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a b s t r a c t

This study was conducted to evaluate the effects of astragalus polysaccharide (APS) on the immune
responses of mice immunized with foot-and-mouth disease virus (FMDV) vaccine. BALB/c mice were
randomly divided into five groups and 1 day before being immunized with FMDV vaccine, each group was
orally administered APS at doses of 0, 0.125, 0.25, 0.5 and 1 mg, respectively. The cellular and humoral
responses, including phagocytic capacity of peritoneal macrophage, the maturation of dendritic cells
(DCs), splenic lymphocyte proliferation, cytokine production and antibody variation, were evaluated by
a series of experiments after vaccination. The data showed that oral administration of APS significantly
ral administration
MDV
djuvant

enhanced the phagocytic capacity of peritoneal macrophage, splenic lymphocyte proliferation, serum
antibody titer, and the production of IL-4 and IL-10 in groups administered with 0.125–0.5 mg APS. The
expression of CD40, CD86 and MHC-II on DCs was only slightly inhibited in mice given a low dose of
APS, but was significantly enhanced in mice given higher doses. Furthermore, mice given the highest
doses of APS showed markedly increased CD40 and MHC-II expression levels. These results suggest that

ould
er us
orally administered APS c
implications for the furth

. Introduction

Foot-and-mouth disease (FMD) is a kind of acute, febrile, high
ontagious and sometime fatal viral disease of cloven-hoofed ani-
als, and has spread throughout most of the world (Kitching,
utber, & Thrusfield, 2005; Ward, Highfield, Vongseng, & Garner,
009). Each outbreak of FMD usually results in severe economic

osses and has a considerable impact on both national and interna-

ional trade in live animals and animal products (Jamal et al., 2008;
hang, Ahmed, Paton, & Bashiruddin, 2009).

To date, widespread vaccination with inactivated foot-and-
outh disease virus (FMDV) is the only practical means to control

∗ Corresponding author at: TCVM Laboratory, CAU-BUA TCVM Teaching &
esearch Team, College of Veterinary Medicine, China Agricultural University, No.2
est Yuanmingyuan Road, Beijing 100193, PR China. Tel.: +86 10 62733017;

ax: +86 10 62734111.
E-mail address: jianqinxucau@126.com (J. Xu).

1 Joint first authors.
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144-8617/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2010.05.030
significantly enhance the efficacy of FMDV vaccination and has important
e of APS as a novel adjuvant.

© 2010 Elsevier Ltd. All rights reserved.

the epidemic in most developing countries (Shi, Wang, & Wang,
2007). Compared with other new generations of vaccines, due to
the advantages of easy to prepare, low cost, and high immunogenic-
ity, inactivated vaccine is still the best choice for FMD prevention.
However, disadvantages such as genotoxic potential, short protect-
ing duration and lacking of cellular immunity also exist (Jin et al.,
2005; Shi, Wang, Zhang, & Wang, 2006; Song & Hu, 2009), and often
result in failure to elicit effective immune responses by vaccination
(Li et al., 2008). The use of adjuvant has solved this problem to some
extent by exerting its immunomodulatory effect on the response of
vaccination (McKee, Munks, & Marrack, 2007). But for the currently
available FMDV vaccines, most of them use aluminum hydroxide
or oil emulsions as adjuvant, and often cause side effects such as
strong local stimulation and carcinogenesis. Also, they have been
reported to induce poor immune response. Therefore, it is neces-
sary to develop new generations of adjuvant with high efficiency,

low toxicity and extensive resource.

