Korean Journal of Pediatrics Vol. 48, No. 3, 2005

dg =7 A3l 215242 CpG DNA

o) sta o wh) et Aoluhstaa

ES

AM O]
o —

CpG DNA for Treatment of Allergic Diseases
Sung Min Choi, M.D.

Department of Pediatrics, Dongguk University College of Medicine, Gyeongju, Korea

Atopy is a highly prevalent and serious health problem. The prevalence and severity of asthma and
allergic diseases have increased over recent decades, particularly in industrialized nations. Early life
infections may protect against the development of atopy and allergic diseases like asthma. The in-
verse relationship between the incidence of atopy and childhood infections has led to the ‘hygiene
hypothesis’, which suggests that diminished exposure to childhood infections in modern society has
led to decreased Thl-type responses. Thl and ThZ responses are counter-regulatory. Reduced Thl
may lead to enhanced Th2-type inflammation,
disease via up-regulation of IL-4, IL-5, and IL-13. It is now widely accepted that altered regulation
of Th2 responses(and possibly the balance between Thl and Th2 responses) is an important factor
in the development of atopy. CpG DNA represent a novel class of drugs with substantial immuno-
modulatory properties. CpG DNA contain unmethylated motifs centered on the CpG dinucleotides, like
bacterial DNA. These CpG DNA promote Thl and regulatory type immune responses and suppress
Th2 responses. In murine studies, CpG DNA are effective in prevention and treatment of asthma
and allergic diseases. CpG DNA are just beginning to be tested in human asthma. While its precise
mechanisms continue to be fully studied, CpG DNA offers considerable promise as a novel treatment
for atopic inflammation. It may prove to be an important disease modifying therapy, or even curative
therapeutic agent for asthma and allergic diseases. (Korean J Pediatr 2005;48:251-259)

Key Words : Allergic diseases, Asthma, CpG DNA, Immunomodulation

which is important in promoting asthma and allergic

A A AF el &g AFEelA CpG DNAE T help-

M 2 er(Th) 1 W9} k8-S HEaln Th2 WY w8 JAgtoax
del2r)d dsARe] o Azl &axE vebich dA Al
delEr)e] fFHES Adle]l WHd Uedss Frkste] A FHAL = CpG DNAE ©l8@ ddddenty d2 Aw
G 7Bl 20u7b4] Z7betdon ojdelo L] A3te] ol 93 CpG DNAT ¢hdstal g8o] F& AmAZA &

HEE oF 20%7F HE AS® Rusm ik AHE Fe A 2V 2F7] A8 AR /9 Aoz v
Zo] ek 94 AEe) M Tor A% hor]e AAdAH 718A AN e A Agter ST dSuks, 7
o] 7187k gashaA geler] Aske) mwst gEa 50 = A, 218H V199 A, Ee] $7HE SHoR At
Zbata Qlnk oleld el sMF AEE L] e 3 AZA CDAT T FEF vy v)Ee] Weukes o
AHQl 4TS "B T Axe 1 2dv%el did Ay ovled Fad AqEE dvke RS AR X7t gl
7} @as] olfojxm Utk 1 FolA CpG DNAE AdZgl  CD4" T AEES AolE7kl 8 4ol web Thiz Th2=
A& 7 RS e dEd ARAR VYE 2 FAEA @= T A o] 4t 71dE =

2 k!

A 2005\ 2€ 144, 591:2005 2¢€ 1749
A A AR, B o wofet ol st
Correspondence : Sung Min Choi, M.D.
Tel : 054)770-8252 Fax : 054)741-2093
E-mail : csm21@dongguk.ac.kr

]?_]_' [e}
T AEZx &A% Th2 W2 IL-4
kil
Thl W& o]g]dk ukgoll A oelr} L=~
Th2 AlZEA Eul5

