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Antitumor activity of polysaccharide extracted
from Pleurotus ostreatus mycelia against
gastric cancer in vitro and in vivo
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Abstract. The present study aimed to determine the antitumor
effects of polysaccharides extracted from Pleurotus ostreatus
mycelium on gastric cancer in vitro and in vivo. Polysaccharides
were extracted from Pleurotus ostreatus mycelium and an
antitumor component, known as Pleurotus ostreatus mycelium
polysaccharides 2 (POMP2), with a relative molecular weight
of 29 kDa, was then sequentially purified using Sephadex G200
size-exclusion chromatography and diethylaminoethyl-52
cellulose ion-exchange chromatography. The MTT method was
used to determine the proliferation of BGC-823 cells treated
with POMP?2; cell migration assay, colony formation assay and
in vivo antitumor tests were used to assess the effect of POMP2
on migration, cell survival and the in vivo tumor formation
of BGH-823 cells. Results of the MTT assay indicated that
POMP2 had a marked inhibitory effect on the BGC-823
human gastric cancer cell line; when administered at a concen-
tration of 400 mg/1 for 72 h, the rate of inhibition was 35.6%.
In addition, the colony forming capacity of the BGC-823 cells
was significantly reduced following treatment with POMP2.
A migration assay indicated that the invasive capabilities of the
BGC-823 cells were also significantly inhibited by POMP2.
Furthermore, in vivo tests of mice engrafted with BGC-823
cancer cells demonstrated that both tumor weight and volume
were markedly reduced following two weeks of treatment with
POMP2. The results of the present study suggested that the
polysaccharide POMP2 may have a potential application as a
natural antitumor treatment for gastric cancer.
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Introduction

Gastric cancer is one of the most prevalent types of cancer
and is the second leading cause of cancer-associated mortality
worldwide, with approximately one million novel cases diag-
nosed annually (1-3). Gastric cancer is highly prevalent in
Asia, particularly in China, Japan and Korea, as well as in
Eastern Europe and parts of Central and South America (4);
however, a marked decline has been reported in the incidence
and mortality of gastric cancer (5). There are two major
types of gastric adenocarcinoma: Intestinal and diffuse.
The pathogenesis of intestinal gastric adenocarcinoma was
reported to be a progression from chronic gastritis to gastric
atrophy and dysplasia through multiple steps, whereas the
pathogenesis of diffuse-type gastric cancer remains to be
fully elucidated (6). Currently, the most widely accepted
cause for diffuse-type gastric cancer is Helicobacter pylori
infection (6). Conventional treatment options for gastric
cancer include pharmacotherapy, surgical resection, chemo-
therapy and radiation therapy. Surgical resection remains
the only curative treatment option; however, it may only be
performed in a small subgroup of patients (7,8). Furthermore,
even post surgery, numerous patients will experience disease
recurrence and succumb within a few months or years (8). In
addition, the majority of chemotherapeutic drugs currently
on the market induce various side effects. Therefore, the
production of effective and non-toxic biological drugs is
urgently required.

Mushrooms have been utilized as edible and medicinal
resources; numerous bioactive molecules have been identified
from their fruit body and cultured mycelium, which exhibit
various biological activities, including antitumor and immu-
nomodulating properties (9,10). Polysaccharides possess the
highest potential of the mushroom-derived substances that
exhibit antitumor properties (10,11). Polysaccharides are poly-
mers comprised of monosaccharides linked together through
glycosidic bonds (12). Over the past few decades, numerous
types of antitumor polysaccharides have been identified from
various sources and the mechanisms underlying their activity
have been elucidated. More recent research has focused on
identifying novel polysaccharides (13-16). Pleurotus ostreatus
is acommon edible mushroom, which is cultured commercially
around the world for food. It is frequently used in Chinese,
Japanese and Korean cookery, due to its flavor, high nutritional
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value and various medicinally beneficial effects (17,18).
Previous studies have demonstrated that polysaccharides
extracted from Pleurotus ostreatus possess antitumor proper-
ties (19,20); however, to the best of our knowledge no studies
regarding the antitumor activity of Pleurotus ostreatus mycelia
polysaccharides on gastric cancer have been published.

