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Effects of

CPG-oligodeoxynucleotides  in

Chronic Inflammation and

Remodeling of Airway in a Murine Model of Bronchial Asthma

So Hyang Song, MD., Chi Hong Km, MD., Dong Hwa Han‘, Seung Joon Kim, MD., Hwa Sk Moon, MD., Jeong Sup

Song, MD., Sung Hak Park, MD.

Department of Internal Medicine, The Catholic University of Korea, Seoul, Korea, Research Institute of Medical Science, St. Vincent

Hospital, Suwon, Korea

Background : Airway remodeling of the asthmatic airway, the result of persistent inflammation in the bronchial
wall, is associated with irreversible airway obstruction and the severity of asthma. Previous reports had represented
that adminitering CpG-oligodeoxynucleotides (CpG-ODN) before sensitization or challenge by allergens inhibits the
development of eosinophilic airway inflammation in a murine model of asthma, but the effects of CpG-ODNs on
chronic inflammation and airway remodeling had not been characterized. To investigate the influence of CpG-ODNs
on chronic inflammation and remodeling of the airway, we performed studies using a murine model of chronic

allergen-induced asthma.

Methods : Bally/C mice were sensitized to ovalbumin(OVA) and subsequently exposed to nebulized OVA by means
of inhalation twice weekly for 7 weeks. CpG-ODNs(30 1g) was administered intraperitoneally at sensitization. After
final inhalation, mice were evaluated for airway hyperresponsiveness, chronic airway inflammation and remodeling.
The mice exposed to chronic and recurrent airway challenge with OVA had persistent airway
hyperresponsiveness, chronic inflammation and airway remodeling. Mice treated with CpG-ODNs exhibited
decreased bronchial hyperresponsiveness, OVA-specific IgE, chronic inflammation and evidence of airway remodeling,
including goblet cell hyperplasia and subepithelial fibrosis.

Conclusion : CpG-ODNs was thought to prevent chronic inflammation and remodeling changes in a murine model

Results :

of chronic asthma. (Tuberc Respir Dis 2004 57:543-589)

Key words : CpG-oligodeoxynucleotides, airway remodeling, murine model of asthma
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Figure 1. Schematic representation of systemic  sensi—
tization and provocation  protocol  in each group  of
mouse asthma model.

|P: intraperitoneal injection

OVA: ovalbumin

CpG: CpG-oligodeoxynuclectide
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Table 1. Total cell count and differential cell count in bronchoalveolar lavage fluid

Control OVA CpG-ODN
Total cells 155 = 49 323 = 152« 248 = 169+
Macrophages 138 = 46 184 + 108+ 196 + 140+
Eosinophils 00 =00 97 + 58t 09 + 08
Lymphocytes 08 £ 04 15+ 09« 18 £ 12+
Neutrophils 08 £ 05 35 + 30 25 £ 22«

Unit: cells in BALF(10%/m)
* P < 001 significant difference vs control.
+ P < 001 significant difference between OVA group and CpG-ODN group.

c " Toe i w 2 i
r. . & .'._.‘
‘. ° i
‘.: 1. ke u..-'é -
v S ” G,
& i .

Figue 2  Microphotographs of Diff-Quik stain  of bronchoalveolar lavage cells in each group of mouse asthma
model(x100). (A) control group, (B) OVA goup and (C) CpG-ODN group. Compared with control group, OVA
goup  showed increased inflammatory  cells  including  eosinophils,  lymphocytes and  neutrophils.  Compared  with
OVA group, CoG-ODN group showed decreased eosinophils.
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Figure 3. Ainvay  hyperresponsiveness  to  methacholine
in each goup of astma. CpG-ODN prevent non-
7= NA-E =Tl vlaA] OVATlA <3t specic  amay  hyperesponsiveness. Repeated  inhdlation
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AL - L asAl

A 7t significant bronchial hyperresponsiveness, which
& FostAl S7FeFE o H(P<0.01), OVAT-l H]|3| is significantly reduced in  mice treated with CpG-

o - ODNs at the tme of sensitizaton. *+ P < 001 signifi-
A frefeiAl s EHP<0.01). OVAT 2t cant difference vs control group. TP < 001 significant
o vla] E& FxolA 7|=3A (Penh)o] £ 3}A difference between OVA group and CpG-ODN group.
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Figure 4. Changes of serum total IgE and OVA-
specific IgE in each group do murine asthma group.
Repeated inhalation of OVA in  sensitzed mice
leads to induction of significant serum total IgE
(A) and OVA specific Ige (B), all of which are
significantly  reduced in  mice treated with CpG-
ODNs at the time sensitization. * P < 001 significant
difference  vs control group. TP < 001 significant
difference between OVA group and CpG-ODN group.
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Figue 5. Changes of Goblet cell hyperplasia in each
goup of murine asthma model. Repeated inhalation
of OVA in sensitized mice leads to induction of
significant  Goblet  cell  hyperplasia, which is  si-
gnificantly  reduced in  mice treated with CpG-
ODNs at the time senstization. * P < 001 sgnificant
dfferece w8 control. TP < 001 siginificant difference
vs CPG-ODN.
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A8t WAS 27 (1040 + 642 pm’/100 pm of o

basement membrane)°ll R3] OVA-(2291 + 802 1

m*/100 pm of basement membrane)©] <] 34 Z7} ATl v A w2 R Eo A ovalbumin
=9 31(P<0.01), CpG-ODN-(1162 + 589 pm?/100 AZAle CpG-ODN< Fo st ey 7] 34 7 LA %
um of basement membrane)> OVAz*ol| H]&j f-2] Mol A FAE Fo] AFAEE] Tasigon 7]

sHAl S7HA(P<0.01) A28 EAthFig. 6, Fig. 7). I e askelar, 93 IgE B OVA specific

PAS Masson

Figue 6. CpG-ODN prevent peribronchial inflammation, goblet cell hyperplasia  and  subpeithelial  fibrosis  in - a
mouse asthma model. Compared with control  group(A, B), OVA group showed significant chronic  peribronchial
inflammation and goblet cell hyperplasia(C, D). Compared with OVA goup, CpG-ODN groupE, F) which treated
with  CpG-ODNs at the tme of sensitization showed siginificantly —decreased peribronchial infilatration,  goblet  cell

hyperplasia and subepithelial fibrosis.
PAS: PAS staining (x100)
MT: Masson Trichrome staining(x100)
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Figue 7. Changes of subepithelial fibrosis area in
each goup of muine asthma model. Repeated in-
halation of OVA in sensitized mice leads to induction
of significant  subepithelial ~ fibrosis, which are  signi-
ficantly reduced in mice treated with CpG-ODNs at the
time sensiization. * P < 001 significant difference vs

oontrol. ¥ P < 001 siginficant difference vs CpG-ODN.
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