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1. 5 ¥ RSV Z4¥
2= AF 39% BALB/cS AF839 1 specific pathogen free A B ol A A}

%3k, RSVE human RSV A2 FF(catalogue no. VR 1302)5 A}&3} %t}

l

RSV &= HEp-2 cell( Eagle’s minimum essential medium (Gibco) supplemented
with 2% FBS)el wjkA 7 o1 HEp-2 monolayer®] RSVZE inoculationA 715
1A o2 BEste] 80%c°l e AlE7F "olx Ew harvestst it AIEXAE A&
18°Col Al 2000g= 1583 YA EEsta, vlo]Hq =7t X% pellets TthA] 2143
#) %] (10 mmol/L. PBS containing 15% sucrose)E F713+5 - 70°C WA Lo =4
Ael BAstHh vlolgl A~ 9 7FE microplaque immunoperoxidase methodol] ©}ha}h

A3t s,

RSV RSV
Mouse Age: 3d 5d 40d 44d
Protocol day: 0 2 37 41
ODN Analysis
Sham
Groups  RSV/CpG ODN
RSV/Control ODN

FIG.1. Schematic of study protocol and exposure groups. Neonatal mice (3 days
of age) were infected with RSV (1x10° pfu) and re-infected 5 weeks after

primary infection.



A% 398 BALB/cvF$-20, 10 ule] RSV(1x10° pfu) #5F &

o

vk m
S B3 AEAL 37FA ez Yk Shamwt, RSV/CpG ODNs*of o

RSV/Control ODNs Fo. RSV x7] #YE 2¢59 CpG ODNs<
5 -TGACTGTGAACGTTCGAGATGA-3" (GenoTech, ™ #)3} Control ODNs<
5 -TGACTGTGAAGGTTGGAGATGA-3'(GenoTech, )& HAUWZE 2 ug® 1
3 Fostdd. As 24

R

o

A% 78A ATALES AW

A

9 oA B RSVE AGAA F 49 Hol
g

o

/Kg}\

o
A
o

A e,

A AFE A HAxAS A s (Fig. 1.).
2. 71 #A =3
RSV #Z49%E 715 #9ALE methacholined 3.1 mg/mlol A 50 mg/ml 7}

nebulizer (Omron, Bannockburn, USA)2 WA o8 Fuj# Z7tsto] FYA 2
T 1% A3 WzE forced oscillometerd (Flexivent system; SCRIQUE,
Quebec, Canada)o® =A% 0 & A AAsIY. VNEATLE  nexAE
pentobarbital(100 mg/kg)® vF# & TS tracheostomyE Al 335t 18 Gauged <
Z 3] ventilator® ¢1-¥ &g (Tidal breathing - 25.0 mL/kg, &4 - 120 3]/min)

= A2 ECAA SA et (Fig 2.).

FIG . 2. Measurement of airway hyperresponsiveness by Flexivent system

(SCRIQUE, Quebec, Canada) after tracheostomy under pentobarbital anesthesia.



3.718A AX ARG 2 HygsrA

71#A HE A HANBAL fluid)> Hank’'s Balanced Saline €9 1 mlE ¥7F Al
A AFHAFRAL, A
o] £33 AE IAEL cytospine® YAEY I g Diff-Quick IMEB Inc.,

de AARAFAL FFAE Aol EA FEZA o

AN
rot
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N

N

California, USA)°o & A 35Fo] 1008] Al okoll A F A3k 30070 2] A EES Alo] HEu)
M E TAF HEL SFTFE A AMSAY. dH 222 10% formaline® 2

1A% tFS paraffin blocks W&, H & E ¥ PAS @428 A&}

4. ol EFLQl & B RSV 5o IgG2a & A

BAL fluid We] IFN-y, IL-13, ¥ IL-5° W& %2 R&D systems (TECHNE
Corporation, Menneapolis, USA)o| A Tujst A|eko 2 ELISAR O o =A%
ok w92 AW IgG2as RSVE 2 pL/mL=E 993 & ELISA plated] A838
A& Azel welle]l 100wl 4°Cell Al 24413F wEgA1Z1 H, horseradish
peroxidase(HRP) conjugated monoclonal rat anti-mouse IgG2a(SouthernBiotech,
Birmingham, AL, USA) 100 uL& A<odA 15237 WEEAHG,
substrate(p—nitrophenylphosphate, 1 mg/mL in diethanolamine buffer, pH 9.8) &
ubAl bkS--S 51913l microplate reader(Molecular Devices, CA, USA)® &34 %=

