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a b s t r a c t

The plant polysaccharides are recognized as an effective biological response modifier with low toxicity. In
this study, the water-soluble polysaccharide from the roots of Actinidia eriantha (AEPS) was evaluated for
its toxicity and adjuvant potential on the specific cellular and humoral immune responses to ovalbumin
(OVA) in mice. AEP did not cause any mortality and side effects when mice were administered subcuta-
neously twice at the dose up to 5.0 mg at intervals of 7 days. The mice were immunized subcutaneously
with OVA 100 �g alone or with OVA 100 �g dissolved in saline containing Quil A (10 �g) or AEPS (25, 50,
or 100 �g) on days 1 and 15. Two weeks later, splenocyte proliferation, natural killer (NK) cell activity,
production and mRNA expression of cytokines from splenocytes, and serum OVA-specific antibody titers
were measured. The Con A-, LPS-, and OVA-induced splenocyte proliferation and the serum OVA-specific
IgG, IgG1, IgG2a, and IgG2b antibody titers in the immunized mice were significantly enhanced by AEPS
(P < 0.05, P < 0.01 or P < 0.001). AEPS also significantly promoted the production of Th1 (IL-2 and IFN-�)

and Th2 (IL-10) cytokines and up-regulated the mRNA expression of IL-2, IFN-�, IL-4 and IL-10 cytokines
and T-bet and GATA-3 transcription factors in splenocytes from the immunized mice (P < 0.05, P < 0.01 or
P < 0.001). Besides, AEPS remarkably increased the killing activities of NK cells from splenocytes in the
immunized mice (P < 0.01 or P < 0.001). The results indicated that AEPS had strong potential to increase
both cellular and humoral immune responses and elicit a balanced Th1/Th2 response, and that AEPS may

djuva
be a safe and efficacious a
vaccines.

. Introduction

Vaccination remains the most cost-effective biomedical
pproach for the control of infectious diseases. The safety of the
raditional vaccines based on live attenuated or killed microor-
anisms is questionable due to the risk of virulence reversion
1]. New generations of vaccines based on purified recombinant
roteins, synthetic peptides and plasmid DNA, despite their
etter tolerability, are unfortunately often much less reactogenic
nd immunogenic [2]. The majority of these vaccines require
ssociation with adjuvants capable of increasing the potency or
timulating the appropriate immune response [3,4]. The benefits

owing from adjuvant incorporation into any vaccine formulation
ave to be balanced with the risk of adverse reactions induced by
hese compounds. Unfortunately, strong adjuvant activity is often
orrelated with increased toxicity. Freund’s complete adjuvant

∗ Corresponding author. Tel.: +86 0571 8697 1091; fax: +86 0571 8697 1091.
E-mail address: sunhx@zju.edu.cn (H.-X. Sun).

264-410X/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.vaccine.2009.04.037
nt candidate suitable for a wide spectrum of prophylactic and therapeutic

© 2009 Elsevier Ltd. All rights reserved.

(FCA) remains amongst the most potent of known adjuvants and
a particularly powerful stimulant of both cellular and humoral
immunities [5]. Unfortunately FCA causes severe reactions and is
too toxic for human use. The unique capacity of the extract Quil A
from the bark of Quillaja saponaria and its purified saponin QS-21
to stimulate both the Th1 immune response and the production of
cytotoxic T-lymphocyte against exogenous antigens makes them
ideal for use in subunit vaccines and vaccines directed against
intracellular pathogens as well as for therapeutic cancer vaccines
[6,7]. However, in addition to pain on injection, severe local
reactions and granulomas, toxicity includes severe haemolysis
[8–11] making such adjuvants unsuitable for human uses other
than for life threatening diseases, such as HIV infection or cancer
[12]. Although muramyl dipeptide (MDP) and other derivatives
from Gram-negative bacteria, such as lipopolysaccharide (LPS) and

monophosphoryl lipid A have also been used as human adjuvants,
their toxicities remain the single biggest barrier to the use of
such adjuvants for human prophylactic vaccines [13,14]. A major
challenge in adjuvant research is to increase adjuvant activity
while reducing toxicity [8]. Currently, aluminum compounds

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:sunhx@zju.edu.cn
dx.doi.org/10.1016/j.vaccine.2009.04.037
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capillary column (30.0 m × 0.32 nm × 0.25 �m) [34].
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Alum) are the only vaccine adjuvants licensed by the Food and
rug Administration (FDA) for use in humans [15]. While Alum is

afe, it is a relatively weak adjuvant particularly when used with
ubunit antigens. Moreover, the Alum is a mild Th2 adjuvant that
an effectively enhance IgG1 antibody responses, but it is rarely
ssociated with Th1 type immune responses [16]. Furthermore,
lum is poor at stimulating cell-mediated immune responses,
nd may actively block activation and differentiation of cytotoxic
-lymphocytes [17]. Hence, there is a major unmet need for a safe
nd efficacious adjuvant capable of boosting cellular plus humoral
mmunity [18].

