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The Analysis of the Immune Enhancing Effects of CpG-ODN on the Recombinant

Plasmid which Contain the H Protein of Canine Distemper Virus

XU Xiang-ming', ZHU Shan-yuan', ZHANG Quan’, XUE Zheng-feng®, LI Hou-da’
(1. Jiangsu Animal Husbandry and Veterinary College , Taizhou 225300, China;
2. College of Veterinary Medicine, Yangzhou University , Yangzhou 225009, China)

Abstract: To enhance the immunocompetence of recombinant plasmid against canine distemper vi-
rus, four CpG-oligodeoxynueleotides (CpG-ODN) were designed and used in this research. Fol-
lowing lymphocytes proliferation test determined by * H-TdR incorporation, one CpG-ODN was
selected with optimistic immunostimulatory activity which sequence is 5-TCGTCGTTTT-
GTCGTTTTGTCGTT-3'. 30 healthy Beagle dogs were assigned into two groups and each group
was further divided into 5 subgroups. All the subgroups were tested with different dose of CpG-
ODN and recombinant plasmid pcDNA-H (which contain the haemagglutinin gene of CDV) re-
spectively. On the 2nd, 4th and 6th week after immunization, the neutralization antibody specific
to CDV and the level of gama-interferon (IFN-y) were determined, and the data showed that the
CpG-ODN could elicit a better antibody response to CDV and increase the level of IFN-y. Fur-
thermore, the effect of different levels of CpG-ODN were dissimilar on improving immune re-

sponse, while the optimistic CpG-ODN level is 30 g with 50 pg pcDNA-H for each animal. Five
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Beagle dogs were inoculated with optimistic level of CpG-ODN and pcDNA-H, while another 10

dogs were only injected with pcDNA-H or normal saline water as control, all the animals were

challenged with CDV 4 weeks post immunization, and the data showed that there were no Canine

Distemper clinical symptom and no CDV infection in the first group, while 2(40%) and 5(100%)

animals were infected with CDV in the pcDNA-H and normal saline water control group respec-

tively.
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R IR (canine distempter virus) i& RE )
V) S, EEUE R RS H ARG ET
PROBI AR R G . R I G LR 3 A
T 5 A . (HL 58 T R R — R R B AT E
LRGBS B, SR Z e f
RO P T B M S R L HE A
X CDV BB E MR e S 7 —EmitE. 5
18 55 T AR LT B2 A e HOR S 1 2 R LA
7 A I B KOF Z2 R A% G g T 5 PRtk oK BE
SR R S T O 8 AR 14 A7 7R S A ke ) Y R AR
—. fEEEME T &A CDV K& & (D EEH
20 JFORE L 72 W 1A P R A R DA A 9 O OIS i B 1Y
B SRR i s 2 ) P S AR TR AW (R
WL~ 15 BE IS (CpG) ZE B % #% FF AR (CpG-oligode-
oxynueleotides, CpG-ODN) X} CDV # [K] f J2 1 5
YER AT S CDV B BB 40 58 17 12

1 #HEMFTE
1.1 EARK

BRI B N I B pk (CDV-YZ010D) [t &
& H (HD B9 F 4 R peDNA-H Oy A 52 50 & 1
L 1 8 DHSa, AT QIAgen plasmid
mega kit(f[EH QIAGEN 22 ] ™ dh ) il % A i {L &
R DNA L f5 Jq 3 i T J0 3K s TR 20 60t
JETHIE DNA ¥ B2 DL K 8 358 50 B8 16 12 0 7 9 2 R
ER S DL OS)0 A E AT WO R Wk & 100
pg/mL, —20 CHA# .
1.2 CpG-ODN F 3|

ZBACAE B A T R (LPS) 9 9E T S fk
CpG-ODN ¥ % 4% % & 5 -TCGTCGTTAA-
GTCGTTAAGTCGTT-3', 5-TCGTCGTTTTGT-
CGTTTTGTCGTT-3", 5'-TCGTCGTTCGTCGT-
T-3"#1 5-AT AATCGACGTTCAAGCAAG-3'. 1
Hi AR TAE Y TR PR R A A