Alszet FAdte] BAlR olsdrh o]¥d Th2 7Hd2 Ad 10

- 251 -



T o]2og AMEEo] ¢ Wk olyEl IL-5, eotaxin, RARES, MIP-1o %ol 93] 71=u

Th2 At Th2 €& FHoR ZAP7E olFshzl #welsty], IL-5, IL-3 % GM-
| vZzsg ojAE o Fad q¥E CSFE Bulstel sk 23 Ads @45k s S
e sk sojok shARt |

o
feorr o ox

2, gl
sty gtk B 2 BAZY, =3 Th2 AEE IL-4, IL-13, IL-92 53] dUAZ
Th2 W39 Zde] W3y} olEd e W Fa3dt 2oz o o HAZHE A=FelH, 53] IL-132 Fdd 9Jg 7=
Zo] dg wolsolx 1 g} BaAdel Faslth IFN-y & 283 fxds $2% Thl =

gy dEEr1d AA dig AsAe] AdYge FIEHA ddxel IL-12& EEr4 VR 9F5S ATY aRe
zAAE AQsta 20 o4 A wkHA gtth B2 AT IL-49 IL-132 dAAZCER FAHE VE dF3 7% 3R
A& Ao e g Rol=e} 2 FAF AR Fade]l WS IHAAZ $ Aok ey AA ddeld FIA IL-12
FEERA FHEY AAGEY A2, ala 7= A BAE o dE 27 ATE BA8 wEo] 2AEAR, A3 HAA
At YA o] AZ M Mo AAH dpol} ¢hx] o] HAH A& AHe
A X725 AGstar dAE grh HAAS BEFHela, R fF o8 ATl EA HF oy A agle]l duzr] wdw)
wacle] ol F3ow L ErA AT U Toshs AF LHlaA Bo| T Ao BEild JFS mH £ JSo] el
OoJEFIRL ZIRIII, W ZEE- FEtol= wisfAl, Z=2Hel  Qiu) 53] Atmel T ME+& ThiolAd Th2R o|dals 4ol
A e 2T Fu s uisfAZE ik oleld wiziAle]  glon A WIAEE Th2 FoE 71&olA da Yol F
AES AASE A A AT ddEFe] AgEH AW JoE Th2 whgo] &8 2AEE A4S Bt ey olE
shel wiZlAE AlSeE Zol w2y dFTWrSel B F g4 2olEL gobr|et xol x7)o] Thl AlEe] AL AS
dFS = AeA A8 B Fe] FEHd Flelt) Zshe 44 2908 7N = Aoz Bl

aA FY AGAEE 043 olEW w39 oAlet o) o ol Zge Lz g 4z b 28
H H2E AEo A thA] AsEa ek WY EE HEAe & s Ader dEAd guh oFHe W TIL @AY AY
2 gele] &S AF FEste] dstR FopgtomA o]Fozl e AY Fol olEy Hgke] o] A4S AL, tubercu-
ol Ao digk g WA T ARgo] T oA AFNA lin HARl P Lol M olEw Aol WMAEo] Wk
o] tpolA] uAIRE HE BAMoA FEI vk F A¥ BCG HF olF Thl #Wgukso] <3 AAHE I[FN-y= # =
Sol muFm f, oled Aurl ¥ g wolsolAy] 91 Ao Th2 YEWee] WS JAFgon FE Lol nE
3 g 284S U Azl AR Az:A el I " 2749 endotoxin FEIF HSFE BxPde] T AE9
A oth IFN-7 9 Aol =drh oo dd] B dde] tlFs=AA

olo] Axk= del2r] Ao A olefd B A FHIPAA W o F YA JP e HRAZAN F8ta Qe olEd 2
=483 + &= CpG DNAl st fFHEd vaia A™3 71 wol A=

Th2/Thl AZe] Edg<& Wol] =oHal gl o]&o|t), o]
o =3taxt i, 7Hdel i ALEATAAE od wo] wAE wFo| T}
7b o’ T AXE Thl AT £o8 RE3APHoRHR olEwA

