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Effect of Cytosine-phosphate-Guanine Oligodeoxynucleotides on Airway Hyperresponsiveness and Inflammation
of Repeated Respiratory Syncytial Virus Infection in a Mouse Model
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Background: Severe respiratory syncytial virus (RSV)
infection in neonate has been reported as a risk factor for
the development of allergic asthma or early transient whee-
zing. RSV can induce reinfection by the same strain.
Reinfection after neonatal RSV infection can induce eosi-
nophilic inflammation and aggravate airway hyperrespon-
siveness (AHR) in a BALB/C mouse model.

Objective: We evaluated whether cytosine-phosphate-
guanine oligodeoxynucleotides (CpG ODNs) administration
at initial RSV infection could prevent the aggravation of
AHR and eosinophilic inflammation with repeated RSV
infection in a mouse model.

Method: Mice were infected shortly after birth and were
reinfected 5 weeks later by the intranasal administration of
RSV (10° pfu) and followed by the assessment of airway
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function, airway inflammation, and lung histopathology.
Phosphorothioate CpG (1,826s; 2 mcg/mouse) was also
administered intranasally 2 days after initial RSV infection.
Result: Repeated RSV infection induced methacholine
(Mch) AHR, eosinophilic inflammation and goblet cell
hyperplasia in the control ODN group. CpG ODN admini-
stration at initial RSV infection attenuated Mch AHR and
eosinophilic inflammation, and decreased levels of IL-13 and
IL-5, but increased IFN- 7 in BAL fluid and RSV- IgG2a
in sera.

Conclusion: These findings suggest that CpG ODN can be
used to prevent of airway allergic inflammation by RSV
reinfection. (Korean J Asthma Allergy Clin Immunol
2010;30:123-130)
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-2~ AZ 15 oY BALB/E AME3F1 AL specific
pathogen free AFEj ol A Al5-3}$1 T} RSVE human RSV A2 7
“F(catalogue no. VR 1302)E A3} T} RSV HEp-2 cell
(Eagle’s minimum essential medium (Gibco) supplemented with 2%
fetal bovine serum)ol] Bl %FA]Z] 2™, HEp-2 monolayere]] RSVE
inoculationA] 71 ¥ F7]1A o2 AA3o] 80% o] Are] A L7}

o] Zuf harvestdtA T Al ZHEA-E 18°Coll A 2,000 g2
1587 AA B eta, vlo]g] 27F TEE pellecs THA] A1
3k HjA](10 mmol/L PBS containing 15% sucrose)S F7}3+ %
—70°Coll Z2A] W% Bttt vlelgl~ d7F= micro-
plaque immunoperoxidase method®l e} % &3} stk ®
7} 9 8u}e] A Shamit, control ODN* 2 CpG ODN- 2
2 WA, RSVE A 15 o|H(3~5%) BALB/cH}--22of,
10 £L9] RSV (1x10° pfu) FF &AL np-$-2 v 3-S Bal 7+
AAZATE RSV 7] 749 & 29 FH o Control ODN-E& 5'-
TGACTGTGAAGGTTGGAGATGA-3' (GenoTech, Daejeon)l_’f]-
CpG ODNE S-TGACTGTGAACGTTCGAGATGA-3' (Geno-
Tech, Dacjeon)& Hl 7 W= 2 ng¥ FoAstith A #4E 5F
FTAF 6 TA T RSVE ALE A7 F 49 FHol
=AU SH6 L, AT F 7184 HE2AHE
= Aldsta el 2284 A5 flal Hx22e A6l

thFig. 1)."”
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RSVZFY] & 7)1 =314 & methacholine (Mch)< 3.1 mg/mL
ol A 50 mg/mL7}A] nebulizer (Omron, Bannockburn, USA)Z &
ARz 5 WA Fred FYAD FIImARe] WaE
forced oscillometer® (Flexivent system; SCRIQUE, Quebec, Canada)
o g =A% o g AT}t 71 =AY n$AE pento-
barbital (100 mg/kg)® PH & v 71 @AM &S AlPstn
18 gauge™S E3f ventilator2 Q1 F 5 S(tidal breathing - 25.0
mLkg, TEF - 1208]/min)S A7 Feiol A 4ttt

