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Ganoderma lucidum polysaccharides eradicates the blocking
effect of fibrinogen on NK cytotoxicity against melanoma cells
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Abstract. Natural killer (NK) cell cytotoxicity is an effec-
tive defense against metastatic tumor cells or viruses in the
blood. However, NK cytotoxicity against tumor cells may be
inhibited by a fibrinogen coat adhered to the surface of tumor
cells. Ganoderma lucidum (G. lucidum) polysaccharides have
been reported for their inhibitory ability on the adhesion of
type I collagen, hyaluronan, fibronectin and laminin to integ-
rins that were highly expressed on melanoma cells, and were
therefore capable of enhancing NK cytotoxicity to tumor cells.
In this study, we investigated the effect of G. lucidum polysac-
charides on fibrinogen's adhesion to melanoma cells and NK
cytotoxicity to tumor cells. Melanoma cells B16 and A375
were cultured and analyzed using flow cytometry. Human
NK cells were isolated and analyzed using an NK cytotoxic
assay. The results showed that polysaccharides extracted from
G. lucidum inhibit the adhesion of fibrinogen to melanoma
cells, and reverse the blocking effect of the fibrin coat on NK
cytotoxicity against melanoma cells.

Introduction

It is well known that metastasis of tumor cells is the main
cause of mortality in patients with cancer, and this is a hot
topic for investigators. Metastasis is a multi-step and highly
regulated cascade process, in which tumor cells separate from
a primary foci, cross the wall of vessels, circulate through the
whole organism within the blood, and eventually form new
colonies at remote sites following adhesion to the endothe-
lium (1). The majority of tumor cells are killed by the immune
system during circulation in the vessels (2,3), and natural
killer cells (NK cells) are one of the main cellular immune
factors. The anti-metastasis function of NK cells has been
reported in various models of experimental and spontaneous
metastasis (4,5). In these reports, it is well accepted that
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direct contact between NK cells and tumor cells is crucial (6).
Therefore, the mechanism by which the surviving tumor cells
avoid lethal contact with NK cells is a key topic for anti-cancer
research. Various studies have demonstrated that a number of
blood coagulation factors facilitate the hematogenous metas-
tasis of tumor cells (7,8). These factors contribute to tumor
angiogenesis, stroma formation, growth or metastasis (9-11).
Of all the known effects of cancer progression, the protective
effect of fibrinogen to tumor cells has been well probed. A
mass of fibrinogen may adhere to tumor cells tightly, and coat
the tumor cells to form a protective shield, which inhibits the
effector-target interaction and subsequently blocks NK cyto-
toxicity against tumor cells (12,13).

Ganoderma lucidum (G. lucidum) has been widely used as
a traditional herb for disease treatment and health promotion,
particularly by cancer patients. G. lucidum polysaccharides
have been reported that may significantly promote the immune
parameters of patients with advanced cancer (14). In their study,
Sliva et al demonstrated that G. lucidum inhibits the migration
of various cancer cells (15,16). The antitumor activities of the
polysaccharides appear to be due to different mechanisms,
such as inhibition of adhesion of tumor cells to type I collagen,
hyaluronan, fibronectin and laminin, promotion of the
expression of cytokines, promotion of tumor cells to induce
lymphocyte proliferation and suppression of tumor-induced
angiogenesis (17-20). This study was designed to observe
the effect of G. lucidum polysaccharides on the adhesion of
fibrinogen to melanoma cells and NK cytotoxicity to tumor
cells. We found that fibrinogen is capable of adhering to the
melanoma cells B16 and A375, and that a,f3, and a,f3; integrin
are essential for adhesion. Coated fibrin may protect melanoma
cells from NK cytotoxicity, and G. lucidum polysaccharides
are capable of eliminating the adhesion of fibrinogen to tumor
cells, and then eradicating the blocking effect of fibrinogen on
NK cytotoxicity against melanoma cells and decreasing the
lung metastasis of melanoma cells in mice.

Materials and methods

Reagents. Fibrinogen conjugated with Alexa Fluor 488 and
IMDM culture medium was purchased from Invitrogen (OR,
USA), and fibrinogen was purchased from Sigma-Aldrich
(St. Louis, MO, USA). Blocking antibodies of mouse f3,
(Biolegend, CA, USA, HMbl-1) and mouse {3, integrins (Santa
Cruz Biotechnology, Santa Cruz, CA, USA, 2C9.G2), human
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asp, (Chemicon, Millipore, Billerica, MA, USA, HAS) and
human o,f3; integrins (Santa Cruz Biotechnology, HM2034)
were prepared according to the manufacturer's instructions.
G. lucidum polysaccharides were purchased from Johnsun
Mushroom (Hangzhou, China), and dissolved in phosphate-
buffered saline (PBS).

