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Intranasal Administration of Unmethylated CpG with Cockroach Antigen Prevents the Development of

Cockroach-Induced Allergic Inflammation

Jung-Ho Sohn, Joo-Young Kim, Jae Hyun Lee, Yong-Won Lee, Chein-Soo Hong and Jung-Won Park

Department of Internal Medicine and Institute of Allergy, Yonsei University College of Medicine, Seoul, Korea

Background: Unmethylated CpG can induce Thl and re-
gulatory T cell immune responses and may modulate oval-
bumin-induced mouse allergic asthma. However, the effects
of CpG in a cockroach allergen asthma model have not yet
been elucidated.

Objective: To evaluate whether unmethylated CpG can
prevent the development of indoor allergen-induced allergic
asthma.

Methods: Effects of CpG were evaluated using a cockroach
allergen-induced mouse model. CpG and Blattella ger-
manica (CR) allergen were co-administered intranasally,
and methacholine airway hyperresponsiveness (MCh-AHR),
inflammatory cells and cytokine profiles in BAL fluid and
lung histology were evaluated.
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Result: Co-administration of CpG with CR allergen can
prevent the development of MCh-AHR and allergic in-
flammation in a CR-induced asthma mouse model. Eosi-
nophils, lymphocytes, macrophages and neutrophils in BAL
fluid were decreased by the co-administration of unme-
thylated CpG in an OVA-induced asthma model. The
expression of IL-5, IL-13 and IFN-y in BAL fluid was
attenuated by the CpG. Peribronchial, perivascular inflam-
mation, and goblet cell hyperplasia in respiratory epithelium
were also markedly attenuated by the CpG.

Conclusion: These findings suggest that unmethylated CpG
may have role in the immune modulation of allergic asthma
induced by indoor allergens. (Korean J Asthma Allergy
Clin Immunol 2009;29:194-199)
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50 L2 3|8k upF] e 300 n g2} HE CpG 3 ug Fol &
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vpz) et Bl @S Bl 2 Fof x| 48A17F Fof] MCh
712 6kS-& =% 3191 t). Phentobarbital (70 mg/kg) 2. & u}
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Fig. 1. Concomitant administration of unmethylated CpG with CR
attenuated AHR by inhalation of MCh. Intranasal administration of
CR extract induced nonspecific AHR. *P<0.05 between
unmethylated CpG and control ODN groups; "P<0.01 between
unmethylated CpG and control ODN groups.
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Fig. 2. Concomitant administration of unmethylated CpG with CR
attenuated total inflammatory cells, eosinophils and neutrophilic
inflammation induced by intranasal administration of CR compared
to control ODN administration. *P<0.05.
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CRE FAF 4% 347, 237, a3 d27 o
ol 71#AA A Hol| A Flakint. CR 2] Edo A Un-
methylated CpG T3} thZ CpG F-of 7ol A BAL fluidf
AZAE A= ¥ 23} T} Unmethylated CpG2} CRS W &
FoA gk ol A iz CpG Fol ol Bls| F A SAE(378.0+
82.0 vs. 184.0+19.4x10°/mL, P=0.050), T AF7-(82.9+18.3 vs.
24.9£4.9x10°/mL, P=0.011), S5 7-(118.6+45.7 vs. 12.842.7x
10°/mL, P=0.049)7} Ao W (Fig. 2), 7] TR A= Aol
IL-5 (17.842.2 vs. 5.043.5 pg/mL, P=0.032), IL-13 (77.6+11.5 vs.
39.1+5.5 pg/mL, P=0.010), L8]il IFN-7y (582.0£19.7 wvs.
272.2+74.8 pg/mL, P=0.006)2] L&A= A ¥ ) THFig. 3).

