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Low-molecular-weight polysaccharides from Agaricus blazei
Murrill modulate the Thl response in cancer immunity
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Abstract. To assess the effect of low-molecular-weight
polysaccharides from Agaricus blazei Murrill (ABP-AW1)
as an immunoadjuvant therapy for type 1 T-helper (Thl)
responses in tumorigenesis, C57BL/6 mice were inoculated
subcutaneously with ovalbumin (E.G7-OVA). After 3, 10
and 17 days, the mice were immunized with PBS, OVA
alone, or OVA and ABP-AW1, at low (50 pg), intermediate
(100 pg) or high (200 ug) doses. Tumor growth was exam-
ined and compared among the groups, as were the following
parameters: Splenocyte viability/proliferation, peripheral
blood CD4*/CD8* T cell ratio, serum OVA-specific IgGl
and IgG2b, secretion of interleukin (IL)-2 and interferon
(IFN)-vy, and IFN-y production on a single cell level from
cultured splenocytes. Tumor growth in mice treated with
OVA and ABP-AW1 (100 or 200 ug) was significantly slower,
compared with in the other groups at the same time-points.
OVA with 100 or 200 ug ABP-AW1 was associated with a
higher number of total splenocytes, a higher ratio of periph-
eral blood CD4*/CD8* T-lymphocytes, higher serum levels
of OVA-specific Thl-type antibody IgG2b and greater secre-
tion of the Thl cytokines IL-1 and IFN-y from splenocytes.
ABP-AW1 is a promising immunoadjuvant therapy candidate,
due to its ability to boost the Thl immune response when
co-administered with a cancer vaccine intended to inhibit
cancer progression.

Introduction

Four general therapeutic approaches have been developed
during the long fight with cancer: Surgery, chemotherapy,
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radiotherapy and immunotherapy (1). Unlike the first three,
which target the tumor directly, immunotherapy works indi-
rectly through the immune system (2). The initial evidence
demonstrating that immunotherapy could be effective in
targeting cancer was from a study published by Coley in
1893 (3). Coley injected streptococcal organisms (Coley's
toxin) into patients with cancer, and, in a number of cases,
tumor regression was observed, presumably due to the host's
immune system (3). Since then, attitudes towards cancer
immunotherapy have fluctuated, although efforts by oncolo-
gists and immunologists to develop treatments have never
ceased (4,5). Recently, immunotherapy has received positive
results as a cancer treatment, with clinical successes with
blocking antibodies at two immune checkpoints, cytotoxic
T-lymphocyte-associated protein 4 and programmed cell
death protein 1, and with chimeric antigen receptor-transduced
T cells (6).

Cancer immunotherapy has adopted two basic strate-
gies: Passive transfer of anticancer monoclonal antibodies
and immune-active T cells, without activating endogenous
immunity; and the active stimulation of specific antitumor
immunity in patients with cancer (7). The initial step in the
second strategy is to develop an efficient cancer vaccine that
specifically triggers antitumor T cell responses (8). Although
many tumor-specific antigens have been identified, when
activated alone, the majority lack a strong immunogenic
activity and fail to initiate effective antitumor immunity (9).
The key limiting factor is the lack of an optimal adjuvant
therapy that could enhance, in terms of the magnitude,
quality and duration, specific immune responses to anti-
gens, while exerting minimal toxicity or immune effects of
its own (7). Although novel adjuvant therapies, including
saponin (10), bacterial DNA (11), and cytokines (12), have
been reported, aluminum salts (alum) remain the sole adju-
vant therapy for the majority of therapeutic vaccines (13).
Alum effectively induces the antibody-producing type 2
T-helper (Th2) response, but has no effect on cellular
immunity, including the type 1 Th (Thl) response, and is
associated with toxicity from aluminum accumulation (14).
Therefore, in cancer immunotherapy research there is a
great demand for a non-toxic adjuvant therapy that stimu-
lates Th1 responses.



