HA L dHE7], A 22 ¥, A 1 &, pp 43-53, 2002

CpG-ODNsE o83 49 A28 Hy =4 o
qedd W

ZUH -

N B2

7182 e HNkg-g =AY AP X8
o2 Q91 g2 it 3y ayw ¢
g yo] Al=x|n ok ey 4Ql gEE
AL ke AL AAlF oz E7Mss A7t
Beon 3y E7Fs3 dd2qld] tigt Hex s
2A g7z eo] AlgsEn Qi viEe] g3t
Zta e 22 g 220 9 olEHA 71 8R]
A2l SRl ARt AR o2 A=y, opjde}
Al 229} 2 425 B2go] Sl & itk &
Aol 3o} MEE HAX 5] o] Yag
3ol £3| dEl2r] dFolM d4dZHA o
&g @l T Al¥e] A9 715 o3& 23
3t3z}t she AvE @ o]Roixjm glen
71Z9] BCG vaccination®l g Az4x} 3
A, peptide immunotherapy, DNA vacci-
nation, CpG-ODNs (oligodeoxynucleotides)
therapy & §°13 284 0] 7/d=s i},

o] M e HZ AT I A4 B&
AY A9E wigtoZ Thl B ¥he-& /=3
718X 4e] Thl/Th2 Bd8E& 238 + 9
£ CpG-ODNsE F4o2 Afstur} gt

220 S T NIE
1970 dch EHE AgE HA @xlelre] 7]
WA AAL e A AR 7=
H3 Wk EAPTh: AE wRlen, 4t 4
% g Ao gETe Afo] F3o| F
7Ho Sle gelEr] 95 21& BEEA
€ RAME 718A-T AP e B3l Hae

FAAA : Mg YH =49
MEA F2TF AUF 28 (@ 110-744)

e-mail : shcho@plaza.snu.ac.kr

eI

FExd metr 7 G5 whgo] AsiAy 7]
T AuMxe] g AuME rjxeket ZEkl
Az 72 HET 2 AN 2 5o AUE
Hag v glok? . #aA e 71E i
715 B3 NHRA olejo] TH] ZATA
71 4% Ao Hojdc)

dEl271d EF ol S8 AXE T
A9} FAHE T AEE dulErd 9% kg
o] Fd& Ashe 2R 9TE Ik
olg FE T MEoA AT cytokined &
3 o|Fojzitt. Elm BAsIE ZrelM e
AR A E sl M4 7|8 &
& FEI}

Th2 JH4

1986 Mosmann & A7 T AX &
oM 1L-2¢ [FN-7 & AAd3h= Thl A=
IL-3, IL-5, IL-6 ¥ IL-10 5& A3k
Th2 AF7 E2AFTE BasEct?. degzies
Thl Al¥e XG4 Ik BASkD, Th2
AEE [gE A9 A4S 7719 gelzr]
4 dF Wgel ARG Y. =3 Thiz Th2
cytokines FAlo] AAddh= ThO AEx H1
HA,

Th2 A¥+= eotaxin, RANTES, MIP-1a %
MCP-5% #2 C-C (£ 8) chemokineS%
Asld BAE V=R FF81, IL-5,
IL-3 ¥ GM-CSF& #v]3ld aibre] £31 A
%, @48t 2 AER T BARYY. 7xd
A&E ZAolAE MBP, ECP, eosinophil-

_48_



~SH Cho, YS Chang ' Immunotherapy with CpG-CDNs—

A [L-127} $7H 8ol e ThiAERe] &
37} EXE [L-4+ Th2 Al¥, v¥ibE &
AR 3T 2 CD4+ NK 1.1 AlFEojjA] #4)
S, IL-12% dendritic cell g ¥£§ i)
Al M| Zol| A EuEc), o]g} e BN E o,
dyl2r] Age] WS B3 MY S8
AL g 2Ald] BolAQl CD4+ Th2 AXE
7} BAE= Adelgkn & 4 Qlvh