3. Unmethylated CpG E0{7} H|&ei0f 0|kx|= &t

CR¥} =% CpG Foi 79 A peribronchial @ perivascular
inflammation, 18] 3 7|=/3T| A Lol 42| goblet cell hyper-
plasiaZ} 9] 8}A =% AT}t CR¥} unmethylated CpGS W £
FoAgt oA el HlaE] FoSkAl peribronchial B
perivascular inflammation®] Al ¥ ) © W (Fig. 4A~C), FE3}+ 7]
= AT A EZ o A 2] goblet cell hyperplasia®™ 2] 0| A & A &
%A th(Fig. 4D ~F).
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Fig. 3. Concomitant administration of unmethylated CpG with
0 ; ; ) CR attenuated BAL fluid IL-5 (A), IL-13 (B) and IFN-y (C)
Sham CR-ODN CR-CpG production which was determined by ELISA. *P<0.05, TP<0.01.

Fig. 4. Concomitant administration of CpG attenuated peribronchial and perivascular inflamzmation (A~C, H&E staining) and goblet cell
hyperplasia of respiratory epithelium (C~E, PAS staining) compared to control ODN administration in CR asthma model.



198 A 2 defz27] H29A M3

A BE 557] volel 2~ S HA Y 7t a9 osta
Qlojtt. A2l oA 7S AH
stal ot A Aol FAgho] W regulatory T cell€]
sl vlulgle] Th 2/ Mgurgo] 454 kol
el=7) Al WHake A0 A

regulatory T cell =H

o[o

Wekm Aok el 2
71Ae oA E e A A Be Rro] ol Sink

CpGE TIR 97 ZA33sle] Th1 WS 53540 plas-
macytoid dendritic cell, B cell, NK cello| 4] IL-12, IFN- y S 93
A7l Aoz deA glon, o|F B3l Thl WHyhgo] 7+

stele oz gl Sl

B Ao X unmethylated CpG o]l A 7] FA] Al 2]
Oy ILs 2 1L-139] Wao] BASH Asteth et 5
o1& H CpG FoATAA IEN-7 FHA 7} Faddcte

it

oIt} Knock out PH$-2 o] §3F A5 BN HH GG
b whess AARAN FE2s] AEuge oA de
IEN-7 Y IL-127} 28 glgem,"? in viro A PN AT CpG
7} IFN-y /IL-12 knock out PR$-2~o|A] A& splenocyteo]] A]
LSS AAsHE AoR BEAR oM, old M100] 2
& qgg she oz HHHGSY o FuEd e
CpGe] INF-y A58 §FelEHolon, ¥ vk
CpG EEoA IEN-y A 5ol HU o, CpG =7t =
< golle 2318 IN-7 Aol JAHAL” o] ddn
d-S E3)A CpGT} regulatory T cell & Z7HA)7] &= ZA0& 4
A0 Eg CpGE  dendritic  dello] 4] indolamin 2,
3-dioxygenase (IDO)2] T& S Z7HA7| 1
T celle] 219} 7158 ol oz By gk A4
Z ke HAl Etaloﬂ A CpG7} IDO pathway S 384 S4F
74 EAENES AAE F Ak Ao wad v 9)
o 2 A v 5ol LEA, 110 9 TGF-S 2| &
=42 A FEaA pG7]— ero:] regulatory T cell«] e S

of| x

=

o

Y

o] E3| regulatory

7L A
2 ATN G2 7 B3} o] WS BAA A
2 Rojelq. AExel A RE S2RUdN OVA &
= AFGE o8 AT, ARANEY) de2a
g olgg WA RHA pGel ATE B A7} YA
2 AR HAS ks RE BHE WA RYS o
43 A7e 2 & YU

B A7E 2aA R A4 Ro|A Gt R FAL 7]

2 3]

S go] Fol@ A% GGt W25 He] Ye g H
& & 99tk Gl AR FAR R F2F I MR

9. ot A7HE 54 ¥
& A AR 0w
Az} A Fosles o] pGE dEo2 F

%

F34Q Aoz A ok’ OvAdl e k- A4
TdoA OVAS} CpGE B4 Fo g oA GpGE HEL
Z Fogh ol vls R o gl 2r] NS dAshe
37 Y R AeE Hud vt Itk OpoGe Sd 24
el 93 M= E S e 4 e AR HauEw 9l
T} Cho & YHJ OVA 4] BdoA CpGFoo <84

[¢)
7138A] H&EZ9 H]Z peribronchial fibrosis, peribronchial
myofibroblast & 18] 1 TGF-419] TS JAE F S
o Basdg?

