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aBsTRACT. Canine distemper virus (CDV) is a morbillivirus known to cause morbidity and mortality in a broad range of animals. Giant pan-
das (Adiluropoda melanoleuca), especially captive ones, are susceptible to natural infection with CDV. Interleukin-18 (IL-18) is a powerful
adjuvant molecule that can enhance the development of antigen-specific immunity and vaccine efficacy. In this study, a giant panda IL-18
gene eukaryotic expression plasmid (pcAmIL-18) was constructed. Female BALB/c mice were muscularly inoculated with the plasmids
pcAmIL-18, pcDNA3.1 and PBS, respectively. They were subsequently injected with an attenuated CDV vaccine for dogs, and the induced
humoral and cellular responses were evaluated. The results showed that pcAmIL-18 remarkably improved the level of specific antibody,
IFN-y and IL-2 in mice sera, the T lymphocyte proliferation index and the percentage of CD4" and CD8" cells. These data indicated that

pcAmlIL-18 is a potential adjuvant that promotes specific immunity.
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Canine distemper (CD), which is caused by canine dis-
temper virus (CDV), is a highly contagious and fatal disease
in a wide range of mammals [1]. Giant pandas (4iluropoda
melanoleuca) are susceptible to natural infection with CDV
[2]. It has been reported that CDV was implicated in disease
and mortality in giant pandas. For instance, four pandas
infected with CDV, died in Chongqging Zoo and Nanjing
Zoo [6]. Recently, CDV has been isolated from captive gi-
ant pandas. Early studies showed that 94% of unvaccinated
giant pandas had no antibodies against CDV [16]. To data,
there is no standard vaccine strategy for captive giant pandas
in China. Most giant pandas have not been vaccinated at the
Wolong Conservation and Research Center, while bivalent
attenuated live vaccines for dogs have been used at Chengdu
Zoo and the Chengdu Research Base of Giant Panda Breed-
ing (CPB). Loeffler et al. detected the concentrations of vari-
ous antibodies against CDV among different individuals and
times in 19 giant pandas at the CPB [12]. Wang et al. dis-
covered high rates of low antibody titers and short sustain-
ing times in 33 giant pandas vaccinated with a multivalent
canine distemper attenuated live vaccines specialized for
dogs [25]. It has been suggested that the CDV vaccine was
inadequate to stimulate giant pandas to produce higher levels
of antibody against CDV. These results indicated the CDV
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attenuated vaccine for dogs had poor efficacy in protecting
giant pandas. Recently, injection of cytokine adjuvants has
been considered as a candidate strategy for vaccination and
has been widely applied to promote the induction of immune
responses and immunoprotective effects of vaccines against
viruses. Therefore, it is necessary to explore various vaccine
adjuvants to produce adequate protective immunity with the
CDYV vaccine in giant pandas.

Interleukin-18 (IL-18), initially referred to interferon-y
(IFN-y) inducing factor, is a cytokine secreted mainly by
mononuclear macrophages [14]. IL-18 plays an important
role in stimulating the differentiation of T helper 1 (Thl)
cells and production of cytokines including INF-y, IL-2,
colony-stimulating factor (CSF) and tumor necrosis factor-o
(TNF-a) [24]. As adjuvants, cytokines can enhance the im-
munogenicity of vaccines against infectious diseases [5, 21].
It has been demonstrated that IL-18 is a powerful adjuvant
molecule that can effectively promote the development of
antigen-specific immunity and vaccine potency in several
mammalian species, such as mice [11, 26], pigs [23, 28] and
chickens [4, 9, 20]. Co-immunization of plasmid IL-18 as
an adjuvant enhanced immune response induction in pigs by
strengthening CD4" and CD8" T-lymphocyte responses [28].
In addition, IL-18 not only induced the Thl cytokines, but
also reinforced mitogen-specific lymphocytes proliferative
responses.