RSV RSV
Mouse age: 1 wk 6 wks

Protocol day: 02 d 5wks 5wks+4d

T l

ODN Analysis

Groups: Sham
Control ODN
CpG ODN

Fig. 1. Schematic of study protocol and exposure groups.
Neonatal mice (within 1 weeks of age) were infected with RSV
(1x10° pfu) and re-infected 5 weeks after primary infection (6
weeks of age) and followed by assessment of airway function,
airway inflammation, and lung histopathology 4 days after RSV
reinfection. CpG ODN (1,826 s; 2 mcg/mouse) or control ODN
were also administered intranasally 2 days after initial RSV
infection.
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7184 #HE A2 ABAL fluid)}S& Hank's Balanced Saline 84
1 mLE #FAIA AFHsHA L, AF e A de 94 st
Ak F5AE At BT =S o o] &ata AE A
52 cyrospin© 2 YA = 3 Uh3 Diff-Quick (IMEB Inc., CA,
USA) .2 FA5ke] 1008 Aokl A 2 43 30070 2] AIES
Aol H A A E, T4k, AZFE, SFTFE 1 AL
o} H ZA 2 10% formaline®. 2 1173 3+ T}S- paraffin blockS-

B3, H&E B PAS GA1-S AA8H T
4. MO|E7F|Q1 wsl 2l RSV 50| IgG2a 53

BAL fluid W] IEN-7, IL-13 2 IL-59] W3} ZS R&D sys-
tems (TECHNE Corporation, Minneapolis, USA)ol| A] Ftujj &k A] 2k
©. 2 ELISAWel oJsf S stitt. vk 3 off RSV 50
IgG2a (RSV-IgG2a)= RSVE 2 L/mLE 323l & ELISA plate
o A8 S 242 wello] 100 14 4°Co| A 24A]3F Wk
A7 %, horseradish peroxidase (HRP) conjugated monoclonal rat
anti-mouse IgG2a (SouthernBiotech, Birmingham, AL, USA) 100
uLE LA 1.5A]17F ¥HS-A|Z T} Substrate (p-nitrophe-
nylphosphate, 1 mg/mL in diethanolamine buffer, pH 9.8)2 &-AY
F-S-& 519 3, microplate reader (Molecular Devices, CA, USA)E.
BE 450 nmol A 24 3tgth RE A% 274 ELISA
F 9] wellel 5 SA sl om SAAE S8 B
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7= WEREFAEE7}F 25 mg/ml Uu] Shamt&
1.0425+0.1474 cmH,O/mL/sec®] )11, Control ODN-S 1.9100+
0.1372 cmH,O/mL/sec®] %1 2. M, CpG ODNT-& 1.2080+0.1337
ecmH,O/mL/seco] AT HEFEH $%7} 50 mg/mlY W 7| %=
IHAA L Shamtto| 1.172540.1089 cmH,0/mL/sec©] %] 11, Con-
trol ODN%°] 3.6360%0.2475 cmH,0/mL/sec?] % 2™, CpG
ODN*©] 1.7940+0.2541 ecmH,O/mL/sec®] 1T}, Shamwtol H]
3| A Control ODNo| A HEIZ ] th3l 7| =3l Ado] &
AR o2 oqn| A F7kstsl om, CpG ODN-9] wlEtE-
o thgt 7] = 7T o] Control ODNEO] H]Ele] A 24 5]
Q1 thP<0.01, Fig. 2A).