3430

Successful anticancer immunity requires the activa-
tion of CD8* and CD4* T cells (15). CD8* cytotoxic T cells
directly target and destroy tumor cells expressing major
histocompatibility complex class I molecules. CD4* T cells,
specifically the Thl cells, orchestrate multiple cell types to
eradicate tumor cells through the secretion of Thl cytokines,
including interferon (IFN)-y and interleukin (IL)-2 (15).
Cell types affected by CD4* T cells include CD8* T cells,
macrophages and natural killer cells (16); therefore, an immu-
noadjuvant therapy that promotes Thl responses may benefit
the development of antigen-specific antitumor immunity.

Polysaccharides are natural, low-toxicity macro-
molecules with various biological functions, including
immune-modulation (17). In the laboratory, the mecha-
nisms underlying polysaccharides isolated from fungi and
plants and their functions, in regulating immune responses,
were investigated. The previous study demonstrated that
the low-molecular-weight polysaccharides of the fungus
Agaricus blazei Murrill, ABP-AWI1, function as a potent
Thl-immunity-stimulating adjuvant therapy in wild-type
Institute for Cancer Research mice (18). In the present study,
the functional significance and underlying mechanisms
of ABP-AWI in cancer immunity were examined, using
ovalbumin (OVA) as the model tumor antigen.

Materials and methods

Experimental animals and cells. This study was approved
by the Institutional Animal Care and Use Committee of
Qiqihar Medical University (Heilongjiang, China). A total
of 50 female C57BL/6 mice (6-8 weeks old; body weight,
20+2 g) were purchased from Yisi Experimental Animal
Technology Co., Ltd. (Jilin, China). The mice were housed in a
specific pathogen-free facility at 24+1°C and 50+10% relative
humidity under a 12/12 h light/dark cycle, with food and water
provided ad libitum.

The E.G7-OVA T-lymphoma cell line, stably expressing
full-length OVA, was provided by Xuetao Cao (Second
Military Medical University, Shanghai, China). The
E.G7-OVA cells were cultured in RPMI-1640 medium
containing 10% fetal calf serum (FCS; both from HyClone;
GE Healthcare Life Sciences, Logan, UT, USA) in a 37°C
incubator with 5% CO,.

Extraction and isolation of ABP-AWI. The ABP-AW1 poly-
saccharide was prepared and characterized as previously
described (19). Briefly, Agaricus blazei were treated under
reflux 3 times with 95% ethanol at 75°C for 6 h to remove
lipids. The residue was extracted 3 times with distilled
water at 75°C for 3 h. The precipitate was washed, dried and
extracted twice with 0.5 M NaOH solution containing 0.3%
(w/w) NaBH, at room temperature overnight. After the debris
was removed through filtering, the suspension was neutralized
with 0.1 M hydrochloric acid and filtered again. The super-
natant containing water-soluble polysaccharide was dialyzed,
concentrated, ethanol-precipitated and dried to generate crude
polysaccharide (CABP-AW).

The CABP-AW was re-dissolved in distilled water and
centrifuged at 4,000 x g and 4°C for 10 min. The superna-
tant was applied to a diethylaminoethanol Sepharose Fast
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Flow column (Amersham Biosciences; GE Healthcare Life
Sciences, Pittsburgh, PA, USA) that had been equilibrated
with ultrapure water. After loading the sample, the column
was eluted stepwise with NaCl aqueous solution (0, 0.2, 0.4
and 0.6 M) at a flow rate of 4 ml/min. The fractions (8 ml)
were collected using a Frac-950 (GE Healthcare Sciences). The
polysaccharide was further purified by gel-permeation chro-
matography on a Sepharose 6 Fast Flow column (2.6x100 cm;
GE Healthcare Life Sciences) eluted with 0.15 M NaCl at a
flow rate of 1 ml/min.

Three polysaccharide fractions, ABP-AW1, ABP-AWA1
and ABP-AWBI, were obtained. The eluted ABP-AW1 was
applied to a Sephadex® G-25 column (2.6x40 cm; GE Healthcare
Life Sciences) to remove any salts. Subsequently, ABP-AW1
was collected, dialyzed and lyophilized to obtain purified
polysaccharide for use in subsequent experiments.