THE [L4e 114 83 43 +,
STAT6(signal transducer and activator of
transcriptor 6)& &3l AXHZ A& E HLs}
o} olojd GATAS3, c-Maf, NFATc (nuclear
factor of activated T cell), NIP45 (NFAT-
interacting protein 45) 59 HARIAE &
43tAlA Th2 AER2e] B3l fxg,

31 Th2 M Ee AR A Ee} vhd g
2719 Helel=g Fo WAEA (L4, IL-5,
IL-13 &2 cytokineZ ¥ulsl] ddlar] o
& WA= Qo] A 88 g7
o},

agln 2 g disivx gle ooy
FUAA M ] FF w2t ThO AEe] 3}
Fdol £8 F e, oFF 1EEY AExd
e FAHE wle Th2 whgo] frss vt
W Aol o= Thl WgS dovjA &
th = AFxe] YgUE Fodta FUARAE
E B BETE o] 8% HF Th2 ¥Hgo] 53] %
Frsn, AgEe] g Gl o] wkg
AlZIE Thl ¥hge] & fEdEO,

o] ARAMIE Yol A7t sof Fe}
ol= JEiE MHC &Atet 37 T AX 484
(T cell receptor: TCR)o] A3 & HY vl
$o] dojupr] M e FLAAME FEHO
CD80 (B7.1)°l4} CD86 (B7.2) ¥A7F T Al
¥ ¥9e| CD28%} ZAFe] dojuol dh=Hl,
CD803} CD289 A% Thl AIXE ¥g-& &
=33, CD863 CD282 A% Th2 M vt
& Ax3}. CD80/CD86e] T ¥ HHe

CD28 thile] CTLA-49 A= HY vhg
o] dojux] %33 #Eo] fEE}H?. agm
3B {AAH WhE Aold oMz HY W
29 oFdol dEid F gloiA fejuElel I
AR 2RI M4 gRlellA HLA-DRB1*
07 749 f47F BRinkge] Bl BA S
o HLA-DRB1*04+ #o13<Ql A7} depo,

CpG-ODNs

1. CpG-ODNs®8l MY 7|5 84 &3}

CpG motife 5-purine-purine-Cytosine-
Guanine-pyrimidine-pyrimidine-3'¢} 7]&
T2 7+ immunostimulatory sequence
2A vvdslE 2 2 AT DNAY B
o] #x3ty Ut HFFES DNAAE CpG
motif7} EAEH} o5 viedske Fejoj R
A o] BEF} vvEstE CpG motife
A &7l FEol glo] Yol F4E f531A|
7+ Wledsle CpG motife WY 34 F¥o] ¢l
o] PYx o] FA1E KXl F3} CpG motif
& ¥ oligodeoxynucleotidesE CpG
-ODNseka 3 He &3] Fgo] gl7]dl 1SS
-ODNs (immunostimulatory oli-godeoxynu
-cleotides)B}aLE g},

drtdez  1970dde]l  Mycobacterium
bovis7t FE R} AlgolA gekRrio] e
o] Byg o] &' 1980dth Fxkoll Tokunaga
o] Bacillus Calmette Guerin (BCG) ol
A &3 DNAZF NK A& @A43lsle] 2%
< Azl ZHo] UsE TAS AT
DNAZ} B9 8xl5g /Hiths AMlE 322
Huslgrsie ol AR89 DNAZ} of
d HeA &3 DNAR] NK AZE 84
3tA7151 IFN-7 9 #9158 2N71e Aol
Hugglon = FAR C-G nucleotide”}
= 45-mer #Hol9l oligodeoxynucleotides
9] palindromic sequence’} B 3% &

21 motifye] HEHTH.
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—~Z48, ZHA  CpG-ODNsE ©] 88 M4 N2 WY =4 89 -

