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Effects of Immunostimulatory CpG-Oligodeoxynucleotides
on Bronchial Asthma in Rat

Sin Hyung Lee M.D., Je Hyeong Kim, M.D., Hye cheol Jeong, M.D.,

Kyung Kyu Kim, M.D., Ki Hwan Jung, M.D., Byung Gyu Kim, M.D.,
Seung Heon Lee, M.D., Sang Myun Park, M.D., Cheol Sin, M.D., Jae Youn Cho, M.D.,
Jae Jeong Shim, M.D., Kwang Ho In, M.D., Se Hwa Yoo, M.D., Kyung Ho Kang, M.D.

Department of Internal Medicine, Korea University College of M edicine, Seoul, Korea

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 ISS 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 T},

~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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olgelx, The 7jdo] A&ske AeR FAHT 9
qll-

A9 =t} 28] (mucus hypersecretion) & 34|
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2718 A4 A7) 718 L HEFA Hele) 3
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e Ao wud uh Qo}en, y1BA 2ial mo)
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1 [ - | Pre & Post Allergen Challenge
Day 1 Day7 Day 14 I Specific Airway Resistance Asthma
. i Model
Sensitization ?I“‘:I'Qe“ " post-reslstance is larger
challenge more than 150% than pre-resistance

Fig. 1. Formation of asthma model.

Full line : thoracic flow / Dashed line : nasal(head) flow
- o 4\ \
Expiration — AN ’ ; \ ; / \\,_
Baseline — 4 \ // N A N TN f_,/'/ o
Inspiration — i
9
T .
(272=30" )
tan =Q xR xC

@ : phase displacement
Q. 2xXrespiration rate,
R xC : 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 @ /2xf
R ! airway resistance
Patm : pressure of atmosphere
f : respiratory rate

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

t}(Fig. 2). 2 o] sl oh(Fig. 3).
‘ A e 49 A1 A 714 71% A3 (basal
2. AE cHAKR O] M sRaw)<& é’s{l F, A9 A 1599 #2049 pla-
cebo(Ag] ¥4y ImlE && FALE A 16YUw
AT H e P4 g A4 xR 10 A 214 ’%’B] AEFE a7t ARl =2A17)
ﬂ}al ovalbumin 74&# §3= JjEx) H4 mdz %, A21Y sRawE &350}
oldl 26 vigle] WiXME, A4 =Z (asthma con- XV‘ 2 A48 A1543 A20€9] placebo
trol group) 11 vlg] 2 #H24-CpG X EF(asthma (A Adg) ImlE &8 FAGla, 41693 4
-CpG treatment group) 15u}a]& tjitog yzo 2149 1% weight/volumes] OVA £9-& 587
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Normal
contol
(n=10) ﬁ ﬁ
Asthma
control '
(n=11) T T
Asthma-CpG
Treatment -
(n=15) T T
Day 1 7
{} Normal saline sensitiztion
4 Ovalbmin sensitization
M Ovalbumin challenge
(] Normal Saline Challenge

14 15 16 20 21 22

A sRaw measurement

(O Normal saline treatment
@ iISS CpG - ODN treatment
® Sacrifice

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.

AFsld =&AZ F, #2149 =& Al sRawE &
8kt

A2 -CpG A5TE HE A1597 42049
CpG-ODN 300 1 g & <& FASERL, #1637 A
21 1% weight/volume2] OVA §-& 587}
AFsle] =27 &, A21Y =24 sRawd 23
sttt

A = B2F A8 A229dl 31 (sacrifice) A17]
T, 718 AE AAes At By 223d A
T4 BARESE d7-8 Y3 H24 & Asid.

3. CpG-ODNej g4 3l Fof

CpG-ODN-& 279] CpG-motifsS X3rsl= 2071
8] 971 ME(TCCATGACGTTCCTGACGTT) =
BionnerAl(Daejeon, Korea)d] <33} 431
I, Fo & CpG-ODNe] &2 300ug’oz
phosphate-buffered saline(PBS)¢| 4io]A] @49
BT (Y, gluteus muscle)d] -8 FAlEATH

4. 7[@x| A w2 HE o M2|

AE A22Y v P =% 24470 F, pento-
barbital sodium 60mg/kg& 27 W} FASK vl
Al &, F3& disin Z1aAs o dAE He
¥} A& ¥ A $49E RT-PCRE 918 o
A Axz B Az, -70C ¥ BHAAG.
29 2 e A2 W 3] e e
AE o4 Arg B3N] A3 10% T=%
A g0z aAEA. s 71aA A A
Ao o] Alo]EFRI(IFN-y, IL-4)2] FE9} &4t
Fo| 2Eg 2] sl 71BN AR AFHeE
Al sidch.