1.3 FERFA

I 207 e (PET, MW25000) 4 25 [E Sigma 2
Hl P A S IR Boussif 25438 i 7 B e it
g I 5 DNA B 10 TURBLEL) 5 2 K6 I 3
0 T AR S 5 A RS W s v A N Ay
BB B R 2R A B I 2 5T T s RPMI-1640
BRI MG A 1 R 35 [ Gibeo 23 R 7™ dh s * H-fifg it
mang C H-TdR) W 8§ o & B} 2% B b1 5 58 B R
IFN-y ELISA i 28 7 & 4 32 [ Biosource 23 A j*
i s RNA $l1 #2487 & (Total RNA Isolation system) iy
% [ Promega 23 w77 i RT-PCR i N | i 4k T4k
7/ /NI DR O RS B S ES e TR T
1.4 RT-PCR 3|4

ZHE kKM CDV A 5eHE H (N) B H 75
(Accession No. AF378705.EF418783.EF375619.
AF164967, EF042819), ¥ it 5l # PN-F (5'-
GCAGAATTCATAGACGACCCTGATG-3) 5
PN-R (5 -CGAGTCGACATTTGTCTCCTCCCT-
3" T CDV YL A4, f B 2R T A TR A
CikEpi
1.5 ZH¥Y5Hm

T A R (RT3 8 kg 240 - i M
KR E o #4E, 24 RT-PCR #1 ELISA (Jk
st gt oo = s W B B H R A R 2\ CDV $i 4K
ELISA 5 &) & I R J& G CDV H ik M. /i
I JD TG T R 46 i BRE BB A R BTEBE I 5 mL, 275 4K
SCk il A& R AN A Lk B ogn Rt . & A 100
IU/mL75 5% R 10 % If 4 7% 1) RPMI-1640 K;
TRV B AN %5 5 221X 107 /mlL,
1.6 CpG-ODN )& E

W R AP ] Ik T 200 M 53286 T 96 L 20 M 15 5= Al
H1 (100 pL/4L) 43 3 A AR [7] CpG-ODN (£ ¥ i
10 pg /mL) 2 JAAR S 200 pL; i — CpG-ODN K
R AL E 3 AR, KA 37 C.5%
CO, s 37 72 h G @ 2 H-TdR (1. 85
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X10°Bq/fL) Ak e 1537 16~20 h, %% k[ 12]
G I 55 3 DR R B0 T 55 i 846 4 (stimulation in-
dex, SD) , 6 2 il 330G 7k 5% ik % 19 CpG-ODN HI F 1
— iR,
1.7 Zh¥YIHEMRE

¥ 30 Ffg RRHEA% RBEHLIY 40y — KA R

A3k 5 /NAL, # IR 1 43 BIWL P 4 R peD-
NA-H(5 PEI &R A Al CpG-ODN,
1.8 MmiEHRMRE

H AN YT R 2.4.6 J8 LAHT IR kR
I 50 3 B I

x1 PYHEARHERBTE

Table 1 Assignment and immunization of the animals pg/ R
B o 2 % 14 Group 1 %5 1 24H Group 11
Group CpG-ODN peDNA-H CpG-ODN peDNA-H
i 54 1 Experimental group [ 10 50 30 10
i35 4 2 Experimental group |l 20 50 30 25
i 554 3 Experimental group [l 30 50 30 50
i 554 4 Experimental group IV 40 50 30 100
%t B2 Control group — 50 100

1.9 CDV Ffni iy i i

DA I 95 7 R IV VA AR I BT CDV HL A Y
AR . T DMEM 1 5% W05 135 5 75 L 7 B
AR 2 L DMEM B 35 W it B 10 5 B
(2X10° TCIDs,) » F 25 CJ&AE 2 h JFHF F] Vero
M2 55 d R E S5 R ot B 2 A% B A AR
S AR [R) s 35 PH A IV L B M I )
1.10 1m3EF IFN-y B3 E

Fie a0 & U W1 R HTBUBE A 2 0> ELTSA 330 22
RAEME ) IFN-y & &, HAD 5RO p bt
RS A ELISA AR (100 pL/FL) o SR J5 AR AL 5
Xof BE RIS LG A B 19 AR o (5 ng/mL 2.5 ng/mlL,
1. 25 ng/ml..625 pg/ml..312 pg/ml..156 pg/mlL,
78 pg/mL) . fx J5 A B AR B A (100 pL/HL) I
o, 3 2 bR e 26T IFN-y 5 i,
1.11 HYPHHFiAE

TIEEL 15 Hd R S A% R BEBLS> o 3 40 GIn 4
5 H, pcDNA-H Xf B2 5 H, A4 B SR 7K %F B4 5
oo il 4 LR & 30 pg/ R iy CpG-ODN # 50
pg/ L) peDNA-H 38 i JJL PR 59 20 47 S92 o [R] ) LA
S peDNA-H 145 A B R 7K 43 591 32 b xik B8 20 5
Y. TahWesEiass 4 5, % AR AN &0 X%
Fff CDV 41414)3 % (CDV YZ0101, %4 2 RE L5,
W HE TCID;, Ny 107> /mL, JF AT 2 B dg R 20 3k
). MY RN, TUHEH 3 HINRITA 3
Wy K A A5 WE 2 2 2005 A 5 R AR i DE 5 ok 2 4, DA