0 nm(OD 450)°l A ZAsdth BE AP 542 ELISAA F 7He wellel
TE Ao FAALUE H FHEAE AESAT. AJEARIY FREIF Y

o AS gz #FA3 AAS o] L5 =AF A

5. 7
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ZI=daAgde weEdEErl 25(mg/ml) YW Shamt & 1.0425+0.1474

(cmH20/ml/sec)©] &} 2L, RSV /Control ODNsHF o & 1.9100+0.1372
(cmH20/ml/sec)°] 3} .1 RSV/CpG ODNs% o & 1.2080+0.1337

(cmH2O/ml/sec)e] At WlEtZd 5 =7l 50(mg/mD) du] 7| =34 Sham 0]
1.1725+0.1089(cmH20/ml/sec) ] 131, RSV/Control ODNsF o] 0]  3.6360+0.2475
(cmH20O/ml/sec)o] 1 o™, RSV/CpG ODNsFofFo] 1.7940+0.2541 (cmH20/ml/sec)
o] Atk Shams ol ¥4 RSV Azt ol Al wlefZde] g 7= #rIA ] 57
Aoz guglA(p<0.01) T7tstden, RSV/CpG ODNsHFof oAl wEl=d o
ek 71 =3 A o] RSV/Control ODNsSFof 7ol v]ste] A =4 5 A th(Fig. 3.).

—&— Sham 8
4 —o— ReREVIControl ODN = o
—4— ReRSVITHG E
= b
2 E
B g 0.03
=3 =
o * ‘.
g E ooz
BJ] x= v —e— Sham
—o— ReRSWViControl QDN
1 0.01 —&— ReREVICHC
0 0.00

saline 3l .25 12.5 25 50 saline 31 525 12.5 25 50

MCh. Concentration (mg/ml) MCh. concentration (mg/ml}

FIG.3. Airway hyperresponsiveness developed after RSV re-infection and is not
affected by administration of CpG. Results were expressed as changes in
airway resistance (Fig 1, 4) and dynamic compliance (Fig 1, Z). (x p < 0.01
compared with the sham group, # p < 0.05 compared with the CpG-treated
group.)



o =& %= (compliance) = WEHZF A F 7t 25(mg/ml) Ll Shami 00332+
0.0043(mL/cmH20)°] 9131, RSV/Control ODNs¥ ¢ -2 0.0166+0.0009(mL/cmH-0)
o] o™ RSV/CpG ODNsF o2 0.02895+0.0025(mL/cmH20)¢] At} W ElZH &
E=7F 50(mg/ml  dul #H<ESE  Sham+o]  0.0315+0.0025(mL/cmH20) ] §l 31
RSV/Control ODNs%of¢] 0.0095+0.0008(mL/cmH20)°] %l 2" RSV/CpG ODNs
Folat o]l 0.0199%0.0041(mL/cmH20)¢] 24tk  RSV/CpG  ODNsF o i o] RSV
/Control ODNs%o] ol H]slo] #8277t EAHoR on A (p<0.05) =4 =
4 = Ak (Fig. 3.).

2. 71 #A AL AHAN AT &

RSV Az e wolAMe] d=, a4+, =577 S7tstdlen, 71aA4 #Ax
Aoy AA AMEFE shama(140.0432.9x10°/ml) el vt RSV/CpG  ODNs¥ o] i

fi

(283.3 +50.6x10°/ml)oll ]3] RSV/Control ODNsE ¢ i(570.0 +66.4x10°/ml)¢] =
Aoz  fFosA  EIt(p<0.01). WHAAEZE RSV/Control ODNsY o]

