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bstract

Ganoderma lucidum has been widely used as a miraculous herb for health promotion, especially by cancer patients. It has been known that
. lucidum affects cancer cell activities. We examined the effect of different preparations of G. lucidum spores on malignant human breast

arcinoma cell adhesion by treating monolayers of cells with G. lucidum. Our experiments indicated that G. lucidum inhibited cancer cell adhesion
o different degrees, which were: sporoderm-broken spores (broken by an enzymatic method) > sporoderm-broken spores (broken by a physical

ethod) > intact spores > buffer control. Similarly, polysaccharides from different G. lucidum sources were used to treat breast carcinoma cells, and
ts effect on cell adhesion was determined. Polysaccharides isolated from G. lucidum fruiting bodies grown on logs of wood exhibited the greatest
nhibitory activity on cell adhesion, an effect that was concentration-dependent. Purified polysaccharides also inhibited cell adhesion to various

atrix molecules. Experiments were also done where cells were inoculated on polysaccharide-coated Petri plates. This increased cell adhesion,

s compared with BSA and PBS controls, suggests that the polysaccharide interacted with cell surface proteins. Western blot analysis indicated
hat �1-integrin expression was greatly reduced, while �-actin expression was not affected, suggesting a specific activity of G. lucidum products
n �1-integrin.

2006 Elsevier Inc. All rights reserved.
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. Introduction

Natural products have attracted extensive attention in drug
iscovery and development in recent years. One of the natu-
al products that has been widely used is Ganoderma lucidum.
or hundreds of years, this medicinal mushroom has been used

n traditional Chinese or folk medicine for the prevention and
reatment of various human diseases. More recently, G. lucidum

as been widely used by patients with different types of can-
ers in late stages, when it becomes too advanced for surgery,
hemotherapy, or radiotherapy, especially in Oriental countries.

Abbreviations: BSAbovine serum albumin; DMEMDulbecco’s modi-
ed Eagle’s medium; FBSfetal bovine serum; PAGEpolyacrylamide gel elec-

rophoresis
∗ Corresponding author. Tel.: +1 416 480 5874; fax: +1 416 480 5737.
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or those who have gone through one of these therapeutic treat-
ents, G. lucidum is used as a supplement or for an alternative

herapy. Although different individuals respond to G. lucidum
ifferently, the outcome is generally praise-worthy. Due to its
romising effects, studies of G. lucidum in tumour biology have
een extensive.

It has been reported that the polysaccharides of G. lucidum
ignificantly improve the immune parameters of patients with
dvanced cancers [1]. Researchers have also demonstrated that
. lucidum strongly inhibits the migration of breast cancer cells

nd prostate cancer cells, suggesting its potential to reduce
umour invasiveness [2,3] The polysaccharides of G. lucidum
an suppress the activity of colon cancer cells and seems to act as

potent chemopreventive agent for colon carcinogenesis [4,5].
he anti-tumour activities of the polysaccharides appear to be
ue to promotion of the expression of TNF� and IFN� [6]. It can
lso suppress tumour-induced angiogenesis [7]. G. lucidum’s

mailto:Burton.Yang@sw.ca
dx.doi.org/10.1016/j.enzmictec.2005.10.034
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nti-cancer effects appear to occur through multiple mechanisms
8]. A recent study has indicated that the sporoderm-broken
pores of Ganoderma have much higher bioactivities than the
hole spore, and that tumour inhibition reaches 80–90% [9].
his may be due to the presence of the glucan complex [10,11],
s it has been shown that the expended chains of sulfated glucan
ossess higher anti-tumour activity [12].

Since cell adhesion is of primary importance in tumour for-
ation, growth, invasion, and metastasis, we designed experi-
ents to examine whether G. lucidum affects tumour cell adhe-

ion in a human breast cancer cell line. We demonstrated that
. lucidum inhibited cancer cell adhesion. The polysaccharides

solated from G. lucidum cultivated on logs of wood exhibited
he greatest activity, an effect that was concentration-dependent.

estern blot analysis indicated that expression of �1-integrin
as greatly reduced.