Total RNA Isolation system fl1#& RNA J5 , fifi A ix%
TFE 5L RT-PCR #5401 CDV N ZE W, M
1 2 Bl W) Y i B A O

P
2.1 pcDNA-H 44 56

I 14 A 40 T A B B i i e P, ik % B i A
) 2 FORE ED peDNA-H (] 1) 5 %538 770 B it vk
JI i 25 0 BORLAE P N B R & O 50 EU/mg, £F
& WHO $r e BB T 1 P9 1 59 9 W] Z08% N 7 &R
% CpG-ODN 19 T4 .

bp M 1 2

7743
5526
4254
3228

2876
2322

1 882
1489

pcDNA3.1

H gene fragment

M. Lambda-pUC A XJ 43 F 57 & i 1. 2 20 i

Rift) Kpn T 8BSV 7= %) (7.4 kb) ;2. EcoR T #l

Kpn 1 XRGYI =4 (5. 4 H1 2.0 kb)

M. Lambda-pUC mix marker; 1. The product di-

gested with Kpn [ (7.4 kb); 2. The product di-

gested with EcoR | and Kpn | (5.4 and 2. 0 kb)

1 EZARN pcDNA-H BB EEH R

Fig. 1  Restriction endonucleases analysis of re-
combinant plasmids of pcDNA-H
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2.2 CpG-ODN Ky %I #8 4

R AN JE Lk 40 e 4 AR ] CpG-ODN fE A 48 h
Jai - ¥ 2 BN R BB KL B L 5'-TCGTCGTTTT
GTCGTTTTGTCGTT-3" iy 1 FH % 5 fie i B .
"H-TdR# A LA 50 45 R /R % %7 51 1 CpG-
ODN | 38 48 % (SD F- {2 5.2, I & & F 5'-
TCGTCGTTAAGTCGTTAAGTCGTT-3' (3.2),
5-TCGTCGTTCGTCGTT-3"(3.8) LA Jz 5'-ATA-
ATCGACGTTCAAGCAAG-3" (3.1), K it ¥
5" TCGTCGTTTTGTCGTTTTGTCGTT-3" A F
JG 2 g il .
2.3 CpG-ODN 3} pcDNA-H W % & 1858 /E F
2.3.1 CpG-ODN X HUk 7= A= iy 52 [& 5 s 75

i T ML 355 12 000 2 5 R (3R 2) 8R4 AR [W] CpG-ODN
F 3 (10,20,30,40 pg/H) 5 AHF pcDNA-H Fi| &
(50 pg/ FORPE @RS KRG 3G 40 CDV Hitfk
T AR 1 B2 v TR CpG-ODN [y X B 2
HPL 30 pg CpG-ODN F| i 4 8% R fe £, 48 4 [F)
CpG-ODN |t (30 pg/H) 5 K A # & pcDNA-H
(10,25.50,100 pg/ H) H 5 filt FE He A% R )5, I3
P CDV 04K o BN 7E — 22 30 [l 4 5 TR peD-
NA-H 5 5 HA A e H R G BE 77 & 3 i
FhiE 10 100 5 50 g 701 5t 4 119 G 528 o SRS A 2 5
] ot 122 4156 [ R 48 7R T CpG-ODN () 4 258 38 53 1
. PR R LA 30 pg/ K CpG-ODN F1 50
g/ A peDNA-H 44 %08 fetk: .

%2 CpG-ODN X Hi R B HE R IR m
Table 2 Effects of CpG-ODN on the neutralization antibody specific to CDV

K553 41 A IF) CpG-ODN 7 4 2H A A peDNA-H 5| 4
Group 2 weeks 4 weeks 6 weeks 2 weeks 4 weeks 6 weeks
iR 454 1 Experimental group T 10711 10712 10713 10 1% 10102 10716
iR I 4 2 Experimental group I 10 & 107165 107 107190 10167 107188
i 5 4 3 Experimental group [l 10 1-4b 1071 10 %2 10 4 10718t 10 %2
iR 46 4 4 Experimental group IV 1071 1071 86e 107 %2 1071 1071 10722
% 4L Control group 101 10711 1071 1ot 10 12 1010

