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[(FBE] 86 HiFTU&HELZHEIN CpG 3B A F AR (CpG ODN) [ 5 L 11 S 36 57 M 2 F 52 ¥ 4 390 19 mT 47 2k,
Fik HESE 6 0 DA CpG ODN B Bk pKO-CG6 B 1% Tk L & 3 & pKO 43 5150 3£ BE N J HBV I8 e 35 19 4ME
1L B4 40 i (PBMC) , 4 I PBMC A4 19 58 K 43 W0 B4 40 M R T~ TEN-y  TL-12, F— 25 4% 55 20 HBsAg 43 9115 A 53 15 il 3R R 4 928 /)
L AT /N R A M AN R W S R 2. 48 R OB pKO-CG6 534 pKO 7E RSN HE B ROME A & HBV 3% PBMC
HEFH RN IR HE IFN-y 1L-12 1746, Hoh pKO-CG6 1) S8 )3T 1 58 T 400k pKO, /b BUA IR 56 2 B, BAR # ik pKO W
HA R VER H pKO-CG6 T HE i 3% 1 it HBsAg MR RER & L HEMRaERE, g4 HTAHZLHEIN DM
CpG ODN [ kL e $00E HBV YL 1) PBMC, I3 38 HBsAg 78/ BUA P 9 S i
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Multi-copy CpG ODN-containing plasmid enhancing immune responses to HBsAg

XIE Bing'”®, TANG Zi-wei'”, LAO Wen-guang', LI Jian-jun’, WANG Yan', ZHU Shi-ying', TAO Qing-yuan', QI Zhong-
tian' , ZHAO Ping', CHEN Zhi-hui*”

1. Department of Microbiology, College of Basic Medical Sciences, Second Military Medical University, Shanghai 200433,
China

2. Officer’s Clinic of General Political Department of PLLA, Beijing 100120, China

3. Department of Infectious Diseases, Changhai Hospital, Second Military Medical University, Shanghai 200433, China

[Abstract] Objective To explore the possibility of using plasmid containing muti-copy of CpG ODN as the adjuvant for
therapeutic vaccine against hepatitis B. Methods A plasmid pKO-CG6 containing six copies of D type CpG ODN was
constructed. The plasmid and the carrier plasmid pKO were used to stimulate peripheral blood monouclear cells (PBMC) of
healthy or HBV infected subjects; then the proliferation of PBMCs and secretion of IFN-y and 11.-12 were examined.
Recombinant HBsAg combined with either of the plasmid was used to immunize BALB/c mice, and immune responses to
HBsAg were assayed. Results Both plasmid pKO-CG6 and carrier plasmid pKO not only effectively activated the proliferation
response of PBMCs from healthy controls and HBV infected subjects in vitro, but also promoted the production of IFN-y and
11.-12; the immuno-stimulation activity of pKO-CG6 was greatly stronger than that of the carrier plasmid pKO. In vivo study
showed that although vector pKO could also act as immunological adjuvant for HBsAg in mice, plasmid pKO-CG6 elicited much
stronger immune responses to HBsAg, especially the cell-mediated response. Conclusion Plasmid containing multi-copy of CpG
ODN can effectively activate PBMCs of HBV infected subjects and enhance the immune responses to HBsAg in mice.
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S R T 40 T FE N 2H DNA A9 25 Al 34 B0 g g
WIS I B R (CpG) 3 5 M9 35 B0 & % 1 R
CODN) R 3 75 A 30 40 1) G 5 40 L L 75 B JB e | i
9o R A R 0 B YR T T B TR I I L 4L
T S 92 1 44 ) B B — 3R 97 il 1 Y CpG ODN . ik
A RIS MR CpG ODN 1 CpG W il 4 )5
HHE S LA CpG ODN 4324 K U0 D &L, i 4 1F H
T Bk AN, 5 & EH T 58/ B v, 5] A
W JSHI g G e O, RS T — R £
0L D A CpG ODN 1Yy 57 A, W %€ 3 X ft e A\ Je
HBV #4415 J8 i 208 40 8 (PBMO) 2 ) 24 T fig
52, F A HBV 28 TR %58 /N B, 0058 H X
G 335 I8 25 114 348 5 A L 8 LA AR T M 2
G AT B AT BEE