. Materials and methods

.1. Materials

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
ank’s balanced salt solution (HBSS), and trypsin/EDTA were purchased from

nvitrogen (Burlington, Ont., Canada). The ECL Western blot detection kit was
rom Amersham Life Science. Antibodies against �1-integrin and �-actin were
rom Santa Cruz. Horseradish peroxidase-conjugated goat anti-mouse IgG sec-
ndary antibody was from Sigma (St. Louis, MO). Tissue culture plates were
rom Nunc Inc. All chemicals were from Sigma. Jurkat cells were obtained from
he American Type Culture Collection (Rockville, MD).

High-quality G. lucidum spores and the fruiting body (the mushroom) of
. lucidum were identified and selected for use by experts from the Center for
esearch and Development of Edible Fungi, Guangdong Institute of Microbi-
logy, Guangdong Academy of Sciences (Guangzhou, China). The sporoderm
f G. lucidum spores were broken using both physical methods and enzymatic
ethods. The enzymatic method was conducted by inoculating the heat-treated
. lucidum spores with G. lucidum mycelia, which were obtained from germi-
ating spores. The mycelia released different types of enzymes which digested
he sporoderm of the spores. In this way, the bioactive components were slowly
eleased.

To extract polysaccharides, G. lucidum fruiting bodies were smashed to small
ieces, and were then incubated in hot water for 2 h. The solution was subjected
o centrifugation to remove particles, concentrated to a small volume, and dried
o powder. This is the total polysaccharide. The polysaccharides were also sub-
ected to further purification by ethanol (75%) precipitation. The concentrated
. lucidum polysaccharide solution was precipitated by addition of ethanol to
final concentration of 75% (v/v) ethanol. The precipitated pellet was resus-

ended in water followed by ethanol precipitation. This procedure was repeated
ix times to remove the small molecules from the preparation. This polysaccha-
ide was called purified polysaccharide. These procedures were performed at
he Center for Research and Development of Edible Fungi, Guangdong Institute
f Microbiology. The commercial products of G. lucidum were also purchased
rom the Greater Toronto Area.

.2. Cell adhesion assay

Human breast malignant carcinoma cells (MT-1), maintained in a monolayer
ulture on tissue culture plates in 1 ml Dulbecco’s modified Eagle’s medium
DMEM) containing penicillin, streptomycin, and 10% fetal bovine serum
FBS), were used in our studies. The cells were seeded on 12-well tissue cul-

ure plates at a density of 1 × 105 cells per well. The isolated components, the
otal extract of sporoderm-broken spores, and the intact spores of G. lucidum
ere added to the cultures. The buffer used to dissolve the G. lucidum prod-
cts served as a control. The cultures were incubated at 37 ◦C for 12 h, after
hich unattached cells were removed and the plates were washed. The attached
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ells were then fixed and stained with Coomassie blue for easier examination
f cell attachment. The stained cells were examined under a light microscope
nd photographed. The number of cells per microscopic field was counted for
minimum of 10 fields. These techniques are routinely used in our laboratory

13–15].

.3. Polysaccharide-coating experiment

The polysaccharides of G. lucidum dissolved in PBS (20 mg/ml) were used
o coat Petri dishes at 37 ◦C for 2 h. Controls were bovine serum albumin (BSA)
issolved in PBS (20 mg/ml) or PBS alone. After removing the coating agents,
uman breast carcinoma cells were inoculated onto the plates, followed by incu-
ation at 37 ◦C for 30 min. Unattached cells were removed and the plates were
ashed. The attached cells were harvested and the number of cells was counted.

.4. Protein extraction and Western blot analysis

The Western blot procedure was performed as previously described [16–18].
riefly, after treatment with polysaccharides, cells were washed twice with ice-
old PBS and lysed with RIPA buffer (50 mM Tris–HCl, 150 mM NaCl, 1%
riton X-100, 0.5% deoxycholate and 0.1% SDS) containing 1 mM DTT, 1 mM
a3VO4, 5 mM NaF, 100 mM EDTA, 10 mg/ml aprotinin, and 100 mM PMSF.
rotein samples were subjected to SDS-PAGE on separating gel containing 10%
olyacrylamide in reducing loading dye (1×) containing 50 mM Tris–Cl, pH
.2, 2% SDS, 10% glycerol, and 0.02% bromophenol blue. The buffer system
as 1×-Tris/glycine buffer (Amresco) containing 1% SDS. Separated proteins
ere transblotted onto a nitrocellulose membrane (Bio-Rad) in 1× TG buffer