¥ =3 E(compliance) = WMEFEZUFE7F 25 mg/mly o
Sham2 0.0332£0.0043 mL/cmH,0©] %] 1L, Control ODNT--
0.0166+0.0009 mL/cmH,0°]%1 21, CpG ODN*S 0.02895+
0.0025 mL/emH,0°]{th. WEFZFAFE7} 50 mg/mLyY W |
£L % Shami©] 0.031540.0025 mL/cmH,0°]%] 1, Control
ODN+©]| 0.0095£0.0008 mL/cmH,0°]31 2.1, CpG ODN-©|
0.0199£0.0041 mL/cmH,0°]1t}. CpG ODN+©] Control ODN
ol Hlate] HeE 7t SARCRE on| QA #A S
S THP<0.05, Fig. 2B).
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Fig. 2. Airway hyperresponsiveness develops after RSV re-infection and is not affected by administration of control ODN but affected
by CpG ODN. There were differences between sham, control ODN, and CpG ODN group in airway resistance (A) and dynamic compliance

(B) (*P<0.01; TP<0.05).
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Fig. 3. Bronchoalveolar lavage (BAL) fluid cell counts. The results
are from the same mice shown in Fig. 2. There were differences
in BAL fluid lymphocyte (Lym), neutrophil (Neu) and eosinophil (Eos)
counts between the control ODN and CpG ODN group (*P<0.01;
TP<0.05).
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RSV A7t E FollM e FZ 3, SAE 5577 F718)
Fomn, 71#A] #H 2 AHAY AA A EZFE shamt 140.0+
32.9x10° cells/mL, CpG ODN=- 283.3£50.6x10° cells/mLo]] H] 3}
o] Control ODN0] 570.0+66.4x10° cells/mLE EA Ao 2
FrolatAl ERThP<0.01). WA AEZE Control ODNO|
199.2+28.4x10° cells/mLE shami* 123.0+29.8x10° cells/mLo] L}
CpG ODN 138.5+27.1x10° cells/mLe]] H]&}e] Egkot} B4
Ao ouE= At FZTFE shamdt 7.5£1.8x10° cells/mL
o|\} CpG ODNTE 123.7424.6%10° cells/mLol| H]3}o] Control
ODNE©| 248.1+46.4x10° cellymLE EAH 2 {o)stA =
PTHP<0.05). TAFFE shamT 0.240.2x10° cells/mLo] Y} CpG
ODNT 0.5+0.3x10° cells/mLol] H]&}e] Control ODN=-©|
164+3.7x10° cells/mLE EAH o2 folat/ =gkom(p<
0.01), EF % sham 6.8+3.3x10° cellsymLo] L} CpG ODN
23.027.5x10° cells/mLe] H]&}e] Control ODNi©| 109.8+

Fig. 4. Lung histologic features in

respiratory syncytial virus (RSV)-
reinfected mice (A~F) and quan-
titative analysis of periodic acid-
Schiff (PAS)-positive cells in the
central airways (G). Lung tissues
were stained with H&E (A~C,

X400) and PAS (D~F, x400).
RSV reinfection causes peribron-
chial and perivascular inflam-
mation and goblet cell hyper-
plasia in control ODN group (B,
E, and G). In CpG ODN ad-
ministration group, bronchial go-
blet cell hyperplasia was mar-
kedly decreased (C, F, and G).
Results are expressed as the
number of PAS-positive cells per
£ millimeter of epithelial basement
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membrane (BM) (G) (*P<0.01).
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4. 7|12K] HZE MAUL{S| IL-13 Hlw

7134 HE A A 2] IL-132 Control ODNT©0] 8.2+2.4
pg/mLE shami 0.0+0.0 pg/mLol] H]3}e] EA A o2 593}
A E=k3(P<0.01), CpG ODN* 1.8£0.8 pg/mLo] He|H &
EARoZ &9351A =9thP<0.05, Fig. SA).