Medicinal herbs have been used as adjuvant for thousands
of years in eastern countries (Wang et al., 2009). Growing evi-
dence has proved that medicinal herbs and ingredients possess
immune-enhancing effects, and many investigators have tried to

dx.doi.org/10.1016/j.carbpol.2010.05.030
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:jianqinxucau@126.com
dx.doi.org/10.1016/j.carbpol.2010.05.030
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se medicinal herbs as adjuvant to vaccines and have made much
rogress (Gao et al., 2007; Kong, Hu, Rui, Wang, & Li, 2004; Yuan
t al., 2008). As one of the widely used medicinal herbs, astra-
alus polysaccharide (APS) is well-known for its anti-inflammatory
Joshua & Cecilia, 2009), anti-virus (Wang et al., 2010), anti-
umor (Cho & Leung, 2007a) and renal protective actions (Li &
hang, 2009). In recent years, attention has been focused on the
mmunomodulatory functions of APS both in humans and animals
Brush et al., 2006; Cho & Leung, 2007b; Huang et al., 2009; Li,
hen, Wang, Tian, & Zhang, 2009). Researchers have found that APS
an stimulate T-cell proliferation (Shao et al., 2004), promote the
xpress of cell surface antigens on lymphocytes (Song, Kobayashi,
iu, Hong, & Cyong, 2000; Shao, Zhao, Zhi, & Pan, 2006), increase
erum antibody titer, and enhance secretion of a broad range of
ytokines (Chu, Yan, Li, & Hu, 2006; Lee et al., 2003). However, until
his study no reports had been carried out on whether this herb has
imilar immune stimulant effects to vaccination against FMDV, or
n how APS exerts its effects on both cellular and humoral immune
esponses of FMDV vaccine in mice.

In this research, we attempted to evaluate the effect of APS
n both cellular and humoral immune responses of FMDV vaccine
sing a series of experiments. The results proved that oral admin-

stration of APS can significantly promote cellular and humoral
esponse by enhancing the capacity of phagocytes, lymphocyte
aturing and splenic lymphocyte proliferation, as well as the

xpression of cytokines and the increasing of serum antibodies.

. Materials and methods

.1. Mice

Female BALB/c mice at 5–6 weeks of age, weighing 18–22 g, were
urchased from Beijing Laboratory Animal Center (Beijing, China).
he mice were kept in polypropylene cages in an air-conditioned
oom at 24 ± 1 ◦C with a 12 h light cycle and fed pathogen-free
ood and water. All the procedures were performed in strict accor-
ance with internationally accepted principles and the PR China

egislation on the use and care of laboratory animals.

.2. Materials

RPMI-1640 medium, 3-(4,5-dimethylthiazol-2-yl)-2,5-
iphenyltetrazolium bromide (MTT) and horseradish peroxidase
HRP)-conjugated goat anti-mouse IgG were purchased from
igma (St. Louis, MO, USA). Concanavalin A (Con A; Sigma, St.
ouis, MO, USA), a T-cell mitogen, was prepared at 10 �g/mL in
PMI-1640. Lipopolysaccharide (LPS; Sigma, St. Louis, MO, USA),
B-cell mitogen, was prepared at 5 �g/mL in RPMI-1640. FMDV
-serotyped inactivated vaccine in oil emulsion was acquired

rom Lanzhou Veterinary Research Institute (Lanzhou, China).
rizol was obtained from Invitrogen (Carlsbad, CA, USA). Goat anti-
ouse monoclonal anti-CD11c-FITC, anti-CD40-PE, anti-CD80-PE,

nti-CD86-PE and anti-MHC-II-PE antibodies were purchased
rom eBioscience (San Diego, CA, USA). An ELISA kit coated with
MDV O-type VP1 gene expression antigen to detect antibody
gainst FMDV was from Wuhan Keqian Animal Biological Products
Wuhan, China).

.3. Astragalus polysaccharide

Astragalus polysaccharide injectable powder (No. HD006001)

as provided by Beijing Medicass Biotechnologies (Beijing, China).

he polysaccharide preparation (APS content > 60%) was mea-
ured and determined by a standard high-performance liquid
hromatography-refractive index detection method employed by
he Chinese State Drug Administration (WS-330 (Z-029)-2001). APS
lymers 82 (2010) 680–686 681

powder was purified as previously described (Li et al., 2009) and the
resultant polysaccharides were freeze-dried and stored in a vacuum
desiccator until used.