Analysis by gas chromatography-mass spec-
trometry revealed that the isolated ABP-AWI1 had a
backbone consisting of (1—6)-linked-f-d-galactopyranosyl,
(1—-6)-linked-B-d-glucopyranosyl and (1—3, 6)-linked-
p-d-glucopyranosyl. The backbone terminated with
(1—)-linked fucose, arabinose and mannose residues at
the O-3 position of (1-3, 6)-linked-f3-d-glucopyranosyl.
These six types of residues were present in the ratio of
29:10:10:6:2:2 (19).

Establishment of xenograft tumors and antitumor immu-
nization. To establish xenograft tumors, E.G7-OVA cells in
the log phase of growth were washed once with serum-free
RPMI-1640 medium and resuspended in 10 ml fresh
serum-free RPMI-1640 medium at 5x10° cells/ml. A total of
5x10° cells were then injected subcutaneously into the right
lateral thighs of the mice.

After inoculation with the E.G7-OVA cells, all mice were
randomly divided into 5 groups of 10 mice each. On days 3,
10 and 17 post-inoculation, the mice received a subcutaneous
injection of 100 u1 PBS (for PBS group), 100 p1 PBS containing
100 ug OVA (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany; for OVA-alone group), or 100 ug OVA together
with 50, 100 or 200 ug ABP-AW1 (for low-, intermediate-, or
high-dose OVA and ABP-AW1 groups, respectively).

From day 7 after tumor cell inoculation, tumor growth in
all groups was monitored every two days by measuring the
length (L) and width (W) of the growing nodule, and the
volume (V) was calculated as V = (L x W?)/2.

On day 28 after tumor inoculation, all mice were eutha-
nized and no mice presented signs of distress, cachexia or
ulceration on the tumors. The tumor was isolated and weighed,
and other tissues including the spleen and the peripheral blood
were collected for further experiments.

MTT assay of splenocyte viability/proliferation. The whole
mouse spleen was isolated and dissociated into single cells by
grinding against a 70-ym nylon mesh. The dissociated cells
were resuspended in 3 ml serum-free RPMI-1640 medium
and centrifuged at 800 x g and 4°C for 30 min in order to
remove erythrocytes and cellular debris. The splenocytes
were washed in serum-free RPMI-1640 medium. They were
then resuspended in RPMI-1640 with 10% FCS, and seeded
into 96-well plates (Corning Inc., Corning, NY, USA) in
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triplicate, at 5x10° cells/100 ul/well, and incubated at 37°C
in a humidified 5% CO, incubator, together with concana-
valin A (ConA; 5 pg/ml; Sigma-Aldrich; Merck KGaA) or
OVA (10 pg/ml).

After 60 h, 20 ul MTT agent (5 mg/ml) was added into
each well and incubated at 37°C for a further 4 h. After
centrifugation at 250 x g and room temperature for 5 min, the
supernatant was discarded from each well. Dimethylsulfoxide
(150 ul/well) was added into each well to dissolve the formazan
crystals. The absorbance was measured using a microplate
reader at 570 nm with a 630 nm reference. The stimulation
index (SI) was calculated based on the following formula:
SI = absorbance value for treated cultures/absorbance value
for non-treated cultures.

Measurement of peripheral blood CD4* and CD8a* T
cells. The peripheral blood CD4* and CD8* T cells were
measured viaflow cytometry, as previously described (20).
Briefly, peripheral blood from the retro-orbital sinus was
collected into anti-coagulant tubes. After the lysis of eryth-
rocytes with red blood cell lysis buffer (BD Pharmingen;
BD Biosciences, San Jose, CA, USA), the remaining
peripheral blood cells were stained with 20 ul anti-mouse
CD4-fluorescein isothiocyanate antibody (undiluted; cat.
no. 553032; BD Pharmingen; BD Biosciences) and 20 ul
CD8 a-phycoerythrin antibody (undiluted; cat. no. 557307,
BD Pharmingen; BD Biosciences) diluted in fluores-
cence-activated cell sorting (FACS) buffer (0.5% bovine
serum albumin in PBS) for 30 min at room temperature. The
cells were then washed with FACS buffer, resuspended in
400 pl PBS and analyzed usinga BD FACSCalibur™ flow
cytometer (BD Biosciences).

