE Ty, B ¥ 93
A8k, £ Ty Fof W3-8 N7 A7
Ho=z, 2 /Mg s A7 e Ael,
o 2734 {AA AEE o] 83 DNA-based immu-
nization, & DNA wWAlo]t},

He 3749 fdx M4Ee Tokunaga 5*°| Ba-
cillus Calmette-Gurein (BCG) 0. 25€ FZ3
o WA|F 484 (DNA)7} NK 4E (Natural kill
er cell, NK cell)& #X3lx7]3, Interferons
(IFNs) o/B/re] &4& EXAA, A948 Igka
Hg fFrIleE Ag BRugezi dexA Ao
1% Al 7A BCG de} o] 7EAe] 3Y (cod-
ing) B F&shs Td &4 45-mer Sl
TEHLEl=Ee] FAHEHAG®. IFNse] #H1E fd
gli1, NK AMlZe] #4& JF7P7lE olet #&
ODNsx= CpG dinucleotides& E &= 3#HA &
Ab (palindromic hexamer, e.g., 5-GACGTC-3’,
5'-AGCGCT-3" and 5-AACGTT-3"), = CpG
motifs& E3HEIT}e,

Hdo] g APAQd "y whee vifF, dd
(lectins), A, #Er}ZF(lipopolysaccharides,
LPS) % double-stranded(ds) RNA &3 #&,
A REE L 9HEEE o|EAS g8l 4l4E)
Al 1A sk AL 71EeZ $irt. o] M vdE
A= (microbial genomes) Wo| E£28k= WY 27
4 FAA MEU8S) 0] vlz2 WY HAVL dA =
AR =, o ozt o] MEe WUdgte] Al Zuf

e Yl E A2 NZEGS. o]e} - 7|5
=, AR AY T FHx A Ee FER],
o 74 CpG &8ln wEYLE=R Q% Y
32 " AZE afHos AFEo e A9
A3 MHC class 1 -restricted CD8* cytotoxic

— o
ok

n)

[e]

off T B ML oM

T oo+ & MHC class II-restricted CD4" help-
er T Jap7 & X3k AR HIuES &
Wl Aoz Huga Yot CpG-ODNe| Fo
= F2 I 2 &Y FAR o] FojA|n, o] F
7 vy 25 S, =1 AE3 WY wheg
fdgic CpG-ODNg 3y 52 85U E FAS}
Al H9A, 2+ A (keratinocytes), A&-o} A} (fi-
broblasts) &8 & A z=RE] EAH (transfec-
ted) 3Fgle] MHC class I moleculesd)] AA|EHo 2
# CD8" cytotoxic T QJabrofl ofafjA] legich. &
¥t MHC class Il -restricted CD4" helper T 9]
T& AF3led, g9 BolAd Ty & B 98-8 &
whsle] el F28E Interferon-¢/A IL-6, IL-12
2 IL-18 F¢f #¥E F7H1713, NK Mz2RH
INF-y & 0|23 29 Alo]E7|Rle] 2u|E £FX1A)7]
w2, o] FAgE Ty, B9 98 ¢ IL-4,IL-5 5
o] FUE dAgth E3, NK Azz8E 288
INF-y B Q19e) IL-69] #ulg 271417, me]
oo e FINTIE Zom nawD Yo

dEl vy 23, Es) 73R @AM 1SS CpG
-ODNe| #3ol] #3 1 7he] AFES Aund,
Chu %% T,-biased BALB/c®} T,,-biased
B10.D2 % mlo)X hen egg lysozyme(HEL) 3}
CpG-ODN& FAld] Fog Z»l HEL So| IFN-y
+ 3718l HEL Eo] IL-5& 74sle], Ao
2 Ty #3839 anti-HEL IgG,,9] Ao &7
& B39, Kline 5% 94 AF 4] mdofA]
#e7 CpG-ODNE FAlol T A, 7|5 f 34t
T F&, Twe B ARIET, IgEe] 44 2 7%
of #Ao] Fasle], CpG-ODNeo| geloz fut
o7k @FE dWshe Aoz B
Broide 5°2 CpG-ODN& dilxoz Zo Huto
2 Fosid, 7%, dHdT gadia Ta v
A= 11, ez ddlF, ANE 2@ NK A2
& ksl IL-129} IFNsE 2700719, T b+
ANA FEf = s 84 AlEAYJY IL-5, GM-
CSF 3 IL-39] B4& sk Aoz nusiich
H o}zl Sur %5!°2 ragweed allergen BALB/c
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AFNA o] 72L& FIEo] HRFqA 7)Y A Ee]
A3 A2l A (systemic reservoir) 2E-E]
Tw AEEe RZEFo= 93le], CpG-ODN Fo &
FHA 67714 A&se A4S BAsly). AEHo R
FE d4 BHloA] ISS CpG-ODN& -4 whalte}
NK A2 Fo] B A8 B3z ozm, IFN-
o/ /vt IL-12¢) ¥0)& F2A)A 479 H47
B4& JAE, ojw) Byt Z718 IFNs9} [L-12
€ T MEZRE Q] IL-3, 4,5 L Z5da] AT
9] F2418 A7 GM-CSFe] Rul2 943k},
olet 22 de] ¥hg-E& CpG-ODN Fof F 4]
2t el dojund, A=<l A A o]sle] ujr)
i1, YA 315 A4 (anti-eosinophilic) 7)%
& veEkdd. £ o& §Hos, IFN-o/f/ys} IL-
+ nidive Ty AXE &4 5olZ el Ty -typeo g
3 FdozM, de] 259 thale] IFN-yo] £
BlE FAIA, Tur-type WH-o] B4} B3} g
Ao S AarlFIn, o) 2o ukge FEY
o] Az, 7|JNZE PAANA =& WY
e ERATE