27|19 Wsint Th1/Th2 M= Ao RRE BRI HEhn vk Azl Gfolrlel e

3|7} ZFasbdAl Thl &£38tel 83 A58 w4 X8| Th2
Aduwtd o Thl A¥EE AA4 Fvlukge] BAST Th2 Al HBIW-Eol Aotk whehd &
=
3k

= QR
€ IgE FAe B4 del=r)d 95 wkgel BAEE e @
pe

[
i
2
o
f
o,
N
ol\
NS
&
iu)

FeiA) Qe e L] wde] AEEs Th Al¥e]  Ade] o Anel ol8d 4 deele: AuE A H9
ol #alo] wolAT Thy AXEEE A d 74 24 o
s Al AR AEARIES Qe 4T T Al olel@

S5 S T

Aol AFoME & sAFEIFY Ve I3HAdSs 7AF Zdeld AvbiaY A 5o 8k AFEo

8kA $eith CD4T T AXelAd EulsE [L-4% Th2 Al A %

bt [oE A9 IL-5 Aol T2 o)) P
d

Bodo o2 12 ok
o

= 2 o =
IL-4v IL-4 F8A8 43e 5, STAT6E &Fdl AXU= b obET QIR F7be} TiEo] Thl AW O ®E AR =
NZE AEd F GATA3, c-Maf, NFATc, NIP45 59 AAb Al 138 Fuw 2 ArF 99343 E 2askx ¢ga 238 Z
AAE P45 Th2 AERe £88 Frach Bahd The 7HIth oleld d@45S Thi? Th2 AX Aleld 45 24
Ae FAANALYL HFee] Gel2e] fefol=g T et 49 & glgoy A x4 T Axel wio
A=A IL-4, IL-5, IL-13 59 AFJEFRIE EH|ete] g2 2 ofo] st ofsje] Zo] Hold AYE F e F2&&
7] Wle] FAAQ kg gl IL4% E 5548 B 9 & 9S Ao sgu



CpG DNA

CpG ®A1el CpG oligonucleotides® BrElE]ole] 207 A=

°] DNA @7I-<E= 7459, o &2 DNA 9714 e 1%
TES WY AARTE olFAR AE WY wES i
Al Bk olel Widt At 1937346 AdTE FEE AAES
g 7|53 412 Complete Freund’'s adjuvant(CFA)E Ab
£3le] we voed uoo FAE fxdo) Fes]Ae
< 4 glch 1980 Fukel Tokunaga &
@ DNAZF W7 Aol QIH#AE Evs
el Ago= drEelol DNAS We A4S RBaskiit. A
it DNA= ®9 ¥hes 2dshs o2 7ie] DNA |74
Z Ho] gl welelA FZ IFN-a, 8, IL-6, IL-129} nat-
ural killer(NK) A4 [FEN- y o] #H]
;(31:],

Adite] DNAZF olget WY 7 azel AuFrn
o]Fo FAF-9 C-G nucleotide”’} & 45-mer oligonucleo-
t1des-4 palindromic Aol A et B Al3E|A IFN-y 9 AL

Edkal NK AlEe] &4dsts 304171 4430 motif o
ewfﬁﬁﬂr. T3 B Axe 47 MHC #xhe #d S, v%
HE 3 Krieg 572 4% wvEdd C-G di-
nucleotide”t $1X8ta 5 Zol 270 purine®], 3’ Zel 2719
pyrlmldmeol Az FA2 Zolol DNAZF B AlXolA WY
ss YERE motifd& 73kl ‘CpG motif 2hal g et

il
£
k1
o
rie
pod)
k1
o
o

SR

X
At

< CpG motifT 5’ -purine-purine-CG-pyrimidine-pyrimi-
dine-3'2] palindromic hexamer& 7M<& 712 FZ2 Thl Al