2.4. Immunization and oral administration of APS

BALB/c mice were randomly divided into five groups
(n = 21/group), including a vaccine-only control group (VC,
0.0 mg kg−1 APS administrated), a 6.25 mg kg−1 APS group
(APS6.25), a 12.5 mg kg−1 APS group (APS12.5), a 25 mg kg−1 APS
group (APS25) and a 50 mg kg−1 APS group (APS50). One day
before each immunization, the mice were orally administered
1.0 mL saline solution containing 0.0, 0.125, 0.25, 0.5 or 1.0 mg
APS (equivalent to 0.0, 6.25, 12.5, 25, 50 mg kg−1 body weight,
respectively), accordingly. All groups of mice were immunized
twice subcutaneously at 14-day intervals with 200 �L FMDV
O-serotyped inactivated vaccine.

2.5. Phagocytosis assay

One day 3 after the first immunization, three mice from each
group were intraperitoneally injected with 1.0 mL starch solution,
after 24 h, 1.0 mL of 1% chicken red blood cells had been injected
by the same way. Half an hour later, a drop of peritoneal fluid
was stained with Wright’s stain and observed under a high-power
microscope. The results are expressed as the percentage of phago-
cytic cells (PP) and the phagocytic index (PI), where PP was defined
as the percentage of peritoneal macrophage (PM) that ingested one
or more chicken red blood cells, PI was defined as the average num-
ber of chicken red blood cells ingested per PM and was calculated
by dividing the total number of ingested chicken red blood cells by
the total number of PM (200 cells).

2.6. Flow cytometry assay

Three mice from each group were sacrificed on day 4 after the
first vaccination and flow cytometry was carried out as previously
described by Su et al. (2008). In brief, single-cell splenocyte sus-
pensions at a concentration of 2 × 106 cells/200 �L were blocked
with 2 �L of Fc� mAb (0.5 �g/mL) for 30 min at 4 ◦C. After rins-
ing once with phosphate-buffered saline (PBS) solution, cells were
stained with isotype control, or double-stained with either anti-
CD11c-FITC and anti-CD40-PE, anti-CD11c-FITC and anti-CD80-PE,
anti-CD11c-FITC and anti-CD86-PE, or anti-CD11c-FITC and anti-
MHC-II-PE. The fluorescence intensities were measured using the
FACSCalibur machine and analyzed using FlowJo analysis software
(Version5.7.2, Tree Star, Ashland, Oregon, USA).

2.7. Splenic lymphocyte proliferation assay in vitro

Three mice from each group were sacrificed on day 7 after the
second immunization. Single spleen lymphocytes suspension was
prepared by passing through a fine stell mesh and centrifugation
and cultured in 96-well plates at 4 × 106 cells/well in RPMI-1640
media. All the cultures were stimulated with ConA (final concentra-
tion 10 �g/mL), LPS (final concentration 5 �g/mL), or unstimulated,
respectively, for 48 h at 37.5 ◦C and 5% CO2. Cells were cultured for
44 h and 50 �L (2 mg/mL) MTT was added to detect T-cell prolifer-
ation by colorimetric reaction. After the addition of 100 �L DMSO

to each well to stop the color development, plates were read at
570 nm by a microtiter plate reader (Bio-Rad, Hercules, CA, USA).
The stimulation index (SI) was calculated according to the fol-
lowing equation: SI = OD570 stimulated cells/OD570 unstimulated
cells.
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Table 1
Primer sequences and conditions for polymerase chain reaction (PCR) for the detection of cytokine gene expression.

Target genes Primers Parameters of PCR Product size (bp)

IFN-� 5′-CATTGAAAGCCTAGAAAGTCTG
5′-TGACTCCTTTTCCGCTTCCTGAG

94 ◦C for 30 s, 59 ◦C for 30 s, 72 ◦C for 40 s 382

IL-10 5′-CCAGTTTTACCTGGTAGAAGTGATG
5′-
TGTCTAGGTCCTGGAGTCCAGCAGACTCAA

94 ◦C for 30 s, 62 ◦C for 30 s, 72 ◦C for 40 s 324
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IFN-� in APS administered groups was not significantly different.
However, both IL-4 and IL-10 were determined to be significantly
upregulated in APS administrated groups, with the exception of
IL-4 in the APS6.25 group.

