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 Ganoderma sinensis has been used widely in Oriental countries for the prevention and treatment of various
diseases including cancer. Previous studies have shown that the lipid extract from Ganoderma exhibits direct
cytotoxicity against tumor cells. Here, it is reported that the lipid extract from germinating G. sinensis spores,
at lower concentrations that have no direct tumoricidal activity, induce potent antitumor immune responses in
human monocytes/macrophages. Upon stimulation with the lipid extract, monocytes/macrophages exhibited
markedly increased production of proinflammatory cytokines and surface expression of costimulatory molecules.
Conditioned medium from stimulated cells effectively suppressed the growth of tumor cells. Apparently, the
lipid extract triggered macrophage activation via a mechanism different from that associated with LPS. Moreover,
it was observed that the lipid extract could partially re-establish the antitumor activity of the immunosuppressive
tumor-associated macrophages. These results indicated that in addition to its direct tumoricidal activity, the
lipid extract from G. sinensis spores could exert antitumor activity by stimulating the activation of human
monocytes/macrophages. Copyright © 2008 John Wiley & Sons, Ltd.
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INTRODUCTION

There is growing public interest in the use of comple-
mentary and alternative medicines for cancer preven-
tion and treatment (Fugh-Berman, 2000; Cohen et al.,
2002). The medicinal mushroom Ganoderma sinensis
has been used widely and praised in China and other
Oriental countries, as herbal medicines to treat diverse
ailments and chronic diseases (Lin, 2001). Ganoderma
fruiting body has been utilized as traditional medicine
for several thousand years, but its spore was consumed
as health foods and herbal medicines only in the late
20th century (Liu et al., 2002; Chan et al., 2005). The
evidence from both experimental and clinical studies
indicates that Ganoderma and its spore extracts can
enhance the activities of immune cells and inhibit the
growth of tumors. Among the numerous bioactive com-

ponents identified from G. sinensis, polysaccharide and
triterpenoid-enriched lipid are two major categories of
active constituents (Lin, 2001).

The active constituents responsible for the antitumor
and immunomodulating activities have been qualita-
tively described. In general, the polysaccharides from
Ganoderma have potent immunomodulating effects by
increasing the activities of lymphocytes, neutrophils and
macrophages (Mϕ), and thus elicit antitumor immune
responses (Wang et al., 1997; Lin et al., 2005; Hsu et al.,
2004). In contrast, the lipid extract could exert direct
cytotoxicity against tumor cells by inducing cell cycle
arrest and apoptosis, and has a stronger growth inhibi-
tion effect than the water extract (Wu et al., 2001;
Tang et al., 2006). At present, no information is avail-
able about the immunomodulating effects of the lipid
extract from Ganoderma spores on human immune cells.

Macrophages are essential components of host defense
against tumors and infection, and act as both antigen
presenting cells (APC) and effector cells. They are pro-
minent in virtually all types of solid tumors. Macrophages
in normal tissues exhibit spontaneous antitumor activity,
whereas tumor-associated macrophages (TAM) exhibit
a distinct phenotype that suppress antitumor immunity
and promote tumor progression (Lewis and Pollard,
2006; Cheng et al., 2007). Those findings agree with
clinical studies showing that a high density of TAM is
associated with a poor prognosis in most solid tumors
(Budhu et al., 2006). Although the precise underlying
mechanisms are not yet clear, it is generally assumed
that tumor-derived factors ‘educate’ the newly recruited
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monocytes to take on an immunosuppressive phenotype
and perform a protumor role (Kuang et al., 2007). Inter-
estingly, their antitumor activity can be re-established
by local delivery of IL-12, and in that case a high
density of TAM is correlated with a marked reduction
in tumor growth (Watkins et al., 2007). Such opposing
effects of macrophages on tumor progression indicate
that selective modulation of macrophage activity may
serve as a novel strategy for cancer therapy.

In the present study, human monocytes/macrophages
were used as a model system to investigate if and
how the lipid extract from G. sinensis spores could
modulate the antitumor immune responses. These
results showed that the lipid extract, at lower concen-
trations that had no direct cytotoxicity against tumor
cells, could elicit potent activation of human macro-
phages via a mechanism distinct from LPS stimulation.
Moreover, evidence was provided that the lipid extract
could partially restore the antitumor activity of the
immunosuppressive TAM.