¥9 71%5S FHAY)E= immunostimulatory DNA sequence &
AAE S ek el olE]d NK AlEe] uigh "ox= a3
o] Bt gjo} DNACIARE f=x a# £2] DNACA
A gkt olegk Aol HFT=2 DNAE 80%
Lo A CpG ol 3= cytosine©l Uﬂé‘ﬂﬂ‘ﬂ AARE 237
Fellol DNA 70-90% “gi:=oll A wimAsts]o] glvk
AFEE9 DNAKTE "o} DNACIA CpG motife] R=7F
200 7HEF o] FFSHAl EARE ol@d CpG motifE AFF Ol
AE= GACGTT A€ol QIftele GTCGTT Al Eel HAHow
gdelx o, FFhe] Aol FHA2RZ CpG DNAS 84
2 &4#% Toll-like receptor 9(TLR9)C <3 A4t} o]}
HEo] HA AEE 2 Age] 8 Fo Art

71 9l CpG DNA+ F¥e 7] Mg 9 oy} back-
bone T-ZFo| WA E WHFA thddS LERATE Back-
bone TZ¥ phosphodiester FE]2} phosphorothioate & E &
EAgt), o5 %ol phosphorothioate FEI7F W57 58]
s 1zke] B AMEed A= o9 thE Rk 9l AUk 2
28 RAog A7A.

) oZi e orle

5

Korean ] Pediatr : Al 48 ¥ #| 3 & 20054

CpG DNAQ z&7|H:

CpG DNAE 3 79 30 ool Ale]EFRI mRNAE
SR, Fo 4A17¥ el IL-6, IL-12 5& #vgt} o]zd
CpG DNA®l tigh Alxu @ #8419 F7H 3 7] o
e o]l o I F&Ale TLRIE €A Stk

CpG DNAE AlZ Y& o|g=H tifw2 DNAE AXEA ol
ol Al HARE dF= #7x] =dgtt AlXd] DNA-de
pendent protein kinase(DNA-PK)= AEd3} 3 mFo] &
3l CpG DNA® WAHAA &/dstel] Hasgh o= EJ_El
3 9tk DNA-PK7F @l Aol CpG DNAE Foisid
NF-kB¢| 243l7} A= 1 IL-69F IL-129] A4S ofAg},

TLR9E CpG DNACl &g uigAxe] F2 F373AxE
A<, AAEANY TNF-a, IL-6, IL-122] #Hlo] o3l
TLR9el ZA" AFANME CpG DNAC 23 INK(c-Jun
NH,-terminal kinase)®} IL-1 receptor kinase(IRAK)2] &4
37F a1 CpG DNAC o3 7t =A4FAd% A3
< H3th TLR9S AXW $1x= off d#AA Fskovt
TLRY Aol et Fio] glo] whoulds e A
Aol whell $1X& = Q)

A EZ 1§X‘i%8 T b] toll A& HAEZ o]Fojxm o]d
#o3te EAEZE
(MyD88), IRAK, TNF receptor associated factor(TRAF6),
mitogen activated protein kinase(MAPK), p38, JNK=Z A&
v, 3 AARIAR] NF-kB, c-myc, Ets—2 5= A3 171
. MyD88t CpG DNAc°l 9% IL-129F TNF-«a 9 A4l
o5t TRAF6E wH9-229] ti2AlEelA] CpG DNAOI &
IL-129] AAel Fojgtt}l, =3 CpG DNAE Al¥Well A reac-
tive oxygen species(ROS)E AAAAIA IL-62 Aitel] s}
v 9] geket 2 xAl BAHES CpG DNA FoJA] Alo]E
7H1 Ao Als A AAE FIATEE 74T ez A
Zac (Fig. 1).
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Fig. 1. CpG DNA signaling pathways. This diagram summa-
rizes the intracellular molecules and pathways that are thought
to mediate CpG DNA signal transduction.
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Fig. 2. Immunomodulatory effects of CpG DNA. CpG DNA activated pathways and critical me-
diator are shown in bold. CpG DNA-inhibited pathways are shown with dashed lines. CpG
DNA increase production of THI1 cytokines interleukin(IL)-12, IL-18, interferon- 7y, and IL-6,
and decreased production of TH2 cytokines IL-4 and IL-5. T cells are inactivated by increased
production of anti-inflammatory cytokines IL-10 and TGF-1 by dendritic and T regulatory(Tr)
cells. B-cells proliferate and produce IgG2 antibody. Natural killer(NK) cells are activated by
IL-12 and IL-18. Reprinted with permission from author.