Measurement of OVA-specific IgGl and IgG2b in serum.
The serum levels of OVA-specific IgGl and IgG2b were
measured using an in-house indirect ELISA as previously
described (21). In brief, peripheral blood was collected from
the retro-orbital sinus and stored at room temperature for 2 h.
Following blood coagulation, the sample was centrifuged at
800 x g and 4°C for 15 min, and the serum supernatant was
transferred into a clean Eppendorf tube and stored at -80°C
for future use.

For ELISA analysis, 96-well microtiter plates were
coated with 100 ul OVA solution (50 pg/ml in 50 mM
carbonate-bicarbonate buffer; pH 9.6) overnight at 4°C.
After 3 washes in PBS with 0.05% Tween (PBST), the plates
were blocked with 200 ul of 5% FCS/PBS at 37°C for 2 h.
After 3 washes with PBST, 100 I each diluted serum sample
(1:500 dilution) was added into the wells, in triplicate, and
incubated for 1 h at 37°C. Following another 3 washes with
PBST, IgGl and IgG2b (contained in the serum sample)
were detected using horseradish peroxidase-conjugated
goat anti-mouse IgGl1 (1:5,000 dilution, cat. no. 1070-05)
or IgG2b (1:5,000 dilution, cat no. 1090-05) (both from
Southern Biotech, Birmingham, AL, USA) at 37°C for 1 h.
The unbound antibodies were removed by washing 6 times
with PBST.

The 3,3',5,5"-tetramethylbenzidine substrate (cat. no. T2885;
Sigma-Aldrich; Merck KGaA) was added and incubated for
10 min at 37°C in the dark, following which the reaction was

3431

stopped by adding 2M H,SO, (50 ul/well). The optical density
was measured at 450 nm using a microplate reader.

Evaluation of the cytokines present within cultured spleno-
cyte supernatants. The splenocytes were seeded into 96-well
tissue culture plates at 1x10° cells/100 pl/well in triplicate.
Cells were treated with OVA (final concentration, 10 pg/ml)
at 37°C in a humidified 5% CO, incubator. After 48 h, the
plates were centrifuged at 250 x g and 4°C for 10 min and
the supernatant was collected for the measurement of secreted
IFN-vy or IL-2 using mouse ELISA kits (DKW12-2000-096
for IFN-g ELISA kit and DKW12-2020-096 for IL-2 ELISA
kit; Dakewe Biotech Co., Ltd., Shenzhen, Guangdong,
China), in accordance with the manufacturer's instructions.
To measure the production of IFN-y from cultured spleno-
cytes on the single-cell level, a mouse IFN-y ELISPOT kit
(DKW22-2000-096s; Dakewe Biotech Co., Ltd.) was used as
instructed by the manufacturer.

Statistical analysis. Quantitative data are expressed as the
mean + standard deviation. Multiple comparisons were perfo-
rmed using ANOVA with Student-Newman-Keuls test as a
post hoc test in order to analyze the differences among the
groups using SPSS version 17.0 software (SPSS, Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

OVA-induced tumor growth. To examine the in vivo efficacy of
ABP-AWI as an adjuvant therapy to boost the tumor response
to a cancer vaccine, OVA was used as the tumor antigen and
a subcutaneous xenograft mouse model was established, using
OVA-expressing E.G7 T-lymphoma cells.

By monitoring tumor growth after immunization with
PBS (control), OVA alone or OVA with various doses of
ABP-AW1, it was determined that the effects of OVA by itself,
or together with low-dose ABP-AW1 (50 ug), were similar to
those of the PBS control group (P>0.05; Fig. 1A). However,
OVA combined with intermediate-(100 pg) or high-dose
(200 ug) ABP-AW1 was associated with significantly smaller
tumor volumes, relative to the control, starting from day 16
after tumor cell inoculation (P<0.05; Fig. 1A). Consistently,
by day 28, the tumor weights of the OVA with interme-
diate- or high-dose ABP-AW1 (100 or 200 pg) groups were
significantly lower than those of the other three groups [PBS,
OVA alone, or OVA with low-dose ABP-AW1 (50 ug) group;
P<0.05]. The tumor weights of the PBS, OVA-alone, and
OVA with low-dose ABP-AW1 (50 pg) groups were compa-
rable with each other by day 28 following the inoculation of
lymphoma cells (P>0.05; Fig. 1B).