MATERIALS AND METHODS

Reagents. The antibodies and chemicals used and their
sources were as follows: ELISA kits for human TNF-α,
IL-10, IL-6 and IL-1β, phycoerythrin (PE)-conjugated
antibodies for human CD86 and HLA-DR, from
eBioscience (San Diego, CA); cell isolation and tissue
culture reagents, from Invitrogen (Grand Island, NY);
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide] stock, from Duchefa (Haarlem, The
Netherlands). All other reagents were obtained from
Sigma-Aldrich (St. Louis, MO) unless otherwise indi-
cated in the text.

Sample preparation and determination of total triterpenoid
content. The high-quality fruiting bodies and spores of
G. sinensis were collected from the log-cultivated
Ganoderma base in a 1000-m high-alpine forested area
in Fujian Province, southeastern China, which was estab-
lished by the Food Engineering Research Center of the
State Ministry of Education, Sun Yat-Sen University.
The dried powder of G. sinensis fruiting bodies was
incubated in hot water for 2 h. The solution was centri-
fuged, and the supernatant was concentrated and dried
to powder. This hot water extract was GL1. The lipid
was extracted from the completely sporoderm-broken
germinating G. sinensis spores by supercritical CO2 fluid
extraction as described previously (Hsu et al., 2001;
Liu et al., 2005, 2007). This lipid extract was GL6. Dress-
ings were prepared by dissolving phosphatidylcholine
(PC) (Central Soya Co., St. Louis, MO) in distilled water,
and the solution was pre-emulsified in a blender for
1 min. Then GL1 and GL6 were emulsified in a Micro-
fluidizer M-120E (Microfluidics Int. Corp, Newton, MA)
at 1200 kPa and 50–55 °C (Christiansen et al., 2004). The
particle dimensions of two samples were in the range
of 100–200 nm after emulsification. The yield of the
GL1 and GL6 was 7.7% (w/w). GL6 mainly consists of
more than 85% triglyceride, circa 2% ergosterol and
10% triterpenoid (Wang et al., 2004; Yuan et al., 2006;
Liu et al., 2007). The triglyceride in GL6 contains 18
fatty acids with the majority of C16:0, C16:1, C18:0,
C18:1 and C18:2 (Liu et al., 2007), and ergosterol

includes free ergosterol and ergosterol esters (Yuan
et al., 2006). Total triterpenoid content in GL6 was
determined by measuring the absorbance at 548.1 nm
using thin-layer chromatography-spectrophotometry and
with ursolic acid as the standard (Wang et al., 2004).
The result showed that the total triterpenoid content
was 10.28%.

Tumor cell lines and preparation of tumor culture
supernatant (TSN). Human myeloid leukemia (U937)
and hepatoma (HepG2) cell lines were obtained from
the American Type Culture Collection. All cells were
tested for mycoplasma contamination using single-
step PCR method (Uphoff and Drexler, 2002), and
grown in complete medium composed of RPMI
1640 (or DMEM) supplemented with 10% FCS. TSN
was prepared by plating 5 × 106 tumor cells in 10 mL
of complete medium in 100-mm dishes for 24 h, and
thereafter changing the medium to complete DMEM
medium supplemented with 10% human AB serum
instead of FCS (Kuang et al., 2007). After 2–3 days,
the supernatant was harvested, centrifuged and stored
in aliquots at −80 °C.

Generation of human monocytes, Mϕϕϕϕϕ and tumor-
associated Mϕϕϕϕϕ (TAM). Human monocytes and
macrophages were prepared from peripheral blood
mononuclear cells (PBMC) as described previously
(Zheng et al., 2004). The cells in DMEM alone were
plated at 4 × 106/well in 24-well plates for 1.5 h, washed
and then cultured in DMEM containing 10% human
AB serum for 16 h to remove residual lymphocytes.
Afterward, the monocytes in DMEM containing AB
serum were cultured in the presence of 20% TSN or
medium alone for 6–8 days to obtain TAM or macro-
phages, respectively (Kuang et al., 2007).

Treatment of human monocytes/Mϕϕϕϕϕ with GL6 or LPS.
Human monocytes/macrophages were incubated in the
medium alone, GL6 or LPS for the indicated time
periods. Where indicated, the cells were preincubated
with 10 μg/mL polymyxin B for 30 min before stimula-
tion. The culture supernatants (conditioned medium,
CM) were centrifuged to remove particulate debris and
stored in aliquots at −80 °C. The cells were collected
for flow cytometric analysis of CD86 and HLA-DR
surface expression.

Flow cytometric analysis. Cells were stained with PE-
conjugated antibodies against CD86 or HLA-DR and
then analysed by flow cytometry (FACS VantageSE,
BD Immunocytometry Systems, Mountain View, CA)
using CellQuest software.

