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A water soluble B-p-glucan was isolated by 70% ethanol aqueous solution from Auricularia auricula-judae,
coded as AAG. AAG exhibited strong inhibition against Acinar cell carcinoma (ACC) proliferation. The
in vivo tests showed that AAG significantly inhibited tumor growth in a dose-dependent fashion, but
not because of cytotoxicity. All the doses showed certain inhibition ratios against tumor-cell growth,
while the dose of 20 mg/kg exhibited highest anti-tumor activities. Moreover, the enhancement ratios
of body weight for all the doses were significantly higher than that for 5-fluorouracil (5-Fu). Fluorescence
microscopy observed the apoptosis tumor cell induced by AGG sample. The results from TUNEL assay fur-
ther confirmed the apoptosis in Sarcoma 180 solid tumor. Immunohistochemistry for apoptosis-related
proteins Bax and Bcl-2 expression tests revealed that AAG induced S-180 tumor cell apoptosis by up-reg-
ulation of Bax and down-regulation of Bcl-2 expression. These findings demonstrated that the AAG has
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biological activities and could be considered as a candidate for possible anti-tumor drugs.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Cancer is one of the leading causes of death in the world. The
main cause is that they damage immune systems in tumor treat-
ment. So, it is necessary to develop novel anti-tumor agents with
administrating immunity potential. Polysaccharides have attracted
more attention recently in the biochemical and medical fields
because of their anti-tumor and immunomodulating properties
(Zhang, Cui, Cheung, & Wang, 2007). Numerous bioactive polysac-
charides are considered as immunomodulators affecting on prolif-
eration and differentiation of immune cells and cytokines,
interleukins and receptors production due to recognition these
compounds by the certain receptors located on the leukocytes
and other immune cells that lead to enhance the innate and cell-
mediate immune responses (Baea, Janga, & Jinb, 2006; Khalikovaa,
Zhanaevaa, Korolenkoa, Kaledinb, & Koganc, 2005; Lavia, Friesemb,
Gereshc, Hadarb, & Schwartza, 2006; Moradali, Mostafavi, Ghods, &
Hedjaroude, 2007).

Some polysaccharides extracted from Chinese herbal medicines
have been reported to possess anticancer activities (Chen et al.,
2008; Lia et al., 2004). In our lab, various polysaccharides and their
derivatives having anticancer activities have been isolated from
Pleurotus tuber regium (Tao, Zhang, & Cheung, 2006), Lentinus Edodes
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(Zhang, Li, Xu, & Zeng, 2005), Poria cocos (Huang, Zhang, Cheung, &
Tan, 2006; Wang, Zhang, Li, Hou, & Zeng, 2004), and Ganoderma
tsugae mycelium (Peng, Zhang, Zeng, & Xu, 2003). Auricularia auric-
ula-judae, an ear-like shaped edible fungi, has potential anti-tumor
activities (Misaki & Kakuta, 1995; Misaki, Kakuta, Sasaki, Tanaka, &
Miyaji, 1981). In our previous work, the structure of a water soluble
B-glucan (AAG) isolated from Auricularia auricula-judae has been
characterized. It was composed of a main chain of (1 — 4)-linked
p-glucopyranosyl with branching points at 0-6 of (1 — 6)-linked
p-glucopyranosyl residues. The content of glucuronic acid is about
19% and the distribution of glucuronic acid was not periodic in the
polysaccharide (Ma, Wang, & Zhang, 2008). However, its bioactivi-
ties have been never reported. Usually, relatively high molecular
weight glucans appear to be more effective anti-tumor activity than
those of low molecular weight (Mizuno, 1996). But some medical
properties of some mushroom polysaccharides like (1 — 3)-a-glu-
curonoxylomannans, are not strongly dependent on molecular
weights. Their hydrolyzed fractions containing glucuronoxylo-
mannans with molecular weights from 53 to 1000 KDa are as
effective as those fractions, having higher molecular weights (Gao,
Seljelid, Chen, & Jiang, 1996). It was also reported that differences
in molecular weight had no obvious influence on the activities of
the heteroglycans. Generally, Genetic alterations resulting in the loss
of apoptosis or disturbance of apoptosis-signaling pathways are
likely to be critical components of carcinogenesis (Schulte-Her-
mann, Grasl-Kraupp, & Bursch, 1994). Apoptosis, programmed cell
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death, is modulated by anti-apoptotic and proapoptotic effectors,
which involves a large number of proteins. The proapoptotic and
anti-apoptotic members of the Bcl-2 family act as a rheostat in
regulating programmed cell death and are considered as targets of
anticancer therapy (Baea, Janga, Yimb, & Jin, 2005; Baell & Huang,
2002; Goodsell, 2002). The ratio of death antagonists (Bcl-2, Bcl-
xL) to agonists (Bax, Bad, Bid) determines whether a cell will respond
to an apoptotic stimulus. Down-regulation of the death suppressor
Bcl-2 could inhibit tumor growth via promoting programmed cell
death (Zhivotovsky, Orrenius, Brustugun, & Doskeland, 1998). It
has been proven that Bax promotes apoptosis whereas Bcl-2
suppresses apoptosis (Ranger, Malynn, & Korsmeyer, 2001). Bax re-
sides in an inactive state in the cytosol of many cells. In response to
death stimuli, Bax protein undergoes conformational changes that
expose membrane-targeting domains, resulting in its translocation
to mitochondrial membranes, where Bax inserts and causes release
of cytochrome c to activate caspase-3 and other apoptogenic pro-
teins (Guo et al., 2003; Wolter et al., 1997). When Bax predominates,
apoptosis is accelerated and the death repressor activity of Bcl-2 is
counteracted (Oltvai, Milliman, & Korsmeyer, 1993).