Splenocyte viability/proliferation. To investigate the effect
of ABP-AWI on the overall immune activity, the viabi-
lity/proliferation of splenocytes isolated from the different
groups of mice in response to a non-specific lymphocyte
mitogen, ConA, or the specific tumor antigen, OVA was exam-
ined (Fig. 2). ConA and OVA treatments resulted in a greater
number of splenocytes in mice of the OVA and ABP-AW1
(100 and 200 ug) groups, compared with the mice of the PBS,
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Figure 1. Intermediate- and high-dose ABP-AWI1 potentiates the
OVA-induced tumor regression. Xenograft tumors were established via the
subcutaneous injection of E.G7-OVA cells. Following immunization with
PBS, OVA-alone, or OVA plus different doses of ABP-AW1 (n=10/group),
the tumor growth was monitored by (A) measuring the length and width of
the growing nodule and calculating the tumor volume; or (B) by weighing
the tumor on day 28 after tumor cell inoculation. "P<0.05, comparing the
OVA and ABP-AW1 (100 or 200 ug) groups to any of the other three groups.
OVA, ovalbumin.

OVA-alone, or OVA and ABP-AW1 (50 pg) groups (P<0.05);
however, no significant differences were detected among the
latter three groups (P>0.05).

CD4*/CD8* T-cell ratio in peripheral blood. The ratio
of CD4* and CD8* T cells is closely associated with host
immune activity. Through flow cytometry analysis, it was
determined that the peripheral blood CD4*/CD8* ratio of the
OVA-alone and OVA and ABP-AW1 (50 pg) groups was not
significantly different from that of the PBS group (P>0.05,
Fig. 3); however, the CD4*/CD8" ratios of the OVA and
ABP-AW1 (100 and 200 pg) mice were significantly higher
than those of the other three groups (P<0.05). This suggests
that intermediate- or high-dose ABP-AW1 notably enhanced
the anticancer immune activity of OVA.

Serum levels of OVA-specific IgG2b and IgGl antibody.
Among the serum antibody IgG subtypes, the IgGl is a
marker dominated by Th2-type immune responses, whereas
IgG2b is associated with Thl-type immunity (22,23). To
analyze which T cell response is preferentially boosted
by ABP-AWI1, the serum levels of OVA-specific IgGl and
IgG2b were measured using an ELISA (Fig. 4A). Between
all five groups, OVA-specific IgGl level was not significantly
different (P>0.05; Fig. 4A). The serum IgG2b level, however,
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Figure 2. Intermediate and high dose ABP-AW1 promotes splenocyte
viability/proliferation in response to ConA or OVA. Splenocytes were
isolated from the indicated groups of mice and exposed to (A) ConA or
(B) OVA treatment. The splenocyte proliferation was measured by an MTT
assay. 'P<0.05, as compared with PBS, OVA or OVA and ABP-AW1 (50 pg)
group. OVA, ovalbumin; ConA, concanavalin A; SI, stimulation index.

was lower than the IgGl level in the PBS, OVA alone or
OVA with low-dose ABP-AW1 (50 pg) group, resulting in an
IgG2b/IgGl ratio of <1 (Fig. 4B). In contrast, the OVA-specific
IgG2b level in the OVA with intermediate or high-dose
ABP-AW1 (100 or 200 pg) group was significantly increased,
and thus there was a notably higher IgG2b/IgGl ratio (>1)
compared with the other three groups [the PBS, OVA alone,
or OVA with low-dose ABP-AW1 (50 ug) group; P<0.05].
This indicated that intermediate- and high-dose ABP-AW1
is sufficient to preferentially induce a Thl response over a
Th2 response.