Most polysaccharides derived from higher plants are relatively
ontoxic and do not cause significant side effects, which is a major
roblem associated with immunomodulatory bacterial polysaccha-
ides and synthetic compounds. Thus, plant polysaccharides are
ecognized as an effective biological response modifier with low
oxicity [19]. Recently, many polysaccharides have been shown
o possess adjuvant potential on specific cellular and humoral
mmune responses against antigen and vaccine and be excellent
andidates to replace Alum as the adjuvant of choice for many
accines [20–29]. Particular advantages offered by plant polysac-
haride adjuvants in inducing cellular in addition to humoral
mmunity offer excellent safety, tolerability, ease of manufacture
nd formulation. Thus, the plant polysaccharide adjuvants have
normous potential for use in vaccines against both pathogens and
ancer [18].

The genus Actinidia (Actinidiaceae) consists of over 58 species
nd widely distributed in the Asian continent. Most species are
ative to temperate regions of south-western China. Actinidia fruits
re nutritious fruits distinguishable from other fruits by the attrac-
ive green color of their flesh [30]. Some Actinidia species, such as
ctinidia macrosperma, are the important traditional medicine [31].
he roots of A. eriantha Benth have been used for gastric carci-
oma, nasopharyngeal carcinoma, breast carcinoma, and hepatitis

n traditional Chinese medicine [32]. The modern pharmacologi-
al experiments also proved that the water extracts of this drug
ossessed antitumor and immunopotentiating activities [33]. We
reviously reported that the water-soluble polysaccharide (AEPS)
as the main active principles of the antitumor and immunomod-
latory effect of this drug [34]. Ovalbumin (OVA) is commonly used
s the model antigen to detect the adjuvant effect of chemicals
35]. We have previously used OVA as the model antigen to screen
he saponins with the adjuvant properties from Chinese traditional

edicines [36]. The obtained saponins with the adjuvant properties
ave also been verified their adjuvant effects on recombinant hep-
titis B surface vaccine, Newcastle disease virus-based recombinant
vian influenza vaccine, and recombinant fowlpox virus vector-
ased avian influenza vaccine in the mice and chickens [37,38]. In
his study, in order to investigate the immunoadjuvant property of
he isolated polysaccharide AEPS, its toxicity and adjuvant poten-
ial on the cellular and humoral immune responses to OVA in mice
ere investigated.

. Materials and methods

.1. Mice

Female ICR mice (Grade II, 5 weeks old) weighing 18–22 g were
urchased from Zhejiang Experimental Animal Center (Certificate
o. 22-2001001, Hangzhou, China) and acclimatized for 1 week

rior to use. Rodent laboratory chow and tap water were provided
d libitum and maintained under controlled conditions with a tem-
erature of 24 ± 1 ◦C, humidity of 50 ± 10%, and a 12/12 h light/dark
ycle. All the procedures were in strict accordance with the PR China
egislation on the use and care of laboratory animals and with the
(2009) 3984–3991 3985

guidelines established by the Institute for Experimental Animals of
Zhejiang University and were approved by the University Commit-
tee for animal experiments.

2.2. Materials

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), concanavalin A (Con A), lipopolysaccharide (LPS), RPMI-
1640 medium, and rabbit anti-mouse IgG peroxidase conjugate
were purchased from Sigma Chemical Co., Saint Louis, MO, USA;
goat anti-mouse IgG1, IgG2a and IgG2b peroxidase conjugate were
from Southern Biotech. Assoc., Birmingham, AL, USA; cytokine (IL-
2, IL-10, and IFN-�) detecting ELISA kits were from Wuhan Boster
Biological Technology Co. Ltd., Hubei, China. Quil A was kindly pro-
vided by Brenntag Nordic A/S, Denmark. Trizol was from Invitrogen,
USA; revert AidTM M-MuLV reverse transcriptase was from Fermen-
tas, USA; diethylpyrocarbonate (DEPC) and ribonuclease inhibitor
were from Biobasic, Canada; oligo(dT)18 were from Sangon, China.
Fetal calf serum (FCS) was provided by Hangzhou Sijiqing Corp.,
Hangzhou, Zhejiang, China; aluminum hydroxide gel (Alum) was
from Zhejiang Wanma Pharm Co. Ltd., Hangzhou, Zhejiang, China.

Human leukemia K562 cell lines, sensitive to natural killer
(NK) cells, were purchased from Institute of Cell Biology, Chinese
Academy Sciences. They were maintained in the logarithmic phase
of growth in RPMI 1640 medium supplemented with 2 mM l-
glutamine (Sigma), 100 IU/ml penicillin, 100 �g/ml streptomycin
(Sigma), and 10% fetal calf serum at 37 ◦C under humidified air with
5% CO2.