In the present work, we evaluated in vivo anti-tumor activities
of the polysaccharide AAG against xenograft Sarcoma 180 tumor
cells and in vitro inhibition ratio to the proliferation of Acinar cell
carcinoma (ACC) tumor cells. Furthermore, the mechanism of the
anti-tumor activities of the AAG were investigated by the morpho-
logical approaches (fluorescence microscopy with Hoechst stain)
and by TdT-mediated dUTP nick end labeling (TUNEL) technique
and immunohistochemical method for apoptosis-related proteins
Bcl-2 and Bax, attempting to elucidate the mechanism.

2. Materials and methods
2.1. Isolation and fractionation

AAG was isolated from fruit bodies of Auricularia auricula-judae,
a commercial product cultivated in Fangxian (Hubei, China)
according to previously reported method. AAG is water-dissoluble
polysaccharides composed of a main chain of g-(1 — 4)-p-glucan
with B-(1 — 6)-p-glucose side groups having molecular weight to
be 2.88 x 10° (Ma et al., 2008).

2.2. In vitro anti-tumor test

A colorimetric 3-(4,5-dimethylthiazol-2yl1)-2,5-diphenyltetrazo-
lium bromide (MTT) method was used for measuring the prolifera-
tion for adherent tumor cells. Acinar cell carcinoma (ACC) tumor
cells (1 x 10° cells/mL) were grown in Roswell Park Memorial Insti-
tute (EPMI) 1640 medium supplemented with 10% fetal bovine
serum (FBS) under atmosphere of 5% carbon dioxide at 37 °C for
72 h, in present of sample at concentrations of 0.005 and 0.05 mg/
L in 0.9% aqueous NaCl. The number of living ACC tumor cells at
the end of the 72 h incubation period was determined colorimetri-
cally based on the tetrazolium salt MTT as described by Mosmann
(1983)). 5-Fluorouracil (5-Fu, as positive control) and the tested
sample were compared with a control sample.