The aim of the present study was to extract polysaccharides
from Pleurotus ostreatus mycelia, which had been harvested
from submerged cultures, and analyze their antitumor effects
on gastric cancer in vitro and in vivo. The present study
aimed to provide a scientific basis for research and reasonable
application of polysaccharides in biological drugs.

Materials and methods

Materials and reagents. Pleurotus ostreatus (strain, beiping 11)
was maintained at the School of Life Science, Liaoning
University (Shenyang, China). MTT, penicillin, streptomycin
and 5-fluorouracil (5-FU) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Diethylaminoethyl (DEAE)-52 and
Sephadex G-200 were purchased from GE Healthcare
(Uppsala, Sweden). Fetal bovine serum (FBS) and RPMI-1640
media were purchased from Gibco Life Technologies (Grand
Island, NY, USA). All other chemical reagents were analytical
reagent grade, and were purchased from Sigma-Aldrich
(St. Louis, MO, USA) unless otherwise specified.

The BGC-823 human gastric cancer cells were obtained
from China Medical University (Shenyang, China). The cells
were cultured in RPMI-1640 medium supplemented with
10% FBS, penicillin (100 U/ml) and streptomycin (100 pg/ml)
at 37°C in a humidified atmosphere containing 5% CO,. The
cells were harvested once they had reached the exponential
growth phase. All procedures involving animals and their care
were conducted in accordance with institutional guidelines for
the Laboratory Animal Care of Experimental Animal Center,
China Medical University.

Fungal cultivation and extraction of crude polysaccharides.
The fungus was maintained at 25°C on a potato dextrose agar
plate for 6 days in an incubator. The active mycelium were
then scraped and transferred to a 250 ml Erlenmeyer flask
containing 100 ml of 200 g/l potato, 20 g/l glucose, 3 g/l
yeast extract, 1 g/l KH,PO, and 1 g/l MgSO, with natural
pH, and were cultured for 7 days at 25°C with 160 rpm agita-
tion (13). Pleurotus ostreatus mycelia were harvested from
the liquid medium by centrifuging the culture at 7,500 x g for
20 min at 4°C. The mycelia were then dried in a 60°C oven.
The dried fungal biomass was ground and boiled in water
for 4 h. The supernatant was treated with four volumes of
absolute ethanol (4:1 v/v) at 4°C for 12 h following centrifu-
gation at 7,500 x g for 30 min in order to extract the crude
polysaccharides (10). The sediment was washed with abso-
lute ethanol following centrifugation at 7,500 x g for 20 min,
centrifuged and washed with absolute ethanol a further two
times. Protein was removed from the crude polysaccharide
by Sevage method (21) and then dialyzed with distilled water.
During the Sevage method, the polysaccharides were mixed
with Sevage reagent, 5:1 (v:v) CHCl;, n-BuOH and stirred
for 30 min. The mixture was then centrifuged at 7,500 x g
for 20 min, the upper polysaccharide solution was collected
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and then dialyzed with distilled water (21). The solution was
precipitated with absolute ethanol and maintained at 4°C for
4 h. The precipitate was freeze-dried following centrifuga-
tion at 7,500 x g for 20 min (22).

Purification of Pleurotus ostreatus mycelium polysac-
charides. The crude polysaccharides (0.5 g) were dissolved
in distilled water (10 ml) and applied to a Sephadex
G-200 column (2.0x60.0 cm). The sample was eluted with
0.15 M sodium chloride at a flow rate of 1 ml/min. Fractions
were collected and carbohydrates were measured using the
anthrone-sulphuric acid method (23). In brief, 1 ml solution
and 5 ml anthrone reagent (0.1 g anthrone dissolved in 100 ml
sulphuric acid solution) were placed in a water bath (boiling)
for 10 min, cooled and measured using a UV-Vis spectro-
photometer (GBC Cintra 20; GBC Scientific Equipment,
Melbourne, Australia) at 620 nm. The sugar content was
calculated using a standard curve created with standardized
glucose solutions. Further purification was conducted using
a DEAE-52 column (2.5x40.0 cm), sodium chloride solution
was used as the mobile phase and the samples were eluted in
gradient mode at a flow rate of 1 ml/min. The fractions were
collected by the automated fraction collector (AFC-3000
Automated Fraction Collector; Thermo Fisher Scientific,
Waltham, MA, USA) and measured at 620 nm absorbance
using the UV-Vis spectrophotometer, as recommended by the
anthrone-sulphuric acid method. The collected fractions were
dialyzed in distilled water for 24 h and freeze-dried to obtain
three types of purified polysaccharides: Pleurotus ostreatus
mycelium polysaccharides (POMP1, POMP2 and POMP3).
An MTT assay was performed (as described in the 'BGC-823
cell proliferation assay' paragraph) to evaluate the antitumor
activity of the three polysaccharides, following which POMP2
was selected for use in the subsequent studies.