1 #MRITE

1.1 CpG ODN # 4k pKO #9#2E DI EEE
KR AR pVAXI (Invitrogen 2 8 72 &) B4R ,
PCR 4" 14 4 i~ I 85 2= Btk 2 K (Kan®™) i pUC i
K I 4R 05 (pUC ori) 19 DNA F B, LiiE51 9.
5-GAA TTC AAG CTT AGA GAC AGG ATG
AGG ATC-3", FliE5I#:5'-GAA TTC GGA TCC
GTC AAC GCG TAT ATC TGG-3',PCR F=# AN
VIl EcoR T Mg Y), F#EAT H SR IE 3L, S Y
ALK A TR DH5o, 13 8 /9 5 4 k. pKO 3 &
Kan®fll pUC ori, LA & 3 A~0] F F 46 A SRR 3L A R
Beiy s — VI 5 Hind [l \EcoR T Ml BamH T ,

1.2 DA CpG ODN /% pKO-CG6 9= A
T 34 D& CpG ¥ P 45 B4 ODN £, 5'
5 3" K slin A Hindll \EcoR T B§EI47 15 (IF 58
R R 28 CpG 2 F). ODNI1:5-AGC TTG
GTG CAT CGA TGC AGC ATC GAG GCA GGT
GCA TCG ATA CAG GGG GG-3';0DN2.:5'-AAT
TCC CCC CTG TAT CGA TGC ACC TGC CTC
GAT GCT GCA TCG ATG CAC CA-3", KR (1
nmoD) ) ODN1,0ODNZ2 435 ] PNK(TaKaRa) # 17
ik SR 5 F 95°C A 5 min, R H E =W, 7
W5 %3t Hind [l /EcoR T B DI BURL AR pKO %
3854 3 CpG ¥ B Bkl pKO-CG3., LhtH
BLAY 7 5 i) 45 K 3 & EcoR 1 1 BamH 1 B VI 7 15
1) CpG A4k DNA R B4l A pKO-CG3 B EcoR T /
BamH 1 BGYINL 5, BNSE] & 6 1~ CpG F&F 1Y it
i pKO-CG6, FIH AR Kan®*H 19 Sph [ Ho—gH)
P HEAT R V) % . ARG HEAT I Y 4 . FH v Al

JORL ] 25 &R 48 (Invitrogen 2y &) il $2 F1 4l 4k [ ki
pKO LA K& pKO-CG6, ¥ fift T B ER K, MR 2 mg/
ml, HEEZKNKT 2 EU/ml,

1.3 fEAZ HBV # 4 % PBMC #9490 & fdE
WAE B YE 5 4 4E#E 25~35 %, HBV . HCV $uiky
Bk ;s HBV JE& UL 5 4, Pk AR IS 28~34 & ALT
EH CHCV $UiRBI T, &8 HBV &G s 3~5 4, 1l
H 49 E i PCR &S HBV DNA FH% . R #E1T
PURTFIRIT . ZIEHE B AR E ., W&t
ORI, DA WE RS BE B O 5 43 B PBMC, L
RPMI 1640 K7 R PE40 ML 1 R FEIFE T3 109084
KGR E A .1 mmol/L HNEREZ4H .0. 5 mmol/L
2-Fi bk 2 W RPMI 1640 15 3% U, 14 %% 40 Jif 25 1 &
2X10°/ml,

1.4 PBMC 3R m ¥ & 1) PBMC #:F T
96 FL AR . A FL 100 pl, [8 B 0 B AL pKO 8% pKO-
CG6, W4T 54 5.20,50,100 pg/ml, XF B FL A0 AL
BREROK 5 pl, WA 3 PATAL. ¥ 96 fSLARE T
37°C 5% CO, IR B A0 M5 5248 h .72 h 5
FLANA MTS % ¥ (Promega 23 71)20 pl, 4k%E & T 41
M T 2~4 h ARG TREARAL B 492 nm
W% (D) E . S % WK 630 nm, Djin A& 28 46K
FLoR X B8 5 R L PBMC Y 30 384035 $% (stimula-
tion index, SD),SI= ikl Do/ FRERIKFL Do o
1.5 ELISA 4@ PBMC 4 #t6amie®F A
PBMC K732 535 Rl b, L ELISA 32 K6 I 5 k7 e & A
50 pg/ml fLIEFE L 1 IFN-y S IL-12 p40(BD
PharMingen 2% & 72 o

1.6 DR &E 24 X BALB/c /N MENE, S A,
b4 LA 6 HL o 3 dl N B R G
1 pelEhE 20 HBsAg R YINEE 28 4= 9 i i A R 2
A]) .1 ug HBsAg+10 pg pKO,1 pg HBsAg+10 pg
pKO-CG6, 55 4 dl/NRUE TS 1 pg TR HE T BSA
1B XTHE

