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Efficacy enhancement of a Baculovirus-vectored Newcastle
Disease Virus F protein vaccine by chicken GM-CSF and IL-2
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Abstract: To compare with the effects of the GM-CSF and IL-2 used as adjuvants in the baculovirus vaccine, we used genetic
engineering to construct the recombinant baculovirus rBV-LMI-F and with GM-CSF and IL-2 to immunized chickens. Then, we
compared the concentration of the neutralizing antibody and cytokines to determine the immunostimulatory effects of GM-CSF
and IL-2. GM-CSF induced higher levels of antibodies and cytokines in chickens at 28 d and 42 d post-vaccination. In conclusion,
GM-CSF could elicit higher serum antibody and cytokines responses and improved the effects of Baculovirus vaccine.
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Table 1 Primer sequences used in this study

Primer sequence Cleavage site

Primer name Size (bp)

(5'-3") (Underlined)
F-up ATCCTCGAGATGGGCTCCAGACCTTCTACC 30 Xho [
F-down GGCGTCGACTCAATGATGATGATGATGATGCATTTTTGTAG 52 Sl |
TGGCTCTCATC
GM-CSF-up ATCTCGAGATGCTGGCCCAGCTCACTATT 29 Xho |
GM-CSF-down AATGAATTCTTAATGATGATGATGATGATGGATGCAGTCTT 52 EcoR |
TCTCCTCTGGG
IL-2-up CGGAATTC TGGGACACTGCCATGATG 26 EcoR [
IL-2-down CGCGTCGACAATATGATGATGATGATGATGTTATTAAATGT 51 Al 1
CATCTAGAAG
M13-47 CGCCAGGGTTTTCCCAGTCACGAC 24 =
Enzyme restriction sites are underlined.
1.4.2 rBV-LMI-IL-2
pLMI  pT-F/pUC-GM-CSF/pT-IL-2 F-up/F-down GM-CSF-up/GM-CSF-down
Xhol/sal I Xhol/EcoR1 EcoR T /Sal 1 IL-2-up/IL-2-down PCR
pLMI
pLMI-F pLMI-GM-CSF  pLMI-IL-2 1.4.4
E. coli DH5a
DNA S9 6
E. coli 10 rBV-LMI-GM-CSF
DHI10 Bac rBV-LMI-IL-2 lh
Bacmid DNA rBac-LMI-F rBac-LMI- 0.9% Sf00 I SFM 27°C
GM-CSF  rBac-LMI-IL-2 rBac-LMI-F 8 d
rBac-LMI-GM-CSF rBac-LMI-IL-2 rBV-LMI-GM-CSF
F-up/F-down GM-CSF-up/GM-CSF-down rBV-LMI-IL-2
IL-2-up/IL-2-down M13-47 1.4.5
PCR 14 SPF 4 20
1.4.3 2
14
3 rBac-LMI-F 7d (0.2mL/ ) 42
rBac-LMI-GM-CSF  rBac-LMI-IL-2 S9 NDV F48E9
80% 200 pL/
3 P3

rBV-LMI-F rBV-LMI-GM-CSF
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Table 2 The chicken immune plan
Group Vaccine Antigen gene Inoculation dose Inoculation route
A PBS - 200 pL Intramuscular injection
B rBV-LMI-F F 200 pL Intramuscular injection
C rBV-LMI-F+rBV-LMI-GM-CSF GM-CSF 200 pL each Intramuscular injection
D rBV-LMI-F+rBV-LMI-IL-2 IL-2 200 pL each Intramuscular injection
1.4.6
7 d SPF 1.4.10
SPSS Statistics19
X +S
EDTA 1 P<0.05
8 um
1.4.7
NDV 2 BERE5H
1h 2.1 EREBHMAE pLMI-F. pLMI-GM-CSF
37°C 5% CO; 96h  12h A pLMI-IL-2 FHES%E
Reed-Muench pLMI pT-F pUC-GM-CSF  pT-IL-2
(Protective dose  PDs)
SSPS PDs, E. coli DH5a
(Geometric mean
titer GMT) pLMI-F pLMI-GM-CSF  pLMI-IL-2
1.4.8 IgG 22 EHFHREHIHMAE rBac-LMI-F. rBac-
0 14 28 42 s564d LMI-GM-CSF 70 rBac-LMI-IL-2 B % E
6 0.5-1.0 mL 4 000 r/min E. coli
15 min IgG DH10 Bac Bacmid DNA
ELISA 1gG PCR
ELISA (4000 2800 2800bp)
rBac-LMI-F rBac-LMI-GM-CSF
1.4.9 rBac-LMI-IL-2
0 14 28 42 56d 23 ZEHEMFIKHFSF rBV-LMI-F. rBV-LMI-
6 0.5-1.0 mL GM-CSF #1 rBV-LMI-IL-2 #J PCR ¥ E
IFN-y IL-2  IL-4 ELISA rBac-LMI-F
IFN-y IL-2 rBac-LMI-GM-CSF  rBac-LMI-IL-2 S9
IL-4 ELISA P1
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PCR NDV
(1 662 435 430 bp) rBV-LMI-F
rBV-LMI- F+rBV-LMI-IL-2
rBV-LMI-F rBV-LMI-GM-CSF rBV-LMI-IL-2 4 d
rBV-LMI-F+rBV-LMI-GM- CSF
L N N 8
24 BAMKHBEEEEMNZE
P3 GM-CSF  1IL-2
2h BV-X GM-CSF IL-2 rBV-LMI-F+
P3 ( 3 1 rBV-LMI-GM-CSF/IL-2
- 100% 85.7% rBV-LMI-F
2.5 EXEAT 1R
RRIBRBBRINE (80%) (P<0.05) rBV-LMI-
54 F+rBV-LMI-GM-CSF
rBV-LMI-F+rBV-LMI-IL-2
71.4%
14.3% (P<0.05) GM-CSF
1L-2
£3 PIREBITRAS rBV-X BHEME IL-2 GM-CSE
Table 3 P3 Titer determination of rBV-X viral stock (D PBS
Titer  Dilution L0 rBV-LMI-F rBV-LMI-
Group-P3 PFU/mL fact of
e T F+rBV-LMI-GM-CSF/IL-2
rBV-LMI-F 1.00x10’ 107 100 1
tBV-LMI-GM-CSF  5.30x10® 107 32
rBV-LMI-IL-2 1.00x10° 107 100 2.6 RIEBEESIF
2.6.1
—————— BV-LMI-F
BV-LMI-F+BV-LMI-GM-CSF GM-CSF
— — — — BV-LMI-F+BV-LMI-IL-2
--—--—-- PBS
10— ! 5 IL-2
S o T CT T PBS  rBV-LMI-F
I }
E !
= 50+ e
= 0 e g
- J L GM-CSF
% IL-2
<
Q
0 2 4 6 8
Days after attack PBS rBV-LMI-F
1 REBANFRPER
Fig. 1 Results of chicken challenge experiments. ( 2 3) IL-2 GM-CSF
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BV-LMI-F GM-CSE