Preliminary characterization of polysaccharides. The
molecular weight of POMP2 was determined by high
performance gel permeation chromatography (HPGPC) as
described by Miao er al (24) with minor modifications. The
sample was applied to an Agilent 1100 high performance
liquid chromatography system (Agilent Technologies,
Santa Clara, CA, USA) equipped with a TSK-GEL G3000
PWXL column (7.8x300 mm). The sample was eluted with
0.1 mol/l Na,SO, solution at a flow rate of 0.5 ml/min and was
detected using a Refractive Index Detector-10A (Shimadzu
Corporation, Tokyo, Japan). The molecular weight was esti-
mated with reference to a calibration curve generated from a
Dextran T-series standard of known molecular weights (Mw;
T-200, T-100, T-40, T-20 and T-10) and glucose (Mw, 180;
Sigma-Aldrich) was used as a standard (19). The sample was
detected using the UV spectrophotometer at 280 and 260 nm,
in order to confirm the absence of protein and nucleic acid.

BGC-823 cell proliferation assay. BGC-823 cells (1x10%)
were grown on 96-well plates (100 ul/well). Following a 24 h
incubation, non-adherent cells were removed by washing
with RPMI-1640 medium three times. The cultures were
treated with a serial concentration of POMP2 (25, 50, 100,
200 and 400 mg/l) and MTT (5 mg/ml) was added to each
well following 24, 48 or 72 h. The plate was incubated for
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an additional 4 h at 37°C, following which the medium was
discarded. Subsequently, the formazan crystals were dissolved
in 150 ul dimethyl sulfoxide. In order to evaluate the prolif-
erative ability of the BGC-823 cells, MTT reduction was
determined by measuring the light absorbance of each well at
490 nm using a microplate reader (680; Bio-Rad Laboratories,
Inc., Hercules, CA, USA). All experiments were repeated in
triplicate (25).

Cell migration assay. Cell migration assays are frequently used
to assess the migration of metastatic cancer cells. The migra-
tion assay was performed using a 6.5 mm-diameter Transwell
chamber (Corning Life Sciences, Tewksbury, MA, USA) with
an 8.0 ym pore size. The BGC-823 cells were trypsinized
(0.25% trypsin) and resuspended in serum-free RPMI-1640
following serum-starvation for 24 h. Approximately 1x10° cells
in serum-free RPMI-1640, with 100 or 200 mg/l POMP2,
were counted and seeded into the upper chamber of the
Transwell and the lower chamber was filled with RPMI-1640
supplemented with 10% FBS. Following incubation at 37°C
for 24 h, the cells on the inner surface of the upper chamber
were removed (6). The cells that had penetrated through the
chamber were fixed with methanol and stained with Giemsa,
according to the manufacturer's instructions. The cells were
then visualized and counted under a microscope (Eclipse
TS100; Nikon, Tokyo, Japan); three fields of vision were
selected in each experimental condition (26).

Colony formation assay. BGC-823 cells (~1x10°/well) were
seeded into different plates and allowed to adhere overnight.
The cells in the polysaccharide groups were incubated at 37°C
with 100 or 200 mg/l POMP?2 for 10 days, then each plate was
washed three times with phosphate-buffered saline (PBS).
The colonies were fixed in methanol for 20 min and stained
with 0.5% crystal violet for 15 min. The colonies were further
washed with PBS, observed under the inverted microscope
(Eclipse TS100) and images were captured using a CCD color
camera (KP-D20AU; Hitachi, Ibaraki, Japan) (27). Each assay
was performed three times in two independent experiments.