Apoptosis of tumor cells was quantified by flow
cytometry using fluorescein isothiocyanate (FITC)-
conjugated annexin V (R&D Systems, Abingdon, UK)
according to the instructions provided by the manu-
facturer. To discriminate between early apoptosis and
necrosis, the cells were simultaneously stained with
annexin V and PI before analysis. The binding of
annexin V-FITC and PI to the cells was measured by
flow cytometry as described (Zheng et al., 2004).

ELISA. Cytokine concentrations were determined by
ELISA kits according to the instructions provided by
the manufacturer.
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Cell proliferation assay. Tumor cells (U937 or HepG2
cells) were seeded at 2 × 104 cells/well in 96-well plates,
and then cultured with conditioned medium, GLs, or
medium alone for the indicated times. The growth
inhibition on tumor cells was determined by MTT
assay. The inhibitory rate was calculated according to
the following formula: inhibition (%) = (1 − absorbance
of experimental group/absorbance of control group) ×
100%.

Statistical analysis. The data were expressed as mean
± SEM. Statistical significance was determined by
Student’s t-test. A value of p < 0.05 was considered
statistically significant.

RESULTS

Lipid extract (GL6) from G. sinensis spores directly
suppressed the proliferation of tumor cells

In initial experiments, leukemic U937 and hepatoma
HepG2 cells were used to examine the growth inhibi-
tory activities of the lipid extract (GL6) from G. sinensis
spores and the hot-water extract (GL1) from fruiting
bodies of G. sinensis. Cells were exposed to incremental
concentrations (0–3 mg/mL) of GL6 and GL1 for 24 h
and the growth of cells was determined by MTT assay.
The results showed that GL6 effectively inhibited the
proliferation of tumor cells in a dose- and time-dependent
manner (Fig. 1). The growth inhibitory effects of GL6
were similar for both cell lines, reaching over 80%
inhibition at a concentration of 0.3 mg/mL (Fig. 1A).
Flow cytometry using FITC-conjugated annexin V
revealed that exposure to GL6 triggered rapid apop-
tosis of U937 cells, which was positively correlated with
exposure time (Fig. 1B). Morphological examination
of GL6-treated U937 or HepG2 cells showed typical

apoptotic changes in these cells, including decreased cell
volume and chromatin condensation (data not shown).

Low concentrations of GL6 elicited potent antitumor
immune responses in human monocytes

The antitumor effect of polysaccharides could be
mediated by cytokines released from activated immune
cells (Wang et al., 1997). To find out whether the same
is true for the lipid extract from G. sinensis spores, the
effect of GL6 on the activation of human monocytes
was studied. The results showed that exposure of
monocytes to GL6 elicited a dose-dependent cell acti-
vation that included a markedly increased production
of IL-1β, IL-6 and TNF-α as well as upregulated surface
expression of CD86 and HLA-DR. A relatively low
concentration (10–30 μg/mL) of GL6 was sufficient to
trigger the cell activation (Fig. 2A, 2B). Similarly, ex-
posure of macrophages to GL6 also elicited a dose-
and time-dependent cell activation. It was rapid, with
the production of TNF-α by macrophages reaching a
maximum within 8 h (data not shown).

The cytokines released by stimulated monocytes, such
as TNF-α, may possess a cytotoxic effect against tumor
cells (Urban et al., 1986; Li et al., 2005). To test this
possibility, human monocytes were stimulated with vari-
ous concentrations of GL6 for 3 days and the culture
supernatants (conditioned medium, CM) were collected.
As shown in Fig. 2C, GL6-mo-CM from GL6-stimulated
monocytes effectively inhibited the proliferation of U937
cells in a dose-dependent fashion. In contrast, GL6 alone
(100 μg/mL) or mo-CM from unstimulated monocytes
had no suppressive effects on the growth of U937
cells. These results indicated that the lipid extract from
germinating G. sinensis spores, at lower concentrations
that had no direct cytotoxic effects on tumor cells, could
induce potent antitumor immune responses in human
monocytes.