B2 BREHEABIN+HEBEFTERL (200%)

Fig. 2 Duodenum lesions in the immunized chickens of each group (200x%).

GM-CSF

BV-LMI-F

E3 SREABRACIFEEIERL (200x)

Fig. 3 Myocardial lesions in the immunized chickens of each group (200x).

Image J

2.6.2 GM-CSF  IL-2
GM-CSF  IL-2
PBS rBV-LMI-F
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GM-CSF IL-2
25 830

GM-CSF

11 541
2079 5086 pm’

(P<0.05)
rBV-LMI-F  GM-CSF

PBS
IL-2
13 227
9248 1058 2 865 um’ GM-CSF
(P<0.05)

IL-2  GM-CSF

2.7 RIEXGITE R FEN N E

28 d
(  4) rBV-LMI-F+rBV-LMI-GM-CSF
rBV-LMI-F+rBV-LMI-IL-2
1575.84
(1329.78)
GM-CSF

1457.83
rBV-LMI-F

(P<0.01) IL-2

rBV-LMI-F+rBV-LMI-GM-CSF

BV-LMI-F
BV-LMI-F+BV-LMI-GM-CSF
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Days after the first immunization
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Fig. 4 The titer of serum neutralizing antibody in each
group. *P<0.05; **P<0.01.
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The concentration of
the neutralizing antibody (ng/mL)
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rBV-LMI-F+rBV-

LMI-IL-2 8.1%
(P<0.01) IL-2 GM-CSF
2.8 HEBMEFFRME IgG iAKFE
IgG
42.d
rBV-LMI-F+rBV-LMI-GM-CSF
IgG BV-LMI-F
25.7% (P<0.05)
rBV-LMI-F+rBV-LMI-IL-2 rBV-
LMI-F 13.8% GM-CSF
1gG IL-2
10.49% (P<0.05)
IL-2 GM-CSF
( 95
29 GHEBMEF IFN-y =
IFN-y
42 d
IFN-y ( 6 rBV-LMI-F+
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75. BE= BV-LMI-F+BV-LMI-IL-2
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2
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Fig. 5 The titer of serum specific IgG in each group.
*P<0.05; **P<0.01.
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Days after the first immunization

BV-LMI-F BV-LMI-F
BV-LMI-F+BV-LMI-GM-CSF BV-LMI-F+BV-LMI-GM-CSF
== BV-LMI-F+BV-LMI-IL-2 == BV-LMI-F+BV-LMI-IL-2
[ PBS M PBS *x

. 200 s o
M U
80 i [ {
= S 150 S
gs g e
—~ 60 = 2 E

§3 = = 23 100

s E = 5 3 <

£ = = g o

2w g .

= E E 2 50+ | 7

2= 20 = - %gg N %

= = = 0 N Eo ZNEa

0 = = 0 14 28 42 56
8 2

Days after the first immunization
7 BREEBMESIL-2 S
6 BRZEABMES IFN-y S Fig. 7 The serum concentration of IL-2 in each group.
Fig. 6 The serum concentration of IFN-y in each group. *P<0.05; **P<0.01.
*P<0.05; **P<0.01.

vz2 BV-LMI-F

rBV-LMI-GM-CSF/IL-2 BV-LMI-F+BV-LMI-GM-CSF
E=43 BV-LMI-F+BV-LMI-IL-2
IFN-y (78.10 73.01 ng/mL)  rBV-LMI-F 20 T PBS o
I
(59.53 ng/mL) o
I
(P<0.01)  rBV-LMI-F+rBV-LMI-GM-CSF S sl
S3
IFN-y rBV-LMI-F+ e N
= & 00t N NE
rBV-LMI-TL-2 7.0% 5 gg =
8 AN NE
(P<0.01) GM-CSF  IL-2 27 5l A =
= N NE
N NE
0 NEL. INE. 7NE. ONE
210 HEEMES IL-2 & IL-4 2= 0 14 28 42 56
Days after the first immunization
IL-2 IL-4
56d 8 HHEEEABMEDIL4SE

rBV-LMI-F+rBV-LMI-GM-CSF/IL-2 Fig. 8 The serum concentration of IL-4 in each group.
*P<0.05; **P<0.01.
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