Table 2
The effect of astragalus polysaccharide (APS) on the function of peritoneal
macrophage (PM).

Groups PM been observed (number) PP PI

VC 200 0.68 ± 0.04 0.82 ± 0.07
APS6.25 200 0.67 ± 0.07 0.85 ± 0.11
APS12.5 200 0.71 ± 0.09a 1.09 ± 0.51a

APS25 200 0.77 ± 0.07a 1.34 ± 0.16a

APS50 200 0.78 ± 0.09a 1.31 ± 0.09a
IL-4 5 -ATGGGTCTCAACCCCCAGCTAGT
5′-GCTCTTTAGGCTTTCCAGGAAGTC

�-Actin 5′-TGCTGTCCCTGTATGCCTCT-3′

5′-TCTTTGATGTCACGCACGAT-3′

.8. Semi-quantitative RT-PCR for mRNAs of IFN-� , IL-4 and IL-10

The pattern of cytokine mRNA expression in splenocytes was
etermined by standard reverse transcription-polymerase chain
eaction (RT-PCR). In brief, total RNA isolated from spleen samples
three from each group) was extracted on day 14 after the second
accination using Trizol reagent (Invitrogen, Carlsbad, CA, USA).
everse transcription of RNA to form cDNA was performed using
MV reverse transcriptase (Takara Biotechnology, Dalian, China)
nd an oligo(dT) 16-mer primer. The resulting cDNA was used to
mplify a house-keeping gene (�-actin) used as a normalizing con-
rol and IFN-�, IL-4 and IL-10 targets by PCR with specific primer
airs listed in Table 1. The PCR products were electrophoresed on
.5% agarose gels and photographed under the UV light. The rela-
ive amount of mRNA for the cytokine-specific genes was evaluated
y comparing the intensities of amplified PCR products.

.9. Antibody titer analysis

Serum samples, three from each group, were collected on days
, 7, 14, 21, and 28 after the second vaccination and used for
MDV-specific IgG antibody detection by ELISA, according to the
anufacturer’s instructions. In brief, mouse sera (100 �L of 1:100

ilution) were added to 96-well microtiter plate coated with FMD
-type VP1 gene expression antigen and incubated for 30 min at
7 ◦C. Subsequently, 100 �L goat anti-mouse IgG conjugated to HRP
as added to each well and incubated for 30 min at 37 ◦C. The

olorimetric detection reaction was developed using tetramethyl-
enzidine (TMB) reagent (Sigma, St Louis, MO, USA) and stopped
y the addition of H2SO4. The OD of each well was read at 450 nm

n a microtiter plate reader (Bio-Rad, Hercules, CA, USA).

.10. Statistical analysis

Data were expressed as mean ± SD. Statistical analysis was per-
ormed using an independent-sample t-test available in the SPSS
oftware (Version12.0, Chicago, USA), where a p-value < 0.05 was
onsidered significant.

. Results

.1. Effects of APS on the PM phagocytic function
The effect of APS dose on the phagocytosis by PM is listed
n Table 2. Compared with the control vaccine-only VC group,
oth PP and PI were significantly higher in all APS administered
roups (except for the APS6.25 group). This effect was especially
oteworthy for APS25 and APS50 groups, which demonstrated
he highest PP and PI of all groups. No significant differences of
P and PI were observed between the APS6.25, APS25 and APS50
roups.
94 C for 30 s, 66 C for 50 s, 72 C for 30 s 399