1.7 R F-HBs #kteml  Rs 3 &5 35 R
I 787 A /DS BRI REE BBt , 4°C B e 1L AR i i T 0
WEHC I 3% . ELISA ¥ & W Ht-HBs & 1gG A K
Pi-HBs 1gG2a Ml IgGl, i1 1gG2a/1gG1,

1.8 DI RMapgBRrESmieERE THE @1
(CTL) & deAbml B J5 AL FE /N B, TG 18 43 25
JUE ., 7] 2 LA I A A S, He R 96 FL AR, B8 AL I HB-
sAg BN 10 pug/ml, [F] B BEAS 4 5 64 B 4 %
HRAL, T 37°C 5% CO, | i F1 8 B (% 20 i 3% 53 46
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UKL AEL S CpG B BT 51 1) ORI 3R HBs Ag 375 S 10 S0 88 L 25
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72 hoREIU/IN BT 4 M 3G B S R, 45 SR DL ST ERUR
DI 5E ik HBsAg-EGFP fli & 2 1 SP2/0 40 iy
Shy ) e 200 L R A0 B, A S /DN B G A A K
2 L, 25007 A L/ B A B H =2 [l 20 ¢ 1R 100 -
1, DA ZLTR S0 M A 0 A /N B CTL B 27, 25 3
PAARG (V) 2n BB I Promega 23 7] 3 35
P 40 2 e A 0 3 0 R B AT

1.9 %itsaz® KM SPSS 13. 0 # 4, 4] i
K ¢ KB KR K E () R 0. 05,

2 # R

2.1 CpG ODN %7 i 4 pKO-CG6 #9 %% pKO-
CG6 T4, 1 943 bp, & RAPE R HLHEIR  pUC
R R 46 5 2L K CpG ODN 3t 3 4~ Th g # {7
CpG ODN H 8 6 4~ CpG # 7, HF SN 5-AAG

CTT GGT GCA TCG ATG CAG CAT CGA GGC
AGG TGC ATC GAT ACA GGG GGG AAT TCA
GGT GCA TCG ATG CAG CAT CGA GGC AGG
TGC ATC GAT ACA GGG GGG ATC C-3', F &I
N R PE R CpG 37,

2.2 JFik pKO-CG6 feigt & EA X HBV B % %
# PBMC ik pKO-CG6 HE 4% 5 {d e A 5 HBV
JEYLE PBMC 1138 58 [ I, 52 3050006 &, 6 fik
A PBMC W 1E H 3% T % HBV /&Y% PBMC 11
JH BRI S BAR (5 pg/mD) 8L = Wk EE (100 pug/mD)
JERE R, X N B HBV K & PBMC #1E
MERIGI =R L, 28 AEX A PBMC 34 56 0
A AR VAR H R A K& pKO-CG6 ., HXT AN 5
HBV &Y PBMC Ry 3 58 Sy 3 5 AR AL, B
NIUE=

F1 LRBRRHRKIEE A PBMC BI85 R &

Tab 1 Enhancement of proliferation response of human PBMCs by immuno-stimulatory plasmids
n=5, rts
Plasmid concentration pKO pKO-CG6

o/ (pg « ml™h) Healthy individuals HBYV carriers Healthy individuals HBV carriers
5 1.13+0.05 1.1240. 04 1.424+0.03" " 1.36+0.06" "
20 1.2240.06 1.2040. 04 1.7240.06* * 1.584+0.07"

50 1.3140.08 1.2840.05 1.9540. 06 * 1.83£0.09* *&
100 1.3840.05 1.34+0.05 2.11£0.15* " 1.9440.06

** P<C0. 01 vs pKO/healthy individuals or pKO/HBV carriers; & P<C0. 05 vs pKO-CG6/healthy individuals

2.3 PBMC o #teysmpa B 40 258 GE 2%
B YW E N 50 pg/ml B, Bk pKO 5 pKO-CG6
Y RE 8 o e FE A\ ol HBV B4 # PBMC 1k fil 50 1
IFN-7, IL-12, pKO-CG6 Y FE I 5% T 17 & (P <

0.01) ,HBV &Y% PBMC L% IFN-y.IL-12
e FEAR T BE N PBMC %5 3% B35 (P<<0. 05), 180
pKO-CG6 R, =35 i 40w 8+ vk B 22 S B4t it

o o

R 2 SERBRARESE IFN-y IL-12 =%

Tab 2 Enhancement of IFN-y and IL-12 production by immuno-stimulatory plasmids

n=>5, r*s, pp/(pg+ ml™H)