The objectives of this study were to determine the im-
mune stimulatory effects of giant panda IL-18 (AmIL-18) on
CDV vaccination. In mice, coadministration of pcAmIL-18
could improve both humoral and cellular immune responses.
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MATERIALS AND METHODS

Animals and vaccine: Specific-pathogen-free BALB/c fe-
male mice, 6-8 weeks old, were purchased from the Center
of Experimental Animals, Sichuan University, PR China. All
the animal experimental protocols were approved by the Re-
view Committee for the Use of Human or Animal Subjects
of Sichuan University. The vaccine was Nobivac puppy DP
(Intervet, Nederland) for dogs, which was conventionally
used to immunize giant pandas to prevent CD disease at
Chengdu Zoo.

Expression plasmids construction: The plasmids pMD-
AmIL-18 containing the AmIL-18 gene (GenBank accession
number HQ874655.1) was stored in our lab. For construc-
tion of a recombinant expression plasmid, the AmIL-18
gene was amplified with the pMD-AmIL-18 plasmids as a
template by using Pfu DNA polymerase (Fermentas, Burl-
ington, ON, Canada) with forward primers containing Hin-
dlIl restriction sites (5-CGCCCAAGCTTGCCATGGCT-
GCTAACACAG-3') and reverse primers containing EcoRI
sites (5'-CCGGAATTCCTAGCTTTTGTTTTGAACAG-3').
The resulting fragments were purified, digested with HindIIl
and EcoRl, and ligated into the corresponding cloning sites
of pcDNA3.1 vector (Invitrogen, Carlsbad, CA, U.S.A.).
The recombinant plasmid was confirmed by sequencing and
named pcAmIL-18. The plasmid’s DNA was prepared using
an Omega Endo-Free Plasmid Maxi Kit (Omega Bio-Tek,
Inc., Norcross, GA, U.S.A.), as described in the manufac-
turer’s protocol.

Transient transfection: Before animal vaccination,
the expression of pcAmIL-18 was tested by transiently
transfecting HeLa cells with pcAmIL-18 or pcDNA3.1 by
using Lipofectamine 2000™ (Invitrogen). Total RNA was
extracted from the cells, and the transcription of AmIL-18
was identified by reverse transcription-polymerase chain
reaction (RT-PCR). The supernatants of the cells transfected
were tested for the concentration of IL-18 protein by using
a Human IL-18 ELISA Kit (Neobioscience, Shenzhen, PR
China) after a 48 hr culture.

Animal vaccination: BALB/c mice were subcutaneously
injected with 0.1 m/ attenuated CDV vaccine. A total of 81
mice were divided randomly into 3 groups (n=27 per group).
The mice in groups 1 and 2 were intramuscularly immu-
nized with PBS and pcDNA3.1 (100 ug/mice) as controls
on day 0, respectively. At the same time, the mice in group
3 were intramuscularly injected with pcAmIL-18 (100 ug/
mice). The identical doses were given again after 3 weeks as
booster immunizations.

Assay of anti-CDV antibodies: Peripheral blood was
obtained from the mice via the orbital venous plexus after
anesthetizing them on days 7, 14, 21, 28, 35 and 42 after
booster immunization. A Sandwich ELISA Kit (Yanhuibio-
science Tech, Shanghai, PR China) was used to assess the
titer of anti-CDV mouse antibodies.

Assay of IFN-y and IL-2 in mouse serum: The effects of
the pcAmIL-18 adjuvant on IFN-y and IL-2 production were
investigated with Sandwich ELISA kits (R&D Systems,
Minneapolis, MN, U.S.A.) using a serial dilution of the se-

rum according to the instructions.

Splenocyte proliferation responses: Splenocytes were
isolated and resuspended in RPMI-1640 supplemented with
10% FBS and seeded into 96-well plates at 2 x 103 cells
per well. For the lymphocyte proliferation assay, the cultures
were stimulated for 44 hr with either concanavalin A (ConA,
Sigma, 5 ug/m/) or PBS as a negative control at 37°C with
5% CO,. The proliferative response was measured by add-
ing 10 wul Cell Counting Kit-8 (CCK-8) solution (Dojindo,
Kumamoto, Japan) to each well with a further incubation for
4 hr. The optical density (OD) of each well was determined
at 450 nm on a fluorescence microplate reader (BioTek, Win-
ooski, VT, U.S.A.). The splenocyte proliferation stimulation
index (S.1.) was calculated as the ratio of the average OD of
antigen-treated cells to the average OD of untreated cells.