= ¥4 ODNs& o] 83l 53& mRNA7H
A5l GAIE 5oldeg dAdke anti-
sense ODNs& 78l 1gox B8 T
A= ok ohje}l, 3% ODNse| B ¥ &
A3 MHC #219] 28 S, v vgE 2
Frhe AR 931 Krieg 5 $4] 50 vy
g3l¥l C-G dinucleotideZ} $1x8ta 5 %o
2789 purine©l, 3 %9 5 719 pyrimidine
o] $xshe &2 dole| ODNs7t B Al EolA
A PeE vehlE motifdE 3R
CpG motifg}i HHsc*,

o]} 22 CpG motife NK ME9} [FN-7
o] YiHg FRAFlE BCG DNAGIAY &3
45-mer9] ODNs$} A9 fARIELH*, CpG
motife #HFEE9] DNAETH Alte] DNASY
Al oF 2080 7+ o] RS EAGta AFFE
A= CpG motifE °lF<= cytosine®] thi-&-
o] (2 80%) Es}=lo] dgo] At CpG
-ODNsellA BlW|©3ld cytosines HE3A]7]
At Ale] DNAE methylase® ©]&3l o
3R = 7Afolle HFFEAA F2F DNA
o} fAFsHA WY Fzle-g AR, & vy
g3le CpG motifEe Alde] DNAC FEA5i
32BN '9F 415’2 QixElo}l Thl AY
71%5S FAANZ = e FEoltk weld in-
nate ¥ Al2"”lo] CpG-motifE XA =
H A7 AF Ao wEW Toll like
receptor 9 (TLR9)°] CpG-ODNs% 48
d&g ol g o,

CpG-ODNs¥ ¥8l27] 2% ¥t opiz} ¢,
729 Aol X g Z3rt ZigiE D 9o, 3
< 2B 9le DNA B3N % CpG motif
7} shdel 43 8424 Thl B9 whe-g 32
AlAFE adjuvante] GES st ot

2. CoG-ODNs2| 27|
CpG-ODNs®l| Eoj&Ql 8l tigjrl=
22 =8| 2. Sepharose beadsoll CpG

-ODNs& 14 % 5 B AlXE A3l e 23
3lA] %2 CpG-ODNs$}t 2 3= B A|ZE
21338710 A E HHo| EAfse 87 UE
Aoz 35U} 12y DNAE EE AlXd
A FEHegZ F459 CpG-ODNsel &7}
ezl faide 583U AZudold(en-
docytosis) e o] dyaolgls Yol B
37} stk CpG-ODNse] AEUz olqdsd
322l DNAE endosomed] ‘Fo} Al HX
T d¥e 7 mEdtl CpG-ODNsg #
o 27 53] endosome? 4Hd3E JAlsh=
chloroquine &<} Ao 2jsf AA=EZ en-
dosome®] 4Hd3l7} CpG-ODNs9] 2ol 3l
of HeAl vAYdS ¢ & vk 23y @Azt
2] endosome®| 4Hd3}7t CpG-ODNs9| 2Hg-
o #oshe A3 71He dis) gzl vl gl
q_27)‘

AEWeA CpG-ODNs# Agshe= 584
o tisiAx GA] o] &zl vle gleu DNA-
dependent protein kinase (DNA-PK)7}
CpG-ODNs9] 262 Jehli=t] lo] 954
9lo] HmHJG® DNA-PKE AT 9,
R 5ol B-¥319, catalytic subunit’7} §l& o}
$-20 M9 DNAY CpG-ODNs& Fo3hd
NF-kBe #4371 A= IL-69 1L-129]
AAto] A=A