In vivo antitumor test. An in vivo antitumor assay was
performed as described by Miao et al (24), with minor
modifications. Male BALB/c (nu/nu) nude mice (4-6 weeks
old, 20-22 g, 50 mice; Beijing Vital River Experimental
Animal Co., Ltd., Beijing, China) were used to establish a
BGC-823 xenograft tumor model. All of the mice were
housed in a pathogen-free facility and were given ad libitum
access to food and water in sterile conditions. The mice in
each group were subcutaneously inoculated with injections
of 2x10% BGC-823 cells/mouse and monitored daily for
tumor growth. Tumor size was determined using micrometer
calipers and mice with similar tumor sizes were randomly
divided into five groups, each containing five mice. The
tumor bearing mice were orally administrated POMP?2 at the
following doses: 50, 100 and 200 mg/kg. The control group
were administered the same volume of PBS and the positive
control group were administered 25 mg/kg 5-FU every other
day for two weeks. Tumors were removed and weighed after
the mice had been sacrificed by cervical dislocation. The
tumor volume (TV) of each tumor was calculated using the
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Figure 1. Elution profile of polysaccharides from Pleurotus ostreatus mycelia.
(A) Sephadex G-200 chromatography. Crude polysaccharides (0.5 g) were
redissolved in distilled water (10 ml) with a concentration of 0.25 g/ml. The
sample was eluted with 0.15 M sodium chloride at a flow rate of 1 ml/min.
Fractions were collected and measured for the presence of carbohydrates
using the anthrone-sulphuric acid method. (B) DEAE-52 chromatography.
Crude polysaccharides were further purified using a DEAE-52 column. The
sample was eluted in gradient mode at a flow rate of 1.0 ml/min, with sodium
chloride solution used as the mobile phase. All fractions were collected using
the automated fraction collector and absorbance (A) was measured at 620 nm,
as recommended by the anthrone-sulphuric acid method for polysaccharides.
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Figure 2. Effects of POMP2 on the proliferation of BGC-823 human gastric
cancer cells. Cells were cultured in 96-well plates for 24 h and then exposed
to POMP?2 at the indicated concentrations for 24, 48 or 72 h. Proliferation
was determined using an MTT assay. Values represent the mean + standard
deviation (n=3). "P<0.05 vs. control group. POMP2; Pleurotus ostreatus
mycelium polysaccharides 2.

following formula: TV (mm?®=(a x b*/2, where a (mm) and
b (mm) represent the longest and shortest tumor diameter,
respectively.

Statistical analysis. All statistical analyses were performed
using SPSS 18.0 (International Business Machines, Armonk,
NY, USA). The data are presented as the mean + standard
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Figure 3. Effects of POMP2 on the migration of BGC-823 human gastric cancer cells, as determined using a Transwell system. BGC-823 cells treated with
serum free RPMI-1640 medium or POMP2 were seeded into the upper chamber of a Transwell at a density of 1x10° cells/ml and allowed to migrate through the
pores for 24 h. The number of cells per field that had migrated to the bottom surface of the filter was then counted. (A) Control-treated cells, (B) cells treated
with 100 mg/l POMP2 and (C) cells treated with 200 mg/l POMP2. (D) Quantification of migrated cells. Values represent the mean + standard deviation of
three repeats from one independent study. "P<0.05 vs. control group. POMP2; Pleurotus ostreatus mycelium polysaccharides 2.

deviation. One-way analysis of variance was used to perform
statistical comparisons. Randomized block analysis of vari-
ance and the Students-Newman-Keuls method were selected
for intergroup comparisons. P<0.05 was considered to indicate
a statistically significant difference between values.