CpGE L 27] Sate] o] &4 23 A EE A=
29 3990 B #3399 Bt 2% 23z
A ZE E7} FAtell M CpGF Amb a 1 53
S o e o el S s o )
?:“o”\]?fdﬁ]’ﬂ %‘OH%EPJ ;A F 27 Al oyt
th&sf o] w4 %7}%’- Az A g 2] v 43 4

ofy
o2
o
N
o

o g 54 =7 AABAE e
= @ je PRad TR Rut 49s A4S
o] FUAY Y S FUAA SRS A

H =
o, G2 477 1 F
DEEAk

e ox _>;1_',
e o
I =

e
(B 32 o
18 8
R
o,
i)
&
rlr
9
(®)
rﬂ
I o
ny
i
-
£
ol
0
o

ofy
1o,
2L
1>
1o,
ol\

>

FAREA @ T 27] 3 §7] Ak
A2 gt A opGel aze Wgsted)
gk ol d 4 A dddE & o $57)
ol Al CpGE o] &3 AU NEar] ¢

T ARE Row AZE, B ATE H
CpG7F AR 83tE AL = A= AR
489 7hede AArg

=2 O

2 N
A=
o]
2

ok o

B =

e T
K
N,
r
B
oot

o 2 W % oo
2
EAN
N
rﬁﬁiﬂgﬂ
22
H
r-

rE o @ S H ool Rl oox N o
fitl

1M
I

& \lk=] OP_ CR?SL Q)

o7 WE nfg A HA T t10ﬂ/\1 CR3} J;Jr unmethylated CpG
2 Wl TR A

SRS, BATY T EGFNE,
goblet cell hyperplasiaS =& 4= p3
3 A3}E= unmethylated CpGE L 272 AHX 8 A

3 g
o & B¢ Wgxd BNE ¥ FsAS A



2 1

il
ror

1) Eder W, Ege MJ, von Mutius E. The asthma epidemic. New Engl
J Med 2006;355:2226-35

2) Braun-Fahrlander C, Riedler J, Herz U, Eder W, Waser M, Grize

L, et al. Environmental exposure to endotoxin and its relation to

asthma in school-age children. New Engl J Med 2002;347:

869-77

Ball TM, Castro-Rodriguez JA, Griffith KA, Holberg CJ,

Martinez FD. Siblings, day-care attendance, and the risk of

asthma and wheezing during childhood. New Engl J Med 2000;

343:538-43

Krieg AM, Yi AK, Matson S, Waldschmidt TJ, Bishop GA,

Teasdale R, et al. CpG motifs in bacterial DNA tigger direct

B-cell activation. Nature 1995;374:546-9

5) Hemmi H, Takeuchi O, Kawai T, Kaisho T, Sato S, Sanjo H,

et al. A Toll-lke receptor regognizes bacterial DNA. Nature

2000;408:740-5

Fattouh R, Pouladi MA, Alvarez D, Johnson JR, Walker TD,

Goncharova S, et al. House dust mite facilitates ovalbumin-

3

=

4

=

6

N

specific allergic sensitization and airway inflammation. Am J
Respir Crit Care Med 2005;172:314-21

Kline JN, Waldschmidt TJ, Businga TR, Lemish JE, Weinstock
JV, Thorne PS, et al. Modulaton of airway inflammation by CpG

4

-~

oligodeoxynucleotides in a murine model of asthma. J Immunol

1998;160:2555-9

Kline JN, Kitagaki K, Businga TR, Jain VV. Treatment of

established asthma in a murine model using CpG oligodo-

xynucleotides. Am J Physiol Lung Cell Mol Physiol 2002;283:

L170-L9

9) Jain VV, Kitagaki K, Businga T, Hussain I, George C,
O'Shaughnessy P, et al. CpG-oligodeoxynucleotides inhibit airway

8

=

remoeling in a murine model of chronic asthma. J Allergy Clin
Immunol 2002;110:867-72