5. 7lek| HE Mizis
S BT F, Bhad FuE 190E T

= T7]J4X] (left main bronchus)O]] sk, 3-
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2nd A W FQlsled, il 8wl E2lad F
BE 23lo] E21}Q=(natural drainage) A3

& Aldael Bt

(o]

. 71| HE S el IFN-y2} IL-4 Szo|
&%

A 19 73R HA=E A3 (BAL fluid) & 1.5mf
Eppendorf FXof vhe & 4°Co|A 150G=2 10%
A4 B &, AdEdg Hsld 70T 9%
B3} IFN-y9} IL-4 59 Alo|E7lgle] &3
& 3% BAS AE A HAS 59 F Solid phase
sandwich Linked-Immuno-Sorbent
Assay (ELISA) Wyoz AZ3s9itl. ELISA:=
wWAjel [FN-y2} IL-4 kit(Cytoscreen Immuno-
assay kit Rat INF-y and IL-4, BioSource Inter-
national, Inc., USA)& Alg3lw, 1 &35 2 ELS
800 ELISA READER(Biotec, USA)E ZA3}o]
SEE AT,

Enzyme

7. 71EX| HE KA o] SMT Halo| 24

A Il E AAT A AFAe 2o 5, 2 4n
2 2000 & FH3le], cytospin 7|AE o] &3l
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B8 XZofd F, 4mo] FAZ Ze} s Fae]
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-70CE T2A" $¥99do=z®E TRIZOL REA-
GENT®(Life Technologies, Inc. USA)&- 0|85l
mRNAE F&3%ct. &9 mRNAY 525 &
HA 2 Rl BE AA disid T8 2ugd
RNAZ 1st Strand cDNA Synthesis Kit for RT-
PCR(Boehringer Mannheim, USA)& o]&3}o] .
cDNAEZ 3FAsigith. 4% cDNAE AEA
(primer) 5-GCC CTC CGG ACA GAA GCA
GCC TTC-3'¢} 5-GGC CAG TGC GGC ACT
TGC ACC AAC-3'& AHgsle] S3tas 93 vk
£ Agisignt. PCRE GeneAmp PCR System
9600®(Perkin Elmer Cetus, USA) 0.2, 94°C A
5F 71 ukgAlZ]l &, WANRE-2 94 ColA 20%, 2
k32 61.5ColA 30x%, AANEE T2TA
3024 wEd oz 3231 Al & 727 CAlA 7

SRR MA 9] glyceraldehyde 3-phosphate de-
hydrogenase(GAPDH) & Algslat). 2384 &
3 vk A ELS A7|9% A|# Ethidium bromide
Q9 ¥ ejzol= WE o2 BYell AFH =2
# Scion Image(Scion Corporation, USA)E A}&
S AdE WE BAS FH 4 g2
MUCSAC #xzle] 2d =&

Zx3lt).
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10. SAEA

jodl

Z} #7ke] ¥iE Mann-Whitney U 2R3 Kru-
skal Wallis #AAL ARg3sled EA518ct. CpG-
ODN ool 4] Fol A3} Fo] zjolof & vlale=

AgE zt Po] 7|=A e giE 54 24 BAAHE A}
£3lo] BAEgn. RE A4 SPSS for Win-
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dows Release 9.0.0 (SPSS Inc. USA) & Algsla,
p#xel 0.05 oJ3lel A9 FAH Felidol o= Ao
2 #gsd.

m. 2 u

1. §0] 7= Xg(Specific airway resistance,,
sRaw) 2| ¥z}

Placebo(Q2] 2¢4) £& CpG-ODN A=A A,
ovalbumin(X24] =3 A4 -CpG (EF) &
Al AEF (Y dE2F)E dFsle =27 &
4% Bol 7|E AL, x&F F 485E 108714
Al 2 Rl ZolE  BATH(p<0.05 by
Kruskal-Wallis test). & A4} 273 34 oz
T F AH-CpG BT Afololls = F 284
10271 712 gl glolA fold 2ol Bgle
H(p<0.05), #2] thx7a 14 -CpG A BF Aol
de =& A5 feldt 2ol BAHA B(p
>0.05)(Fig. 4). :

Placebo(42]29) &2 CpG-ODN Az %
AT 7= AL, I =F F 280N 1082712
Al ZellA feldt zlolE RYem (p<0.05 by
Kruskal-Wallis test), A4 )z 3H4]-CpG A
57 2 AR URT Aloldle =& F 2894 108
7 71% Al QlolM FoE Aelg B o (p
<0.05), B diz3 A2 -CpG AJEF Alolo=
=& 39§93 2ol TEHA ol(p>0.05),
CpG-ODN A5 ¥ A4-CpG A8y 7= Ag
o] FAH LR Folshl FaEAHFig. 4).