Toll-like receptor 9 (TLR9)+ CpG-
ODNsoll 2% v|AAEe] 34 FAgA L)
4%, dAEAA TNF-e, IL-6, [L-129)
Filo| gejdt TLR9 29 w20l CpG
-ODNsoll 9]& ¢-JUN NH2-terminal kinase
(JNK)$} IL-1 receptor kinase (IRAK)2] &
A7t ZAas® CpG-ODNsell <& Z7He
toxic shockol A3dE& HAth TLRIS AHXE
W AR obr geiAA] #skert TLRIO /3
Z}oll transmembrane segmentZ} 1719 st
Aol EHo] gl endosomes] Bl $1X]
g 7PeAE o,
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A¥EH A% HES common Toll receptor
signaling pathway& wW=n], old] #jsh=
E4d8+= MyD88 (myeloid differentiation
marker 88), IRAK, TRAF6 (TNF receptor
associated factor), MAPK (mitogen acti-
vated protein kinase) p38, JNK, NF-kB,
c-myc, Ets—2 F°] #ddt}t. MyD88« CpG
-ODNsell ¢]§t IL-129 TNF-a 2 Ao &
A& TRAF6E -2 tlAAEdA CpG-
ODNsell 913 [1-129] Aol Bgdc) =3
CpG-ODNs+= M XA reactive oxygen
speciesE BAHAA IL-69] skl HodFic)s”,

CpG motif’} AMHZ Sl FAFAE
(dendritic cel)®} #&  FUAAIA Eo) A
MHC I ##¢} CD80 ¥ CD869 costi-
mulatory molecule®] @8] $71% 1 [FN- ¢,
IFN-8, IL-12, IL-18, TNF-a & B3}
NK Al¥£E Z43r71% Thl Hyrg Zog
T MEE ARG T3 cytotoxic T AT
43 IFN-7 o] #87) 3719 B A2 e
IgEe] AAde] 74a&n IgM# [gG2a%] Aiko]
S7FcH(Fig. 2). ®3F CpG-ODNs+ phos-
phatidylinositide-3'-OH kinase pathway
& B3l clAP(cellualar inhibitor of apop-

IL-12,1L-18, | e
TNF-2, IFN-a/ 4

AP lm-a/ﬂ@___ -
Che “3 Cytotoxicit
IFN-y '—J
®-@ ORAr=m:

A IgE ¥

AN

Fig. 2. Intercellular mechanism of CpG-ODNs
activation, Direct effects of CpG-ODNs are
apparently limited to the stimulation of pro-
fessional APCs and B cells and then the pro-
ducts of these stimulations such as IFN-ao/8,
IL-12, IL-18, and IL.-6 drive the characteristic
Thl development.

tosis proteins) & F7MIH R4 22 apo-
ptosisE A8 innate WY AAre] wt
& ST,

3. CpG-ODNs2| izr| 8 ot o
Xz =}

7182 A4 CpG-ODNsE o] 83 wd
=4 8% T4 oA ARe g B 4
ek, Z1@A Ao Qlojr Hxe] BaE 1998
'd Schistosoma mansoni $&& ©}-&3 7|#
A42 C57BL/6 -2 R2dolA CpG-ODNs
E 243 dAleN B E dy2a3 i@
Al 71=3RIA, BALF (bronchoalveolar
lavage fluid) AN vlg¢] 7+4 ¥H IgE,
BALF IL-4 %°] #4sla BALF IFN-7 b
IL-127} S71ske & 718x13 4] whago] 7
Aoz Ao 7|@A|F 2] Aol tha] o
o] A7} S Bagh Zolg, Emex
= IS ALEE 1ERHY vhe2 2o
A &9l 2= BA ok CpG-ODNsE 7
Fasie] 7|eaglA, 3AREA Ve g g4
2A Bo] IgE7t frelskl zasin ddza
5ol 1gG2a7t 3713He B33 v} o,