Analysis of CD4" and CD8" T lymphocytes: The isolated
mouse splenocytes were adjusted to 1 x 10° cells/m/. The 100
ul of samples (1 x 10° cells) was stained for 30 min with PE-
labeled anti-mouse CD4a and FITC-conjugated anti-mouse
CD3e and then PE-labeled CD8a and FITC-conjugated
CD3e (ebioscience, San Diego, CA, U.S.A.), respectively, at
4°C in the dark. After washing, the cells were analyzed with
a FACSCalibur flow cytometer (Becton, Dickinson and Co.,
Franklin Lakes, NJ, U.S.A.). During analysis, T lympho-
cytes were gated based on forward and side scatter, and the
percentages of CD4*CD3" and CD8*CD3" T lymphocytes
were calculated.

Statistical analysis: All data are presented as the mean +
standard deviation (SD). Statistical analysis of the data was
performed with the SPSS 13 software. One-way ANOVA
was utilized to evaluate the statistical differences among
groups. A value of P<0.05 was defined as significant.

RESULTS

Transient expression in HeLa cells: The PCR product
containing an AmIL-18 gene with the size of 579 bp was
amplified by RT-PCR, using cDNA derived from cells trans-
fected with pcAmIL-18 (Fig. 1A). Moreover, no product
could be observed from cells transfected with pcDNA3.1.
Meanwhile, RNA was used as a template for PCR to monitor
the possibility of contamination from the plasmid DNA, and
no product was amplified. In the ELISA test, higher levels
of IL-18 were observed in the culture medium of cells trans-
fected with pcAmIL-18 than in the culture medium of the
control pcDNA3.1-transfected cells (Fig. 1B). Thus, it was
demonstrated that pcAmIL-18 could express in cells.

Splenocyte proliferation: Splenocyte proliferation was
measured for six consecutive weeks from one week after
the booster immunization. As shown in Fig. 2, the prolifera-
tion levels of spleen T lymphocytes from mice vaccinated
with pcAmIL-18 as an adjuvant were highly significant,
compared with the splenocyte proliferation rate of animals
treated with pcDNA3.1 or PBS alone (P<0.05). The highest
stimulation index was found on day 35 in mice inoculated
with pcAmIL-18, while no remarkable differences were
detected between the two control groups (P>0.05).

Specific antibody changes: After the second immuniza-
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Fig. 1. Verification of AmIL-18 expression in Hela cells. (A) RT-

PCR tests. Lane M, DL1000 DNA Marker. Lane 1, RNA template
for PCR. Lane 2, no band from cDNA of cells transfected with
pcDNA3.1. Lane 3, the AmIL-18 gene amplified from cDNA of
cells transfected with pcAmIL-18. (B) The level of IL-18 observed
in the culture medium of cells transfected with pcAmIL-18,
pcDNA3.1 and PBS. *P<0.05.
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Fig.2.  The proliferation of T lymphocytes in the spleens of four
mice was analyzed with a CCK-8 kit using ConA as a stimulating
agent. The stimulation indices (S.I.) are shown on the vertical axis.

tion, specific antibodies to CDV antigens could be detected
in the sera. The antibody levels in mice coadministered
pcAmlIL-18 were higher than those of mice inoculated with
PBS and pcDNA3.1 from days 7 to 42 (P<0.05) (Fig. 3).
The level of antibodies reached the peak at day 21 after
vaccination. However, there was no obvious difference in
the specific antibody titer in the PBS and pcDNA3.1 groups
during the entire period of the experiment (P>0.05).
Cytokines production: Figure 4 demonstrates that the
contents of IFN-y and IL-2 in mice were enhanced by stimu-
lation with AmIL-18, compared with those of the controls.
These two main cytokines of the Thl-dominant immune
response were increased from days 7 to 28 (P<0.05).
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Fig. 3. Levels of specific antibodies to CDV from four experimental

mice. The levels of antibodies of the pcAmIL-18 group were
higher than those of the PBS and pcDNA3.1 groups at all times
after vaccination (P<0.05).