2.3. In vivo anti-tumor test

Sarcoma 180 (S-180) tumor cells (1 x 10° cells/mouse) were
subcutaneously inoculated into 8-week-old male BALB/c mice
weighting 20 + 1 g. Twenty-four hours later, 5-fluorouracil (5-Fu)
and the tested samples were dissolved in 0.9% aqueous NaCl and
injected intraperitoneally once a day for 8 days. The same volume
of 0.9% aqueous NaCl was injected intraperitoneally into the
control mice. The mice were sacrificed on the next day after the

last injection, and the tumors were excised. The tumor weights
were compared with those in the control mice. The inhibition ratio
(¢) and enhancement ratio of body weight (¢) were calculated as
follows:

&= [(We—W)/W(] x 100% (1)
¢ = [(Wq — Wp)/Ws] x 100% (2)

where W, is the average tumor weight of the control group, W, is
the average tumor weight of the tested group; and W, and W, are
the body weight of mice before and after the assay. Complete
regression is indicated as the ratio of the number of tumor-free
mice to the number of mice tested.

2.4. Fluorescence microscopy and apoptotic assessment

ACC tumor cells (1 x 10° cells/mL) from exponential phase
cultures were treated with the AAG sample at different time and
concentrations, and were incubated simultaneously in RPMI 1640
medium containing 10% fetal bovine serum (FBS) under an atmo-
sphere of 5% CO, at 37 °C. Following the treatment, the cells were
collected for apoptotic assessment. Apoptosis and necrosis were
distinguished by using fluorescence microscopy with Hoechst
33342. Briefly, the cell-permeant dye Hoechst 33342 (10 mg/mL;
Sigma) for 15 min in the dark, followed by washing twice with
phosphate-buffered saline (PBS), and finally were observed under
an inverted phase fluorescence microscope (Olympus DP70, Tokyo,
Japan) equipped with a 40x objective and UV filter cube. Cells
were shown with blue round nuclei, red round nuclei, blue frag-
ment nuclei and red fragmented nuclei, corresponding to viable,
necrotic, apoptotic cells, respectively. Nuclei of apoptotic
characteristics including apoptosis were counted and compared
numerically to morphologically normal nuclei in the same field.
Apoptotic index (Al), which represents the percentage of apoptotic
nuclei, was calculated as: AN/TN x 100%, where AN and TN are
average number of apoptotic and total nuclei, respectively. Quanti-
tative analysis was performed by counting more than 500 cells in
six random fields per sample. Each assay was repeated at least
three times.

2.5. Immunohistochemistry for apoptosis-related proteins
Bax and Bcl-2

2.5.1. Pretreatment of tumor tissue

S-180 tumors were excised from BALB/c mice and used in the
in vivo anti-tumor test. The tumors were cut into small pieces,
and fixed with formalin for 36 h. Fixed-tumors were dehydrated
by immersing in a series from 70%, 80%, 90%, 95% to 100% of graded
ethanol solution for 15-20 min. Dehydrated-tumors were passed
through successive changes of methyl benzoate until all ethanol
was replaced by methyl benzoate. Subsequently, the tumors were
embedded in the paraffin. Finally, 4 mm serial sections were cut
from the formalin-fixed, paraffin-embedded pretreatment tumor
blocks and mounted on poly-L-lysine (PLL)-coated microscope
slides, and then were dried at 60 °C for 1 h for immunostaining.

2.5.2. Immunostain of TUNEL

The tumor tissues from treated and control mice were
examined by the TUNEL assay to detect the 3’ free hydroxyl ends
(3-OH) of the DNA strands created by nucleases in apoptotic cells.
Sections of tumor tissues were treated for 20 min with proteinase
K (20 pg/mL in PBS), equilibrated for 10 min with TdT buffer, and
incubated for 2 h in a TdT mix containing 100 U TdT and 0.5 pL bio-
tin-16-dUTP. Biotin-16-dUTP labeled in 3-OH of DNA was detected
by streptavidin-HRP and visualized using DAB for color reaction
according to the manufacturer’s instructions. Then the sections
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were counterstained lightly by methyl green, dehydrated through
a graded series of alcohol, cleared in xylene and finally mounted
by Permount. The cells whose nucleus turned a distinct brown col-
or were considered as positive cells while the cells whose nucleus
turned green were negative cells. The numbers of positive cells
were counted with a hemacytometer under a 100x microscope
and the mean number was calculated.