Figure 1. Effects of GL1 and GL6 on the proliferation (A) and apoptosis (B) of tumor cells. (A) U937 or HepG2 cells were cultured with
GL1 or GL6 for 24 h. Cell viability was determined by MTT assay. The data represent the mean ± SEM of six experiments. (B) U937
cells were cultured in the medium alone (Med) or with 0.3 mg/mL GL6 for 1 ~ 24 h. Apoptosis was quantified by flow cytometric
analysis of binding of annexin V-FITC and PI to cells. The relative distribution of cells manifesting early (annexin+PI−) and late
(annexin+PI+) apoptosis is illustrated (percentage); for clarity, the fluorescence profiles of 25% of the analysed events are shown.
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Figure 2. Lower doses of GL6 elicited antitumor immune responses in human monocytes. (A and B) Monocytes were cultured with
medium alone, emulsion or GL6 for 24 h. Production of cytokines and expression of surface markers were determined by ELISA and
flow cytometry, respectively. The histograms in B are representative of three experiments, and the mean fluorescence intensities
(MFI) for GL6-treated cells are shown in boldface. (C) U937 cells were cultured for 3 days in medium alone, 100 μg/mL GL6 or with
50% conditioned medium from various concentrations of GL6-stimulated monocytes (GL6-mo-CM). Cell viability was determined by
MTT assay. The data represent the mean ± SEM of four experiments. * p < 0.05, ** p < 0.01.

Figure 3. GL6 was different from LPS in triggering macrophage (Mϕ) activation. (A) Mϕ were preincubated with or without 10 μg/mL
polymyxin B (PB) for 30 min, and then stimulated with 100 μg/mL GL6 or 10 ng/mL LPS for 24 h. TNF-α concentration was measured
by ELISA. (B and C) Mϕ were pre-exposed to 30 μg/mL GL6, 10 ng/mL LPS or medium alone for 24 h (B) or the indicated periods of
time (C). Thereafter, the cells were washed twice and re-stimulated with GL6 or LPS for 24 h. Expression of CD86 and production of
TNF-α and IL-10 were measured by flow cytometry and ELISA, respectively. The data represent the mean ± SEM of four experiments.
* p < 0.05, ** p < 0.01.

GL6 was different from LPS in triggering
macrophage activation

To rule out the possible LPS contamination in the pre-
paration of GL6, a series of experiments was conducted,
which showed different results between GL6 and LPS
regarding their effects on macrophage activation. As
shown in Fig. 3A, GL6 stimulated TNF-α production
was inhibited by approximately 40% by the addition
of polymyxin B, whereas in parallel experiments the
activity of LPS was completely blocked by polymyxin

B, implying different signaling pathways responsible for
GL6 and LPS.

It is known that LPS can induce rapid tolerance
in macrophages, or the down-regulation of endotoxin-
driven cell responses following a first exposure to LPS
(Medvedev et al., 2000). Therefore, macrophages were
incubated with GL6 or LPS for 24 h, washed and
re-stimulated with GL6 or LPS for another 24 h. Pre-
exposure to LPS rendered macrophages refractory to
subsequent LPS stimulation. In contrast, macrophages
that had been pretreated with GL6 not only retained
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DISCUSSION

There appears to be exceptional and growing public
enthusiasm for herbal medicines, especially amongst
patients with cancer and chronic infections. This has
recently begun to be matched by increasing scientific
attention (Fugh-Berman, 2000; Cohen et al., 2002). The
present study showed that in addition to the direct
cytotoxic effect on tumor cells, the lipid extract from
germinating G. sinensis spores induced potent antitumor
immune responses in human monocytes and macro-
phages. Apparently, this lipid extract activated macro-
phages via a mechanism different from that associated
with LPS. Moreover, evidence is provided that the lipid
extract could partially restore the antitumor activity of
the immunosuppressive TAM.

Although previous studies in animal models have
shown that the lipid constituents of G. lucidum are able
to suppress tumor growth in vivo (Liu et al., 2002),
the underlying mechanisms have not been elucidated
clearly. It has been suggested that the antitumor effect
of the lipids might be mediated by its direct cytotoxicity
against tumor cells. In agreement with previous reports
(Wu et al., 2001; Tang et al., 2006), it is noted that the
lipid extract can inhibit the proliferation and trigger
the apoptosis of tumor cells. However, the lipid
extract, at relatively lower concentrations that have
no direct tumoricidal activity, stimulates human mono-
cytes to release significant amounts of pro-inflammatory
cytokines, including TNF-α, IL-10 and IL-6, and up-
regulate their surface expression of molecules associ-
ated with antigen presentation (CD86 and HLA-DR).
In addition, the conditioned medium from the lipid-
stimulated monocytes effectively suppress the tumor
cell growth. Therefore, the lipid extract can exert their
antitumor activity by regulating the activation of
human monocytes.

The macrophage-stimulating effect of the lipid extract
is not due to LPS contamination. This conclusion is
based on the following observations: (1) Treatment with
polymyxin B completely abolished the LPS-mediated
macrophage activation, but had less pronouncedly
inhibitory effect on the GL6-stimulated cell responses.
(2) Pre-exposure of macrophages to LPS induced rapid
tolerance to subsequent LPS stimulation. In contrast,
macrophages that had been pretreated with GL6
retained their capacity to respond to the secondary GL6
stimulation. (3) Pre-exposure to GL6 could significantly
attenuate the IL-10 production but enhance TNF-α
production and CD86 expression in LPS-stimulated
macrophages. These results clearly indicate that the lipid
extract from G. sinensis spores is different from LPS in
triggering macrophage activation.