=

(99.2+28 4x10°/ml)°]  sham<*(123.0£29.8x10°/ml)o]1}  RSV/CpG  ODNs% o]
(1385+27.1x10°/ml)ell H]&}o] =gto} EA Aoz ou= gt FZTE sham
#(75+1.8x10°/mD o]} RSV/CpG  ODNs¥ o] i (123.7+24.6x10°/ml)oll 8] 3} o]

o

RSV/Control ODNs¥ o] i(248.1+46.4x10°/ml)e] EAH o2  Ho54 =9
(p<0.05). &A= sham+(0.237+0.15x10°/ml) o] 1} RSV/CpG ODNs¥ o] 7 (0.483+
0.306x10°/mD el "8t RSV/Control ODNs¥ o] (16.4+3.66x10°/ml)o] %4 4 o =
Fo 8 A (p<0.01)  EYoW, TFEFE  shami(6.8+3.3x10°/mDolvt  RSV/CpG
ODNs ¥ o] i (23.0+7.54x10°/ml) ol H] 3} o] RSV/Control ODNs¥ o] i
(109.8+36.4x10%/mD o] BAH o2 # 28 (p<0.05) & %o} (Fig. 4.).
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FIG. 4. Bronchoalveolar lavage(BAL) fluid inflammatory cell counts. The results

are from the same mice shown in Fig 1. There were differences in BAL fluid

lymphocyte, neutrophil and eosinophil counts between the RSV/CpG and the

RSV/control ODN group. (* p < 0.01, # p < 0.05)
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3. PAS 4A AxF9 v @ %
1= A A EY PAS %A M ESF+= shamv(0.48+0.92/mmBM)o] v+ RSV/CpG
ODNs¥ ¢ 7+ (1.45+1.52/mmBM) ol H] 5} o RSV/Control ODNs¥ o o+

(21.75+8.27/mmBM)ec] EA4 4 o2 &9 & A (p<0.01) = %cH(Fig. 5).

* *
25 T
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&
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?fb\“ Vil

FIG.5. Quantitative analysis of PAS-positive cells in the central airways. RSV
reinfection causes peribronchial and perivascular inflammation and goblet cell
hyperplasia. After CpG administration, bronchial goblet cell hyperplasia was
markedly decreased. Data are from the same mice shown in Fig 1. Results are
expressed as the number of PAS-positive cells per millimeter of epithelial

basement membrane. (* p < 0.01)
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ZA8A 2744 B shamw 3 RSV/Control ODNs% o]t W ils
RSV #do] 7=dF3 7= FHe d3S uweg g5u3S 23

AN, RSV/CpG ODNsof o Al = RSV/Control ODNs*Fof ol H] &) 7] &= ¢

l'Ulo =
(S s
e X2
e o
H =

ol

2

3 7E=FH d@e g5uks 2 wj A £ 33 A (goblet cell hyperplasia)o] <

Bulue)s 33 H

Bulue)s gy d

Sham Re—RSV/Control ODN Re-RSV/CpG

FIG. 6. Lung histologic features in RSV re-infected mice. Lung tissues were
stained with H&E and periodic acid-Schiff (PAS). RSV causes peribronchial
and perivascular inflammation and goblet cell hyperplasia (E). After CpG
administration, bronchial goblet cell hyperplasia was markedly decreased (C and

F). Data are from the same mice shown in Fig 1.

_12_



4. 71#A AEZ A A IL-13 vl
718A HE AF AR IL-132 RSV/Control ODNsH o] #(8.2+2.4 pg/ml)e]
sham+(0.0+0.0 pg/mDeol Bv]ste] FAHOZ {934 (p<0.01) =%, RSV/CpG

A o= 98 A(p<0.05) = %t (Fig.

o

ODNs¥ o] #(1.8+0.8 pg/mDol H] & A =
7).

f—
2
1

—
<o (=
L 1

BAL Fluid IL-13 (pg/ml)
[

2 4
0

o )
v»s‘ﬂe“““o «
ﬁ_e

g™

FIG. 7. Levels of IL-13 in the bronchoalveolar lavage fluid of RSV re-infected
mice. Results are from the same mice shown in Fig 1. (* p < 0.01, # p < 0.05)
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5. 71 A HAE AH AR IL-5 H
7182 #HE AF Y] IL-5% RSV/Control ODNs% o] w(3251.0¢610.7 pg/ml)
o] sham(2344.0+652.7 pg/ml)olv RSV/CpG ODNs¥ o] *(2432.0+326.4 pg/ml)°ll

Hjgko]  FTAA o2 o8 Al(p<0.05) = *TH(Fig. 8).

4000

3000
g
5
= 2000
=

1000

0
sham Re-RSWControlODN - Re-RSWCpG

FIG. 8. Levels of IL-5 in the bronchoalveolar lavage fluid of RSV re-infected
mice. (* p < 0.05)
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6. 71 #A HAZ AH Yo IFN-y H L

7182 HAE AFH AR IFN-y= RSV/Control ODNs% o] (35 149.4 pg/ml)
o] sham+*(225.0£162.7 pg/ml)ol w|ste] FAZH o= {254

RSV/CpG ODNs¥ o] 7 (550.0+168.8 pg/ml)ol|l H|ste] T AA o= %3] 3]-71](1)<O.O5)
S 545 A (Fig. 9).