Cells and animals. Melanoma cells B16 and A375 were
obtained from the Shanghai Cell Bank (Chinese Academy
of Science, Shanghai, China). Cells were cultured in IMDM
medium and 10% fetal bovine serum (FBS) was added in a
humidified cell incubator (37°C, 5% CO,). These cells were
harvested with trypsin and EDTA. Subsequently, PBS-washed
cells were suspended in culture medium for further use. Six- to
eight-week-old C57BI1/6J healthy male mice (specific pathogen
free) were obtained from the Jilin University Animal Center
(Changchun, China). All of the protocols applied in the animal
experiments were approved by the Animal Care and Use
Committee of Northeast Dianli University (Jilin, China).

Flow cytometric assay. Melanoma cells were harvested
and resuspended in IMDM. For the adhesion assay, Alexa
Fluor 488 conjugated fibrinogen (green fluorescence) was used.
Each aliquot (0.1 ml) of tumor cells was mixed with fibrinogen
(1 mg/ml) and incubated at 37°C for 30 min. After washing
twice, cells were suspended in 0.5 ml of PBS for further anal-
ysis by a flow cytometer (FACScan, Beckman-Coulter, Miami,
FL, USA).

Preparation of NK cells. Human NK cells were isolated from
human peripheral blood mononuclear cells (PBMCs) with a
negative magnetic bead NK cell isolation kit (Miltenyi Biotec,
Bergisch Gladbach, Germany). In brief, B cells, T cells, stem
cells, monocytes, dendritic cells, granulocytes and erythroid
cells were labeled by a cocktail of magnetically biotin-conju-
gated antibodies. Highly pure NK cells were separated by
depletion of magnetically labeled cells in the MicroBead.
Mouse NK cells were separated from spleen cells with a
similar kit (Miltenyi Biotec).

NK cytotoxic assay. An NK cytotoxic assay was performed
in the presence or absence of fibrinogen. In brief, Na’'CrO,
pre-labeled tumor cells in 0.05 ml (1x10%) culture medium
were pre-incubated with 0.05 ml of various concentrations of
fibrinogen in the presence (0.1 mg/ml) or absence of G. lucidum
polysaccharides for 30 min at 37°C. Subsequently, 100:1 of
NK cells (0.05 ml) were added. Following 4 h of co-incubation
at 37°C, cell culture plates were centrifuged at 1500 rpm for
10 min, and supernatants (0.05 ml) were collected for the
radioactivity measurement. The cytotoxicity was measured
using the formula % = (A - B)/(C - B) x 100, where A is radio-
activity in the test well, B is spontaneous radioactivity from
the well target cells without effect cells, and C is the total
target released radioactivity.

Statistical analysis. Data were presented as the mean + SD. The
significance of differences between the means was calculated
by the analysis of variance. When the difference of the means
was shown to be significant, multiple comparisons by pairs
were calculated by the T-test. Probability values of P<0.001,
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Figure 1. Fibrinogen binds to melanoma cells in an integrin-dependent
manner. A total of 0.1 ml of 2x10° B16 or A375 cells co-incubated with the
same volume of 2 mg/ml fibrinogen conjugated with Alexa Fluor488. Function
blocking antibodies of a,3; and asf3, integrins were added separately (0,35 and
asp,) or together (Ab). The average fluorescent intensity was compared with
the assays to which PBS had been added (control).

P<0.01 or P<0.05 were considered to indicate a statistically
significant difference.

Results

Fibrinogen binds to A375 and B16 cells in a a.f; and asB,
integrin-dependent manner. Fibrinogen is known to adhere
to a,fB; and a,f, integrins on the surface of tumor cells. To
confirm the adhesion of fibrinogen to the tumor cells we used,
fibrinogen conjugated with Alexa Fluor 488 was incubated
with B16 or A375 cells at 37°C for 30 min with or without
sufficient blocking antibodies. The results showed that fibrin-
ogen strongly bound to the A375 (~94%) and B16 (~98%) cell
surface. Both a,f; and osf3, integrins bind to fibrinogen. In
A375 and B16 cells, total eradication of the adhesion appeared
when the functions of the two integrins were blocked (Fig. 1).
Our results revealed that these two types of integrins mediated
the adhesion of melanoma cells to fibrinogen.

Fibrinogen protects tumor cells from NK cytotoxicity.
Fibrinogen may be coated on tumor cells and may protect
these cells from NK cytotoxicity. Moreover, the adhesion of
fibrinogen to tumor cells is essential. Melanoma cells strongly
adhere to fibrinogen (Fig. 1). Therefore, we examined the
ability of fibrinogen to protect melanoma cells from NK cyto-
toxicity. The results revealed that fibrinogen was capable of
protecting tumor cells from NK cytotoxicity in a concentration-
dependent manner (Fig. 2).