Cytokine production by splenocytes. To further characterize
the Thl responses augmented by ABP-AW1, ELISAs were
performed to evaluate the cytokines secreted by cultured
splenocytes in response to the specific antigen OVA (Fig. 5).
In vivo immunization with OVA and ABP-AW1 (100 or
200 pg) was associated with significantly higher levels of the
Thl cytokines IL-2 (Fig. 5A) and IFN-y compared with those
of the other three groups (Fig. 5B; P<0.05). The levels of these
cytokines in the OVA and ABP-AW1 (50 pg) groups were not
significantly higher than those in the PBS or OVA-alone group
(P>0.05). The IFN-y-producing splenocytes were quantified
by ELISPOT analysis, which consistently indicated a signifi-
cantly higher number of IFN-y-positive splenocytes in the
OVA and ABP-AWI1 (100 and 200 pg) groups, compared with
in the other three groups (P<0.05; Fig. 6); therefore, the data
indicate that intermediate-andhigh-dose ABP-AW1 enhances
Th1 polarization in the context of cancer development.
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Figure 3. Intermediate and high dose ABP-AW1 increases the CD4*/CD8* T cell ratio in peripheral blood. Peripheral blood was collected from the indicated
groups of mice, and CD4* and CD8* lymphocytes were detected by flow cytometry. (A) The representative flow cytometry dot plot from each group, and
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Figure 4. Intermediate and high dose of ABP-AW1 elevates the serum level
of OVA-specific IgG2b antibody. The serum level of OVA-specific IgG1 and
IgG2b was measured by ELISA from the indicated groups of mice. (A) The
OD reading of each antibody and (B) the IgG2b/IgG1 ratio. 'P<0.05, as
compared with PBS, OVA or OVA and ABP-AW1 (50 pg) group. OVA, oval-
bumin; OD, optical density.

Discussion

The present study evaluated the in vivo efficacy of ABP-AW1,
isolated from Agaricus blazei, as an immunoadjuvant therapy

to boost the anticancer activity of a cancer vaccine, using
OVA as the antigen in a mouse model of T-cell lymphoma.
The model was created via inoculation with E.G7-OVA cells,
and the mice were subsequently treated with PBS, OVA-alone,
or OVA together with ABP-AW1 (OVA and ABP-AWI) at
low (50 pg), intermediate (100 ug) or high doses (200 pg).
By all measures (tumor growth, splenocyte viability/prolif-
eration, peripheral blood CD4*/CD8* T-lymphocytes, serum
OVA-specific IgG2b, splenocyte secretions of IL-2 and IFN-vy),
it was observed that ABP-AW1 at intermediate and high doses
was an efficacious immunoadjuvant therapy, relative to the
other treatment groups.

The development of cancer has generally been associated
with six biological traits: Self-sufficiency in growth signals,
insensitivity to anti-growth signals, evading apoptosis, limit-
less replicative potential, sustained angiogenesis, and tissue
invasion and metastasis (24). In the last decade, two hallmarks
were added to the list: Reprogramming energy metabolism;
and evading immune destruction (25). The ability of a tumor
to suppress the immune system responses and evade immune
destruction supports the importance of cancer immunotherapy.
The identification of tumor-associated antigens and of epitopes
specifically recognized by distinct T cell subtypes has greatly
stimulated the development of cancer vaccines. However,
tumor-associated antigens or epitopes are predominantly
antigenic and not immunogenic, with minimal induction of
anticancer immunity (26). This justifies the incorporation of
an immunoadjuvant therapy as a key component in cancer
vaccines (27).