CD4*- and CD8-positive T cells: After immune selec-
tion, CD4" cells and CD8™ cells in the spleens of mice ad-
ministrated pcAmIL-18 also increased from days 14 to 42
(P<0.05). At day 42, the percentages of the CD4* CD3" and
CD8" CD3" T lymphocytes subgroups in the pcAmIL-18
vaccinated group were all higher than those on days 14 and
28 (Fig. 5).

DISCUSSION

At present, there is no specific CDV vaccine for giant pan-
das. Although the use of live attenuated vaccines for dogs has
helped to prevent CDV infections, it only stimulates limited
immune responses. Hence, it is an urgent problem to enhance
the immunizing effect of the CDV vaccine for giant pandas.
It is important to find a safe and efficient adjuvant. IL-18 is
a potent IFN-y inducing factor and is expressed by a wide
range of cells [15]. IFN-y has an essential role in protection
against virus infection by evoking effector pathways, such as
nitric oxide (NO) [17]. Because of the obvious advantages of
recombinant plasmids over proteins in vaccination, such as
lower expenses to prepare, long-lived protective effective-
ness and greater stability in storage, pcAmIL-18 was used as
an adjuvant to promote immunity.

As one of the most precious species, it is difficult to get
sufficient numbers of natural host cells for experiments.
Besides, it is unimaginable to test any unverified vaccine
on giant pandas. In our early trials, AmIL-18 was expressed
in E. coli. In vitro, the purified protein showed excellent
characteristics in stimulating IFN-y in mouse splenocytes
(unpublished). Thus, we selected a mouse model to evaluate
the effect of AmIL-18 as an adjuvant to improve the immu-
nogenicity of CDV attenuated live vaccines in vivo.

As the DNA vaccine or adjuvant, bovine or porcine IL-18
has been demonstrated to have antigen-specific immune-
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Fig.4. Vaccination of mice (n=4) with pcAmIL-18 stimulated the
production of Thl type cytokines. (A) The content of IFN-y in the
pcAmlIL-18-treated mice was higher than those of the control groups
(P<0.05). There was no significant difference among the PBS and
pcDNA3.1 groups (P>0.05). (B) The IL-2 levels in the sera differed
significantly between the pcAmIL-18 and control groups beginning 7
days after inoculation (P<0.05).

enhancing effects in mice. Shi determined that bovine IL-18
could enhance the foot-and-mouth disease virus (FMDV)
vaccine immune responses in BALB/c mice [19]. Suo found
that coadministrator of a porcine IL-18 expression plasmid
could induce high responses using a mouse model [23].
These experiments have verified the enhancing effect of
exogenetic immunopotentiators, such as IL-18, in mice in
preliminary trials [13, 27].

The T-lymphocyte proliferation response is closely re-
lated to cell-mediated immunity. CCK-8 analysis results
demonstrated a significant difference (P<0.05) between the
pcAmIL-18 vaccinated group and control groups. Because
cytokines play a vital important role in the development
of cellular immune responses and prevention of viral in-
fections, cytokine production was also determined in this
study. Higher levels of IL-2 and IFN-y were observed in the
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Fig.5. Changes in the percentages of CD4°CD3" and
CD8'CD3" in the spleens of four mice. (A) The enhancement
of CD4™ T cells from mice treated with pcAmIL-18 is dis-
tinctly different compared with the control groups (P<0.05)
beginning at 14 days after inoculation, and there was no
conspicuous difference in the PBS and pcDNA3.1 groups
(P>0.05). (B) CD8" T cells increased more obviously than in
the control groups (P<0.05).

pcAmlIL-18 group. The profile of cytokine secretion and T-
lymphocyte proliferation responses suggested that AmIL-18
enhanced the induction of immune responses by promoting
a Thl-dominant response, which could contribute to virus
clearance. The data are consistent with the results of other
immune response studies of IL-18 plasmids administered as
adjuvants in vaccines [7].