Amresco) containing 20% methanol. The membrane was blocked in TBST
10 mM Tris–Cl, pH 8.0, 150 mM NaCl, 0.05% Tween 20) containing 10% non-
at dry milk powder (TBSTM) for 1 h at room temperature, and then incubated
t 4 ◦C overnight with primary antibody prepared in TBSTM. The membranes
ere washed with TBST (3 × 30 min) and then incubated for 1 h in TBSTM
ith goat anti-mouse secondary antibody conjugated to horseradish peroxidase.
fter being washed as described above, the bound antibody was visualized with

n ECL kit according to the manufacturer’s instructions.

.5. Statistical analysis

Differences among treatment means were determined by Student’s t-test.
< 0.05 was considered significant.

. Results and discussion

.1. Ganoderma lucidum products inhibit cancer cell
dhesion

Ganoderma lucidum, a popular medicinal mushroom, has
een widely used as a miraculous herb for health promotion
n Oriental countries. The polysaccharides and ganoderic acid
re the major components of biological activity, which possess
nti-tumour and anti-HIV-1 activities, and are of therapeutic use.
esearchers have also demonstrated that Ganoderma lucidum

trongly inhibits properties in the migration of breast cancer
ells and prostate cancer cells, suggesting its potency to reduce
umour invasiveness [3]. The polysaccharides of G. lucidum
mprove the immune parameters of patients with advanced can-
ers and promotes expression of TNF� and IFN�. G. lucidum
ppears to work through multiple mechanisms, which underlie

ts anti-cancer effects [8]. We hypothesize that G. lucidum also
ffects cancer cell adhesion.

The interaction of cells with their surrounding matrix and
eighbouring cells governs many aspects of cell behaviour.
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ell–cell adhesion determines the polarity of cells and partic-
pates in the maintenance of the cell societies called tissues.
dhesion is generally reduced in human cancer cells [19,20].
educed intercellular adhesion allows cancer cells to disobey the

ocial order, resulting in the destruction of histological structure,
hich is the morphological hallmark of malignant tumours [20].
educed intercellular adhesiveness is also indispensable for can-
er invasion and metastasis. However, it is also well known that
ell adhesion is essential for anchorage-dependent cell growth
21,22]. Adhesion receptors such as integrins provide mechani-
al support and survival signals [22].

We first obtained a large number of G. lucidum products from
he Greater Toronto Area and examined the products under a
ight microscope. We also compared the G. lucidum products to

e used in our studies (provided by the Center for Research and
evelopment of Edible Fungi, Guangdong Institute of Microbi-
logy) with those purchased from the market in Toronto. These

a
i
c

ig. 1. Comparison of G. lucidum products. (A) Sporoderm-broken spores of G. lu
ucidum; (I–K) mycelia, fruiting body and some intact spores of G. lucidum; (L) preci
he Center for Research and Development of Edible Fungi, Guangdong Institute of M
al Technology 40 (2006) 32–41

roducts were imported from China (Mainland and Hong Kong),
apan, the United States, and New Zealand, or produced in
anada. The products from Guangdong Institute of Microbiol-
gy were mainly sporoderm-broken spores and intact spores of
. lucidum, while those purchased from Toronto were the pow-
ered fruiting body of G. lucidum, mycelia (sprouting spores),
nd some intact spores of G. lucidum (Fig. 1).