718A14 2ol g CpG-ODNsel o &3}
7b 9 Zld] oo} dARRIS AMRE 7| WA A2
BALB/c wH-2 Edola 72t Fof ddimo
2 FEsbr] 24402 Mol AAA (B} w=E= A
o (BF B ) B2 7|8xE e wy
o] AAHY, CpG-ODNsE &7 w& vl7hy
2 13] 5% 297} dexamethasoned 7Y
ol F4% 7ok vl N8 At e
o] R} I o|9} o] YdRMog
f317] Aol CpG-ODNsE Fosh= A 9=
NK A% glolx X8 AAHE Jehdo] Haxg
‘;}_34)‘

EZ AKR/J wh$2olA conalbumin® @
RN F 71#e s Bl Z|BAHYS &
WEtn 2447 Fo CpG-ODNs& 30 &
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-Z4%, A&4  CpG-ODNsE 188 42 M2e 99 23 84 -

100 1g& $319E o 7|= 3R, BALF &
A H)g, 83 34l 5] [gEZt el 24
33 BALF 2 ¥AAIENA [L-13, 1L4. IL
-5¢] AAgo] 7+asla IFN-7 7} F7F6k9 e
H 232 A B7.19] #3e] Frtsta B7.29] ¥
&o| Ztadle 5 7|¥AIAHA] WiF X8 &
7t By,

olde] ¥arl F2 CpG-ODNse| @713t &
Sol ths) Bng Aolghd Sur 5& F=eiv)
% FPg 0|83} vh-2 Bdolx R F gl
oz {ukalr] 48 A7t Aol CpG-ODNsE 7]
FHE T3S o 71EAHA] G4 oA &
#H7} A 65 ol AEEE Easiir®. &
3 IFN-7 7} 298 3448 ng2oXe 7
FAX AN W A7 T} flo] ©l2lF Th2
e whgola Thl WY whgozo M-S o
271 CpG-ODNs¢ &% IFN-7ro 2J3)
e Easiget. a3y gyEr) ve-g
AAshe CpG-ODNse] #%sol IFN-7 ¢} IL-
127} 953 0]A] Ythe BaE 9o} xFe] ¢
T A3t /dE”.

4. CpG-ODNs2| backbone F+Z=0i| g
&}

CpG-ODNs¥ 99 €7] A4d #at ohig}
backbone®] T-Zef wel WY F7F A= ot
o3& Heltl Backbone &% phospho-
diester ¥el¢} phosphorothicate Hel7} Sl
t}. Phosphodiester FelE AHAH o2 &3}
1} exonuclasel 28} A £3l7} =710l B
Z7} w2 o] "Wolx|v*®  phosphorothioate ¥
B)7} exonuclease©l thgt WiAde] #H i 200807
T 7l vz} doj | 7} FEo] et
t}. w2 CpG-ODNs o] 83 Ao thi-i
o] phosphorothioate backbone -7+3¢] ODNs
& AFgEH o] otk Y phosphoroth-
joate backbone 32| ODN& AH-3h= 745
A FFe] ¥ 7ol =Y WG Bt

dojuti, =4 @F ¥hE F Aol o] 2
& dvkn A o0 E=F QI B AlX
A B4 CpG-ODNs2.2 Algigh Aol W2,
backbone 7%7} phosphodiester?! 7ol
CD86el #do| F7ise 5 |9 33 ¢l
e}t 1 backbone T2F phosphorothi-
oate HEH|Z vzl A F7) 5Yo] HAHU
go] Hazo] gle1*" phosphodiester back-
bone 7% CpG-ODNsE ©]83% ol tf
g 877 o3 U