2.3. Extraction, purification and characterization of
polysaccharide AEPS

The roots of A. eriantha were collected in Wuyi county, Zhe-
jiang province, China in August 2007. A voucher specimen (No.
20070806) has been deposited at the Laboratory of Nature Drug,
College of Animal Sciences, Zhejiang University, China. The plant
material (1 kg) was extracted with boiling water three times under
reflux. The aqueous extract was filtered through filter paper. The
filtrate was concentrated under reduced pressure, and then cen-
trifuged at 3000 rpm for 15 min. The supernatant was precipitated
with three volumes of 95% ethanol, and stored overnight at 4 ◦C. The
resulting precipitate (49.4 g) was dissolved in distilled water and
dialyzed against distilled water (cut-off Mw 7000 Da). The retentate
portion was subjected to DEAE–Sephadex A-50 column chromatog-
raphy, washed with H2O, and eluted with 1.0 M sodium chloride
solution. The eluates collected were concentrated, dialyzed and
lyophilized to afford a total A. eriantha polysaccharide (AEPS, light
off-white powder, 34.7 g).

Total sugar content was estimated by the phenol–sulfuric acid
analysis using glucose as standard [39]. Uronic acid content was
determined by the carbazole–sulfuric acid method using glucuronic
acid as standard [40]. Neutral monosaccharide composition was
analyzed according to the following procedure: AEPS (5 mg) were
hydrolyzed with 5 ml of 2 M TFA at 110 ◦C for 5 h to release compo-
nent monosaccharides. The hydrolyzed monosaccharides (inositol
as the internal standard) were derivatized to acetylated aldononi-
triles [41] and isothermally separated by gas chromatography (GC)
in an Agilent 4890D system (Agilent Technologies, Palo Alto, CA,
USA) equipped with a flame-ionization detector (FID) and a DB-35
A stock AEPS solution with a concentration of 10 mg/ml was pre-
pared by dissolving in 0.89% saline. The solution was sterilized by
passing it through a 0.22-�m Millipore filter, and then analyzed
for endotoxin level by a gel-clot Limulus amebocyte lysate assay
(Zhejiang A and C Biological, Zhejiang, China).
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.4. Toxicity assays

Six-week-old female ICR mice were divided into five groups,
ach consisting of five mice. Animals were injected twice subcu-
aneously on the back with AEPS at a single dose of 0.5, 1.0, 2.5,
.0 mg in 0.5 ml saline solution at weekly intervals, and monitored
aily for 14 days. Saline-treated animals were included as control
roup and the toxicity was assessed by lethality, local swelling and
oss of hair at the site of injection.

.5. Immunization

Six-week-old female ICR mice were divided into six groups, each
onsisting of five mice. Animals were immunized subcutaneously
ith OVA 100 �g alone or with OVA 100 �g dissolved in saline

ontaining Quil A (10 �g) or AEPS (25, 50, or 100 �g) on day 1. Saline-
reated animals were included as controls. A boosting injection was
iven 2 weeks later. Sera and splenocytes were collected 2 weeks
fter the second immunization for measurement of OVA-specific
ntibody and proliferation, NK cell activity, and cytokine assay.

.6. Splenocyte proliferation assay

Spleen collected from the OVA-immunized mice under asep-
ic conditions, in Hank’s balanced salt solution (HBSS, Sigma), was

inced using a pair of scissors and passed through a fine steel mesh
o obtain a homogeneous cell suspension, and the erythrocytes
ere lysed with ammonium chloride (0.8%, w/v). After centrifuga-

ion (380 × g at 4 ◦C for 10 min), the pelleted cells were washed three
imes in PBS, and resuspended in complete medium. Cell numbers
ere counted with a haemocytometer by trypan blue dye exclu-

ion technique. Cell viability exceeded 95%. Splenocyte proliferation
as assayed as previously described [42]. Briefly, splenocytes were

eeded into four wells of a 96-well flat-bottom microtiter plate
t 5 × 106 cell/ml in 100 �l complete medium, thereafter Con A
final concentration 5 �g/ml), LPS (final concentration 10 �g/ml),
VA (final concentration 20 �g/ml), or medium were added giv-

ng a final volume of 200 �l. The plates were incubated at 37 ◦C in
humid atmosphere with 5% CO2. After 44 h, 50 �l of MTT solu-

ion (2 mg/ml) was added to each well and incubated for further
h. The plates were centrifuged (1400 × g, 5 min) and the untrans-

ormed MTT was removed carefully by pipetting. 150 �l of a DMSO
orking solution (192 �l DMSO with 8 �l 1N HCl) was added to

ach well, and the absorbance was evaluated in an ELISA reader
t 570 nm with a 630 nm reference after 15 min. The stimulation
ndex (SI) was calculated based on the following formula: SI = the
bsorbance value for mitogen-cultures divided by the absorbance
alue for non-stimulated cultures.