5. 7|12X| HZ MAMYL{S| IL-5 H®

7182 HE AH AR IL-5% Control ODN-©] 3,251.0+
610.7 pg/mLE  shami* 2,344.0+652.7 pg/mLo]1} CpG ODN
2,432.04326.4 pg/mLel| H|ate] FAA R FoletA| =3k
(P<0.05, Fig. SB).
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Fig. 5. Levels of cytokines in the bronchoalveolar lavage fluid (BAL) of RSV re-infected mice (A~C) and RSV-IgG2a in the sera of RSV

re-infected mice (D). Level of IL-13 was lower in CpG ODN group than control ODN group (A). Level of IL-5 was increased in control

ODN group, but the level of CoG ODN group was lower than control ODN group (B). Level of IFN-y was more increased in CpG ODN

gr;roup than in control ODN group (C). RSV-IgG2a of the sera was more increased in CpG ODN group than in other groups (D) (*P<0.01;
P<0.05).
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355.0£149.4 pg/mLE shami* 225.0+162.7 pg/mLol H|3}e] &
AXo 2 F93HA =%, CpG ODN* 550.0+168.8 pg/
mLe] Hg|M = SAA SR FolstA @A 4 = AThp<
0.05, Fig. 50).

7. #HOMl RSV 50| IgG2a HIZ

o] A o] RSV E0] IgG2a (RSV-IgG2a)E CpG ODN-O]
6.24+1.88 O.D.E shami 3.09+0.36 O.D.o|1} Control ODN*
3.4440.46 O.D.°] Hlgte] FAH R f{FoatA Ekrhp<
0.05, Fig. SD).

o 9% 9orln oA FEUSE YR A0 7
SINIAAE st 78R A S 4o 4 9o J|#
2l A Z AH AN ZAa7E Z7FEAY L4, IL-59) 1L-13
o] Z7teke Aol F23 JaS Fvtn LelA Utk RSVE
thE 557 vl st we) 2ol o8l A71E B ol
EAAEt] 1~2\d Tof] U3} strain®] RSVl o8] W A7+
d He A5E E9 & 5 den, ARAQl wilo] sy
A o3 YTk RSvell 7 E Fol e @ PESH 7] o] o}
glo] R o JE 95 9o Fso] gk vhe
2 g b weld A Rsvel ofd] fEHE D8+ AT
£ 02 537 volg 2z o8 f=HE D8+ A E H]
a IEN-7, GAAT 23 F42 5 oY 7)o Wolxe
Aoz By vl 9lom, o]H3 AMI-L o RSVZE A7 o]
A3 04 717 A=) FEe UE 5 e RRHos
Ayt glo 2

RSV 27] 7+ A] i EAQ Thl Ale] E7}Q1Q1 IFN-y 7}
A3 F7heta s+ TAIE F&ol T7Hath 28y

2 + T 9E& RSV A
mdoA & 4 vk AF 357 o] Fol] A Rsvel A
© RSV A 7= 2 o ‘ﬁ& | A=A

Foll A =
ot 0

o] Z7tattta &9t RSV
H 2 HadAE RSV 14} 7

™ 93] T Aol 14 A3 o2
oA gutole]~ 28] 1gA9} 1gG7F A g H o
RSV7} Adte] A f{eAl 2 gdojzitta Ao, RSV A7
Aol Th Welugo] T Welugol wla] FAI5o]
IL-4, IL-5, IL-13%} histamine, prostaglandin®] &7}8t1 A
b 2ks] ARl THTH AEuEe] Aol F4