2. 7[R HZ HEY Lhe] IFN-y2} IL-42] 55

7182 AE AHANA EZG Ty B Alo] B
INF-79] $2& A2 gz 44 -CpG 2879
A 737} 3.9+ 1.3 pg/ml, 24.1+10.4 pg/mlz =4
sol, #4-CpG Hmolrl A4 diziel] wlsle
freldHll Ehom (p=0.005), Ty, & Alo|EFI9

A.
14 = Normal control *k
12 A& Asthma control -
—~ @ Asthma-CpG
H Treatment
210
z
€8
E
6
‘t:u *k
@4
2
-2 Challenge 2 4 1] 8 40 min.
B.
16
14
212
E 10
£8
g6
“
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
**5>0.05 Asthma control vs. Asthma-

CpG treatment P
In B. *p<{0.05 by Kruskal-Wallis test
**#5< (.05 Asthma control vs. Normal
control and Asthma-CpG treatment
#p>0.05 Normal control vs. Asthma-
CpG treatment.

IL-49) 5= H4 hzFa 24-CpG 52
Zk7t 5.3+0.7 pg/ml, 2.7+0.6 pg/ml, 84-CpG
A B A A2 gzt visle] felsil @kt (p
=0.006)(Fig. 5).

3. 7[EA] #iE XY o #HZEEoMe| st A
3 B

718 A A HNe] BakTe] Rae, A4
27, B4 Y27 % A4 -CpG ARl A % 200
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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 — 707
| *
Asthma "%
control
*
Asthma-CpG N
Treatment
]
6%
Fig. 6. Differential count of eosinophil in BAL fluid.( % in 200 cells)
*p<0.05, **p=0.57
N} N=E Z 42 2.0+0.3%, 4.8+0.9%, 2.0+0. 7l ol Aol flitH(p=0.57) (Fig. 6).
4% 2 A Z2FAA T2 Tl vk f2lsiA Hz27, 53] 71984 F99] A I8 FEs,
EXOH(p<0.05), B tixFe 314 -CpG A& 5709] 3u]& (x400) AlopollA], A iz, 4
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Fig. 7. Eosinophilic infiltration in lung tissue.(number of eosinophil in 5 HPF, x400)
o
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Fig. 8. Goblet cell dysplasia in lung tissue (number in 5 HPF, x400)
*p<0.05, **p=0.508
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Fig. 9. Expression of MUC5AC gene in lung tissue(optical density, % of GAPHD)

*p<0.05, ¥**p=0.61

e 2 H4-CpG XZFollA 247 20.1+5.98
7W, 116.0+21.671, 60.5:11.6705, A vz
A ohE Satol] v)sle] folElA e (p<0.05),
B s 12 -CpG A a7re] vlme] gleir]
= Y -CpG Azl r] A4 gzt vlsle] f<]
81A Eol(p<0.05)(Fig. 7), CpG-ODN & % &
A 9FY AErt frelsdl Aads BEsig

4. u§AF MIES| Ol U MUCSAC SExe| Wl
HE

PAS 94 slollA] B3 719k Fe) )4 e
q

o8y MTAE, A dx,
[

Hjgted M2 djzg g A4 -CpG A8l A o]FA
o] Ax7t fosA ¥ (p<0.05), A thzga
H2-CpG A z77re] vlmo| e #4-CpG X 2T
oAl @& Age Hiloy, SAHOR Fedt o]
= 8RR GUtH(p=0.508)(Fig. 8).