.7. Measurement of OVA-specific antibody

OVA-specific IgG, IgG1, IgG2a, and IgG2b antibodies in sera
ere detected by an indirect ELISA. In brief, microtiter plate wells

Nunc) were coated with 100 �l OVA solution (25 �g/ml in 50 mM
arbonate–bicarbonate buffer, pH 9.6) for 24 h at 4 ◦C. The wells
ere washed three times with PBS containing 0.05% (v/v) Tween
0 (PBS/Tween), and then blocked with 5% FCS/PBS at 37 ◦C for 2 h.
fter three washings, 100 �l of a series of diluted sera sample or
.5% FCS/PBS as control were added to triplicate wells. The plates
ere then incubated for 2 h at 37 ◦C, followed by three times of
ashing. Aliquots of 100 �l of rabbit anti-mouse IgG horseradish

eroxidase conjugate diluted 1:20,000, goat anti-mouse IgG1 per-
xidase conjugate 1:8000, IgG2a peroxidase conjugate 1:8000, and
gG2b peroxidase conjugate 1:8000 with 0.5% FCS/PBS were added
o each plate. The plates were further incubated for 2 h at 37 ◦C. After
ashing, the peroxidase activity was assayed as following: 100 �l
(2009) 3984–3991

of substrate solution (10 mg of O-phenylenediamine and 37.5 �l of
30% H2O2 in 25 ml of 0.1 M citrate–phosphate buffer, pH 5.0) was
added to each well. The plate was incubated for 10 min at 37 ◦C,
and enzyme reaction was terminated by adding 50 �l/well of 2N
H2SO4. The optical density was measured in an ELISA reader at
490 nm, where sets of sera samples have been subjected to within
and between group comparisons, ELISA assays were performed on
the same day for all of the samples.

2.8. Assay of natural killer (NK) cell activity

The activity of NK cells was measured as previously described
[43]. Briefly, K562 cells were used as target cells and seeded in 96-
well U-bottom microtiter plate (Costar) at 2 × 104 cells/well in RPMI
1640 complete medium. Splenocytes prepared as described above
were used as the effector cells, and were added at 1 × 106 cells/well
to give E/T ratio 50:1. The plates were then incubated for 20 h at
37 ◦C in 5% CO2 atmosphere. 50 �l of MTT solution (2 mg/ml) was
added to each well and the plate was incubated for another 4 h
and subjected to MTT assay. Three kinds of control measurements
were performed: target cells control, blank control and effector
cells control. NK cell activity was calculated as following equation:
NK activity (%) = (ODT − (ODS − ODE))/ODT × 100, where ODT, opti-
cal density value of target cells control, ODS, optical density value of
test samples and ODE, optical density value of effector cells control.

2.9. Cytokine measurements in the cultured supernatants of
splenocytes by ELISA

Splenocytes (5 × 105 cells/well) from the immunized mice pre-
pared as described before were incubated with Con A (final
concentration 5 �g/ml) in 24-well culture plates at 37 ◦C in 5%
CO2. After 48 h, the plate was centrifuged at 1400 × g for 5 min
and culture supernatants were collected for the detection of IL-2,
IL-10, and IFN-� levels using commercial ELISA kits. Briefly, cul-
ture supernatants or cytokine standards were added to 96-well
flat-bottom microtiter plates coated with coating antibody, and
plates then incubated at 37 ◦C for 1.5 h (IL-2 and IL-10) or 2 h (IFN-
�). Plates were washed and a detecting antibody was added to
each well. Plates were incubated at 37 ◦C for 1 h before addition
of avidin–biotin–peroxidase complex (ABC). After incubation for
30 min, plates were washed and developed with tetramethyl benzi-
dine (TMB) at 37 ◦C for 15 min. The reaction was stopped by addition
of 100 �l of stop solution. The absorbance was measured in an ELISA
reader at 450 nm.

2.10. RT-PCR for cytokine and transcription factor gene expression

Splenocytes from the immunized mice prepared as described
before were seeded into a 24-well flat-bottom microtiter plate at
5 × 106 cell/ml in 1 ml complete medium, thereafter Con A (final
concentration 5 �g/ml) was added giving a final volume of 2 ml
(triplicate wells). The plates were incubated at 37 ◦C in a humidified
atmosphere with 5% CO2. After 12 h treatment, cells were harvested
by centrifugation (380 × g at 4 ◦C for 10 min), and washed with ice-
cold PBS, then subjected to RNA extraction. Splenocytes were lysed
in 0.8 ml of Trizol reagent and the total RNA was isolated accord-
ing to the manufacturer’s protocol. The concentration of total RNA
was quantified by determining the optical density at 260 nm. The
total RNA was used and reverse transcription was performed by
mixing 2 �g of RNA with 0.5 �g oligo(dT)18 primer in a sterile tube.