°‘\:‘r Bustgoh £ mdoAE daRyS ol gd Nk dF
o] el AFNA CpG DNAS Folste] 7] #A| = A2 A
o] T ulgo] Thael ZBAHZAF G 9 A E A
IL-13, IL-4, IL-59 A4 #4 9 IL-12 S/ Bug b 9l
ot W(Fig. 3).

CpG DNAE IL-139] 9AE B3le] o
A 7% 459 QAR #AFd JpeAo
ool Fgd R V= AR I

= o
c BATY NEAFE FED

x

Hlﬂ—q

IL-13°] 494 AFHA= A4 g Ao,
A A 7= Ui fEsA B FuEAE, ~
HRo=s IL-13 F234 7= #94S AAskes dd vlan
Al Aoz YehWth CpG DNAE HAe AF RdoA IL-
138 dAlstar wladAxEe] ﬂi*‘% A}, CpG DNA2

IL-139] <iAlo] <j&) ojv] ¥
&S AARFTH?

CpG DNAS &7 Thl Aol E7RQI(IL-12¢9F IFN-7)S %
d FEAHoR ZAFX Y FHto] o]Ee] HolFs HoH g3
+ T840l "ot} CpG DNAE IFN-y ¢ IL-127F 25
PAY F A T S Qe Aol T 129 ZakEe 7]

A ARG FRAL e B o5 Ape]ETIRI

of

= Aol 78R
CpG DNAZF B 235 T)

A4e AR AL 9

2. 0w AWM CpG DNA
CpG DNAE o83 7194 d4el oge] Hi AFES

B2 AFoAM &9 73 @Al CpG DNASH 98 87
Folgt Fof 7|8A HAE frgste] 243 Ads 7299,
71 BAA A EZAH NBALF)W S A v FHa €F IgE,
BALF IL-4 5& #2A1# 1 BALF IFN-7 9} IL-128 <714
Ak o2 ATl std ARE Fdow AT 1F7Y
Aol CpG DNASY o3 Fojo] o3 dA IgEE A=A
A IgGat AA3] F7tEIReH, oy A= HAT 77
MAE A4E AT Broide 5 39 =F 6Y Ao dAX=
CpG DNAE T3S o 7Hd ;é;ﬂr o7 V% dF
dga sk = o
wel gt 9lo-S AlARRTHY
<ol CpG DNAZE #4174 2
ool TAAY & Avke BiE Atk F r
cytial vhol#iz #d Aol CpG DNAS T39S 49 ulol
22 F20 oAet FAl VEEFS gAGstE AAS BIo

_255_



HAEW s g2y 48 A82AM CpG DNA

100

£<0.01
80
2 604
5
[=}
40 -
20
oL T U .
CpG+OWVA OWVA Saline
A IL-4
1400
1200
1000 -
£ 800
=
2 600 A
400 -
200
0 :
CpG+OVA  OVA Saline
C IL-13

500 -
£20.05
400 -
-
£ 300 -
=
Q
200
100
0 ! [ 'll.'l
CpG+OVA  OVA Saline
B IL-5
3.0
25 £<0.01
2.0
-
E
S 1.5
=
1.0 T
0.5
0.0 -
CpGH+OVA OVA Saline
D IL-12