o

O

AN BAA SH e 557] Aol dojdtty Agsta 9l
o7 B Ao % Control ODNTI A= AZ 15 o]
Rsvel| 7+ ﬂ&’iﬁ‘rﬂ 5T FAF 60 AE HAS
< Txo] SAY AEus T el et
A== lfﬂi 7| PR g2 A e A o] v A 2
ol A5 FT/tEs #EE F sUSlth
gk ATE 1937 Freund S0 98] #-&
= DNA #2lo] bdalHA T Al 24
248 F Stk AR o] HaEwA
T5 3 gk 0|23t DNA Wile] |
o 24 MaluE o] EA5t= DNA A714 L2 CpG motif
(5'-purine-purine-CG-pyrimidine-pyrimidine-3')]] 2] & 9 st
He Fo] & A A EZe) 22 FAAAA EA A MHC
class II ¥2}2} CD80 U CD862] costimulatory molecule®] ¥HE
o] Z7}t¥ 3, 4A)17F Wl IL-6, IL-12 S5& EH]|3to 24 Th2
APl EZFQIQN L4, IL-S, IL-13¢l] 9]¢t 45 ¥hg-5 Alsta,
NK Al X5 A 3A7]H THEZE ThiAgeHE: Ho g &4
A 71T}, EBE cytotoxic T A E AT Thl Aol EFFQI
IFN- 7 o] #H]|7} S71E# B Al Eol| A = IgEQ] Aol 7
skl IgMZ} 1gG2a2] AYske] F7hete] B9l stAl A St
3} W ukg Ao JaFe Foha stk B ATk
CpG ODNT9] IL-139} IL-57} Control ODNo]| H]8lo] BtA|
3 ER oy, Th1 WGukge] Fojdts IN-7 & GG
ODNi©| Control ODNtel H|3te] A A EHA 1 G
ODN*9] RSV-IgG2a7} Control ODNTHol| H]3}o] =7 =%
St} Shamt9] 7]13A] #| E AlH 9 Yo IL-13 T} &
of Hx25 Az e HAE o] &t S Hkot o
Al korth E3F CpG ODNe| b4} 7| =3yl o]
Control ODNel| H]ate] B S35l om o= CpG ODN
o] Fol& Th2 Wo] A ¥ Thl MH¥Hgo] fFrrlo]
Y275 720 JEgS FUS AeZ F
Rcl=
22 me-~ rdo X CpG ODNE| Fo+= IFN-y 9} IL-12
7 2T gAY F 7 F bt fle A elA R 7=
Sabteh V1 BA HRINkEAA S AN F 9l 01
cytokine©] {1l AAEjdAE CpG ODNY =7} U2 Eo|
Pesithe Bavt Qe £ Ao 275 Bo|X
FPAI T CpG ODNO| F%E 05 1g, 1ug 2p1g dug, 10
1ngl 2 Foste] Ko} Afo]l & Holx] ¢Sk tE <
Toll A eF o] o] Fols AT 157 ool 7R
Be F2 FAdlof sk olelg i *1% akA] Zshith
wapa] 9k 2 IEN-7 knock out mouseS A&yl ng-aF
Fold tigh 71 A7 e dii *ﬁ 220=3
CpG ODN9| Fof 7 2o} Al7]of whe} dFRkgof J&FE

=

e

H oo B 2

rlr



% 2~ Olgtq

A 1 1%
22 ko] Rsvell 77 1
ste mdolojx] AdA e 7

rh
-3
fu)
o
o2
> o

1L o

8 o=

ol
o rr
o
Ho D:E

rosg i
o

=
©© oyo o 19

2 3 =

BT R g b

I 2 CpG ODNS EJglS w7l 714
CpG ODN3} &gl Fh3 3

AW Folrt vid 2as
AlA Eojof| H|3te] F47 Fo]9
= =9 F IAR dote A e
< It} CpG ODN Hjal #HFe
FEA Y EolA, ¢t Alo] =1
af RSV«I Az 98 7w
de WO 2 CpG ODNo| &

i
>
T o
[40
oﬁ—ﬁg%
o e o
mﬁ o
> BT
S
4 A8

n

w

RU (S SRS )
N
fo

¥,
X oo oox B
O]

rr

o] o)