The host's immune system utilizes multiple mechanisms
to attempt to control or eradicate cancer, mainly through
T-lymphocytes, natural killer cells and macrophages. By
contrast, humoral immunity involving antibody produc-
tion is not a key factor in anticancer immunity, and may
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Figure 5. Intermediate and high dose of ABP-AW1 stimulates cytokine secre-
tion by splenocytes in response to OVA. Splenocytes isolated from indicated
groups of mice were stimulated with OVA. The secretion of (A) IL-2 and
(B) IFN-y into the culture medium was determined by an ELISA. "P<0.05, as
compared with PBS, OVA or OVA and ABP-AW1 (50 pg) group. OVA, oval-
bumin; IL, interleukin; IFN, interferon.

paradoxically promote tumor growth. Among the distinct T
cell subtypes, the predominant types with antitumor activities
are CD8" cytotoxic T-lymphocytes and CD4* T helper (Th)
cells (15). Activated CT8* cytotoxic T-lymphocytes mainly
serve as immune effectors to induce tumor cell apoptosis,
while Th cells, through the production of cytokines, regulate
the activation of cytotoxic T-lymphocytes and recruit cells
of the innate immune system, including macrophages and
mast cells (28). CD4* Th cells consist of two predominant
subtypes: Thl cells characterized by the production of IL-2,
IFN-vy, tumor necrosis factor and Th2 cells characterized by
the production of IL-4, IL-5, IL6 and IL-10 (29). Functionally,
Thl cells stimulate cellular immunity, target intracellular
pathogens, activate phagocytosis, induce IgG2a, IgG2b and
IgG3 antibodies and promote delayed-type hypersensitivity
responses (30). By contrast, Th2 cells mainly promote
humoral responses, which particularly involve IgGl, IgE and
IgA (31).

In the paradigm of cancer, myriad studies suggest that
Thl-dominant responses are a reflection of anticancer immu-
nity, whereas Th2-dominant responses favor the progression of
cancer (32,33).In a mouse model of B cell leukemia/lymphoma,
susceptible mice developed a Th2-dominant response,
while those developing a Thl-dominant response were more
resistant to the disease (34). Similar observations were also
noted in mouse models of melanoma, renal cell carcinoma
and colon cancer (35,36). Consistent with the mouse models,
Th2-predominant phenotypes are also observed in patients
with lung cancer, breast cancer, gastric cancer, glioblastoma,
renal cell carcinoma, prostate cancer and other types of
cancer (32). Collectively, these studies indicate that tilting the
balance between the Th1 and Th2 responses towards the former
stimulates anticancer immunity, due to the latter promoting
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Figure 6. Intermediate and high dose of ABP-AW1 stimulates IFN-vy
production by splenocytes in response to OVA. Splenocytes isolated from
indicated groups of mice were stimulated with OVA. The production of
IFN-y was detected by ELISPOT. PHA was used as a positive control.
(A) The representative image from each group and (B) quantification of posi-
tive signals. "P<0.05, as compared with PBS, OVA or OVA and ABP-AW1
(50 pg) group. PHA, phytohemagglutinin; IFN, interferon; OVA, ovalbumin;
SFCs, spot-forming cells.

the development and progression of cancer; therefore, an ideal
immunoadjuvant therapy for cancer vaccine should stimulate
the Thl response, in addition to being non-immunogenic,
offering excellent stability, safety, and tolerability, and being
cost-effective to produce (14).

Polysaccharides are natural, have low toxicity and are
biodegradable (37). They have long been appreciated for their
immunomodulating activities and are under intensive inves-
tigation for their potential as immunoadjuvant therapies (37).
A recent example is the adjuvant therapy Advax™, a natural
plant-derived polysaccharide that has broad-spectrum boosting
effects on B cell, CD4 and CDS8 T cell responses, and demon-
strated initial success when applied with an influenza (38) or
hepatitis B vaccine (39).

In the laboratory, the in vivo immune activity of ABP-AW1
was examined, using OVA as a model antigen. ABP-AW1 was
determined to potently induce Thl responses, as identified
by the significantly higher production and secretion of IFN-y
from the splenocytes of immunized mice (18). This observation
positions ABP-AW1 as an ideal candidate adjuvant therapy for
cancer vaccines, and prompted testing of its in vivo efficacy on
cancer development. For this purpose, OVA was used as the
model antigen and a xenograft tumor model was established
via subcutaneous injection of the mouse lymphoma cell line
E.G7, which stably expresses OVA. By immunizing the mice
with PBS, OVA alone or OVA together with various doses of
ABP-AWI, the in vivo efficacy of ABP-AW1 was assessed as
an immunoadjuvant therapy. The data demonstrated that OVA
by itself was not sufficient to affect tumor growth over time.
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This is consistent with previous findings that the tumor is
antigenic, but not immunogenic (40). Similar results were also
observed for low-dose (50 ug) ABP-AW1 in the present study;
however, at intermediate (100 pg) and high (200 pg) doses,
ABP-AW1 was associated with markedly less tumor growth
over time and a reduction in the tumor size or weight. This
indicated that ABP-AW1 is capable of boosting the anticancer
activity of cancer vaccines.