Results

Isolation, purification and characterization of
polysaccharide. The crude polysaccharides extracted from
the mycelium of Pleurotus ostreatus were collected and
sequentially purified through Sephadex G200 and DEAE-52
columns. As shown in Fig. 1, three fractions: POMP1,POMP2
and POMP3, were separated. The main fraction, POMP2, was
selected for subsequent analyses due to its higher activity of
antiproliferation measured by MTT method (data not shown).
POMP?2 appeared as a white powder. The average molecular
weight of POMP2 was calculated as 29 kDa by HPGPC,
according to a calibration curve with standard dextran and
glucose. No absorbance was detected by a spectrophotometer
at 280 and 260 nm, thus indicating that the preparation of
POMP?2 contained no protein or nucleic acids and was a
homogeneous polysaccharide.

In vitro antitumor activity. BGC-823 cells were incu-
bated with various concentrations of POMP2 (25, 50, 100,
200 and 400 mg/l) for various durations (24, 48 and 72 h).
Subsequently, cell survival was measured using the MTT
method. As shown in Fig. 2, POMP2 inhibited the prolifera-
tion of BGC-823 cells in a time- and concentration-dependent
manner; significant inhibition was exhibited at various

concentrations following 24,48 and 72 h of treatment compared
with the control group (P<0.05). At the highest concentration
(400 mg/1), the rate of inhibition was 35.6% following 72 h.

Invasiveness of BGC-823 cells is inhibited by POMP2.
Metastasis is the predominant cause of cancer-associated
mortality. The Transwell migration assay is suitable for cancer
cells and is used to evaluate the invasive and migratory ability
of cells into distal organs. To investigate the effects of POMP2
on the migration of BGC-823 cells, the migratory behavior of
the cells was determined using a Transwell assay. The number
of POMP2-treated cells that were able to migrate across the
membrane was markedly reduced compared with the control
cells (Fig. 3A-C). These results suggest that POMP2 was able
to significantly inhibit the invasiveness of BGC-823 cells
(P<0.05) (Fig. 3D).

Treatment with POMP?2 reduces colony formation. The number
of BGC-823 colonies formed in the presence of POMP2 was
significantly reduced compared with the negative control group;
representative images are shown in Fig. 4. When the cells were
treated with 100 and 200 mg/l POMP?2 for 72 h there was a
highly significant reduction in colony formation compared with
the negative control group ("P<0.05) (Fig. 4D).

Effects of bioactive POMP2 on tumor growth in vivo. Based
on the in vitro results of the present study, POMP2 was used
for in vivo antitumor experiments to further explore whether
it possessed a growth inhibitory effect on tumor growth in
mice. The effects of POMP2 on the growth of primary tumor
xenografts in nude mice were examined. All mice survived
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Figure 4. Treatment with POMP?2 inhibits colony formation in BGC-823 human gastric cancer cells. Colony formation was measured using a plate colony forma-
tion assay. BGC-823 cells were treated with the indicated concentrations of POMP2 for 10 days and the colonies were fixed, stained and visualized under an
inverted microscope. (A) Control-treated cells, (B) cells treated with 100 mg/l POMP2 and (C) cells treated with 200 mg/l POMP2. (D) Quantitative data for
the number of colonies formed are presented as the mean + standard deviation of three repeats from one independent study. “P<0.05 vs. control group. POMP2;

Pleurotus ostreatus mycelium polysaccharides 2.
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Figure 5. Antitumor effects of POMP2 in vivo. (A) Effects of POMP2 on tumor
volume. Mice in each treatment group were subcutaneously inoculated with
2x10° BGC-823 human gastric cancer cells/mouse and monitored daily for
tumor growth. (B) Effects of POMP2 on tumor weight. Following sacrifice,
tumors were removed and weighed. Tumor volume was calculated as follows:
Tumor volume (mm?)=(a x b*/2, where a (mm) and b (mm) represent the lon-
gest and shortest diameter, respectively. "P<0.05 vs. control group. POMP2;
Pleurotus ostreatus mycelium polysaccharides 2; 5-FU, 5-fluorouracil.

the experiment and the tumor xenografts were shown to be
successful. As shown in Fig. 5, significant decreases in tumor
weight and volume were observed following treatment with

100 and 200 mg/kg POMP2 compared with the control
group (P<0.05). These results suggested that POMP2 may

be able to potently suppress tumor growth in mice bearing
BGC-823 xenografts.