Nuclease-free water was added giving a final volume of 12.5 �l. This
mix was incubated at 70 ◦C for 5 min and chilled on ice for 2 min.
Then a solution containing 4 �l of M-MuLV 5× reaction buffer, 2 �l
of 10 mM dNTP, 20 U of ribonuclease inhibitor, and DEPC-treated
water was added giving a final volume of 19 �l and the tubes were
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Table 1
Sequences of primer used for RT-PCR.

Gene Primer sequence Product size (bp)

GAPDH 5′-CCCACAGTAAATTCAACGGCAC-3′ 570
5′-CATTGGGGTTAGGAACACGGA-3′

IL-2 5′-CTCTACAGCGGAAGCACAGC-3′ 381
5′-CATCTCCTCAGAAAGTCCACCA-3′

IFN-� 5′-TGAACGCTACACACTGCATCTTGG-3′ 459
5′-CGACTCCTTTTCCGCTTCCTGAG-3′

IL-4 5′-ATGGGTCTCAACCCCCAGCTAGT-3′ 399
5′-GCTCTTTAGGCTTTCCAGGAAGTC-3′

IL-10 5′-CCAGTTTTACCTGGTAGAAGTGATG-3′ 324
5′-TGTCTAGGTCCTGGAGTCCAGCAGACTCAA-3′

T-bet 5′-AACCAGTATCCTGTTCCCAGC-3′ 436
5′-TGTCGCCACTGGAAGGATAG-3′
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3.4. Effect of AEPS on the OVA-specific serum antibody response

The OVA-specific IgG, IgG1, IgG2a, and IgG2b antibody levels
in the serum were measured 2 weeks after the last immuniza-
tion using ELISA and the results were shown in Fig. 2. OVA
ATA-3 5′-GAAGGCATCCAGACCCGAAAC-3′ 255
5′-ACCCATGGCGGTGACCATGC-3′

APDH, glyceraldehyde-3-phosphate dehydrogenase.

ncubated for 5 min at 37 ◦C. The tubes then received 200 U of M-
uLV reverse transcriptase and were incubated for 60 min at 42 ◦C.

inally, the reaction was stopped by heating at 70 ◦C for 10 min. The
amples were stored at − 20 ◦C until further use.

Amplification was carried out in a total volume of 20 �l
ontaining 0.5 �l (10 �M) of each cytokine- or transcription factor-
pecific primers (Table 1), 2 �l of 10× PCR buffer, 1.2 �l of MgCl2
25 mmol/l), 0.5 �l of dNTP (10 mM), 1 �l of transcribed cDNA, and
.25 �l of Taq DNA polymerase. PCR was performed for 27 (GAPDH
nd IFN-�), 29 (GATA-3), 31 (IL-2 and T-bet), or 33 (IL-4 and IL-10)
ycles using a PTC-200 Thermal Cycler (MJ Research, Watertown,
A) with the following program of denaturation at 94 ◦C for 1 min,

nnealing at 55 ◦C (IL-2, GATA-3, and T-bet), 57 ◦C (GAPDH), or
8 ◦C (IL-4, IL-10, and IFN-�) for 50 s, and elongation at 72 ◦C for
.5 min. Semi-quantitative RT-PCR was performed using GAPDH as
n internal control to normalize gene expression for the PCR tem-
lates. The PCR products were studied on a 1.5% agarose gel and the
mplified bands were visualized using ImmageMaster VDS Soft-
are (Phamacia Biotech, USA) after staining with GoldView. The

ize of the amplified fragments was determined by comparison
ith a standard DNA marker.

.11. Statistical analysis

The data were expressed as mean ± standard errors (S.E.) and
xamined for their statistical significance of difference with ANOVA
nd a Tukey post hoc test. P-values of less than 0.05 were considered
o be statistically significant.

. Results

.1. Isolation, characterization and composition of AEPS

The crude polysaccharide was extracted with hot water from
he roots of A. eriantha and purified by means of DEAE–Sephadex
-50 gel chromatography, leading to a water-soluble polysaccha-
ide AEPS. AEPS showed positive sulfuric acid–carbazole reaction,
uggesting that it contained uronic acid and negative Fehling’s
eagent and iodine–potassium iodide reactions, indicating that
t did not contain reducing sugar and starch-type polysac-

harides. UV analysis and triketohydrindene hydrate reaction
ndicated that AEPS was not contaminated with proteins. GC
uantitative analysis with derivatization revealed that AEPS was
omposed of rhamnose (3.18 mol.%), fucose (14.85 mol.%), ara-
inose (26.87 mol.%), xylose (4.49 mol.%), mannose (7.83 mol.%),
(2009) 3984–3991 3987

glucose (7.72 mol.%), and galactose (35.05 mol.%) with the molar
ratio of 1.00:4.67:8.45:1.41:2.46:2.43:11.02. The uronic acid content
in AEPS was 3.70%.