Chapman MD, W{inshmann S, Pomés A. Protease as Th2
adjuvants. Current Allergy Asthma Reports 2007;7:363-7
Hammad H, Chieppa M, Perros F, Willart MA, Cermain RN,

BN L. House dust mite allergen induces asthma via Toll-like

10

=

11

N

receptor 4 triggering of airway structural cells. Nat Medicine
2009;15:410-6

12) Johnson JR, Wiley RE, Fattouh R, Filip KS, Gajewska BU, Coyle
AJ, et al. Continuous exposure to house dust mite elicits chronic
airway inflammation and structural remodeling. Am J Respir Crit
Care Med 2004;169:378-85

13) Kline JN, Krieg AM, Waldschmidt TJ, Ballas ZK, Jain V,

2X35 5: CpG and Cockroach Induced Asthma 199

Businga TR. CpG oligodeoxynucleotides do not require TH1
cytokines to prevent eosinophilic airway inflammation in a murine
model of asthma. ] Allergy Clin Immunol 1999;104:1258-64
Kitagaki K, Jain VV, Businga T, Hussain I, Kline JN. Im-
munomodulatory effects of CpG oligodeoxynucleotides on esta-
blished Th2 responses. Clin Diagn Lab Immunol 2002;9:1260-9
Farkas L, Kvale EO, Lund-Johansen F, Jahnsen FL. Plastmacytoid

dendritic cells induce a distinct cytokine pattern in virus-specific

14

=

15

=

CD4+ memory T cells that is modulated by CpG oligodeoxy-
nucleotieds. Scan J Immunol 2006;64:404-11

Moseman EA, Liang X, Dawson AJ, Panoskaltsis-Mortari A,
Krieg AM, Liu YJ, et al. Human plasmacytoid dendritic cells

16

=

activated by CpG oligodeoxynucleotides induce the generation of
CD4+CD25+ regulatory T cells. J Immunol 2004;173:4433-42
Mellor AL, Baban B, Chandler P, Marshall B, Jhaver K, Hansen

A, et al. Cutting edge: induced indoleamine 2,3 dioxygenase

17

-

expression in dendritic cell subsets suppresses T cell clonal
expansion. J Immunol 2003;173:1652-5
18) Hayashi T, Beck L, Rossetto C, Gong X, Takikawa O,
Takabayashi K, et al. Inhibition of experimental asthma by
indoleamine 2,3-dioxygenase. ] Clin Invest 2004;114:270-9
Hirose I, Tanaka H, Takahashi G, Wakahara K, Tamari M,

Sakamoto T, et al. Immunomodulatory effects of CpG oligo-

19

=

deoxynucleotides on house dust mite-induced airway inflammation
in mice. Int Arch Allergy Immunol 2008;147:6-16
Shirota H, Sano K, Kikuchi T, Tamura G, Shirato K. Regulation

of T-helper type 2 cell and airway eosinophilia by transumcosal

20

=

coadministration of antigen and oligodeoxynucleotides containing
CpG motifs. Am ] Respir Cell Mol Biol 2000;22:176-82
21) Jain VV, Businga TR, Kitagaki K, George CL, O'Shaughnessy
PT, Kline JN. Mucosal immunotherapy with CpG oligod-
oxynucleotides reverses a murine model of chronic asthma induced
by repeated antigen exposure. Am J Physiol Lung Cell Mol
Physiol 2003;285:L1137-L46
Cho JY, Miller M, Back KJ, Han JW, Nayer J, Rodriguez M,

et al. Immunostimulatory DNA inhibits transforming growth

22

-

factor-beta expression and airway remodeling. Am J Respir Cell
Mol biol 2004;30:651-61

Creticos PS, Schroeder JT, Hamilton RG, Balcer-whaley SL,
Khattignavong AP, Lindblad R, et al. Immunotheerpay with a

23

N

ragweed-Tll-like receptor 9 aagonist vaccine for allergic rhinit. N
Engl J Med 2006;355:1445-55

24) Gauvreau GM, Hessel EM, Boulet LP, Coffman RL, O'Byrne PM.
Immunostimulatory sequences regulate interferon-inducible genes
but not allergic airway response. Am J Respir Crit Care Med
2006;174:15-20