Discussion

Gastric cancer is a major global public health problem, particu-
larly in Asian and Eastern European countries, where the rate
of incidence is 6-8 times greater than in Western countries (28).
Even in patients with operable tumors, the proportion of
long-term survivors is ~25% worldwide (29). Chemotherapy
is widely used to treat advanced gastric cancer (30). 5-FU is
currently considered an important drug in clinical chemothera-
peutic treatment for gastrointestinal cancers, but it is not efficient
for gastric cancer therapy when it is used alone (31). Furthermore,
the presence of gastric cancer cells that are resistant to current
chemotherapeutic drugs results in a lack of curative effects (32).
The use of natural products as biological drugs may be an
effective method for treating gastric cancer (33). In particular,
polysaccharides extracted from mushrooms have gained atten-
tion. Numerous polysaccharides have been isolated from the
fruit body of fungi; however, it may take more time and energy
to obtain the fruit body, resulting in a lower efficiency compared
with extracting polysaccharides from mycelia (34). With regards
to antitumor mechanism, previous studies have indicated that
polysaccharides were able to directly inhibit tumor activity (35)
and some reports have demonstrated that numerous types of
polysaccharide exhibit significant apoptosis-inducing activi-
ties (11,36). In addition, previous studies have indicated that
polysaccharides may inhibit cancer by stimulating the immune
system (13,32).
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Pleurotus ostreatus is a well-known, traditional edible
fungus that is consumed in China due to its nutritional prop-
erties. Previous studies have shown that Pleurotus ostreatus
contains numerous classes of compounds, including
extracellular enzymes, phenols, flavoring agents and poly-
saccharides (37). Polysaccharides may be obtained from
both the fruit body and the mycelia of fungi (38). Due to the
limited supply of fruit body, cultivation of its mycelial form
in controlled conditions may be another resource of polysac-
charides (39). The anticancer polysaccharide fractions may be
clinically used to treat various types of cancer. However, there
are currently few reports of polysaccharides isolated from
Pleurotus ostreatus mycelia exhibiting antitumor properties
in gastric cancer. The present study successfully isolated and
purified POMP2 from Pleurotus ostreatus mycelia and char-
acterized its anticancer properties. The inhibitory effects of
POMP?2 on gastric cancer cells were investigated in vitro and
in vivo. Results of an MTT assay demonstrated that POMP2
significantly inhibited the proliferation of BGC-823cells,
which indicated that POMP2 had a cytotoxic effect on
BGC-823 cells. The colony formation assay is another in vitro
cell survival assay, based on the ability of a single cell to grow
into a colony (40). In the present study, 100 mg/l POMP2
resulted in a significant reduction in colony formation in
BGC-823 cells. The transition of tumor cells from benign
tumor growth to malignancy is characterized by their ability
to invade the surrounding tissue (41). Metastasis is one of
the predominant causes of cancer-associated mortality (41);
therefore, the present study investigated the migratory ability
of BGC-823 cells treated with POMP2. A Transwell migra-
tion assay was used to assess the ability of POMP2 to inhibit
metastasis of cancer cells and the results demonstrated that
cells treated with POMP2 for 24 h exhibited significantly
reduced migration, as compared with the control cells.

Based on the initial screening results, the present study
investigated the antitumor activity of POMP2 in BGC-823
cancer cell-engrafted mice. The results demonstrated
that tumor weight and volume were markedly suppressed
following POMP2 treatment for 2 weeks in tumor-bearing
mice. The results of these in vivo and in vitro studies provided
evidence for the potential use of POMP2 as an anticancer
agent against gastric cancer (24).

In conclusion, the results of the present study indicated that
POMP?2, a polysaccharide isolated from Pleurotus ostreatus
mycelia, is a natural product that may inhibit gastric cancer
cell growth in vitro and in vivo, in a dose- and time-dependent
manner. Based on these results, it may be speculated that
POMP2 could be used as a potential therapeutic agent against
gastric cancer. The present study is a preliminary study that
aimed to prove the antitumor effects of POMP2; therefore,
further research regarding the precise mechanisms underlying
its anticancer actions is required.
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