3.2. Toxicity of AEPS

The endotoxin level in a stock AEPS solution with a concen-
tration of 10 mg/ml was measured to be less than 0.5 endotoxin
units (EU)/ml. Therefore, the AEPS sample used in this study was
excluded from endotoxin contamination. When the animals were
administered subcutaneously twice ranging from 0.5 to 5.0 mg at
weekly intervals, there is no lethality observed. Local swelling or
loss of hair was not observed in mice at the tested doses. The results
suggested that the safety dose of AEPS used for human and animal
was at least up to 200 mg/kg.

3.3. Effect of AEPS on splenocyte proliferation in OVA-immunized
mice

The effects of AEPS on mitogen- and OVA-stimulated spleno-
cyte proliferation in the immunized mice are shown in Fig. 1. As a
positive control, Quil A markedly enhanced Con A-, LPS-, and OVA-
stimulated splenocyte proliferation in the immunized mice. AEPS
also significantly increased Con A- and LPS-stimulated splenocyte
proliferation in the OVA-immunized mice (P < 0.05 or P < 0.01). The
OVA-induced splenocyte proliferation in the immunized mice was
also similarly increased by AEPS at three doses compared to OVA
group (P < 0.01 or P < 0.001).
Fig. 1. Effect of AEPS on mitogen- and OVA-stimulated splenocyte proliferation in
the mice immunized with OVA. Significant differences with OVA alone group were
designated as aP < 0.05, bP < 0.01, and cP < 0.001.
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4. Discussion

Despite technological advances in molecular biology and in
genetic engineering, allowing identification of antigens with
ig. 2. Effect of AEPS on OVA-specific IgG, IgG1, IgG2a, and IgG2b antibodies in OVA-
mmunized mice. Significant differences with OVA alone groups were designated as
P < 0.05, bP < 0.01, and cP < 0.001.

lone induced low levels of OVA-specific IgG antibody. However,
ddition of Quil A and AEPS to OVA resulted in a signifi-
ant increase in total IgG antibody titers (P < 0.05, P < 0.01, or
< 0.001). The OVA-specific serum IgG1 titers in OVA-immunized
ice were also significantly increased by Quil A and AEPS

P < 0.05, P < 0.01, or P < 0.001). With regard to OVA-specific serum
gG2a and IgG2b titers, mice immunized with OVA/Quil A and
VA/AEPS had a dramatic increase compared with OVA alone group

P < 0.01 or P < 0.001). The findings indicated that AEPS significantly
nhanced serum OVA-specific antibody production in immunized
ice.

.5. Effects of AEPS on NK cell activity in OVA-immunized mice

The effects of AEPS on NK cell activity in OVA-immunized mice
ere shown in Fig. 3. AEPS and Quil A significantly enhanced the

illing activity of NK cell in the OVA-immunized mice (P < 0.01 or
< 0.001). The findings indicated that AEPS could promote lytic
ctivity of NK cells in mice immunized with OVA.

.6. Effect of AEPS on cytokine secretion by splenocytes from
VA-immunized mice

The calibration curves of IL-2, IFN-� and IL-10 were constructed
ith mouse cytokine standards, and their correlation coefficients
ere all bigger than 0.9980. As shown in Fig. 4, the contents of

ytokines IL-2, IFN-�, and IL-10 in the supernatants from cul-

ured splenocytes in the mice immunized with OVA/AEPS and
VA/Quil A were significantly higher than those in OVA control mice

P < 0.01 or P < 0.001), suggesting that AEPS significantly enhanced
he production of the Th1 and Th2 cytokines in OVA-immunized

ice.
Fig. 3. Effect of AEPS on NK cell activity in mice immunized with OVA. Significant
differences with OVA alone group were designated as bP < 0.01 and cP < 0.001.