2 AFAME, ISS CpG-ODNE- oju} #EAd" W
A Ay 2l E2(HH, gluteus muscle)d] &
= FARE £, 7184 AE A HANN Z4% Ty 8
At]EFIRIQI IFN-7¢] %7} CpG-ODN 2] &7
A A gz st folaiAl wstew, Ty, 8
Aol 2711 IL-4= CpG-ODN X &304 2
gz vgla] felaA o}, ISS CpG-ODNe)
Fod &, Tw ¥ WY 982 2457w, Ty 8 98
< EE Y. £33 CpG-ODN =8 A
Aol & Kol o M4 )23} M4 -CpG X8
8] Eo] 7]= A3glo], CpG-ODN 2 placebo( 4l
gl 4gs) AR ¥, A -CpG ABFAM H4 of
3ol vEld Kol asle, A4 izl W
A12} zje] 7} glo], CpG-ODNoZ <13t Wy ulgo)
7187 AA9] V2 AR S A 4 QY
o E=E 7184 AE AFHY Yo a7 By 1l
HxH Ao sAre] AE FE 94 CpG-ODN
g4 A ol v st folab Zasie,

o

M

o ol

CpG-ODNe] 344 7|5 938 JAshe Aoz
HAFA . o)de) AREL I 7 BB 4] 2o
A a7 ISS CpG-ODNe] Fstofl st A A}
=715 338k o=, CpG-ODNe] 73] 4
o] 7= F 2 3P 939 2z QlolA] #
AR B} g AE AAlele Aol @ 4 9
At

71=e] HY Fo} Buls 7lwA Hale Fad o
B A F9 gz, o2 9% HY Z&72(mucus
plug) 9] FALS A FA A oz Apat 3
2| A EdA B E Ao tHEB, Moo Rl
i, g, 24 g9l d (3, salts) o) B3N,
FA3EQl AN A ChEEE, mucin) = A AA o] ehm
o=, Ao M4 8 e g B asoltt 3
F71 A4 715S dAH oz Fux] Ao AR
AR 58 983 goEx, 7iEue] o]&EH9)
&8 golahA sla, HAd T3 WY o, &
Edd (lactoferrin) 2 2] 449 (lysozyme) =9
4 EAES Bl AT Zde e, &9
378 7KeAIRE Al V5 gWe] Srre
AE Adhs JE8e I 7% Hoo] Buj=
A 3 (mucous granules) 5% ¥3sl= ¥y
vl e} v Mo} Huksl 2ujae] HH A Zo A
HlEne. HAo] EulE ARse Hdaa 43z
(mucin gene)= #A471#], MUC1, MUC2, MUC3,
MUC4, MUC5AC, MUC5B, MUC6 183 MUC7
9 87K FRVE wEFenY, o] F MUCI,
MUC2, MUC4, MUC57} so|A] walEs, 1 718
dlofiA] MUC22F MUC59] mRNA Y} 7150 &) 3}
€ o] FHEo], o] ¥ AR} 7158 Hy )
& Ak Aoz ddsa o,