CD4" T lymphocytes can induce and enhance the immune
response by secreting cytokines; CD8" T lymphocytes play
a major role in cytotoxic killing of target cells [8, 22]. So,
CD4" and CDS8" lymphocytes represent critical functional
subsets of adaptive cell-mediated immunity. The results
concerning the detection of T-lymphocytes subgroups indi-
cated that the percentages of the CD4"CD3* and CD8"CD3*
T-lymphocytes subgroups in the pcAmIL-18 groups were
significantly higher than those of the control groups. At
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day 42, the percentages of the CD4"CD3* and CD8*CD3"*
T-lymphocyte subgroups were highest. The increased T cells
would have confinement effects on replication of viruses and
produce better protection. It was confirmed that the Nobivac
vaccine combined with pcAmIL-18 might enhance cellular
immunity by promoting the differentiation or proliferation
of CD4* T-cells [3, 18]. Herein, CD4" T-cells appeared to
be stimulated by AmIL-18 and were presumed to be IFN-y-
producing cells. IL-18 acted directly on activating CD8" T
cells, which have a central role in viral clearance, suggesting
a role for IL-18 in viral infection [10]. It is worth further
study to determine whether antigen-nonspecific stimulation
of CD8" T cells by cytokines, such as IL-2, IL-15 or IL-18,
kills viruses via direct antiviral cytotoxicity or activation of
accessory cells. In conclusion, we demonstrated that inocu-
lation with pcAmIL-18 achieved a significant promotion of
humoral and cellular immune responses in mice administered
the CDV vaccine, which indicated that pcAmIL-18 could be
a novel promising adjuvant in a future large-scale field trial.
At this initial stage of research of the adjuvant, AmIL-18
might be considered an antigen in mice that could partially
enhance lymphocytes immune responses. Further evaluation
of robust immune responses efficacies for this adjuvant in a
CDYV challenge system and optimization for immunization
of other animals will be the next areas we study. In order to
save endangered giant pandas, more effective and specific
immunological preparations should be developed.

ACKNOWLEDGMENTS. This study was financially sup-
ported by the Chengdu Research Fund for Giant Panda
Breeding. We are grateful to Chengdu Zoo for providing
experimental materials. The authors thank Prof. Yujun Zhang
and Prof. Hongning Wang (Sichuan University) for their
kindly assistances in the flow cytometer assays and mouse
tests.

REFERENCES

1. Beineke, A., Puff, C., Sechusen, F. and Baumgiértner, W. 2009.
Pathogenesis and immunopathology of systemic and nervous
canine distemper. Vet. Immunol. Immunopathol. 127: 1-18.
[Medline] [CrossRef]

2. Bronson, E., Deem, S. L., Sanchez, C. and Murray, S. 2007.
Serologic response to a canarypox-vectored canine distemper
virus vaccine in the giant panda (4iluropoda melanoleuca). J.
Zoo Wildl. Med. 38: 363-366. [Medline] [CrossRef]

3. Chen, H. Y., Yang, M. F,, Cui, B. A., Cui, P., Sheng, M., Chen,
G., Wang, S. J. and Geng, J. W. 2010. Construction and immu-
nogenicity of a recombinant fowlpox vaccine coexpressing S1
glycoprotein of infectious bronchitis virus and chicken IL-18.
Vaccine 28: 8112-8119. [Medline] [CrossRef]

4. Chen, H. Y, Zhang, H. Y., Li, X. S., Cui, B. A., Wang, S. J.,
Geng, J. W. and Li, K. 2011. Interleukin-18-mediated enhance-
ment of the protective effect of an infectious laryngotracheitis
virus glycoprotein B plasmid DNA vaccine in chickens. J. Med.
Microbiol. 60: 110-116. [Medline] [CrossRef]

5. Hu, X. D., Chen, S. T., Li, J. Y., Yu, D. H., Yi-Zhang. and Cai,
H. 2010. An IL-15 adjuvant enhances the efficacy of a combined
DNA vaccine against Brucella by increasing the CD8+ cytotoxic

11.