IFN-y 1L-12 p40
Group — . T .
Healthy individuals HBYV carriers Healthy individuals HBYV carriers
NS 15.3+1.9 13.441.4~ 26.8+2.8 20.5+2"
pKO 28,342,944 22,843,144 484440 40,843,844
pKO-CG6 88.8410. 744 69.5+6 AA 141.847. 344 117.3-£5. 844

* P<C0. 05 vs healthy individuals; &4 P<C0.01vs NS group; 44 P<Z0. 01 vs pKO group

2.4 R IF-HBs AR BB 3G, A%
5521/ BRAT-HBs 1gG ¥ B, Bk pKO 3% pKO-
CG6 HRe e S Pk KT IF 3 & 1gG2a/1gGl LL1H.,
pKO-CG6 ¥ HUARIK K 1gG2a/1gG1 B 5 = T 2%
& pKO(P<<0.01,% 3),

2.5 DRMmpgER LS CTL E%  RINUE
41 HBsAg il s /0y BUME 40 i L 56 5 Ok pKO e
S5 411 ML AT L 184 B RNV SR T B — HBsAg i 4l
(1.3940. 01 vs 1. 2740. 04, P<C0. 05), i B¢ &
pKO-CG6 S Wt pKO 815 5 8 5 (19 3% 5 I 24
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(1.67+0.06,P<C0.01), H LDH BBuE &M CTL
7255 B A SRR B 8 /0N BB I 40 A 7 AR TR Y CTL
W, Hoh Bk, pKO-CG6 X CTL R 28 1) 38 58 18
KF#HAKF AR pKO(P<<0.05,% 1),

® 3 /NRiT-HBs &
Tab 3 Anti-HBs antibody response

of immunized mice (1 : 400 dilution)

n=6, rts
Group Anti-HBs IgG Anti-HBs 1gG2a/IgG1
Control 0.024+0. 00 —
HBsAg 0.1940.02 0.14-+0.02
HBsAg+ pKO 0.36+0.03" " 0.26+0.03"~
HBsAg+ pKO-CG6 1.1040. 14448 0.60+0.1144

** P<C0. 01 vs HBsAg group; ~4P<C0. 01 vs HBsAg+ pKO

group
R4 MRNERSENETHEHBRRE
Tab 4 HBsAg specific CTL response
of immunized mice (lysis percentage)
n=6, s, %
E : T ratio HBsAg HBsAg+pKO HBsAg+ pKO-CG6
20 : 1 16.83+1.67 22.89+1.26  38.6342.91"4
100 : 1 30.6741.78 38.3342.44" 7544, 677 74
“P<C0.05, **P<C0. 01 vs HBsAg group; &P <C0. 05 vs

HBsAg+ pKO group

30 @

7 DNA H 1 CpG ODN i 3 TLR-9 (Toll-
like receptor 9) WG G 8 41 M N 2 Fi (5 5 75 53 I
PR | — R 91 G 8 580N 43 F 1 3k, AT B KR AL
KRB RE B R B, CpG ODN £ DNA B i
S RE I B I R e 2 A L Y e £ R A
. CpG ODN 4 g i 25 48 /&5 25 1 28 B 5L i 5 92 Jit
P HET, AN T A B CpG ODN A F & I 38
B HE A RS0 B B O U T R AP BCR
ARWFFEAE T —Fh &4 £ 45 0 CpG ODN 1 i ki,
PR A S & 92 0 A 700 L 0 G2 36 7 1 92 1 44 5
IRTAT M, R BRARLARE N T4 CpG ODN fEH
e300 T Bk S DNA A 1 DL K 5 TR kA& Wi 1) 2 B 3
Fad B NI R RBEARA , LR C A ZAA
AR ARHE T N R M I RIS i 805 kL2 A 4l 4k
B AT DL AR S e R AE R B0 5 fE AT AT,
4k, CpG ODN 9 #8 DU E/E — @ i B N 5 H A W)
A5 M LA 6, PR T 3 a0 Ak #E DL 2 L i
FE Y G % W3S . D A CpG ODN = 22 40 41 fifg Hy

FZ-FE ORI (DC) , e K B A A F i 5 410
BN L 7E DNA 1 8K i A D % ODN Jig
SR T WAL 2 A B A N S AR TS AN K A
ODN™ k@ T —Ff & A 6 ~# 01 D B CpG
ODN 1y it B pKO-CG6., 1% J5T hi 45 14 fiif 5, 2 K
1 943Gl FE X, AN A 25 JBoRL &2 il A& 4 AL 3 A A
CEIRHLER D L& CpG ODN % 3 NEAICIE,