94 ◦C for 30 s, 56 ◦C for 50 s, 72 ◦C for 30 s 207

3.2. APS enhances the expression of CD40, CD80, CD86 and
MHC-II on dendritic cells (DCs)

The effects of APS on CD antigen expression on DCs are shown
in Fig. 1. Compared with the VC group, CD80 expression on DCs
was slightly decreased for the APS6.25 group (Fig. 1B). No signifi-
cant differences were observed for other APS-treated groups. CD40,
CD86 and MHC-II expression was slightly decreased on DCs in the
APS6.25 group but were not statistically significant (Fig. 1A, C and
D). However, CD40, CD86 and MHC-II expression was significantly
increased in other groups, with the exception of CD86 in the APS12.5
group. Moreover, both the APS25 and APS50 groups showed a strong
upregulation of CD86, CD40 and MHC-II antigen expression, espe-
cially for CD40 and MHC-II.

3.3. Splenic lymphocyte proliferation assays

The lymphocyte proliferation response to ConA and LPS treat-
ments are presented in Fig. 2. Seven days after the second
vaccination, the stimulation indices of APS administered groups
(except the APS6.25 group), whether stimulated with ConA and LPS,
were significantly higher than that of VC group. Among all groups,
the stimulation indexes of APS25 and APS50 group (highest doses of
APS administered groups) were significantly higher than those of
APS6.25 and APS12.5 group.

3.4. IFN-� , IL-4 and IL-10 mRNA expression in splenocyte

The levels of mRNA expression of the Th1-type cytokine, IFN-
�, and the Th2-type cytokines, IL-4 and IL-10, were determined by
RT-PCR (Fig. 3). Compared with the VC group, the expression of
Mice were immunized subcutaneously with 200 �g FMDV O-serotyped inactivated
vaccine with 14-day intervals and orally administered with 1 mL APS solution
(equivalent to 0, 6.25, 12.5, 25 and 50 mg kg−1 body weight) one day before each
immunization. PP was defined as the percentage of PM that ingested one or more
chicken red blood cells, PI was defined as the average number of chicken red blood
cells ingested per PM and was calculated by dividing the total number of ingested
chicken red blood cells by the total number of PM.

a Denotes significant difference (p < 0.05) compared to vaccine-only control group
(VC).
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F
o

F
1
f

ig. 1. Flow cytometric analysis of mouse dendritic cells (DCs) for the expression of CD40, CD80, CD86 and MHC-II. Cells were gated on CD11c+ DCs. Similar results were
btained in three independent experiments.

ig. 2. In vitro splenic lymphocyte proliferation assays from mice treated with APS
day before the second vaccination of FMDV. Letters (a–c) denote significant dif-

erences (p < 0.05).

Fig. 3. Cytokine mRNA expression in mouse splenocyte treated with APS one day
before the second immunization with FMDV vaccine. *Data differed significantly
(p < 0.05) when compared to VC group.
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ig. 4. Serum antibody response to FMDV vaccination in mice pre-treated with
PS. Data at the same time point with different letters (a–c) differed significantly

p < 0.05).

.5. Antibody titer analysis

The dynamic changes of serum antibody response to FMDV vac-
ination in different groups of mice after the second vaccination are
hown in Fig. 4. The antibody response to FMDV tended to increase
ith higher dose of APS administered in a dose-dependent man-
er. On days 7, 14, 21 and 28 post-vaccination, the titer of APS12.5,
PS25 and APS50 groups were significantly higher than those of

he VC group. The antibody response in the APS6.25 group was
ot significantly different from the VC group on days 7 and 14,
ut significantly increased on days 21 and 28. The serum antibody
esponses of mice in the APS25 and APS50 groups were consistently
igher compared with other groups at all the time points.

. Discussion

The cellular immune response is critical to the host defense sys-
em against infection by accelerating the clearance of pathogens
nd secreting many cytokines for the regulation of the immune
esponse. A lower level of cellular immune response usually results
n a higher rate of infection with FMDV, and also might be one of the
easons for persistent infections in animals after such vaccinations
McVicar & Sutmoller, 1969). Although viruses can be controlled
y a vaccine that induces antibodies, the current FMDV vaccine has

ittle effect on cellular immune response. An ideal FMDV vaccine
hould contain an adjuvant that can induce cellular immunity with-
ut damaging, or perhaps even improving, the humoral immune
esponse.