We developed a cancer cell culture model to study the effect
f G. lucidum on cell activities. Using the malignant human
reast carcinoma cell line MT-1 [23], maintained in a monolayer
ulture on tissue culture plates, we examined the effect of the
. lucidum products described above on cancer cell adhesion.
he G. lucidum products were suspended in PBS (20 mg/ml)
nd incubated at 100 ◦C for 60 min. The preparations were then

dded to the cell cultures (50 �l/well, 1 mg/ml), followed by
ncubation at 37 ◦C for 12 h. Addition of PBS alone served as a
ontrol. The effect of different G. lucidum products on tumour

cidum; (B) intact spores of G. lucidum; (C–H) powdered fruiting body of G.
pitate of extract from the fruiting body of G. lucidum. (A and B) Obtained from
icrobiology. (C–L) Purchased from stores in the Greater Toronto Area.
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Fig. 2. The effect of different Ganoderma lucidum products on cell adhesion. Malignant human breast carcinoma cells (MT-1), maintained in a monolayer culture
on tissue culture plates in 1 ml medium containing 10% FBS, were used in our studies. A large number of G. lucidum products was obtained from the market in
Toronto. These products were imported from China (Mainland and Hong Kong), Japan, the United States, Canada, and New Zealand. The G. lucidum products
were suspended in PBS (20 mg/ml), followed by incubation at 100 ◦C for 60 min. G. lucidum products of equal concentration were added to carcinoma cell cultures
(0.5 mg/ml), followed by incubation at 37 ◦C for 12 h. Unattached cells were removed and the plates were washed. The attached cells were fixed and stained with
Coomassie blue for microscopic examination and cell counting. Each bar represents one commercial product. Buffer vehicle alone served as a control (ctrl). (1)
Polysaccharides isolated from fruiting body cultivated on logs of wood; (2) Lucid Ganoderma from M&A Pharmaceutical Factory Co. Ltd., Japan; (3) Wild-Lingzhi
from Well Herbs Nutrition Ltd., Fendalton Christchurch, New Zealand; (4) Arashi Kuni Dual-Breakage Ganoderma Spores from Natural Corporation Ltd., Hong
Kong; (5) The Original Premium Lingzhi from PuraPharm International Ltd., Hong Kong; (6) Vita Green Lingzhi from Vita Green Pharmaceutical Ltd., Hong Kong;
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7) Mikei Reishi from Nikkei Co., Sawa-Gun, Gumma-Ken, Japan; (8) Japan G
aster from Care & Health Ltd., Hong Kong; (10) Extra Strength Lingzhi Crak

ell adhesion was examined. Our experiments indicated that
nce treated with G. lucidum products, the tumour cells exhib-
ted a decrease in cell adhesion (Fig. 2). However, this decrease
as variable, and the best results were obtained by using the

poroderm-broken spores of G. lucidum.
It should be noted that since the G. lucidum products inhibit

umour cell proliferation and induce tumour cell death, these
ffects were also observed in our results. However, we also
bserved that the decrease in cell proliferation and increase in
ell death were later events, and that the effect of the G. lucidum
roducts on cell adhesion was an early event. As such, we were
ble to obtain good results of reduced cell adhesion within 12 h,
ut it was appropriate to examine cell growth and cell death after
4 h of treatment.
.2. Effect of G. lucidum spores on cancer cell adhesion

The results we obtained using sporoderm-broken spores and
ntact spores of G. lucidum were consistent with published

l
i
s
b

erma Lucidum Powder from Tokyo Herb Co. Ltd., Tokyo, Japan; (9) Lingzhi
ores from Eu Yan Sang Ltd., Hong Kong.

apers. It has been known that the spores of G. lucidum work
etter in disease treatments than the fruiting body does [24],
hile the sporoderm-broken spores have higher bioactivities

han the whole spores [9]. The bioactive substances in the
pores are not well utilized in vivo when the sporoderm is not
roken. The whole spores have been found in the dejecta of ani-
als and humans who took the whole spores during treatments

9].
We therefore examined the effect of the sporoderm-broken

pores of G. lucidum on cancer cell adhesion. The sporoderm-
roken spores were generated using either a physical method
r by enzymatic digestion. The latter allows slow digestion of
he spores, resulting in the release of bioactive components.

alignant human breast carcinoma cells were maintained as
onolayer cultures on tissue culture plates as above. Intact G.
ucidum spores and sporoderm-broken spores were suspended
n PBS (20 mg/ml), then incubated at 100 ◦C for 60 min. The
amples were added to the cell cultures (0.5 mg/ml), which had
een seeded on plates for 30 min, followed by incubation at
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Fig. 3. The effect of sporoderm-broken spores generated by different methods on cell adhesion. Cell adhesion is an important step in the initiation of tumour
formation. We tested the effects of different preparations of G. lucidum spores on cancer cell adhesion. Malignant human breast carcinoma cells were incubated
with G. lucidum spores and sporoderm-broken spores suspended in PBS (0.5 mg/ml) at 37 ◦C for 12 h. Unattached cells were removed and the plates were washed.
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he attached cells were fixed and stained with Coomassie blue for microscopic
nhibited cancer cell adhesion, and the inhibitory effects were: sporoderm-brok
pores > buffer control.

