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Abstract Agaricus bisporus is one of the most consumed culinary mushrooms in the world. The white type of
Agaricus bisporus has been demonstrated with various bioactivities beneficial to human health. However, little was
known about its brown type. In this study, the anti-cancer and immunoregulatory potential of Agaricus
bisporus (brown) polysaccharide were investigated in vitro and in vivo. In vitro, the polysaccharide had a significant
antiproliferative effect on Hela cells (cervical cancer cells), especially at the high concentration of 200 pg/ml. The
spleen index, thymus index and carbon clearance ability of mice were remarkably increased by the polysaccharide
treatment, indicating the polysaccharide had a promising benefit for immunodulation in vivo. Furthermore, the
polysaccharide increased the proliferation of RAW264.7 cells with 19.1% at 50ug /ml and 34.5% at 100ug /ml,
which demonstrated the immunodulation mechanism was in close conjunction with macrophages. In conclusion,
these results indicated that Agaricus bisporus (brown) polysaccharide possessed strong immunostimulatory and anti-
tumor bioactivity in vivo and in vitro. Therefore, it could be explored as a novel natural antitumor agent with
immunomodulatory activity.
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present an obvious immunostimulatory activity, which

) contribute to the antitumor effects [19]. In the present

1. Introduction study, the anticancer potential of Agaricus bisporus
(brown) polysaccharide extract was investigated with

Agaricus bisporus is one of the most commonly and  determining its antiproliferative effect on Hela Cells. In
widely consumed culinary mushrooms in European and  addition, the immunomodulatory activity was also

America [1]. It has been revealed that Agaricus investigated in vitro (murine RAW264.7macrophages) and
bisporus contains various abundant nutritional substances, in vivo (mice).

such as proteins [2], polysaccharides [3], fatty acids [4],
vitamins [5], and phenols [6].

Agaricus bisporus is divided into two types (white and 2. Materials and Methods
brown) based on the color of its pileus. Although it is
reported that the two types show similar macronutrients 2 1. Materials
composition (contents of total sugars and total ] . )
tocopherols), there is also considerable difference in Agaricus  bisporus  (brown) was from Jinsannong
chemical composition between them [2,7]. In the recent ~ @gricultural technology development company Ltd.
years, much research has demonstrated that Agaricus  (Tianjin, China), and the voucher specimen was deposited
bisporus (white) exhibit various biological effects, such as  in the Department of Pharmaceutical Engineering, Tianjin
antioxidant [8], immunomodulating [9,10], cancer  University of Commerce. ) )
preventive [11,12], aromatase inhibiting [13,14] and anti- AB-8 macroporous adsorptive resin was from Nanda
hepatic steatosis [15]. By contrast, few studies were  resin technology company Ltd. (Tianjin, China). D201 ion
performed to investigate the effect of Agaricus bisporus ~ €xchange resin was from Baoen adsorptive material
(brown) [16]. It is still unclear whether Agaricus bisporus ~ company Ltd. (Cangzhou, China). Glucose was obtained
(brown) could exert the similar effects as the white type, ~ from Troody technology company Ltd. (Shanghai, China).
especially in immunomodulation and anti-cancer. 3-(4,5- dimethylthiazol-2-yl) -2,5 - diphenyltetrazolium

It is well known that polysaccharide is the main  bromide (MTT) and Dimethyl sulfoxide (DMSO) was
bioactive component of Agaricus bisporus [17,18]. For ~ obtained from Sigma Chemical Co. (St. Louis, MO, USA).
example, (1—6)-B-D-glucans from the mushroom could DMEM culture medium, fetal bovine serum (FBS),
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Trypsin-EDTA, and  Penicillin-Streptomycin ~ were
purchased from Gibco/Invitrogen (Grand Island, NY,
USA). All other reagents were all of analytical grade.

2.2. Methods

2.2.1. Extraction and
Polysaccharide

The mushroom were freeze-dried and milled into 60
mesh particle size, then weighed (200g) and extracted
with 5000ml distilled water (100°C) for 2h. The extraction
solution was collected and centrifuged at 3000rpm for 15
min. The obtained supernatant was adjusted to be
10mg/ml (calculated as Glucose assayed with phenol-
sulfuric acid method [20]). The columns (2.6 cm x 100 cm)
of AB-8 and D201 were used for decoloration and
deproteination of the crude polysaccharides solution
respectively. After dialysis (molecular weight cut-off
10000 Da), the solution were freeze-dried, and the
polysaccharide was obtained. The results of UV analysis
showed that there was no absorbance at 280nm, which
indicated that the proteins were removed totally with the
procedure.

Purification of the

2.2.2. Hela Cells Growth Inhibition Assay

Hela cells (cervical cancer cells) were obtained from
Shanghai Institute of Cell Biology (Shanghai, China). The
cells were cultured in DMEM medium containing
10%FBS and 100 IU/ml Penicillin-Streptomycin at 37°C
in a 5% CO, atmosphere. The experiment was performed
at the logarithmic growth phase of the cells.