98 deoxyriboguanosine® A&FHoE
Z% deoxyriboguanosine run (dG run)2
F2 gelp Al L¥E3R= scavenger re-
ceptorell Aggrin A Yo tetra-
plex TZ& A8l exonucleased A&dE
7Rk # - EF backbone TR F YRS
phosphorothioate® A&t 4% 2ol
poly(dG)& H¥gF Afele Al PBMC
(T2 ddlT)olM NK A2 g438 5
A ¢ dRet, BE backbone TERE
phosphorothioatedtshs A-$olle 2388 &
38l Aajrzdo] Bt

ol2{gt Abale dG run®] scavenger recep-
torZ 8 ¥ ME2 CpG-ODNso| EolZd
F UAEE xolFolr CpG-motif2 g A&
AGg AR AME AlrLelET et
o’ 7o HE7} dG rune] H7HE CpG-
ODNs2] 2342l 4 MELIA| FE31A] go
o, 7P o]l #eje]l dG run, 183 dG
run® in vivoellxel 71%& d&AA ¥kt
He] |A7elA phosphodiester backbone
T2 CpG-ODNs9] 5 ko] opd 3 k]
deoxyriboguanosine run (dG run)& H7Fst
™ dG run® =71 Wl dendritic cell (in
vitro)ollxlel TNF-ae 9t 11-122] 4ol 57}
¥ 4 93 hexameric deoxyriboguanosine
run (dGs run)°l 7V o)Al JHed& Bil
(<1575 L= i
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B A7 T2 FHZ2E @AM nea B
oA phosphodiester backbone +%2] CpG
-ODNs9] 3 2dhl dGs rund 718l gH2
Aol it 7kt dAlellA Tt A# phos-
phorothioate backbone 732 CpG-ODNs®l
438 I 2 7|BA A9 HAYE AR sk 4
i 537} S-S Baslon, T3 dainle]
gk Bola T MIE 8A1E 7} FAA% v}
S0 OT-119] ¥4 AEE o]83l pho-
sphodiester backbone +%¢] CpG-ODNs2
3" Ak dGs rung H7bke A% [FN-79

A. PE CpG ODNs with 3'dGs-num B. PE CpG ODNs without3'dGs-n

PE-CpG-dGs

IEN-y l 73 Antigen presenting cells l
N §  Scavenger receptor
Wf T cell receptor
O Allergen-MHC complex

Fig. 3. Proposed mechanism for the enhanced
antiallergic effect of a hexameric deoxyribogua-
nosine run {dGs run) conjugation to CpG-ODNs.
A. Run of deoxyriboguanosines are known to
form 4-stranded G-quartet structure that bind to
the scavenger receptors of macrophage and con-
fer nuclease resistance. 3° dGs run might effi-
ciently target phosphodiester backboned CpG-
ODNs into antigen presenting cells via scavenger
receptors and extend the half-life. Increased in-
tracellular concentration of phosphodiester CpG-
ODNs thus promotes activation of antigen
presenting cells to produce IL-12, which induces
IFN-y -producing Thl cell development. Phos-
phodiester CpG-ODNs also activate CD8+ T cells
via antigen presentign cell derived type 1 IFN:
in addition, 3’ dGs run might directly costimulate
CD8+ T cells, B. Most phosphodiester CpG-
ODNs were degraded by nucleases and were
thus unable to activate antigen presenting cells
to produce cytokines such as [L-12. Therefore,
allergen-specific Th cells fail to differentiate into
the Thl phenotype. PE CpG : phosphodiester
CpG-ODNs

#4]7} phosphorothioate backbone T+32]
CpG-ODNsoll BAY Fx2 F719E st
AH" . dGe runel B 4 TH-E A3
A= 7)Ao s E dG run®l G-quartets
Al exonuclease?] FZlA ODNs€ H
383 d89 scavenger FEAH(SR-A)N
g d3es FINA AZUE /UL T
AFe 9%, 283 dGs run A7} CD8+ T
AEE YgA7le 9L AAEATHFig.
3). 183 backbone TZol we} @A Yol
T zol7} el 53] 1gG2a2] A8 pho-
sphorothioate backbone T3¢} UHI #A
7} U}, < phosphorothioate back-
bone A7} AthAIEA gt ey Bt
%1le™ phosphoinositide 3-kinaseol] 2]&%
o] ERK(extracellular signal-related ki~
nases), p38 MAP kinase, endosome®| 44
5ol 841 #ogoe] RusUtH®,