7 ◦C for 12 h. Unattached cells were removed and the plates
ere washed. The attached cells were fixed and stained with
oomassie blue for microscopic examination and cell count-

ng. Our experiments indicated the inhibitory effects on can-
er cell adhesion were sporoderm-broken spores (enzymatic
ethod) > sporoderm-broken spores (physical method) = intact

pores > buffer control (Fig. 3A), which was statistically signif-
cant (Fig. 3B). Our study suggests that breaking the sporoderm
f G. lucidum spores is essential to improve the bioactivity of
he G. lucidum products. Furthermore, the method used to break
he sporoderm are also important. Enzymatic treatment allows
he sporoderm to be digested and the bioactive components to
e released. However, it should be pointed out that extensive
igestion would cleave the bioactive components, which should
e avoided.

.3. Interaction of polysaccharide with tumour cells

The major bioactive components in G. lucidum are polysac-
harides, ganoderic acid, and adenosine, of which the polysac-
harides are the major source of its biological activity and thera-
eutic use [25–28]. We tested whether the polysaccharides could
ffect tumour cell adhesion. Polysaccharides were prepared from
ifferent sources, including the fruiting body grown in wood
ogs, mycelia, and wild-type fruiting body obtained from the

ountains in South China. Human malignant breast carcinoma
ells were grown as monolayer cultures, to which polysaccha-
ides of G. lucidum were added at a final concentration of
.5 mg/ml, followed by incubation at 37 ◦C for 12 h. Unattached

ells were removed and the plates were washed. The attached
ells were fixed and stained with Coomassie blue for micro-
copic examination and cell counting. The experiments indicated
hat the polysaccharides inhibited cancer cell adhesion, and the

i
i
t
i

ination (A) and cell counting (B). Our experiments indicated that G. lucidum
res (enzymatic method) > sporoderm-broken spores (physical method) = intact

nhibitory effects were wood log(1) > mycelium (2) > wild type
3) > buffer control (Fig. 4A), all of which were of statistical
ignificance (Fig. 4B). The inhibitory effect of polysaccha-
ides (from fruiting bodies grown in logs of wood) on cancer
ell adhesion was concentration-dependent (Fig. 4C). Although
he polysaccharides were analyzed by gel electrophoresis and
oomassie blue staining, and no protein contamination was
etected, we could not exclude the possibility of contamination
y small molecules. To avoid this, we have purified the polysac-
harides by repeating ethanol purification six times and tested
he activity of the purified polysaccharides in the reduction of
ell adhesion.

Human leukemia cells (Jurkat) were inoculated on tissue
ulture plates, which had been coated with different extracel-
ular matrix molecules including type I collagen, hyaluronan,
bronectin, and laminin. Coating with bovine serum albumin
erved as a control. G. lucidum has been reported to inhibit can-
er cell adhesion to some of these matrix molecules [2]. The
urified polysaccharides were dissolved in PBS and added to
he cultures at a final concentration of 0.4 mg/ml, followed by
ncubation at 37 ◦C for 12 h. The unattached cells were removed
he following day, and the plates were washed. The attached
ells were fixed for cell counting (Fig. 5A). Typical pictures of
ell attachment are shown (Fig. 5B). The experiments indicated
hat the polysaccharides inhibited adhesion of Jurkat cells to
hese matrix molecules. Our results are in agreement with previ-
us reports that G. lucidum reduces cancer cell adhesion to the
xtracellular matrix [2]. Previous work has also indicated that
. lucidum also suppresses tumour cell motility [3], which is an
mportant characteristic of tumour invasion. Since cell adhesion
s essential for a migrating cell to survive in a new environment,
he role of G. lucidum in reduceing cell adhesion and motility
mply that G. lucidum can inhibit tumour invasion.
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To investigate how the polysaccharides of G. lucidum affected
umour cell adhesion, we tested whether the polysaccharides
ould bind to the cell surface. The polysaccharides of G. lucidum
ere dissolved in PBS at a concentration of 20 mg/ml. The solu-