IFM -y (pg/mL)

sham Fe-RSv/Controld DN Re-RSW/CpG

FIG. 9. Levels of IFN-y in the bronchoalveolar lavage fluid of RSV re-infected

mice. (* p < 0.05)
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7. @A A9 RSV 5] IgG2a v &

A A RSV 5o] IgG2ax RSV/CpG ODNs* o] (6.24+1.88)°] sham
(3.09+0.36)¢] v+ RSV/Control ODNs'Fof < (3.44£0.46)¢l H|ste] FAA o2 9
&A1 (p<0.05) = *tH(Fig. 10).

10T *
*
g
o
S &
[4x)
]
[
L))
4
o
1]
zham Re-R=V/ConfrolODN - Re-RSW/CpG

FIG.10. IgG2a in the sera of RSV re-infected mice. (* p < 0.05)
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of 9]&t¥ IL-4, IL-59} 53] IL-13¢9] RSVell 93 LA 27 dFH3S F A7
=4 #oste Aoz 4y goer, IFN-y= dH27 45932 oA s
Ba7b Qo RSV 12 g Aol WI e BuedHE RSV 14 # 9
Alel= Thl Hykgo] Th2 HAGHGo] H]a] At o2 <l BAEA 3
vhol el 2 A-go) IgAst IgG7k A6l RSV Zadtel AfaAR dolzivn

A stal, RSV Al AlelE Th2 WedwkSgo] Thl WwkSo uls S 45}
APk Bk A%

IL-4, IL-5, IL-133} histamine, prostaglandin®] <7}8t3 %
ol A kA ATSo] Aoy FAMBAA TAY TF7] Aol dojd

HoEgge AL E o] EA4 3= DNA Q7 A ER] CpG motif
(5'-purine-purine-CG-pyrimidine-pyrimidine-3’)°] 98 ¢ 73 H=d Fo

T FRA AEZ Ze FAAAAMEANA MHC class II 22 CD80 2 CDS86

9] costimulatory moleculed] #deo] F7t¥ 3, 4A 7ol IL-6, IL-12 & 4]

o2 Th2 MolE7Le¢l IL-4, IL-5, IL-13°] 9% 9% w$-S JAsta,
NK AxZ2 ZA3FA7H THEES Thidgw$Eon IAsAZIY, =3

cytotoxic T AE AA 3} Thl #o]E7telel [FN-yo |7} 7189 B A%
A= IgES] Aol FHasa [gMy [gGas] A4ite]l F7kste] FRAeA o
Fursa W WS zde 9 Foa ago. B A7 A= RSV/CpG
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Abstract

Effect of Cytosine-phosphate-Guanine Oligodeoxynucleotides (CpG
ODNs) on the airway hyperresponsiveness and inflammation of

repeated Respiratory syncytial virus(RSV) infection mouse model

Gwang Cheon Jang

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Kyu Earn Kim)

Severe RSV infection in neonate has been reported as a risk factor for
development of allergic asthma or early transient wheezing. RSV can induce
re-infection by same strain, and re-infection after early RSV infection at
neonate can induce eosinophilic inflammation and aggravate airway
hyperresponsiveness (AHR) in BALB/C mouse model. We evaluate whether
CpG administration at initial RSV infection can prevent the aggravation of AHR
and eosinophilic inflammation by re-infection. RSV (10° pfu) was infected
BALB/C mouse by intranasal administration at age of 3 day and 6 week,
respectively. Phosphorothioate CpG (1826s; 2 mcg/mouse) was also administered
intranasally after initial RSV infection and post-infection day 2. Repeated RSV
infection induced methacholine AHR, eosinophilic inflammation, goblet cell
hyperplasia. CpG administration at initial RSV infection attenuated MCh AHR,
eosinophilic inflammation and IL-13, IL-5, and IFN-y level in BAL fluid, and
goblet cell hyperplasia of respiratory epithelium by repeated RSV infection
compared to control ODN. These findings suggest the possibility that CpG can

be used for prevention of airway pathology induced by RSV re-infection.
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