73%E ==7% Scion Image (Scion Corpora-
tion, USA)E AMg-&d, House keeping H-3x}el
GAPDHebe] A A 38 9% (optical density) #
Ae 2a] 248 MUCSAC #3l4e &8 Axd=
rb 2, A gze, WAA-CpG AB8itelA 2z
Zt 10.52+0.84%, 14.45+0.45%, 14.56+0.53%
2, Ag vizgtel nisle] 14 gz 9 A4 -CpG
AagolA wd Aert folE Edou(p<o.
05), #4 dz=v #A-CpG A5t folet
Aol 7} g1l (p=0.61)(Fig. 9), CpG-ODNe] x5
7b A gopad)e] 2|EQ) dd Az o) A B
MUC5AC genes] &= 231 ekg nxjx|
e Aoy wEEg

Fle AN WRlel B He] AT A
o, BAe B T Yobrere Fue o
8 714 Al BRI B 4% bl 2

B Aot el 5477k Phes
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& 492 AZ oY B el AR gtk
ol AP|EIRIES do|=Uw =4 (aeroallerge-
ns) 3 2L Tt Auke] o) disle, T s+
9] Ty & WY WHgo 2 U3le] Eulsy o]9} Zo]
PAE Ta, F WS AIThs Ao] 5 A2 9] A
gl oM Fa3 HSE HAE = g Ao
GEI Y, o] Zo] FIHE Ty, Fe] WY vHe-8
A taL, =3 Tw F9] 8-S FAAF] 9
Hog, T 7MY sk d7EHL e Ao,
A 34 A A EE 043 DNA-based immu-
nization, & DNA ®Alo]r},

|y $44 f-A gL Tokunaga §*°] Ba-
cillus Calmette-Gurein (BCG) o 2HE 35
o] AAIF F-12(DNA)Y7F NK A % (Natural kill-
er cell, NK cel)& &A43+]7)1, Interferons
(IFNs) o/B/re] B4& FAAA, Ad3 =
e FAIE Ae Bago =4 dEXA Hd.
3 % A 7 BCG g@¥e] o2 7R 29 (cod-
ing) Gl &= TFd F4 45-mer 2|3
TEYQLE=E0] AP IFNse] £H)E /2
sk, NK Al¥e] #4& FrH7le o9 2e
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Fgitt® CpG-ODNE& I} E& 5|2 AR
A =4d, 244 A Z (keratinocytes), Ad-§-o}F Al E (fi-
broblasts) &-& &5 A|¥EHE EA|F (transfec-
ted) 3¢le] MHC class I moleculesd]] #AA]Eo =
# CD8* cytotoxic T uf7ol] oJsfir] QA€ T}. &=
3 MHC class II-restricted CD4" helper T €3}
T-E #3535}, 34l SolAel Ty 8 HY W&
wale] ez RE Interferon-o/8 IL-6, IL-12
2 IL-18 59 #4]E F7M7]1, NK Al Z257H
INF-7 & H12% B2 Ao]E71ls] 48 E7417]
o2 olu] HAHH Ty, Y ¥ 9 IL-4, IL-5 F
of BH|E A} E3, NK NE2HE 249
INF-y= B datte] IL-69] #48|& F7MAA, HY
chilol P8 27T e AeE BaEa Qi
g 2r|g A#, 53] 7]8A A4 1SS CpG
-ODN9] #de] #et 1 ko] ATFES AFHEH,
Chu 5% Tyu-biased BALB/c¢} Tgy-biased
B10.D2 A =9dA hen egg lysozyme(HEL) 3}
CpG-ODN¢& FAldl Fo4% A7} HEL &e] IFN-y
= Zylsi HEL Eo] IL-5& ZAsld, Al o
2 Tw¥ BHR anti-HEL IgG..o] /4ol 14
< B39, Kline 55& 9A] A 32 2o
T4 CpG-ODN& FAld £ A, 7|= W 34t
T9 A, Tw & AJEFR], [gE B4 2 7=
9] Z{IAge] ZAasle], CpG-ODNo] oz {8
g 7Ize 9Fg dide ZeE Rusiyit.
Broide 5% CpG-ODN& iAoz 5o Huto
2 Fo3id, 7x, A4ddn oA sAT ST
A1, 2oz T, A E ¢ NK A2
2 A=ske] [L-129F IFNsE 27141719, T Jda+
A FelEE T 84 AolEFRIY IL-5, GM-
CSF 9 IL-39] 84 & dAske o2 Bt
o o7l Sur 5'°& ragweed allergen BALB/c




— Effects of immunostimulatory CpG-oligodeoxynucleotides on bronchial asthma in rat —