T cell response. Vaccine 28: 2408-2415. [Medline] [CrossRef]

Huang, Q. 1983. Canine distemper in giant pandas (4iluropoda
melanoleuca). Chinese Zoo Yearbook 6: 120—122 (in Chinese).

Jeon, B. Y., Eoh, H., Ha, S. J., Bang, H., Kim, S. C., Sung, Y.
C. and Cho, S. N. 2011. Co-immunization of plasmid DNA en-
coding IL-12 and IL-18 with Bacillus Calmette-Guérin vaccine
against progressive tuberculosis. Yonsei Med. J. 52: 1008-1015.
[Medline] [CrossRef]

Kitchen, S. G., Whitmire, J. K., Jones, N. R., Galic, Z., Kitchen,
C. M. R., Ahmed, R. and Zack, J. A. 2005. The CD4 molecule
on CD8+ T lymphocytes directly enhances the immune response
to viral and cellular antigens. Proc. Natl. Acad. Sci. U.S.A. 102:
3794-3799. [Medline] [CrossRef]

Li, K., Gao, H., Gao, L., Qi, X., Gao, Y., Qin, L., Wang, Y. and
Wang, X. 2013. Adjuvant effects of interleukin-18 in DNA
vaccination against infectious bursal disease virus in chickens.
Vaccine 31: 1799-1805. [Medline] [CrossRef]

Li, W., Kashiwamura, S., Ueda, H., Sekiyama, A. and Okamura,
H. 2007. Protection of CD8+ T cells from activation-induced
cell death by IL-18. J. Leukoc. Biol. 82: 142—151. [Medline]
[CrossRef]

Liu, Q., Shang, L., Jin, H., Wei, F., Zhu, X. Q. and Gao, H. 2010.
The protective effect of a Toxoplasma gondii SAG1 plasmid
DNA vaccine in mice is enhanced with IL-18. Res. Vet. Sci. 89:
93-97. [Medline] [CrossRef]

Loeffler, I. K., Howard, J., Montali, R. J., Hayek, L. A., Dubovi,
E., Zhang, Z., Yan, Q., Guo, W. and Wildt, D. E. 2007. Sero-
survey of ex situ giant pandas (Ailuropoda melanoleuca) and
red pandas (4ilurus fulgens) in China with implications for spe-
cies conservation. J. Zoo Wildl. Med. 38: 559-566. [Medline]
[CrossRef]

Ogawa, Y., Minagawa, Y., Shi, F., Eguchi, M., Muneta, Y. and
Shimoji, Y. 2012. Immunostimulatory effects of recombinant
Erysipelothrix rhusiopathiae expressing porcine interleukin-18
in mice and pigs. Clin. Vaccine Immunol. 19: 1393-1398. [Med-
line] [CrossRef]

Okamura, H., Tsutsi, H., Komatsu, T., Yutsudo, M., Hakura,
A., Tanimoto, T., Torigoe, K., Okura, T., Nukada, Y., Hattori,
K., Akita, K., Namba, M., Tanabe, F., Konishi, K., Fukuda, S.
and Kurimoto, M. 1995. Cloning of a new cytokine that induces
IFN-gamma production by T cells. Nature 378: 88-91. [Med-
line] [CrossRef]

Otani, T., Nakamura, S., Toki, M., Motoda, R., Kurimoto, M.
and Orita, K. 1999. Identification of IFN-gamma-producing
cells in IL-12/IL-18-treated mice. Cell. Immunol. 198: 111-119.
[Medline] [CrossRef]

Qin, Q., Li, D., Zhang, H., Hou, R., Zhang, Z., Zhang, C., Zhang,
J. and Wei, F. 2010. Serosurvey of selected viruses in captive
giant pandas (4iluropoda melanoleuca) in China. Vet. Microbiol.
142: 199-204. [Medline] [CrossRef]