DCs and T cells are the most important cellular components of
he cellular immune response. As professional antigen-presenting
ells, DCs plays an important role in initiating T-cell responses
gainst microbial pathogens. Matured DCs are characterized by the
ecreased ability to uptake and process antigen, high expression of
urface MHC class II, and have a high capacity to prime T cells (Shao
t al., 2006). The maturation or activation of DCs is one of the ear-
iest and crucial events of immune regulation and sets up adaptive
mmunity (Su et al., 2008). The expression of co-stimulatory fac-
ors, CD80/CD86 and CD40, on DCs is correlated with T-lymphocyte

ifferentiation and the upregulation of CD80, CD86 and CD40 typ-

cally results in the reinforcement of T-cell activity (Cacere et al.,
008; Munroe, 2009). To investigate the differentiation status of
Cs, CD11c+ that highly expressed in DCs was used to distinguish
Cs from splenic lymphocytes by flow cytometry as previously
lymers 82 (2010) 680–686

described (Su et al., 2008) on day 4 after the first FMDV vaccination.
The results showed (Fig. 1) that a high dose of APS (such as APS25
and APS50 groups) can significantly enhance the expression of MHC
class II, CD40, slightly enhance the expression of CD86, and has no
significant effect on the expression of CD80 on DCs. However, low
doses of APS (APS6.25 group) exerted no significant effect on the
expression of these cell surface antigens. These results suggest that
APS has a dose-dependent regulatory effect on the maturation of
DCs in FMDV vaccinated mice.

An appropriate dose of APS is likely to promote the maturation
of DCs via the increased expression of MHC II, CD40 and CD86, and
amplify the capability of FMDV antigen-presentation during the
early stages of the immune response. CD40 expression is typically
upregulated on DCs after encountering microbial products (e.g.
toll-like receptor ligands) (Clark & Craxton, 2003) and pathogens
(e.g. FMDV). Hence, the high expression of CD40 can bridge innate
and adaptive immune signals since CD40 expression on DCs plays
a direct role in regulating lymphocyte proliferation, and also in
the regulation of T-lymphocyte differentiation (Daphne & Edward,
2009). The current study demonstrated that this bridge function
was strengthened by the administration of APS via an increased
level of CD40 expression on PM (Table 2), T-cell activation (Fig. 2),
increased expression of Th2 cytokines (Fig. 3) and serum antibody
response (Fig. 4).

Macrophages occupy a unique niche in the immune system
where they not only initiate innate immune responses but can
also be effector cells that contribute to the resolution of these
responses (Song et al., 2002) by inhibiting the growth of a wide
variety of microorganisms. The enhancement of phagocytic func-
tion is expected to be appropriate for resisting microbial infections.
Lymphocyte proliferation is another indicator reflecting the state
of cellular immunity since it is generally known that ConA stimu-
lates T cells and LPS stimulates B-cell proliferation (Sun, Wang, Xu,
& Ni, 2009). The capacity to elicit an effective T- and B-lymphocyte
immunity can be shown by the stimulation of a lymphocyte prolif-
eration response (Xie & Li, 2009). We show that except in the APS6.25
group, the PI of peritoneal macrophage and the proliferation index
of splenic lymphocytes from FMDV vaccinated mice were signifi-
cantly increased by prior treatment with APS, especially in APS25
and APS50 groups. Furthermore, the proliferation indexes of splenic
lymphocytes stimulated with ConA or LPS were significantly higher
when pre-treated with APS, suggesting that the T cells and B cells
of FMDV vaccinated mice were highly activated after APS adminis-
tration. From these results, we suggest that the immune regulation
function caused by treatment with APS prior to FMDV vaccination
may be extensive and universal that is not restricted to DCs, but
also includes T cells, B cells and macrophages.