2.5.3. Immunostain of Bax and Bcl-2

The tests of Bax and Bcl-2 immunohistochemistry were per-
formed by the peroxidase-labeled streptavidin biotin method with
microwave antigen retrieval (Lohmann et al., 2002; Saxena, McMe-
ekin, & Thomson, 2002; Xie, Clausen, Angelis, & Boysen, 1999). Par-
affin in the sections were removed by treating with xylene for
15 min twice, and then gradually hydrated through a series from
95%, 80% to 70% of graded ethanol (2 min each) and distilled water
(2 min). Endogenous peroxidase was blocked by incubation in 3%
hydrogen peroxide (H,0,) for 10 min at 37 °C, followed by washing
for four times with PBS (5 min each). Antigen retrieval was carried
out in a microwave oven. Briefly, the sections were heated to 95 °C
in 0.01 M citrate buffer (pH 6.0), and were maintained at this tem-
perature for 10 min, followed by rinsing in warm tap water. And
then the sections were treated with normal goat serum for
10 min at 37 °C to reduce nonspecific staining. Subsequently, the
rabbit antimouse Bax and Bcl-2 polyclonal antibodies (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, US) as primary antibodies were
added in optimal dilution and the sections were incubated over-
night in a humidified chamber at 4 °C. This step and each of the fol-
lowing were succeeded by washing for four times in PBS for 5 min
each. The sections were incubated for 10 min at 37 °C in a humid-
ified chamber with biotinylated goat antirabbit IgG (Zhongshan
Golden Bridge Biotechnology Co., Ltd., Beijing, China; 1:200) as sec-
ondary antibodies, followed by exposure to streptavidin horserad-
ish-peroxidase (Zhongshan Golden Bridge Biotechnology Co., Ltd.,
Beijing, China) for 10 min at 37 °C. The color was developed using
a solution containing 0.05% diaminobenzidine (DAB) as chromogen
and 0.02% H,0,. After visualization of horseradish-peroxidase
activity by color reaction with DAB, the sections were weakly
counterstained with hematoxylin, mounted and examined using
light microscope equipped with a 40x objective. To confirm immu-
nospecificity, negative controls consisted of sections in which the
primary antibody was omitted and replaced by buffer or a nonim-
mune IgG. Formalin-fixed, paraffin-embedded sections of normal
human lymph node served as positive controls. Both the number
of immunoreactive cells and the total number of cells (at least
500 cells) were determined to calculate percentage of Bax and
Bcl-2 positive cells by visual inspection of six different fields per
section. To assess the apoptosis, ratios of Bcl-2:Bax were
determined.

2.6. Statistical analysis

Student’s t-test was used to evaluate the differences between
the controls and tested groups. Significant difference between
two groups was defined as p < 0.05.

3. Results and discussion
3.1. In vitro and in vivo results

In view of the in vitro inhibition ratio of ACC tumor cells by AAG
polysaccharide at different concentrations (0.005 and 0.05 mg/L),
the polysaccharide exhibited strong inhibition against cell growth
and there was also a dose-response relationship between concen-
tration of AAG and suppression of ACC cell proliferation (Fig. 1).

The AAG samples showed inhibition ratios of 23.5% and 34.1% at
the concentration of 0.005 and 0.05 mg/L, respectively. It was com-
parable to 5-Fu (40.4%).

To evaluate the in vivo anti-tumor activity of AAG sample, the
sample solutions were injected intraperitoneally (i.p. 5, 20 and
40 mg/kg) to BALB/c mice once daily for 8 days after S-180 tumor
cells inoculation for 24 h. The results of the in vivo anti-tumor
activities of the AAG sample are summarized in Table 1, in which
also lists that of 5-Fu, a chemotherapeutic anticancer agent as a po-
sitive control. The doses of 5, 20 and 40 mg/kg showed inhibition
ratios of 16.4%, 39.1% and 37.7%, respectively. The results showed
that AAG significantly inhibited tumor growth in dose-dependent
way, but all the doses show certain inhibition ratios against tu-
mor-cell growth. The tumor weigh of the control group was
0.81 g, while the tumor weight of mice treated with low, interme-
diate and high concentration of AAG were reduced to average
weighs 0.68, 0.49 and 0.51 g, respectively. The tumor weight of
mice treated with a low, intermediate or high dose AAG was signif-
icantly lower than that of the control group (p < 0.05). Compared
with the other dose, the dose 20 mg/kg exhibited highest anti-tu-
mor activities. Moreover, the enhancement ratios of body weight
for all the doses weigh significantly higher than that for 5-Fu, indi-
cating that the AAG sample had much lower toxicities than 5-Fu,
which kills normal cells as well as cancer cells.