Schiffer, M., Bongartz, M., Hoffmann, W. and Viebahn, R. 2006.
Regulation of nitric oxide synthesis in wounds by IFN-gamma
depends on TNF-alpha. J. Invest. Surg. 19: 371-379. [Medline]
[CrossRef]

Shen, G., Jin, N., Ma, M., Jin, K., Zheng, M., Zhuang, T., Lu, H.,
Zhu, G., Jin, H., Jin, M., Huo, X., Qin, X,, Yin, R., Li, C., Li, H.,
Li, Y., Han, Z., Chen, Y. and Jin, M. 2007. Immune responses
of pigs inoculated with a recombinant fowlpox virus coexpress-
ing GP5/GP3 of porcine reproductive and respiratory syndrome
virus and swine IL-18. Vaccine 25: 4193-4202. [Medline]
[CrossRef]

Shi, X. J., Wang, B. and Wang, M. 2007. Immune enhancing
effects of recombinant bovine IL-18 on foot-and-mouth disease


http://www.ncbi.nlm.nih.gov/pubmed/19019458?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2008.09.023
http://www.ncbi.nlm.nih.gov/pubmed/17679527?dopt=Abstract
http://dx.doi.org/10.1638/1042-7260(2007)038[0363:SRTACC]2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/20951182?dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2010.09.106
http://www.ncbi.nlm.nih.gov/pubmed/20829398?dopt=Abstract
http://dx.doi.org/10.1099/jmm.0.024109-0
http://www.ncbi.nlm.nih.gov/pubmed/20064480?dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2009.12.076
http://www.ncbi.nlm.nih.gov/pubmed/22028167?dopt=Abstract
http://dx.doi.org/10.3349/ymj.2011.52.6.1008
http://www.ncbi.nlm.nih.gov/pubmed/15731353?dopt=Abstract
http://dx.doi.org/10.1073/pnas.0406603102
http://www.ncbi.nlm.nih.gov/pubmed/23395585?dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2013.01.056
http://www.ncbi.nlm.nih.gov/pubmed/17400610?dopt=Abstract
http://dx.doi.org/10.1189/jlb.0706431
http://www.ncbi.nlm.nih.gov/pubmed/20132954?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2010.01.007
http://www.ncbi.nlm.nih.gov/pubmed/18229861?dopt=Abstract
http://dx.doi.org/10.1638/2006-0008R.1
http://www.ncbi.nlm.nih.gov/pubmed/22761300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22761300?dopt=Abstract
http://dx.doi.org/10.1128/CVI.00342-12
http://www.ncbi.nlm.nih.gov/pubmed/7477296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7477296?dopt=Abstract
http://dx.doi.org/10.1038/378088a0
http://www.ncbi.nlm.nih.gov/pubmed/10648125?dopt=Abstract
http://dx.doi.org/10.1006/cimm.1999.1589
http://www.ncbi.nlm.nih.gov/pubmed/19913371?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2009.09.062
http://www.ncbi.nlm.nih.gov/pubmed/17101606?dopt=Abstract
http://dx.doi.org/10.1080/08941930600985710
http://www.ncbi.nlm.nih.gov/pubmed/17418456?dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2007.03.010

192

20.

21.

22.

23.

24.

Y. YAN ET AL.

vaccination in mice model. Vaccine 25: 1257-1264. [Medline]
[CrossRef]

Su, B. S., Shen, P. C., Hung, L. H., Huang, J. P., Yin, H. S. and
Lee, L. H. 2011. Potentiation of cell-mediated immune responses
against recombinant HN protein of Newcastle disease virus by
recombinant chicken IL-18. Vet. Immunol. Immunopathol. 141:
283-292. [Medline] [CrossRef]