To understand the immune-modulatory mechanisms
underlying ABP-AW1, the overall immune activities in mice
were assessed. Lymphocytes are key cellular components
of the immune system, and their proliferation in response
to lymphocyte mitogen or specific antigen is an important
measure for host immune activity (41). In the present study,
splenocytes were isolated from mice bearing xenograft
tumors that had been treated with PBS, OVA alone, or OVA
with different doses of ABP-AWI1, and the isolated spleno-
cytes were treated in vitro with either ConA (a lymphocyte
mitogen) or OVA (a specific tumor antigen). Splenocytes
from mice treated with OVA with intermediate- or high-dose
ABP-AWI grew to a much higher number when compared
with those from mice treated with PBS, OVA alone, or OVA
plus low-dose ABP-AW1. This suggests that co-immunization
of the mouse model of lymphoma with OVA and the higher
doses of ABP-AW1 not only promotes non-specific lympho-
cyte proliferation in response to ConA, but also stimulates
antigen-specific lymphocyte viability/proliferation.

The second parameter used to measure host immune
activity following treatment with OVA and ABP-AW1 was
the peripheral CD4*/CD8* T cell ratio, a marker for immune
system status, in which a high CD4*/CD8* ratio indicates
strong immune activity, and a low ratio suggests immune
suppression (42). It was determined that OVA combined with
intermediate- or high-dose ABP-AW1 was associated with a
notably higher peripheral blood CD4*/CD8* ratio compared
with the other groups, also indicating a more active host
immune status.

Given that Thl responses have a crucial role in anticancer
immunity, and ABP-AW1 significantly boosts the anticancer
activity of a specific tumor antigen, the status of Th1 responses
in mice treated with OVA and ABP-AWI1 were followed.
Specifically, the serum levels of an OVA-specific Thl anti-
body (IgG2b) and a Th2 antibody (IgGl) were measured, as
well as the production and secretion of Thl cytokines from
splenocytes in response to the specific antigen OVA. In the
groups treated with PBS, OVA alone, or OVA and low-dose
ABP-AWI, the serum IgGl levels were higher than the IgG2b
levels; that is, the IgG2b/IgGl1 ratio was <1, indicating that
Th2 was predominant in these mice. In groups treated with
OVA and intermediate- or high-dose ABP-AW1, the serum
IgG2b levels were markedly higher compared with in the other
groups, although the serum IgGl1 levels were not significantly
affected, resulting in IgG2b/IgGl ratios of >1. These data indi-
cate that ABP-AW1 at higher doses boosts Thl responses, with
minimal effect on Th2 responses, and thus shifts the balance
from a Th2-predominant phenotype, as observed during
cancer development, to a Th1-predominant phenotype, to stim-
ulate anticancer immunity toward the tumor-specific antigen.
Consistent with the significant promotion of Thl responses,
significantly higher production of the Thl cytokine IFN-v,
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and higher levels of IFN-vy or IL-2 derived from splenocytes
treated with OVA and intermediate- or high-dose ABP-AW1
after in vitro stimulation with OVA were detected, compared
with in the other groups.

In conclusion, the evidence demonstrated that ABP-AWI,
when incorporated with the tumor-specific antigen OVA
into mice bearing OVA-expressing tumors, significantly
boosted host immune activity, with specific stimulation of
Thl responses, and notably inhibited tumor growth. It was
concluded that ABP-AW1 is a promising adjuvant therapy for
cancer immunotherapy.
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