ion was then used to coat Petri dishes at 37 ◦C for 2 h. Controls
ere bovine serum albumin (BSA) dissolved in PBS (20 mg/ml),
r PBS alone. The rationale for using Petri dishes was that the
ancer cells used do not attach very well to the plates. If the
ells bound to the polysaccharides, we would be able to detect
ell attachment after incubation. After removing the coating
olution, human breast carcinoma cells were inoculated onto

◦
he plates, then incubated at 37 C for 30 min. Unattached cells
ere removed and the plates were washed with PBS. Cell attach-
ent was examined under a light microscope and photographed.
he attached cells were also harvested and the cell number was

f
s
i
c

ig. 4. The effect of polysaccharides from different sources on tumour cell adhesio
ulture, to which polysaccharides of G. lucidum obtained from different sources wer
or 12 h. Unattached cells were removed and the plates were washed. The attached c
A) and cell counting (B). The experiments indicated that the polysaccharides inhibi
1) > mycelium (2) > wild type (3) > buffer control (n = 3, **p < 0.01). The inhibitory e
al Technology 40 (2006) 32–41 37

ounted. A large number of cells attached to the polysaccharide-
oated plates (Fig. 6A), which was statistically significant as
ompared to plates coated with BSA and PBS alone (Fig. 6B).
ur experiments indicated that that the breast cancer cells inter-

cted with the polysaccharides of G. lucidum. Isolation of the
ell surface binding proteins is underway.

.4. Effect of polysaccharide of G. lucidum on β1-integrin
xpression

Cell adhesion is an important step in the initiation of tumour

ormation. It is associated with tumour cell invasion and metasta-
is. Researchers have also demonstrated that G. lucidum strongly
nhibits the migration of breast cancer cells and prostate can-
er cells, suggesting its potency to reduce tumour invasiveness

n. Malignant human breast carcinoma cells were maintained in a monolayer
e added at a final concentration of 0.5 mg/ml, followed by incubation at 37 ◦C
ells were fixed and stained with Coomassie blue for microscopic examination
ted cancer cell adhesion, and the inhibitory effects were as follows: wood log
ffect of polysaccharides (from wood log) was concentration-dependent (C).
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2,24]. Our results showing that G. lucidum affect cancer cell
dhesion therefore appear to be of physiological relevance. As
uch, we further investigated how G. lucidum polysaccharides
ight affect cancer cell adhesion. Since integrins are the major

ell surface adhesion molecules expressed by all cell types, we
xamined whether incubation with G. lucidum polysaccharides
educed integrin expression. Integrins are composed of � and �
ransmembrane subunits [29]. Each �� combination has its own
inding specificity and signaling properties. Incorporated with
arious � subunits, �1-integrin binds to diverse extracellular

olecules [30]. The fundamental cellular function of integrins

s adhesion, and they mediate extensive and important cellular
unctions by interacting with the extracellular matrix [31], a pro-
ess which activates signal transduction. It is well known that

w
w
c
d

ig. 5. The effect of polysaccharides on tumour cell adhesion to other matrix molec
0.2 mg/ml), hyaluronan (HA, 0.5 mg/ml), fibronectin (FN, 20 ng/ml), laminin (20 �g
oating solution was removed, followed by inoculation of 0.5 ml human leukemia cel
7 ◦C for 30 min. Polysaccharides, which were purified by repeatedly ethanol precipit
t a final concentration of 0.4 mg/ml, followed by incubation at 37 ◦C for 12 h. Unatt
xed. Cell numbers were counted (A). Typical pictures for cell attachment are shown
urkat cells.
al Technology 40 (2006) 32–41

1-integrin is expressed by all types of cells and associated with
ell adhesion [22,32–34]; we therefore analyzed �1-integrin
xpression after the cells were treated with G. lucidum polysac-
harides.