Su, B., Wang, J., Zhao, G., Wang, X., Li, J. and Wang, B. 2012.
Sequential administration of cytokine genes to enhance cellular
immune responses and CD4 (+) T memory cells during DNA
vaccination. Hum. Vaccin. Immunother. 8: 1659—-1667. [Med-
line] [CrossRef]

Summerfield, A., Rziha, H. J. and Saalmiiller, A. 1996. Func-
tional characterization of porcine CD4+CD8+ extrathymic T
lymphocytes. Cell. Immunol. 168: 291-296. [Medline] [Cross-
Ref]

Suo, S., Ren, Y., Li, G., Zarlenga, D., Bu, R. E., Su, D., Li, X.,
Li, P., Meng, F., Wang, C. and Ren, X. 2012. Immune responses
induced by DNA vaccines bearing Spike gene of PEDV com-
bined with porcine IL-18. Virus Res. 167: 259-266. [Medline]
[CrossRef]

Uchida, T., Kinoshita, M., Fukasawa, M., Habu, Y., Shinomiya,
N. and Seki, S. 2007. IL-18 time-dependently modulates Th1/

25.

26.

27.

28.

Th2 cytokine production by ligand-activated NKT cells. Eur: J.
Immunol. 37: 966-977. [Medline] [CrossRef]

Wang, C. D., Yang, S., Wu, K. B., Gao, Y. W., Zang, Z. H., Luo,
L., Wang, W. Y., Wang, T. C., Yan, Y. B., Hu, J,, Yang, Z. and
Lan, J. C. 2008. Serological evaluation of the efficacy of the
multivalent canine distemper attenuated live vaccines on giant
pandas (4iluropoda melanoleuca). Acta Theriologica Sinica 28:
212-216 (in Chinese).

Wei, E., Liu, Q., Zhai, Y., Fu, Z., Liu, W., Shang, L., Men, J.,
Gao, S., Lian, H., Jin, H., Chen, C., Lin, J., Shi, Y., Xia, Z. and
Zhu, X. Q. 2009. IL-18 enhances protective effect in mice im-
munized with a Schistosoma japonicum FABP DNA vaccine.
Acta Trop. 111: 284-288. [Medline] [CrossRef]

Yin, R. L., Li, C., Yang, Z. T., Zhang, Y. J., Bai, W. L., Li, X.,
Yin, R. H., Liu, H., Liu, S., Yang, Q., Cao, Y. G. and Zhang, N. S.
2009. Construction and immunogenicity of a DNA vaccine con-
taining clumping factor A of Staphylococcus aureus and bovine
IL18. Vet. Immunol. Immunopathol. 132: 270-274. [Medline]
[CrossRef]

Zhang, X., Li, G., Gao, L., Mu, L., Zhang, L., Cong, Y. and Ding,
Z.2013. Positive inductive effect of IL-18 on virus-specific im-
mune responses induced by PRRSV-GPS5 DNA vaccine in swine.
Res. Vet. Sci. 94: 346-353. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/17084491?dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2006.10.017
http://www.ncbi.nlm.nih.gov/pubmed/21507491?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2011.03.018
http://www.ncbi.nlm.nih.gov/pubmed/23151452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23151452?dopt=Abstract
http://dx.doi.org/10.4161/hv.22105
http://www.ncbi.nlm.nih.gov/pubmed/8640877?dopt=Abstract
http://dx.doi.org/10.1006/cimm.1996.0078
http://dx.doi.org/10.1006/cimm.1996.0078
http://www.ncbi.nlm.nih.gov/pubmed/22643071?dopt=Abstract
http://dx.doi.org/10.1016/j.virusres.2012.05.007
http://www.ncbi.nlm.nih.gov/pubmed/17330820?dopt=Abstract
http://dx.doi.org/10.1002/eji.200636465
http://www.ncbi.nlm.nih.gov/pubmed/19467215?dopt=Abstract
http://dx.doi.org/10.1016/j.actatropica.2009.03.010
http://www.ncbi.nlm.nih.gov/pubmed/19540000?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2009.05.012
http://www.ncbi.nlm.nih.gov/pubmed/23058982?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2012.09.011