3.2. Fluorescence microscopy and apoptotic assessment

Morphological changes can provide the most reliable criteria for
recognizing apoptotic process. Therefore, we utilized fluorescence
microscopy to observe apoptosis by changes in cellular morphol-
ogy, including cell shrinkage, condensation and fragmentation of
nuclei, all of which are indicative of apoptosis (Liu, Trimarchi, &
Keefe, 1999). Data in Fig. 2 showed nuclear morphology of various
type of ACC cell death visualized by fluorescence microscopy with

Table 1
Anti-tumor activity of the AAG sample against Sarcoma 180 solid tumor grown in
BALB/c mice.

Sample Dose (mg/ Inhibition Enhancement ratio  Complete
kg x days) ratio (%) weight (%) regression
Control 20 x 8 28.8 0/10
5-Fu 20 x 8 62.1 18.8 0/10
5x8 16.4° 26.8 0/10
AAG 20 x 8 39.1° 26.9 0/10
40 x 8 37.7° 26.9 0/10
" p<0.05, significant difference when compared to the control.
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Fig. 1. The in vitro inhibition ratio to the proliferation of ACC by different
concentration of the AAG and 5-Fu.



980 Z. Ma et al./Carbohydrate Polymers 80 (2010) 977-983

Hoechst staining following exposure to the AAG for 24 h at concen-
tration of 0.5 and 0.05 mg/mL. Hoechst stains the nuclei of cells
with a broken or an intact cell membrane. In Fig. 2b and ¢ round
nuclei, blue fragment nuclei or shrinkage cells, corresponded to
viable and apoptotic cells, respectively. As shown in Fig. 2a, the
control group was mainly living cells, while the both concentration
had many apoptotic cells with fragmented nuclei. The obvious
inhibition against tumor cells indicated that the AAG sample could
induce apoptosis in ACC cells.

3.3. Effect of AAG on tumor tissues cell morphology

Fig. 3 shows histological section of tumor tissues in control
group and AAG-treated mice. Compared with the tumor tissues
of the control group mice, the tumor tissues of AAG sample treated

mice showed a massive necrosis such as nucleus atrophy,
disintegrating and structure less red staining region. Meanwhile,
chromatin condensation, cell shrinkage, plasma membrane blab-
bing and the formation of membrane-enclosed apoptotic bodies
were observed in the tumor sections of AAG-treated mice, indicat-
ing many tumor cells were undergoing apoptosis.

3.4. Detection of apoptosis of tumor tissue cells by TUNEL assay

In view of the previous Fluorescence microscopy analysis, we
concluded that AAG induced apoptotic cell death in ACC cells. To
further confirm the apoptosis of tumor tissues induced by the
administration of AAG, the TUNEL assay was performed. As shown
in Fig. 4, with an increase of AAG the number of TUNEL-positive
cells significantly increased from 5.1% (5 mg/kg) to 9.3% (20 mg/

Fig. 2. Nuclear morphology of the various type of cell death was visualized by fluorescence microscopy with Hoechst staining following exposure to the control group (a),

AAG-treated concentration of 0.5 mg/mL (b) and 0.05 mg/mL (c).

Fig. 3. Histological section of tumor tissues in control group (a), dose 5 mg/kg AAG-treated mice (b), dose 20 mg/kg AAG-treated mice (c) and dose 40 mg/kg AAG-treated

mice (d).
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Fig. 4. Apoptotic staining of tumor tissues using a TUNEL technique. Control group (a), dose 5 mg/kg AAG-treated mice (b), dose 20 mg/kg AAG-treated mice (c) and dose
40 mg/kg AAG-treated mice (d).