5. CpG-ODNs2| Fxt21 sz giot

ole} Ze FE A¥e] AT FHAE, ¥A
A% ‘hygiene hypothesisl @43t Thl
e uhe-S FEd] Foas TR A4 dA
& dpEbAY AEske AY8R¥oeE CpG-
ODNs& o83t A2 A8H 7ide] 7FsAel
o)¢ ok, 28y CpG-ODNs+ Alite] DNAe]
gk HE4EE FPEe @ FEe=
Thl W ¥he-& f538kd Th2 9y ¥he-g o
AgrozH 71FA Ao Uit o E= AR
98 Y2 E CpG-ODNs ARgol] mas
Hargo] dig 2= Sl

7Fs8 HAg02E CpG-ODNs9 $o %
Aol AT e 9F 98, TNF-a 24
5ol 2|3 septic shocke] HA*, v
FE, AP Agke] W Fol Ll
T e}, EA7kA e dolelR2e 7R3 29
Agol AHHE fFo2E & B&go] glo|
AH8E 4= 9leglEr Vs ZiEe] 11129
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- 249, F&Y 1 CpG-ODNsE |48 A48 M2 U9 =4 99 -

HigjA] kA, B8 9 A7) (&Y F RE £
ofell X 2-4g Yo 2 JuErt

ol gt R8-S Fol7l #3 o] A o]
Fojz|a led EAHQ WhHo] F4d Ty
7Nt} @l 243 CpG-ODNsE conjugation
A7l whgoltt. Shirota Bl 93l dzlz
A3k CpG-ODNsE conjugationdld H= 3
4 Relohe Aol B8] Bel2AT CpG-
ODNs& &313l] F8 A$ED 10089 1
o] g0z 71X HA 9 YHE JA s o
a2 f3= FHA DRET AESHAUG. 2w
o)A A% phosphodiester backboned ©]&
& CpG-ODNs X8R ol2|g ¥2-8-& &Y
= gled e & 4 sleslet Zidska Qo

6. Sl&| MjxzoflMe] CpG-ODNs2| &1t

CpG-ODNs+ oFEd] $x19] PBMCelA 1L
-12¢} 11-189] wd3} IFN-7 9 Aikel 37}
AlZer total IgES] AR AARAIFHTY . ®
%} phosphorothioate backbone 732 ODNs
7} olEs] FxpiA F28 d# 2 5ol CD
4+ T A|¥E Th2 AlZA Thl Ajxez &
3N + Udx o] &= [L-12, IFN-7,
IFN-c ol gt ZF3AE FAY 3¢ &Y
o] HaE Yk, ol8F A= CpG-ODNse©|
ole- 2ol e} FARRE 718 B3l AE e
T S AR,

FA7HR] HA 9 CpG motife vHF2ollME
GACGTT, 3lAe GTCGTTZ ¢#A 4l
om4sn e 7] Mgl Wl o3 AY F
7 Axot Aozt Qlo] HAHe MEE Fe =F
o] A% Al&H L e CpG-ODNsE ©| &
g o3 Algol #& Foll 3Urh

W=
718X A A7 el 2] Age] By 71 o
@ ojsligh A FEe Tl A Aslol &
¥ 9AMEE ASAQ XeYE Ngstaashe
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o] AFEH 3 vt 53] g#2r] 45N
A A AgS Fdshe T AlXe HY 715
ZAEs A she A7 Ei3] o] R 1 gl
¥, CpG-ODNs+ Thl Y wkg-& fxde
M Th2 ¥ ¥kg-g A3l 58 RddA
Z1#EA M Ao gt Bed Feoz dldelrg
Fort JidEle WYz afoldt. dA o4
Algo] A3 Fol 9o 71 FREE Fol
o v EEQ WE-E ES] 98l conjuga-
tion #efe] 7d¥ backbone el thgt #
Aol FolA 3 et
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