Malignant human breast carcinoma cells were incubated with
he polysaccharides of G. lucidum suspended in PBS (0.5 mg/ml)
t 37 ◦C for 24 h. The cells were lysed and equal amounts of
ell lysate were separated on SDS-PAGE, followed by Western
lotting probed with anti-�1-integrin monoclonal antibody. The
ame samples were also analyzed on Western blot and probed

ith anti-actin antibody to assess equal loading. Cells treated
ith the polysaccharide expressed a lower level of �1-integrin

ompared to the untreated cells (Fig. 7A). Little difference was
etected in actin expression between the cells treated with the

ules. Tissue culture plates (24-well) were coated with 80 �l of type I collagen
/ml), bovine serum albumin (BSA, 1% in PBS), and PBS at 4 ◦C overnight. The
ls (Jurkat) at a cell density of 5 × 105 cells/ml. The cultures were maintained at
ation for six times, were dissolved in PBS (20 mg/ml) and added to the cultures
ached cells were removed and the plates were washed. The attached cells were
(B). The experiments indicated that the polysaccharides inhibited adhesion of
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Fig. 6. The interaction of polysaccharides with tumour cells. The polysaccharides of G. lucidum dissolved in PBS (20 mg/ml) was used to coat Petri dishes at 37 ◦C
for 2 h. Controls were bovine serum albumin (BSA) dissolved in PBS (20 mg/ml) or PBS alone. After removing the coating agent, human breast carcinoma cells
were inoculated onto the plates, followed by incubation at 37 ◦C for 30 min. Unattached cells were removed and the plates were washed (A). The attached cells were
harvested, and the cell number was counted (B). A large number of cells attached to the polysaccharide-coated plates, suggesting that the cells interact with the
polysaccharides.

Fig. 7. The effect of the polysaccharides of G. lucidum on �1-integrin expression. Malignant human breast carcinoma cells were incubated with the polysaccharides
of G. lucidum suspended in PBS (0.5 mg/ml) at 37 ◦C for 2 days. The cells were lysed and equal amounts of cell lysate were separated through SDS-PAGE using a
7% SDS gel, followed by Western blot analysis probed with anti-�1-integrin monoclonal antibody (A). The same samples were also analyzed on Western blot and
probed with anti-actin antibody as a loading control (B). Cells treated with the polysaccharides expressed a lower level of �1-integrin compared to the untreated
cells. Little difference was detected in actin expression between the cells treated with the polysaccharides and those that were untreated.
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olysaccharides and the untreated cells (Fig. 7B). Thus, we
ave demonstrated that a cell adhesion molecule is found to
e involved in G. lucidum inhibition of cell adhesion. However,
he molecular mechanism is not clear. We do not know whether
. lucidum directly down regulated �1-integrin expression, or
hether G. lucidum reduced cell adhesion resulting in the reduc-

ion in �1-integrin expression. This awaits further investigation.
In summary, we have for the first time established a cell

odel to test the effect of G. lucidum on cell adhesion, and have
bserved that G. lucidum products reduced cancer cell adhe-
ion. Furthermore, we have shown that the polysaccharides of
. lucidum directly interacted with cells, possibly by binding to

ell surface proteins. Finally, we have demonstrated that cancer
ells incubated with the polysaccharides of G. lucidum exhibited
reduced level of �1-integrin expression. To determine whether

here is a link between polysaccharide binding to the cell sur-
ace and a decrease in �1-integrin expression requires further
nvestigation.

. Conclusion

We examined the role of G. lucidum in cancer cell adhesion
nd demonstrated that G. lucidum products reduced tumour cell
dhesion. The sporoderm-broken spores of G. lucidum produced
greater effect on cancer cell adhesion than intact G. lucidum

pores, and those generated by enzymatic method produced bet-
er results than the ones generated by enzymatic digestion. The
olysaccharides seemed to be the major component in reducing
umour cell adhesion, and those obtained from fruiting bodies
rown in wood logs produced the best result. The inhibitory
ffect of G. lucidum on cell adhesion is mediated through the
ntegrin pathway.
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