3.7. Effect of AEPS on mRNA expression of cytokines and
transcription factors in splenocytes from the immunized mice

As shown in Fig. 5 and Table 2, AEPS and Quil A significantly
not only increased the mRNA expression of Th2 cytokines IL-4 and
IL-10 and transcription factor GATA-3 (P < 0.01 or P < 0.001), but
enhanced that of Th1 cytokines IL-2 and IFN-� and transcription
factor T-bet (P < 0.05, P < 0.01, or P < 0.001) in splenocytes from the
immunized mice. Thus, findings showed that AEPS up-regulated
the gene expression of Th1/Th2 cytokines and transcription factors
in splenocytes from the immunized mice.
Fig. 4. Effects of AEPS on cytokine production in splenocytes from the OVA-
immunized mice. Significant differences with OVA alone group were designated
as cP < 0.001.
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ig. 5. Effect of AEPS on the mRNA expression of GAPDH, cytokines and transcript
VA; lane 2, OVA–Quil A; lane 3, OVA–AEPS (25 �g); lane 4, OVA–AEPS (50 �g); lan

mmunogenic potential, the majority of vaccines requires associa-
ion with adjuvants capable of increasing the potency or stimulating
he appropriate immune response [4,44]. An efficient adjuvant
hould have negligible toxicity and enhances the humoral or/and
ellular immune response to a specific antigen [45]. Ideally, adju-
ants should promote an appropriate immune response, be stable
ith long shelf life, biodegradable, cheap to produce and not

hemselves immunogenic [46]. While several hundred different
djuvants have been proposed over the last few decades, the vast
ajority have not been successful in being approved for human

se, with limitations including lack of efficacy, unacceptable local
r systemic toxicity, manufacturing difficulties, instability, and pro-
ibitive cost [47].

In our previous work, the saponins from the root of Achyranthes
identata [48], Astragalus membranaceus [49], Bupleurum chinense
50], Glycyrrhiza uralensis [51], Panax notoginseng [42], Platycodon
randiflorum [52] and the herb of Gynostemma pentaphyllum [53]
ere shown to possess the adjuvant potentials on the cellular

nd humoral immune response of mice against OVA. Although the
aemolytic activities and toxicities of these saponins were lower
han that of Quil A, most saponins still had some haemolytic effects.
n addition, the saponins have a strong adjuvant activity when

dministered parenterally, in general, while they have a low or no
ctivity when delivered orally [36]. The extensive studies on plant
olysaccharide adjuvants indicate that these are excellent candi-
ates to replace Alum as the adjuvant of choice for many vaccines.
eanwhile, most polysaccharides could exert the similar pharma-

able 2
he mRNA expression level of cytokines and transcription factors in splenocytes from the

ene OVA OVA–Quil A

L-4 0.28 ± 0.02 0.48 ± 0.04b

L-10 0.34 ± 0.02 0.70 ± 0.02c

ATA-3 0.40 ± 0.03 0.66 ± 0.04c

L-2 0.57 ± 0.01 0.92 ± 0.01c

FN-� 0.52 ± 0.01 0.91 ± 0.01c

-bet 0.47 ± 0.04 0.94 ± 0.01c

a Significant differences with OVA alone group were designated as P < 0.05.
b P < 0.01.
c P < 0.001.
ctors in splenocytes from the OVA-immunized mice. Lane M, DNA marker; lane 1,
A–AEPS (100 �g).

cological effects when administered parenterally and orally. AEPS
have been proved to significantly increase splenocytes prolifera-
tion, NK cell and CTL activity, IL-2 production from splenocytes, and
serum antigen-specific antibody levels in S180 sarcoma-bearing
mice by oral administration route [34]. To further search the safer
adjuvant, the current study was undertaken to evaluate the toxic-
ity of AEPS and its adjuvant potential on the cellular and humoral
immune responses of mice against OVA.

The cellular immune response plays an important role in the
host response to intracellular pathogens by limiting replication
and accelerating clearance of infected cells and in the genera-
tion of both humoral and cell-mediated responses to vaccination.
Among the T-lymphocytes, helper T cells induce B-lymphocytes to
secrete antibodies, and cytotoxic T-lymphocytes help phagocytes
to destroy ingested microbes and to kill intracellular microbes.
Humoral immunity, however, mediated by antibodies, which are
produced by B-lymphocytes, functions by neutralizing and elim-
inating extracellular microbes and microbial toxins. The capacity
to elicit an effective T- and B-lymphocyte immunity can be shown
by the stimulation of lymphocyte proliferation response. It is gen-
erally known that Con A stimulates T cells and LPS stimulates B
cell proliferation. The proliferation assay showed that AEPS could

significantly promote the Con A-, LPS-, and OVA-stimulated spleno-
cyte proliferation in the immunized mice. The results indicated that
AEPS could significantly increase the activation potential of T and B
cells, and induce the humoral immunity and cell-mediated immune
response in the OVA-immunized mice.

OVA-immunized mice.