71zl Ay FHle} AL FHxte] B, A=
4 7hxel §9, 934 W) BA, 4P 29 9
294 WY 59 2L gD adEe sl 21
Ao, gl 93], oAk} & (sulfur dioxide), &%
Yo}, 43t A (nitric oxide) T 7S 2434 7}
25 7% PRl gai=lo] Hole) b= (pH) & A4
2o gEydor WA e RN, A8AYe &4

e oox ml h
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AA BAne] wilg F7AAT. BT okeblEY
T A= (arachidonic acid metabolites)§] prosta-
glandin-F,, (PG F,), leukotriene D.(LTDJ),
platelet activating factor(PAF), tumor necrosis
factor-a (TNF-a), protease, &44tiE (reactive
oxygen species) % nucleotide F¢] AzA ol
Ea50] Hoje] Bu|E BAALGS Y, A =
Ao et AR ZlUelddA Ve vFEidE
228 79 i A FEo e HY #ulvh 315
a7+ wmHdA] capsaicino]u} substance P2
A28 A %4 Whl(axonal reflex) & 30
v A Ml 8 E9] exocytosis7} LAY Sk BaLv}
1o, vjekEl hamster TSE 4| ¥E7F 2454 el
(hypoosmolar state)ol|x&= A HAe] F1]7} Z7s
1, 2AFEA A (hyperosmolar state) ol A= 4]
7} 7ZraEd, TSE AE71 sl gl A(gel) & 55
N7 74 Aelasl Bulvk Fhslel, AR 9 Ae)
cxos fud BoH Wgo] Holne] U1 24
SRR E S ERDER

Qo) 5§71] Herozyel Hee] gz, o9}
Q.

MUC29} MUC5e] wdg& Fsldd zd=e o,
MUC2¢] A5 4%, g 2 7oA Z8HA
5&7] Aute] F93 FAs FHzkE ofd HoE
gekdch, MUC59] A9+ MUC5AC ¥ MUCSB
o] 2714 olgo] EA)FT}®. o] F MUCSBE 7|%
o] g3 HAA GHAAR, 271A)9] HAh| FH]
2 AAsk= o], 7L % low-charge glycoforme] #
2 g@xje] 71w HA Fejaoa] o] $AIF Zler B
TG, MUCSACE A4 357] Ao #Hje] +
a3 AA Az o] shz®, AR Z|BAAAM F
#5E MUCSACE 1 goay F2 ufj g 2=
ng Bolgn, gokel BulAdidE #uHA de
Aog dEA s < Temann T'E AEAH o
2 doA IL-45 FpEAshs fAd2) o] A 2
o] 4] MUCSAC §-xxte] wélo] F7hele A B
slgd1, Dabbagh & in vivo ¥ in vitro 220
A IL-47} MUCSAC f7xte] w3 9 AB/PAS

gah okl w4k Al 29 o]BAE FTHITIE Als
a5k, [L-42] Bul7} Z7iskes 39 MUCSAC
Axle] wWale] Zrtsle] HAe] pict 0|7} Ay
Ao = gt

old] H oAz oln| FAE W
4}, 1SS CpG-ODN& Foig 79 vehhs |93
A dke & [L-49] 7442 9lsle] MUCSAC #3
2}e] dtglo] ZhAsha, Aoie] Hulo] HHAY 3
&g WX wiA Al 28] o]F o] FojEo], Hele
s} 2ul7} A Aolzha 43I, olE A=A
oA WA ES] o]gAdl digk PAS g3
MUC5AC mRNA®| tig &AL S8 & Asf
g Bolo] FHslat sidch 2eiv AA AT A
ol A A} A 2] oA WA tiEd % Y-
CpG @A A4} izl vl folaiA %
A g, 24 gz 24-CpG AamTae]
Hie] glojxlE HA-CpG Xawdld W Fda
wngou, BAHoE o8 2ol BAEA ¥t
(p=0.508). & MUCS5AC mRNA¢| ¥d A=
oa], M4 2t g HY-CpG X ETollA B4 o
Zo) nisled fejaiAl Eetont, M2 et d
A -CpG &7 vjud) JoMe, BAHCE &
93k zpol= BWRFA| WATHp=0.61). oj¢} #&
A e} e o] fE fEY e Algdr.
A7), oju] A&=d nls} o] 7ime] Mo Fuldli
IL-42 A% 2] 7iH bE 434 A S4E0l
fogict, A4z " W Ao, ¥4 gxje] 7w
T HdoA 22 v &9 5577t HEEE Ao
By v glok 3F7e oy sixe] 454 A
2de Bulghe o], o]& 537 elastase: 7|%9
mucociliary clearanceZ 7441711, mRNA¢9] <t
Q& =] MUCSAC mRNAS] I&& F7HAA,
Aol no] BH|E 2AAF)E Aoz dEjA Ud” 2
oA 71&8kAE AR, B AT M e HzH
A BFFe] Aol BAFeH, o|zRE Zujd
32T elastased H]EE o w7 BHd] o5
do] Bulyl 2AHUL Aoz Als®Eth B,
CpG-ODN& IL-4& ZaAr7)e A olfdk, IL-