AR A o] 2 amse] HRAdA 71 A ¥
AT AR Q] A A A (systemic reservoir) 25-E]
Tw A¥Ee] %07 <lsle, CpG-ODN Fof &
#Hh 6574 AEH e 2 AL, HEFHoz
B8 A4 wEoA ISS CpG-ODN-& $-4 g e}
NK Az 5¢] " AAS sz ozM, IFN-
a/f/ret IL-129] ER1E H3AA skt J&3
24E AAs, olnf Eu)7t Zr1E [FNse} IL-12
= Tw H]Ei—‘?{iﬂ IL-3, 4, 5 & F<pollA] FAM-
9] F218 27A17)E GM-CSFe] #u)& oAk
oje} e d#o] W52 CpG-ODN Fo § 4]
ZF el dofu, Aazel | AA 2)slo] i)
Ea, YajEel ?'3; A2 (anti-eosinophilic) 7%
& vEpdt & e e, IFN-¢/f/y9 IL-
12+ ndive Ty MEE Y HolAQl Tu-typel®
w37 gomm, Fde] AT tfate] IFN-yo] &
HlE EAA, Tw-type ¥hge] 847 #3812 &
Ao S AT, o] 2 e 854 |
ool Anz, 7N EE YA =439
A& vepdg
£ AFMg, 1SS CpG-ODN & ofn] sdw
A A mEe A E (B, gluteus muscle)ol] <
F FANG &, 7198 HZ A HAoA F4% Ty 8
Aol g71e1el IFN-72] %7} CpG-ODN ] &)
A 2] djzgel| vt fofeiA =ekow, Ty, 3
Aol E7191¢1 TL-4= CpG-ODN X874 #HA
el Blslel folai v}, ISS CpG-ODNQ]
%‘O{} ——é—*, The ﬁg udg-j, ‘ﬂ"g"\or Lﬁ\—Q—L—, Tw .o o
PHEE AR =8 CpG-ODN A8 A

: Holx] ‘\”%‘5 4] ) Z=te) -'*'V\l -CpG ABF
, CpG-ODN &-& placebo( Al
HE F, Ha-CpG HBFNA Ha] of
Hgle] folstAl Zhast, A dlzite] W
}017} glol, CpG-ODNo.2 Q13 ¥ whgo]
A9 7% TIPS DaAZS O

AL <2 32 flo
R
o
N
Ht
A
, o
_CL

g
Z A

é

1

f‘—t‘—a ‘E oY >
RN

v

“4r
o
i

R MRS EREERIEERTRES S
244 37 H& 4= 944 CpG-ODN
s2elA A4 BT Hlsel folsbl s,

.;_-*ﬁ_‘«,.n

CpG-0DNo] 3AREA 7|52 955 2Ash= Zo
A o] 2RSS T 1 FE FY
A ezl 1SS CpG-ODNe| ge| g
g3 Balehs 402, CpG-ODNoj 73] 2
o] 7] A P FAREA 3ol 2B ol F
Al ;éii}ﬂ g Ag Ak Aot ¥ 4 ¢l
Ach

71%e] Ao yo} Bul 718 e o3
B el o shig, o2 A% HY F
plug)9l A Ad F4 2 Loz Al 3
Al A EsiA BAHE 2ol R i
chd, goel 2 9 AR, salts)o] EFA=R,
Z=A B0l Al A CBEFE, mucin)+ AHAG 9] e

A4 9 B4 e 243k faoth &

713A] 4 "“]i"?
71=dte] o]EH e
3L, ] 3?_??:5] |y oy 2
illﬂ(lactoferrm) 2 gl Azl (lysozyme) F9]
T B2AES Bl Al 4ds s, &
FNE TRAHEE BAl 7= B Y
& Asie J8E POHE Uik Aol Jeije
Al 58] (mucous granules) &8 ¥akale W
T o) wiad AlEe} Aurst wuladel el Al EolA
vk, ool BHlE Al AL HdA
(mucin gene) = AA7IX], MUC1, MUC2, MUC3,
MUC4, MUC5AC, MUC5B, MUC6 —18j31 MUC7
59 871 FH7E welzem¥, o F MUCL,
MUC2, MUC4, MUC57} #HojA ¥d=m, 1 7k
Fﬂoﬂfd MUC29} MUC52] mRNA7} 7|xd] &8}
“3«401 o] ¥ fHzt 7|&e] HY ]
Aoz s 9l

b

7) gele) Fee °‘i]3i°

| ©
/
e

Hr ox m?d r» e

527 9y 53 28 oo adEd ol x4
=T}, Sl C{ﬂj}, o}Al3} g (sulfur dioxide), Y=
Yo}, A3 2 (nitric oxide) T3 £2 =54 71

A= 7% Ao ga)go] Hale] 2w (pH)E A4
o ggelyor WP sy, gddue &4



— S. H. Lee, et al —
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JALE (arachidonic acid rﬁetabolites)?l prosta-
glandin-F, (PG F, ), leukotriene D,(LTD,),
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