OVA–AEPS

(25 �g) (50 �g) (100 �g)

0.29 ± 0.06 0.46 ± 0.05b 0.43 ± 0.08a

0.43 ± 0.02b 0.66 ± 0.01c 0.47 ± 0.03c

0.46 ± 0.02 0.55 ± 0.01b 0.58 ± 0.05b

0.58 ± 0.01 1.00 ± 0.01c 0.81 ± 0.00c

0.87 ± 0.01c 1.05 ± 0.02c 0.92 ± 0.05c

0.63 ± 0.07a 0.87 ± 0.04c 0.73 ± 0.01c
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Evidence now exists to clearly suggest that Th1 or Th2 responses,
enerated upon antigenic stimulation, can be modulated in vivo
epending on the adjuvant used for immunization [54,55]. The
ifferent Th1 and Th2 immune response profiles correspond to
he activation of two distinct major subsets of T-cells character-
zed by their pattern of cytokine production [56]. The Th1 immune
esponse is characterized by the production of cytokines IL-2, TNF-

and IFN-�, and an enhanced production of IgG2a, IgG2b and
gG3 in mice. The Th2 response is characterized by the production
f cytokines IL-4, IL-5 and IL-10, and an enhanced production of
gG1 and secretary IgA [57]. Immunity to different infectious agents
equires distinct types of immune responses. The Th1 response,
orrelated with the induction of cell-mediated immunity [58], is
equired for protective immunity against intracellular infectious
gents, such as viruses, certain bacteria and protozoa, and pre-
umably against cancer cells [59,60]. Th2 immunity, which control
he humoral immune response through the triggering of B cell
roliferation and differentiation [61], is effective for protection
gainst most bacterial as well as certain viral infections [62,63].
n this study, the adjuvant activity of AEPS on the humoral immune
esponses to OVA was also evaluated. While OVA alone induced low
evels of IgG1, IgG2a, and IgG2b antibodies, the addition of AEPS
o OVA resulted in dramatic increases in IgG1, IgG2a, and IgG2b
ntibody titers. Thus, in addition to enhancing the magnitude of
ntibody responses, AEPS also modulated the quality of the immune
esponses, and elicited a balanced Th1/Th2 immune responses to
VA in mice as indicated by the significant increases in both IgG1,

gG2a and IgG2b antibody isotypes [64,65].
In order to clearly establish that Th cell-derived cytokines

ere involved in the adjuvant activity of AEPS, we analyzed the
h1/Th2 cytokine secretion profiles in OVA-immunized mice using
LISA. AEPS not only significantly increased the production of Th2
ytokines IL-10, but also strongly enhanced the production of Th1
ytokines IL-2 and IFN-� from splenocytes in the OVA-immunized
ice. In order to further elucidate the mechanism responsible for

he changes in the amounts of Th1/Th2 cytokines, we utilized
T-PCR to analyze the mRNA expression of IL-2 and IFN-�, the
rchetypal Th1 cytokine, and IL-4 and IL-10, the signature Th2
ytokine in splenocytes of the immunized mice. AEPS not only
nhanced the mRNA expression of IL-4 and IL-10, but increased that
f IL-2 and IFN-�. Cytokine mRNA levels were for the most part
ranscriptionally regulated and selective expression of transcrip-
ion factors T-bet and GATA-3 was correlated with cytokine gene
nd protein expression [66–68], so we measured T-bet and GATA-3
RNA expression in splenocytes from the immunized mice. AEPS

lso enhanced the mRNA expression of T-bet and GATA-3 in spleno-
ytes. These results suggested the effects of AEPS on Th1 and Th2
mmune responses may result, at least in part, from the regulation
f mRNA expression of the cytokines and transcription factors.

NK cells and CTL represent two major populations of cytotoxic
ymphocytes [69,70], and are important in the defense against
umors and viruses [71–73]. With spontaneous cell-mediated cyto-
oxicities, NK cells are also functionally similar to CTLs. NK cells
re able to deliver a response immediately after recognizing spe-
ific signals, including stress signals, ‘danger’ signals or signals from
olecules of foreign origin [74]. NK cells can react against and

estroy target cell without prior sensitization to it. The target cell
an be a cancer cell cultured in vitro or from another tissue. NK
ell activity assay is a routine method for analysis of a patient’s cel-
ular immune response in vitro, and can also be used to test the
ntitumor activities of possible drugs [75]. In this investigation,

EPS significantly enhanced the lytic activity of NK cells in OVA-

mmunized mice, suggesting that AEPS could improve cytolytic
ctivities against autologous tumor cells and viruses.

In conclusion, these results suggested that AEPS had immuno-
ogical adjuvant activity on a specific cellular and humoral immune

[
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responses to OVA in mice and could simultaneously elicits a Th1 and
Th2 immune responses by regulating gene expression of Th1/Th2
cytokines and transcription factors. Taken together with its natural
origin, without lethal toxicity to humans and animals, and long-
standing use as folk medicines, AEPS may be a safe and efficacious
adjuvant candidate suitable for a wide spectrum of prophylactic
and therapeutic vaccines for which a balanced and potent stimu-
lation of both the cellular and humoral responses is required. The
studies on AEPS with the various types of antigen including vaccine
clinically used in other animal models are in progress to verify the
adjuvant effect.
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