Although many cell types participate in combating infection,
T-helper (Th) lymphocytes critically determine the outcome of
infection (Frossi, Carli, Piemonte, & Pucillo, 2008) and can be sub-
divided into two cell subsets, termed as Th1 and Th2, according
to differences in their corresponding cytokine expression profiles.
Modulation of Th1/Th2 immunity is an important parameter to
assess the therapeutic efficacy of immunomodulators. In general,
Th1 cells stimulate cellular immunity but only weak and transient
antibody responses, whereas Th2 cells evoke humoral immune
responses but relatively weak cellular immune activity (Odbileg,
Lee, Ohashi, & Onuma, 2005). The regulating functions of Th cells
mainly depend on the production and release of cytokines. To
determine the effect of APS on the type of Th response, the gene
expression of Th1-type cytokines (IFN-�) and Th2-type cytokines

(IL-4 and IL-10) were measured by PCR. Compared to vaccine-only
treated mice, the expression of IFN-� (Th1) in mouse splenocytes
from FMDV vaccinated mice in APS administrated groups was not
significantly different. However, the expression levels of both IL-4
and IL-10 were significantly increased with prior treatment with
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PS, thus indicating that the upregulation caused by APS mainly
ffects the Th2 response. Since both IL-4 and IL-10 are important
ytokines in inducing the proliferation of B cells and the production
f antibodies, the high levels of expression of IL-4 and IL-10 suggest
hat APS is likely to play a role in mediating the humoral immu-
ity through the upregulation of Th2 cytokines in FMDV vaccinated
ice. Furthermore, IL-10 is also an immunomodulatory molecule
hich could inhibit the functions of antigen-presenting cells by
ownregulating the expression of MHC class II and co-stimulatory
olecules on DCs (Rezaei et al., 2009). However, in the current

tudy, APS administered groups (except APS6.25) showed a higher
xpression of MHC II and CD86, and the expression of IL-10 was
nhanced simultaneously in splenic lymphocytes. This data sug-
ests a two-pronged regulatory effect of APS on MHC II and CD86
xpression. For example, a low dose of APS (APS6.25) may promote
he expression of CD86 but can also significantly induce the pro-
uction of IL-10, the inhibitory effect of IL-10 on CD86 expression
as greater than the promoting effect of APS6.25 which results in a

ower expression of CD86 (Fig. 1D).
It is generally believed that an effective means of protection is a

accine that activates both the cell-mediated and humoral arms of
he immune system (Liniger et al., 2008). Accordingly, an efficient
MDV adjuvant should induce both humoral and cellular immune
esponse to a viral antigen. To confirm that APS is responsible for
stimulating effect on the humoral immune response to FMDV

accine, the dynamic changes of the serum antibody response in
ifferent groups of mice after the second vaccination were exam-

ned. Higher titers of antibody were found in APS administered
roups (except for APS6.25) on days 7, 14, 21 and 28 after the sec-
nd vaccination. This was the case especially for the APS25 and
PS50 groups that reached peak antibody titers 1 week sooner than
ther groups and maintained a significantly higher titer until day
8. These results provided evidence that APS enhances the humoral
esponse to FMDV vaccination.

In conclusion, these experiments demonstrated that an appro-
riate dose of APS used as adjuvant for FMDV vaccine is able to
pregulate both the cellular and humoral immune response to the
accine. Compared with the immune response induced by FMDV
lone, pre-administration with APS induces increased phagocytic
apacity of peritoneal macrophage, DC maturation, T-lymphocyte
roliferation, expression of cytokines and antibody production.
he successful demonstration of the utility of APS as adjuvant for
nhancing FMDV vaccination suggests that it may also enhance the
mmune response to other vaccines. Considering the many advan-
ages for using APS, including extensive availability, low cost and
ow side effects, APS could be used as an effective adjuvant for
MDV vaccination with promising use in the field.
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