FPEAE Y0 3 RS AR bR B IR s i) — S BURAR A A [l 7 B 35 3008 22 5 B 3 (P<C0. 05) . T [

The datum in the table is the average of the parameter of the 3 animals in one subgroup. Different letters indicate the data in

same column is variant significantly (P<C0. 05) . The same as below

2.3.2 CpG-ODN X TH &R ™ A B 38 i %)
5 L G ) W) AN (] I T8) B SR 4R 19 L 3 HE 4T TEN-y
Ko N, 45 5 26 BH B0 1 ] peDNA-H %) B8 21 i TFN-
Y W& RN 10.1 ~13.8 pg/mL, 1 B A i il CpG-

ODN i 56 21 sl 1L 38 H TIFN-y 195 &~ 50. 1~
55.6 pg/mL, MR AR E(P>0.05) ,{H 5%} g
A, 25 B3 (P<<0.05) (% 3),

&3 CpG-ODN 3t y-FHEKFER M
Table 3 Effects of CpG-ODN on the level of IFN-y

BI04 2H AN A CpG-ODN ) 4 2H AN IF peDNA-H I 4
Group 2 weeks 4 weeks 6 weeks 2 weeks 4 weeks 6 weeks
i 520 1 Experimental group [ 50.1° 51.2° 51. 8" 54. 8" 55. 1" 55. 4"
iR 36 4 2 Experimental group [ 52. 3" 53. 2" 54. 2° 54. 2% 52.1° 55. 3"
iR 46 4 3 Experimental group [l 51.3" 55. 6" 53. 4" 53. 4% 53.9° 54. 6"
iR 46 41 4 Experimental group IV 54. 1" 54. 6" 55. 2" 54. 3% 55. 6" 53. 9"
%} Bt 4 Control group 13. 3¢ 13. 8¢ 13.5¢ 13.5¢ 13. 8" 13.5°

2.4 Y HEENRETL
B 5 Ry & NEas 3 oK L pA AR A g e 2 21

T 55 FUA BRER KO BRZH Sl Wy A i LR b L
YA B0 35 i IR Ak L 32 B O i o BE T A I A
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PR FE 0 il P T LA I B IR R
7 230 A0 L W A i N i Y 1% i Y6 Bz 40 B 5 4 i
i R o LR B A 22 DROER: L 2 3 B ™ XA 4 i ek
REEBRAR /N Fo6 B - Rz 20 AR 1 L IR BE T i BE
TR A7 B AN G5 1 A A BRI 5 AR AT 1 AR Ak
/ANy K i R A O 200 3 2 AL 21 M D A 0 i
W e A S5 R A I 3R I RS P R DLk i
35 00 2 2Ry ke e ol 8 0 LA L 4 R AR YR BB T A
0,0 T H 5 A 1 07 BR324
JL 7K i s B A R AR 55 peDNA-H X B 41
A D PR ARG A8 AR A A O B S ) 4 2 I O A2
2.5 FYMBBERNTERBR

RT-PCR ¢ 45 R BRI A Y T W8 e
553 AR E] CDV 1 A B ER 7K X6} BE 41 3h 4
A R B Re Y Bt CDV N B N
1 000 bp A B, 5t K /N1 065 bp) —F, pcDNA-
H XA A 2 Al 2 n] DLy 3t CDV N 2K
IR (B D, X R W E 4 R peDNA-H 5 CpG
PR G sh Wy e, ol = A dk T CDV Mo R4 75 .

MP 123 456728 9101112131415

M. DNA Marker DL2000; P. CDV(YZ0101 #£);1
~5. CpG T 20 Fl 5T AL 90 9% 19 328 36 20 3l 495 6 ~ 10.
A 5T peDNA-H (19 X AL 3 45 11 ~ 15, AL 5
A B R IR ) X B AL 3h

M. DNA Marker DLL2000; P. CDV (YZ0101 #£);
1-5. The animals immunized with the CpG and re-

combinant plasmids; 6-10; The animals only injec-

ted with recombinant pcDNA-H as control; 11-15.