Fig. 3. The effect of CpG DNA treatment on allergen-induced Thl and Th2 cytokine induction. The
level of IL-4(A), IL-5(B), IL-13(C), and IL-12(D) were analyzed by ELISA. The results revealed de-
creased production of IL-4(P<0.01), IL-5(P<0.05), IL-13 and increased production of IL-12 in the CpG
DNA treated group as compared to the untreated groups; each bar indicates the mean(*£SEM) value
for mice. CpG+OVA :OVA induce airway inflammation and CpG DNA treatment. OVA :OVA induce
airway inflammation in the absence of CpG DNA. Saline : Mice receiving saline injections served as

negative controls.
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Fig. 4. Long term effects on Bronchoalveolar larvage fluid
(BALF) eosinophil at 3 days, 24 days, 45 days after ovalbu-
min(OVA) challenge in the presence of CpG DNA or control
oligodeoxynucleotides(ODN). BALF eosinophils were signifi-
cantly inhibited in the CpG DNA treated mice compared to
the untreated mice till at least 45days. "P<0.05:OVA-+CpG
group compared with OVA+ODN(control ODN) group at each
days.
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Table 1. Effects of CpG DNA on Animal Models of Allergic Diseases

Disease modal CpG DNA+Ag Effeqts on . Cellular. TH2 cytokines  THI1 cytokines Antibodi(?s &
and route physiology inflammation Chemokines
Asthma Ova+CpG i.p. JAHR {Lung Eos. VIL-5 TIFN- Not done
(Broide, 1998) lBALF Eos. lGM—CSF Splenocytes
l Bone marrow l IL-3
Asthma Ragweed+CpG ~ JAHR | BALF Eos. JIL-4 BALF TIFN-7 BALF | Total IgE
(Sur, 1999) & splenocytes TTEN-y
Slpenocytes
Allergic Ragweed +CpG lClinical score Not done Not done TIFN -7 LN lSpeCiﬁc IgE
conjunctivitis mucosal or ip. lEarly and late
(Magone, 2000) phase response
Immunogenicity Amb a 1+CpG lHistamine release Not done lIL—S TIFN -7 lIgGl
& Allergenicity (conjugated) with conjugate Splenocytes Splenocytes lSpeCiﬁc IgE
(Tighe, 2000) intradermal or i.p. but not with CpG TIgG 2a
Asthma Ova+CpG and }AHR | BALF Eos. JIL-5 TIFN- 7 11P 10
(Kline, 2002) SEA +CpG l Lung Eos. Splenocytes Splenocytes l RANTES
TEotaxin
Allergic rhinitis Ova+CpG l nasal scratching l Eos.Submucosal l IL-5 T IFN-7» Not done
(Hussain, 2002) & Bone marrow lIL—4 Splenocytes
Splenocytes

BALF : Bronchoalveolar lavage fluid, LN : Regional lymph nodes, AHR : Airway hyperreactivity, Eos. : Eosinophils
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SHAAFA oY 2HBEoEE SRS dF S AASA Kshd 719l X8 EAHO® CpG DNA FoJahdl wizhsk ghelo] ujs)
g 274 Aupdel didk CpG DNAS] Wowkge g9 So]  wg Al = XN ofn] A W whgS nptrle of
IgE 883 SATES dASH o™, Thl AFJEFR] IFN-7y  #& @3S 7HX3 Atk CpG DNAS Fof ol wAdd
9} IL-122 =38k tH(Table 1). AT FBF NS, TNF-o 24 5ol 93 fd3a o) whay
2 9o g wle] 2 Hol $Em op?
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drt. 238y CpG DNAE AlFe] DNAC EAats H3ANEE Axe] 435 Bigoen wolsoxz ot Wdsty 7170
TASE & FEOoR Thl WwkeS FE3te] Th2 W9vks s ol8e} ATels E5ta 427 4352 dAA] ¢
S AFgozM oo mEE FFge Ui Y= Uk A7y Brbsshd, A wdd WY 248 A Azl of
CpG DNA2 o WilolAM, CpG DNA ¥ Foe vddt &y X739 7MeAdS AAsta vl 2 oA Thiy =2 9
FAEoE andolA gt Ao Ayt W AZS A o HES FE3ln Th2 WY #ES IS CpG DNA7E
24 dE 9ol slon, CpG DNASH T4 Hefo|=eok 48 A2 T/ iz AzAlolrh
ANAA Folge Agole Fdol g vl s U 5 9l HAAA AFE whel shd CpG DNAE S8 mdox
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