FikL pKO-CG6 LA K ik pKO 7E 14 51 35 BE 3l
PR B HBV YL 2 1) PBMC 3458 [ v LA S 4y
WA M N TFN-vy, IL-12, BRI 5, @ B A PB-
MC XF J5 A Fr) S8 Sy SRR L AR E — BB 45 0 T L fa e
A5 HBV @& PBMC RN I LB #EH 2%, #
& pKO B AAAEBENL 73 A 19 CpG J7 41, R B A
— 32 A A B AR T BT A ARG T L R
pKO-CG6 1 B 92 I A 158 T 8044k pKO, & B
FEZBM AR AW 6 A4 01 CpG 751 B 3 5k 1
GRERIBAEH . T D A CpG ODN (1) 4i i ik #%
PE 858 A N 24 32 S el B B AN . DC TSl k& .
NS 45 5L m] UL, SR RE AT R0 HBV R PB-
MC., #&7R FbL 7E HBV 83 3 1 Pyt 177 il e S AR
M.

ARG P AR AL 1 X/ A 30 CpG ODN
Xof TN IS B 5 20 T 1 B 5 ) A S8R O S BRARL, HL %)
ANEA R CpG ODN 7E /I AT LA f 328 0 3% 0
PR L AT LA N Bk B A 2 T A TR A
ENEA, DA ODN B 32 Z2E B A8 T Il o 2 4i
Misy46=A DC. il DC R Yifig i ® i APC. APC 43
) TFN-o i EH % NK 20 ffl 73 W IFN-v. IFN-y X}
F CTL M3s XA A EEAEH, B, D A
ODN X} 175 5 41 M 4o 93 1 22 B A 55 2 AR i VE L )
FELALREIG 58 T 48 A 6 00 B 4k i 2, AR SR
P REREE 20 HBsAg BE A BURL S 2 /D B, DLW %% o
KXt HBsAg FTifs R 0 & 52, HBsAg 3%
DA FH B AT PR o F 21 R 9 K UK E SRR AR L AR B
LA e R L O N REEAT T 1 IR, 4
R LK pKO 5 pKO-CG6 ¥ e W 2 48 5 b ik
ACOF I R ZE B ) Thl B %, Hob pKO-CG6
VR B 58 T pKO, B4T HBsAg FiiR KT+
5 1gG2a/1gG1 ] i F &5 A0 P47, Thl 2 $i ik K
S T R R E T The R, 2R Pk K F
(T R AR T T 40 B R A G SR, P R Bk
Xof 70N B 40 B 8 A S 0 K CTL & 405 16 Mk th B A7 &
FEiZ ), 0 pKO-CG6 11 52 i #2 B 8 48 K F 2k 1k
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pKO, JuHJE CTL 3 o, 24 %500 40 i /4 40 At
0: 1 W, 24K pKO X CTL A2 m A &,
BUAA LA S 20 J60 G 2 1) G 0 45 AN M L 6 A4 L
) CpG ODN X 58 b 25 1 5% ) 32 LA T34 5% T 40
5 358 07 255 0 T3 e T 40 R 5 8 7 25 R 0 A Ak
PE R

21 B f 5 7 25 TE BILAA 7 Bk o 7 1) o R R S A
FERL X F B &K 2 B HBV RO (9 0F 58 2 0, 3t
IBV%%%&@%%%@%%%%%@%%E%
00T ) T B L 200 P G A5 A TE AH Y R B 1 5 e e
ﬁ%%%%ﬁému[mAE%Efmvﬁ%ﬂm
BT A 8080 HBV RS M CTL. If g i 5% 5 5 i
Z AHAE RS AN F S AP HBV R i
I ANHEAE , HF R S DNA S 8 78 R 3h Wk i i
FE YR AR N 5 BOPUE AAR K - Rk G
Z M F KM HBsAg B DNA 455 £ 7
AEFEIRIX — [ @, XF HBsAg M5, AN IR B0 R
TR R I ARES CTL Frab ™5 W), a Ay
JTiR , PR DL G K BORLE A7 AR, A IR PE HBsAg i
A3 2 38 AR O S CTL &, ik, #2
A T E A HBsAg ) Z 505 5 00 20 il 4
PENE JRIGIT R QPR BB R R Ty 10, AGF
SRS A £ 00 D A ODN Y Bk fE A 200G
AN K HBV &3 PBMC, 76 /) UK P g
Wk E 2 HBsAg 155 10 o 288 N 24 L 387 X F 5 %
X FIR T PE 9 B B A Ve AE 0 R T S (H AR
— L HE5E .

4 FEmmp=R
A Ve B 7 A SR AT A F] 25 v 22
[& £ x #t]
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