The animals only injected with normal saline water

as control

1 YN EFHAEEL K RT-PCR #& Il 45 R

Fig. 1 RT-PCR detection in lung of infected ani-
mals by CDV

3 3

CDV 0 # 1W BE i 1) 2 4 R K&K T CD
KR F ATWAFAEVF 2 AL A a] 5158 G 22 40 ] A
MRl 22 45 . A, CDV 115 £38% B gy K, 1]
SRS VF 22 Bl AT R K A BF A Sl 00 & R BE T, TR Ot
X R 22 4 B3 8 I 5 LA TR 405 3K 6 B A HE ol K T
2R BT EAE 2 EESO T R RE

AR RE RIS AH LA T A PR KO 2 A8
A% GE R 1 5 BRI AR R RE A8 1Y TR AR IR S S RUR WA
FIATRE R EZ M YA S 205/, RIE
PR DR T 1 A S b R G S R R B AR X R
1 R 1 0 A T AR R R ORI
RERKESE®RZELAE HERTHE B RBS
PEWRAFAEE 225 IR AR5 DA SE 00 % 47 2 va [
() H R 43 85 Bk (CDV-YZ0101) 2 25 b4, 5 36 e f 25
FOH 3 PR 1) 46 A LA 3R 3K UK peDNAS. 1 ()
H by T B2 R peDNA-H L 300 R $7 H 9 {7
P Fi i E 4 TORE Y S ROR BA ORI L
WL DU T AT 0 B AR B H O3 RO A 8 T
R 1 I BIE S » A A Sy BF % B BT X 0 B R
FEALH) DNA A 7 00 25 2216, 1 H AT oy 8 ok 45
T R A B 52 RS54 R A BRI

WF 5% & 8. CpG-ODN #f 5 TLR-9 Z k%54,
R R IR G T8 I FHAR A5 B B8 S A — b R 47
MG AR ST R CpG i Ui B AT
JE& e Sk 8 X 4 S5O TR 51 B AR CpG-ODN
SR A JRL I ik B 4 B L i T 1 SRR
b H A2 ) CpG-ODN ¥ 5] 5-TCGTCGTTTT-
GTCGTTTTGTCGTT-3"(3 4~ GTCGTT 3t J¥ LA
TT & . A R & CpG-ODN F1 A [a] 7] &
AR pcDNA-H 19 3 9 2 i 55, i 8 138 5
f) CpG-ODN 5 pcDNA-H F| 414, M ifii iy CDV
(T B 0 e 1 LB S i — 2P ESE CpG S H IR TE
R P A2 30 7 T % o P AR R e N S 0 R 4
LPS J& #4522 [C B P T 40 M BE 0 81 22 20 a5, H 5
CpG EA HHBLAY S OGSO Rt 76 A< 350 o 3
i QIAGEN 74 vl 1) JC # 5 Bk 4t 14 12877 &0 82 24 o
K pcDNA-H Hr i) LPS #F47 1 K B 138 1 % 120570 ¢
e T LPS & 8= 78 50 EU Z N X A AT HERR
LPS T4t CpG W [A] Hl# peDNA-H 75 R A% P i) fe 552
SN2 s A AT PR AP B K sz LPS 51 A & iy R
SEESE T SRR AR A B ORIUE TR A SR A T SR

DNA % 92 fc i FH 0 #3705 202 # DNA LA
H AT SRR DNA 5 8% 4 2 H i 2% 1 il K i, DA
T REAR DNA 55 A I b 3 G R0, i o 4 1 1z
B8 5 M 133X A HE L, 2 PR p A B B B R 2 ST
Hgfs AR =K. RO (PED 58 W 5%
W45 & 0 BE 4 5 & M0 98 4 7 ok T g e,
PEI fig 3 2 K& DNA, H E A & 19 2% b g 1, )
ORI IR E DNA 32 1% B2 B (1) B fi% .tk 4h, PEI
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VE R G Je A ot . 38 A B M/ B e 38038 R AR i
S B T . KK, R H PET A2 1Y
75 20K CpG FEE 41 Bk peDNAH 413 )5, 43 21 %
F7UE 5 e 1 25 BEAE S5 30 pg CpG 5 50 pg
peDNA-H (14 52 528 ] 8 200 R S5 4 78 5] 6 3 )
RIORI R R H 8 7 2R R Y S 88 B 2% T
L3 Aol I JO A e % i ok 1) B B 2R DL gl —
AR RO A BRI 1 B T B

HIF 5% AR5 B 75 v [ Gl D 40 B vk o A
T EA TR pcDNA-H 78 Al F o DU CpG-
ODN R4 J5 5 Bt KRB & T 58w K 7 9 8 o
FHCARZAN 40 A TFN-y 19 & & th X B
R BE 4R B, X b Sixt ZP Mg pVII-H R A
L DAS FULTE 2 Fh 05 3 S gz /N B 5 & 1Y R g I &
BRI A R R A 56 R B SR SE T AT, ]
DLy i — 25 W 5% R i T R 2 1 B R Al
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