The inhibition effect of Agaricus bisporus (brown)
polysaccharides on the growth of Hela cells was assayed
by MTT method [21]. Hela cells were collected and
suspended at the density of 5x10* cells/ml in DMEM
medium. After the cell suspension was transferred into a
96-well plate (100ul/well) and inoculated for 24 h,
different concentrations of Agaricus bisporus (brown)
polysaccharides (0, 50,100, 200 pg/ml in fresh growth
medium) was used to replace the original medium
separately. Then, the cells were incubated for 24 h at 37°C.
After the medium was removed, 100ul of MTT solution
(0.5 mg/ml, in culture medium) was added to each well.
The cells were incubated for another 4 h. Then, the
supernatant was removed carefully and 150ul DMSO was
added to dissolve formazan crystals. The OD value was
assayed at 490 nm by SpectraMax® M3 microplate reader
(MDC, U.S.A). All the experiments were performed 5
times and the inhibitory rate was calculated as follows:

Inhibition rate (%)
=(1-0D; / ODg)x100%(OD; : sample; ODg:control).

2.2.3. RAW264.7 Cells Proliferation Assay

RAW?264.7 cells (mouse macrophage-like cell line)
were also obtained from Shanghai Institute of Cell
Biology (Shanghai, China), and were cultured as the
reported method [22]. The effect of Agaricus bisporus
(brown) polysaccharides on the proliferation of
RAW264.7 cells was assayed with the same MTT method
described in “2.2.2”. Different concentrations of Agaricus
bisporus (brown) polysaccharides (0, 25, 50, 100pg/ml)
were used evaluate the effect. All the experiments were

performed 5 times and the relative proliferation rate was
calculated as follows: relative proliferation rate (%) =
(OD1/ODy) x 100% (OD;: sample; ODq: control).

2.2.4. Animals and Experimental Design

Kunming mice (4-5 weeks, 11-15g) were obtained
from the Experimental Animal Center of Tianjin
(Certificate No. SCXK 2010-0002). All the experiments
were approved by the university animal care and use
committee. The animal handling procedures were pursuant
to the national guidelines for laboratory animals.

The spleen and thymus indexes were assayed in
accordance with previous reported method [23]. 40
Kunming mice were randomly divided into four groups
(10 in each group), i.e. control group (20 ml-kg*.d™
physiological saline), low dosage group (96mg-kg*.d™
polysaccharides), middle dosage group (120mg-kg*.d™
polysaccharides) and high dosage group (150mg-kg™*.d™
polysaccharides). According to the grouping protocol, the
animals were treated (intragastric administration) with the
physiological saline and polysaccharides for successive 8
days, based on the body weights respectively. One hour
after the last administration, the experimental mice were
weighed and sacrificed by cervical dislocation. Then, the
spleens and thymus were excised and weighted,
respectively. Thymus index was calculated as the thymus
weight / body weight (balanced before and after
experiment), and spleen index was the spleen weight /
body weight (balanced before and after experiment).

The carbon clearance test in vivo was performed just as
the described procedure [24]. Just as in the experiment of
assaying spleen index and thymus index, 24 mice were
divided into 4 groups (6 in each group), including control
group, low dosage group, middle dosage group and high
dosage group. The animals were also treated (intragastric
administration) with the physiological saline and
polysaccharides for successive 7 days. On the 8th day, the
mice were weighed and injected with carbon ink
suspension (10mL-kg™ via the tail vein. After 30s (t,) and
6 min(t,), 50ul blood samples were drawn from the
retroorbital vein respectively, and mixed with 4 ml sodium
carbonate solution (0.1%, wi/v). The absorbance was
measured at 675 nm. The carbon clearance ability was
expressed as:

K Z(LgAl—LgAz)(tz _tl)

A; and A, are the absorbance at 30s and 6 min,
respectively [23].

2.2.5. Statistical Analysis

All data are expressed as mean + S.E.M. The analysis
was performed with one-way analysis of variance
(ANOVA) and Student’st-test. Statistical significance was
considered when p value is less than 0.05. All statistical
analyses were performed by SPSS 13.0 software.

3. Results and Discussion

3.1. The Inhibition Effect on Growth of Hela
Cells

Hela cells (cervical cancer cells) were incubated 24 h in
the presence of Agaricus bisporus (brown) polysaccharide
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at concentration of 0, 50, 100 and 200ug/ml. With the
MTT method, the inhibition effect of the polysaccharide
on growth of Hela cells was investigated. Just as shown in
Figure 1, it was demonstrated that the polysaccharide
exerted dose dependent toxicity activity on Hela cells, and
200pg/ml polysaccharide decreased the cell viability
significantly (p< 0.01) with the inhibitory rate of 13.8%.
Thus, Agaricus bisporus (brown) polysaccharide was
presumably capable of inhibiting the growth of Hela cells.