ol
>
oo

o MM
Mo 2 R o

Mol
%9,
[o of
=
re

Z4lo
AEHST

N,

'
N
~
¥ i

oo &
) 02\:_“

¢
i
il

N
u

np9-2 Bdlo A RSV A2 7 =R T} 7| =d Sk
$< F=st wldA E 245 =3k CpG ODNE| £7]
Fole A E AH g IEN-7 o 2] RSV 5o] IgG2a
7} F7Veted, RSV Azt ol o3 =R e ST 71 =h
Zuke HIZAH AN 1L-13, IL-5 7} 2 7] % A9 A )
A ERAIE FAe e B3 AT ol AR
RSV 7+4d Sholol| A #2029 o]giou} o5t E By 9
CpG ODNo| Aj2-& A 2o & AMEE & Sle 7= Al
Alsta ot

2 1

il
ror

1) Hall CB. Respiratory syncytial virus and parainfluenza virus. N
Engl J Med 2001;344:1917-28

2) Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B. Respiratory
syncytial virus bronchiolitis in infancy is an important risk factor
for asthma and allergy at age 7. Am J Respir Crit Care Med
2000;161:501-7

Schauer U, Hoffjan S, Bittscheidt J, Kchling A, Hemmis S,
Bongartz S, et al. RSV bronchiolitis and risk of wheeze and

3

=

allergic sensitization in the first year of life. Eur Respir J
2002;20:1277-83

4) Schwarze J, Hamelmann E, Bradley KL, Takeda K, Gelfand EW.
Respiratory syncytial virus infection results in airway hyper-
responsiveness and enhanced airway sensitization to allergen. J
Clin Invest 1997;100:226-33

5) Singh AM, Moore PE, Gern JE, Lemanske RF Jr, Hartert TV.

: Effect of CpG in the Repeated RSV Infection Mouse Model 129

Bronchiolitis to asthma: a review and call for studies of gene-virus
interactions in asthma causation. Am J Respir Crit Care Med
2007;175:108-19

Schwarze J, Makela M]J, Cieslewicz G, Kakhama A, Lahn M,

Ikemura T, et al. Transfer of the enhancing effect of respiratory

6

=

syncitial virus infection on subsequent allergic airway sensitization
by T lymphocytes. J Immunol 1999;163:5729-34
Schwarze J, Cieslewicz G, Joetham A, Ikemura T, Hamelmann
E, Gelfand EW. CD8 T cells are essential in the development
of respiratory syncytial virus-induced lung eosinophilia and airway
hyperresponsiveness. J Immunol 1999;162:4207-11

Anderson LJ, Heilman CA. Protective and disease-enhancing

7

-

8

=

immune responses to respiratory syncytial virus. ] Infect Dis
1995;171:1-7

Kim CK, Kim SW, Park CS, Kim BI, Kang H, Koh YY.
Bronchoalveolar lavage cytokine profiles in acute asthma and
acute bronchiolitis. J Allergy Clin immunol 2003;112:64-71
Openshaw PJM, Clarke SL, Record FM. Pulmonary eosinophilic

response to respiratory syncytial virus infection in mice sensitized

9

=

10

=

to the major surface protein G. Int Immunol 1992;4:493-500
11) Alwan WH, Kozlowska WJ, Openshaw PJ. Distinct types of lung
disease caused by functional subsets of antiviral T cells. J Exp
Med 1994;179:81-9
12) Johnson TR, Parker RA, Johnson JE, Graham BS. IL-13 is
sufficient for respiratory syncytial virus G glycoprotein-induced
eosinophilia after respiratory syncytial virus challenge. J Immunol
2003;170:2037-45
Park JW, Taube C, Yan ES, Joetham A, Balhorn A, Takeda K,

et al. Respiratory syncytial virus-induced airway hyperrespon-

13

=

siveness is independent of IL-13 compared with that induced by
allergen. J Allergy Clin Immunol 2003;112:1078-87
Schwarze J, Cieslewicz G, Joetham A, Ikemura T, Makela MJ,