Fig. 5. Bax immunostain in S-180 tumor of the untreated control mice (a), dose 5 mg/kg AAG-treated mice (b), dose 20 mg/kg AAG-treated mice (c) and dose 40 mg/kg AAG-
treated mice (d).
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b

Fig. 6. Bcl-2 immunostain in S-180 tumor of the untreated control mice (a), dose 5 mg/kg AAG-treated mice (b), dose 20 mg/kg AAG-treated mice (c) and dose 40 mg/kg AAG-

treated mice (d).

Table 2
The quantitative analysis of the Bax and Bcl-2 immunostaining for S-180 tumor cells
in the control and AAG treated groups.

Samples Bax Bcl-2
(% immunoreactivity) (% immunoreactivity)
Control group 3.8 58.5
AAG dose 5 mg/kg 303" 21.8
AAG dose 20 mg/kg 465" 39.6°
AAG dose 40 mg/kg 426 30.7

" p<0.05, significant difference when compared to the control.

kg) and 7.2% (40 mg/kg), respectively (p <0.05). The apoptotic
staining patterns with TUNEL assay corroborated the AAG-induced
apoptosis of tumor tissues.

3.5. Immunohistochemistry for apoptosis-related proteins
Bax and Bcl-2

Since AAG polysaccharide morphologically induced apoptosis in
the tumor cells, the study next investigated if AAG deregulates the
apoptotic signal transduction pathway in tumor cells. We have
investigated alterations in the expression of apoptosis-related pro-
teins Bcl-2 and Bax in S-180 tumor treated by intraperitoneal injec-
tion of AAG aqueous solution into BALB/c mice. Figs. 5 and 6
showed the apoptosis-related proteins Bax and Bcl-2 immunostain
in S-180 tumor of the untreated control mice and different dose
AAG-treated mice. The results revealed a significant difference in
expression of the proteins in control and AAG groups. In the control

group, Bax was not detected, whereas Bcl-2 immunostain was sig-
nificantly strong in S-180 tumor. Compared with the control group,
the mice treated with AAG exhibited a significant decreased
expression of Bcl-2 and increased expression of Bax. The uniquely
high Bax expression with low Bcl-2 immunostain in the AAG group
indicated that the AAG polysaccharide induced apoptosis of S-180
tumor cells probably by up-regulating expression of Bax to coun-
teract the effect of Bcl-2. The results from the quantitative analysis
of the Bax and Bcl-2 immunostain for S-180 tumor in the control
and AAG groups were listed in Table 2. The Bax expression in S-
180 tumor after treated with AAG was significantly stronger than
that of control group (without exposure to AAG). Simultaneously,
after treatment by AAG, expression level of Bcl-2 protein was sig-
nificantly lower than that of the control group. Furthermore, a high
expression level of Bax accompanied by a low Bcl-2 immunoreac-
tivity could sustain a low Bcl-2: Bax ratio in favor of apoptosis, or
alternatively, it could effectively antagonize the anti-apoptotic lev-
els of the Bcl-2. The immunohistochemical results indicated that
the AAG polysaccharide induced apoptosis in xenograft S-180 tu-
mor cell by up-regulating Bax and down-regulating Bcl-2.

4. Conclusion

AAG polysaccharides isolated from Auricularia auricula-judae
was water-soluble, and had an M,, of 2.88 x 10°. The anti-tumor
activities of AAG had been discovered in a dose-dependent manner
and the apoptosis in ACC cells could be induced by AAG polysac-
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charide. Furthermore, histological examination of the tumor tissue
indicated that AAG induced a massive necrosis and infiltration. In
addition, apoptosis was also observed from the tumor tissues trea-
ted with AAG, which further confirmed by TUNEL assay. Further
analysis of the tumor inhibition mechanism revealed that the
expression of Bax increased and the expression of Bcl-2 decreased
dramatically in S-180 tumor tissue section after injection of AAG.
The immunohistochemical results indicated that the AAG polysac-
charide could induce apoptosis in S-180 tumor cell by up-regulat-
ing Bax and down-regulating Bcl-2. These findings confirmed that
the AAG could be considered as a potential anti-tumor agent.
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