Much research has demonstrated that Agaricus bisporus
(white) presents specific preventive effects on various
cancers, including sarcoma [9], prostate cancer [12], breast
cancer [13] and liver hepatocellular carcinoma [17].
However, there are few previous reports on anti-cancer
effect of Agaricus bisporus (brown). In the present study,
the result verified the promising antiproliferative effect of
Agaricus bisporus (brown) polysaccharide on Hela cells
(cervical cancer cells) for the first time.
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Figure 1. Inhibition of Hela cells growth by different concentrations of
Agaricus bisporus (brown) polysaccharide. The values are presented as
mean + S.E.M. (n=5). * * Significant difference at p<0.01 levels
compared with control group

3.2. Effects of Agaricus bisporus (brown)
Polysaccharide on Spleen Index, Thymus
Index and Carbon Clearance Ability in Vivo

To evaluate the immunoregulatory activity of Agaricus
bisporus (brown) polysaccharide in vivo, the Kunming

mice were administered with the polysaccharide for 8 days.

Then, the spleens and thymuses were excised and
weighted to determine the spleen and thymus indexes. As
shown in Figure 2, Agaricus bisporus (brown)
polysaccharide exhibited a dose dependent improving
effect on the thymus index and spleen index, especially at
the high dose of 150mg-kg™-d™* (p<0.05) with significance.
Moreover, the polysaccharide also exerted significant
increase in carbon clearance ability (phagocytic index) at
120mg-kgt-d? (p<0.05). However, this effect was not
dose dependent (Figure 3). The results indicated that
Agaricus bisporus (brown) polysaccharide had a
predictable benefit for immunodulation in Kunming mice.
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Figure 2. The effects of Agaricus bisporus (brown) polysaccharide on
mice spleen and thymus indexes. The values are presented as mean +
S.E.M. (n = 10). A: spleen index; B: thymus index. * Significant
difference at p<0.05 levels compared with P.S. group
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Figure 3. The effects of Agaricus bisporus (brown) polysaccharide on mice carbon clearance ability. The values are presented as mean + S.E.M. (n=6).

* Significant difference at p<0.05 levels compared with P.S. group
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The anti-cancer effect is traditionally postulated to be
not only pertinent to the direct effect on cancer cells, but
the ability of modulating immune system function
[10,17,25]. Spleen and thymus are the main immune
organs, and their indexes can reflect the condition of
immunologic function [26,27]. The main function of
thymus is producing T-lymphocytes (T cells), which are
critical cells of the adaptive immune system and
responsible for cellular immunity. Spleen possesses
plentiful macrophages and lymphocytes, in which B cells
are in a large proportion and closely associated with the
humoral immunity. The present study manifested that
Agaricus bisporus (brown) polysaccharide could increase
the spleen and thymus indexes significantly, indicating
that the polysaccharide played a crucial role in
immunostimulatory activity.

Phagocytosis is a vital immune defence process in
which leukocytes engulf malignant cells, pathgenic
microorganisms, tissue debris and inorganic particles [24].
In this study, the carbon clearance test was performed to
evaluate the phagocytosis effect of Agaricus bisporus
(brown) polysaccharide in mice. As the carbon particles
came into the systemic circulation, it would be cleared up
by reticuloendothelial system involving phagocytes. The
results showed that Agaricus bisporus (brown)
polysaccharide increased the phagocytic index remarkably
at 120mg-kg*-d™ in mice. This effect is owing to the
phagocytosis mechanism in conjunction with macrophages.

3.3. The Effects of Agaricus bisporus (brown)
Polysaccharide on RAW264.7 Cells Proliferation

To further elucidate immunological effect of Agaricus
bisporus (brown) polysaccharide, the effects of Agaricus
bisporus (brown) polysaccharide on mouse macrophage
RAW264.7 cells proliferation was investigated. The
polysaccharide exerted a dose dependent improving effect
on the proliferation of RAW264.7 cells (Figure 4).
Compared with the control group, the polysaccharide
increased the proliferation with 19.1% at 50ug/ml
(p<0.05), and 34.5% at 100pg/ml (p<0.01). The results
indicated that Agaricus bisporus (brown) polysaccharide
played a promising role in improving RAW264.7 cells
proliferation.
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Figure 4. The effects of Agaricus bisporus (brown) polysaccharide on

RAW?264.7 cells proliferation. The values are presented as mean + S.E.M.

(n=5). *Significant difference at p<0.05 levels compared with control
group; ** Significant difference at p<0.01 levels compared with control

group

The mouse macrophage-like cell line RAW264.7, is the
most commonly used mouse macrophage cell line in
medical research. For further investigating the effect of
Agaricus bisporus (brown) polysaccharide on macrophages,
the role of different dose polysaccharide in RAW264.7
cell proliferation was evaluated with MTT method. It was
indicated that Agaricus bisporus (brown) polysaccharide
exerted significant ameliorating effect on RAW264.7 cell
proliferation, which was congruent with the result of
carbon clearance in vivo. The previous report demonstrated
that the Agaricus bisporus (brown) could decrease the NO
production with 1C50 values of less 0.1mg/ml, but not
affect RAW264.7 cell viability in the tested range [22].
This indicated that administration of low dose Agaricus
bisporus (brown) polysaccharide has little effect on the
RAW264.7 cell viability. It has been considered that the
medical mushrooms exerted their positive impacts on
human health through regulating the immune system. The
anti-cancer effect of Agaricus bisporus (brown) might also
attribute to its considerable immunomodulating bioactivity.
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