r o

|

A o A A2 zZdlo)
[}
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6, IL-12 g INF-y2o] £H]& Az, CpG-
ODNoZ =5 NK A% 9 T utaie 2y
H IFN-y&= B 3+¢] IL-69] E8]& £XA]7)11,
He whle] §4dg F7MIZIT Levin 54 IL-6
o] 7= Ak Al¥dlA] MUCZ mRNA¢ 1de =
7WAF1aL, olu] FAE HA) exocytosisE A42a}
= Fog Had b 9lo], CpG-ODNeg F71%
IL-622 Qlsld FHe] s} £nj7l FXE=HUE 7}
FAE FAE 5 . A5 ISS CpG-ODNo = &
H7F ZaE IL-49] a#p), Buvt 3710 Re
2 5 IL-6 2 3374 9% vl Edey
A oaiA] =L, B voprt A mic} 2e)e)
A HR vt HlEe] o]¥A @ MUCS5AC mRNAS<]
o] FUtelE g o2 wad). a8y B A
M=, IFN-79f IL-49] F& olgjd] FFF
elastase F° &F w7 B2 € IL-6 59 A&
7IRle] &4-e AJgR] ¢}, ISS CpG-ODNo| g}
st Eulel] @ WA e 71 disA 4
3 2EF = Y. FF ol Ay dig o
TE e ggs 7] Bdn Ao 7RI &4
& &%, Wy 71 id A HIo] de T
Aoz Atgdu},

AEYoz WY 704 CpG €83 REHREE
= YA A mEdA, Ty 8§ AEFRIE F714
132, Tw 8 AP|EFRIS TaAlfozy, Halo)
Fa% Wy Aeidd 7= #ARg A A 4S5
o] A= oMl aA7IY, Ao s} BEajo #
e i Ml xe] o]FA ¢ MUCSAC genee] ¥d
Arol= o)t Wi gl Aow #aEo

T A 2] J458 Adsle) obsr] g A4
e A B A B ARSel wie, 7)#R]
Al dd2rd Ao viert F481 FviEn
Utk Tw, o2 292 MAole] B HA = st
o, Aoled T gl uis d=s|Ag e
Aoyl Rimrt Frhstn qlen, tE dHoge
aopzle]l Tw B3} FARRE 24 A ojgE 7
§-, dEEr]A A dAo] Aok v F

ol AAEL AT FE 71T A 2ddA

Ny

ol 2 FAAYE Y15 ISS CpG-ODNE o] &%
DNA wde, #al CpG-ODNE #Ha9Y=(rag-
weed) U7} A Fel 2 Al e U4 A
go] A= Ut o] 22 DNA ¥l 7|&9)
A A w]sle], Axdr)7t Folsta, WA
AE A&HH oz T8l 7|2t I 2E mAs
ZHE Qlen, iy MiAldbs d¥og tie vy
HHE-E fdaia, S et Ao FeA ¢l
°] cDNA @Aldxe] FUE g 2Edh= 5o E5
g o]A¥E 2o, FF G RS dy=rY
A8 ¥ opel, AEA dE g ] X8
A R eE FEE o188  US RoE AR
et

V.8 o

B A

we Z74 CpG 283 F3# L E = (immunosti-
mulatory CpG-oligodeoxynucleotides, ISS CpG-
ODN)= Ty & WY -2 gxA7)a, Ty, B
W2 AaAPle Ao Husa 9o & A7
AlE WA Ha el ISS CpG-ODNo.z 913l
By ghgel Wyt M) a8 He) el A,
7% A, 3 45 2 " ot Bl n)
A= g3l st aEstaa} s

CHab 3 W .

A mdle g g 10viele) ZA Tt
ovalbumin(OVA)e] 72 gl {2 e ndo) g
A9 26vie]e] YAME, M iz 1lvlg, M-
CpG Ag 150kE]2 o] Adsidd. H4-
CpG A& A7 1643} 209 ISS CpG-ODN
&, A dx2re AE AdeE 59590 CpG-
ODN Z2 2] g5 Fo &, Fo] 7|z A3}, 7]
2 HE A3 (bronchoalveolar lavage fluid,
BALF) W9 Ty & Alo]E7}Rl (cytokine) ¢l IFN
-7t Tu, B Al|EFIRIQL IL-49] 5% 9 A7)
Y, Hz2d of 34t e 9 g A2y o)d
A3 MUCSAC &Axke] wdg 3ot
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2 3!

ISS CpG-ODN Fo| & 2] =g Blarsje, H
2]-CpG A zwolA 718+ AXE Al oo IFN
-r9) BEe frole w30, IL-49] wEe feldt
Al @it 5ol 7= A%, 712 A A HA e
Sabtel 28 g sz e sakrtel &S Y
-CpG A&l A #] tizzgol vt fojsiA 7t
Astach. aeut e ok gule] ARl wid Al
o] o]%4 % MUCSAC faxte] #d A M4
dzz# A -CpG A5zt F3 2tol7} I

74 CpG &elal w3
(o]
6
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