Dakhama A, et al. Critical roles for interleukin-4 and inter-

14

=

leukin-5 during respiratory syncytial virus infection in the
development of airway hyperresponsiveness after airway sensiti-
zation. Am J Respir Crit Care Med 2000;162:380-6
15) Schwarze J, Cieslewicz G, Hamelmann E, Joetham A, Schultz LD,
Lamers MC, et al. IL-5 and eosinophils are essential for the
development of airway hyperresponsiveness following acute
respiratory syncytial virus infection. J Immunol 1999;162:
2997-3004
Castilow EM, Olson MR, Meyerholz DK, Varga SM. Differential

role of gamma interferon in inhibiting pulmonary eosinophilia and

16

=

exacerbating systemic disease in fusion protein-immunized mice
undergoing challenge infection with respiratory syncytial virus.]
Virol 2008;82:2196-207

17) Johnson TR, Mertz SE, Gitiban N, Hammond S, Legallo R,
Durbin RK, et al. Role for innate IFNs in determining respiratory
syncytial virus immunopathology. J Immunol 2005;174:7234-41

18) Dakhama A, Park JW, Taube C, Joetham A, Balhorn A,
Miyahara N, et al. The enhancement or prevention of airway

hyperresponsiveness during reinfection with respiratory syncytial



130 =4 2 227 M3IPA M2%

virus is critically dependent on the age at first infection and IL-13
production. J Immunol 2005;175:1876-83
Waris ME, Tsou C, Erdman DD, Zaki SR, Anderson LJ.

Respiratory syncytial virus infection in BALB/c mice previously

19

=

immunized with formalin-inactivated virus induces enhanced
pulmonary inflammatory response with a predominant Th2-like
cytokine pattern. J Virol 1996;70:2852-60

Wohlleben G, Erb KJ. Atopic disorders: a vaccine around the
corner? Trends Immunol 2001;22:618-26

21) Stein RT, Sherrill D, Morgan WJ, Holberg CJ, Halonen M,
Taussig LM, et al. Respiratory syncytial virus in early life and risk
of wheeze and allergy by age 13 years. Lancet 1999;354:541-5
Henderson FW, Collier AM, Clyde WA Jr, Denny FW.

Respiratory-syncytial-virus infections, reinfections and immunity.

20

=

22

-

A prospective, longitudinal study in young children. N Engl J
Med 1979;300:530-4

Chang J, Braciale TJ. Respiratory syncytial virus infection

23

=

suppresses lung CD8+T cell effector acitvity and peripheral
CD8+T cell memory in the respiratory tract. Nature Med
2002;8:54-60

Sheldock DJ, Shen H. Requirement for CD4 T cell help in
generating functional CD8 T cell memory. Science 2003;300:
337-9

25) Ku CC, Murakami M, Sakamoto A, Kappler J, Marrack P.

24

=

26

27

28

29

30

31

=

~

N

=

=

N\

Control of homeostasis fo CD8+memory T cells by opposing
cytokines. Science 2000;288:675-8

Ostler T, Davidson W, Ehl S. Virus clearance and immuno-
pathology by CD8+T cells during infection with respiratory
syncytial virus are mediated by IFN-gamma. Eur ] Immunol
2002;32:2117-23

Becker Y. Respiratory syncytial virus (RSV)-induced allergy may
be controlled by IL-4 and CX3C fractalkine antagonists and CpG
ODN as adjuvant: hypothesis and implications for treatment.
Virus Genes 2006;33:253-64

Freund J, Casals J, Hosmer EP. Sensitization and antibody
formation after injection of tubercule bacilli and paraffin oil. Proc
Soc Exp Biol Med 1937;37:509-13

Park Y, Lee SW, Sung YC. CpG DNA inhibits dendtritic cell
apoptosis by uptegulating cellular inhibitor of apoptosis proteins
through the phosphatidylinositide-3'-OH kinase pathway. J
Immunol 2002;168:5-8

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

Broide D, Raz E. DNA-Based immunization for asthma. Int Arch
Allergy Immunol 1999;118:453-6