G. lucidum polysaccharides block the adhesion of fibrinogen
to melanoma cells. To observe the effects of G. lucidum poly-
saccharides, we added them into the flow cytometric adhesion
system. The results revealed that G. lucidum polysaccharides
inhibited adhesion to the level of the blocking antibodies, and
the combination of G. lucidum polysaccharides and antibodies
(GLP+ADb) had no further blocking effect (Fig. 3). The results
suggest that G. lucidum polysaccharides eradicate melanoma
cell-fibrinogen adhesion by blocking o35 and a.f3, integrins.
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Figure 2. Fibrinogen blocks the NK cytotoxicity against melanoma cells. A
total of 0.05 ml of 1x10* *'Cr-labeled B16 or A375 cells were co-cultured
with various densities of fibrinogen for 30 min. Cells were then co-incubated
with 0.05 ml of 1x10° NK cells for 4 h to check the effect of fibrinogen on
NK cytotoxicity.
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Figure 3. G. lucidum polysaccharides block the adhesion of fibrinogen to
melanoma cells. G. lucidum polysaccharides (GLP) or antibodies (Ab, a
combination of antibodies to a,f3; and asf, integrins) of integrins were added
into the flow cytometric system prior to the addition of fluorescent fibrinogen,
separately or together (GLP+Ab).

G. lucidum polysaccharides eradicates the blocking effect
of fibrinogen on NK cytotoxicity against melanoma cells.
Fibrinogen coats are capable of blocking NK cytotoxicity
against melanoma cells, and fibrinogen adhesion mediated by
o,p; and osf; integrins are eliminated by G. lucidum polysac-
charides. Therefore, we examined the effect of G. lucidum
polysaccharides on NK cytotoxicity affected by fibrinogen. The
results showed that G. lucidum polysaccharides (FBG+GLP)
reduced the blocking effect to almost the level of the control
(Fig. 4). The results were also similar to the samples with
antibodies added (FBG+Ab), and a combination of G. lucidum
polysaccharides and antibodies (FBG+Ab+GLP) revealed no
further improvement. Our results suggested that G. lucidum
polysaccharides are able to eliminate the blocking effect of
fibrinogen on NK cytotoxicity to melanoma cells.

G. lucidum polysaccharides decrease the lung metastasis
of melanoma cells in mice. NK cytotoxicity is an important
immune defense for tumor metastasis, which may be blocked
by fibrinogen, and G. lucidum polysaccharides may eliminate
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Figure 4. G. lucidum polysaccharides block the adhesion of fibrinogen to
melanoma cells. G. lucidum polysaccharides (FBG+GLP) or antibodies
(FBG+Ab) of integrins were added into the wells containing radio-labeled
melanoma cells, separately or together (FBG+GLP+Ab). All of the wells,
with the exception of the control (control) had fibrinogen added 30 min prior
to injection of NK cells.
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Figure 5. G. lucidum polysaccharides decrease the lung metastasis of
B16 cells. B16 cells were injected into mice through the lateral tail vein
following the injection of G. lucidum polysaccharides (GLP), antibodies (Ab)
or both (GLP+AD). Visible melanoma foci on the surface of murine lungs
were counted 20 days following injection.

the blocking effect of fibrinogen on NK cytotoxicity against
tumor cells. To detect the effect of G. lucidum polysaccharides
on the metastasis of melanoma cells in a mouse model, we
injected G. lucidum polysaccharides or function-blocking
antibodies 5 min prior to injection of B16 tumor cells through
the lateral tail vein. Our results, as shown in Fig. 5, shown
that G. lucidum polysaccharides (GLP) and antibodies
(Ab) decreased metastasis efficiently. The inhibitive rate of
G. lucidum polysaccharides and antibodies was almost iden-
tical, and the combination of G. lucidum polysaccharides and
antibodies (GLP+Ab) provided no further inhibition.

Discussion

It has been reported that G. lucidum polysaccharides is capable
of eliminating the adhesion of tumor cells to various matrix
proteins, including collagen, hyaluronan, fibronectin and
laminin, and subsequently affecting the physiological pheno-
menon invoked by these proteins. Blood is rich in fibrinogen,
and fibrinogen is capable of strongly blocking NK cytotoxicity.
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Although investigators have reported that G. lucidum polysac-
charides improve the NK cell profile or cytokine secretion,
the effects of G. lucidum polysaccharides on NK cytotoxicity
blocked by fibrinogen have not previously been reported. In
this study, we found that G. lucidum polysaccharides eliminate
melanoma cell-fibrinogen adhesion mediated by o5 and a,f3,
integrins, and eradicate the blocking effect of fibrinogen on
NK cytotoxicity against melanoma cells. We suggest that it
is a new area of study of anti-cancer activity of G. lucidum
polysaccharide.
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