Unlike the macrophages in normal or inflamed
tissues that exhibit the spontaneous antitumor activity,
TAM display a distinct immunosuppressive phenotype
with poor antigen presenting capacity (Lewis and
Pollard, 2006; Cheng et al., 2007; Budhu et al., 2006;
Biswas et al., 2006; Kuang et al., 2007). It was shown
recently that exposure to tumor culture supernatants
compel monocytes to develop into immunosuppressive
macrophages. These macrophages released significant
amounts of IL-10, but not TNF-α and IL-12, and became
refractory to further LPS or IFN-γ stimulation (Kuang
et al., 2007). By using this model, it was found that the

Figure 4. GL6 could partially restore the capacity of tumor-
associated macrophages (TAM) to produce TNF-α. Human
monocytes were cultured in medium alone or with 20% culture
supernatant from HepG2 for 6 days to obtain Mϕ or TAM. There-
after, the cells were left untreated or exposed to 30 μg/mL GL6
for 24 h, washed and stimulated with 10 ng/mL LPS or 30 μg/
mL GL6 for additional 24 h. Production of TNF-α (A) and IL-10
(B) were assayed by ELISA. Values represent the mean ± SEM
of six separate experiments. * p < 0.05, ** p < 0.01.

their capacity to respond to the secondary GL6 stimu-
lation, but also exhibited an augmented response to the
subsequent LPS challenge (Fig. 3B).

Kinetic experiments revealed that pretreatment
with GL6 for 8 h was sufficient to enhance the LPS-
stimulated macrophage activation, characterized by the
increased TNF-α production and CD86 expression with
reduced IL-10 secretion (Fig. 3C). These results clearly
indicated that GL6 triggered macrophage activation via
a mechanism different from that associated with LPS.

GL6 could partially restore TNF-ααααα production by
tumor-associated macrophages

Macrophages in most solid tumors exhibit a distinct
phenotype that suppress antitumor immunity and
promote tumor progression (Lewis and Pollard, 2006;
Cheng et al., 2007; Budhu et al., 2006; Biswas et al.,
2006; Kuang et al., 2007). It was shown recently that
exposure to the culture supernatants from solid tumors
redirected monocytes to develop into immunosuppres-
sive macrophages with key functional properties of
TAM (Kuang et al., 2007). Upon stimulation with LPS,
these macrophages produced significant amounts of
IL-10, but not TNF-α. However, exposure of these
immunosuppressive macrophages to GL6 could partially
restore their capacity to produce TNF-α. Moreover,
GL6 synergistically increased the LPS-stimulated
release of TNF-α coincided with reduced production
of IL-10 from both normal and immunosuppressive
macrophages (Fig. 4).
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lipid extract could partially restore the capacity of
macrophages to produce the pro-inflammatory cytokine
TNF-α. Interestingly, pretreatment with the lipid extract
attenuated the release of IL-10 in both normal macro-
phages and TAM (Fig. 4). IL-10 is a strict suppressor of
various stages of the immune responses and represents
one of the most potent immunosuppressive cytokines
present at the tumor site (Sica et al., 2000; Sakamoto
et al., 2006; Katakura et al., 2004). Through its effects
on antigen-presenting cells, IL-10 can block the deve-
lopment of a Th1 response, which is though to be the
most effective for the eradication of malignant cells,
thereby favoring the development of a Th2 response
(Moore et al., 2001). Therefore, the reduced IL-10
production by macrophages that had been pre-exposed
to the lipid extract might help to subvert the ‘tolerizing’
conditions and to restore the antitumor response in
patients.

Macrophages constitute a major component of the
leukocyte infiltrate in virtually all types of tumors and
serve as a marker of poor prognosis in most cases (Lewis
and Pollard, 2006; Cheng et al., 2007; Budhu et al., 2006;
Biswas et al., 2006; Kuang et al., 2007). However, recent
studies have shown that selective modulation of macro-

phage phenotype, e.g. by delivery of IL-12, can re-
establish the antitumor activity of macrophages both
in vitro and in vivo (Watkins et al., 2007). In that case,
a high density of TAM is correlated with a marked
reduction in tumor growth studies. Such opposing effects
of macrophages on tumor progression indicate that
macrophages might serve as a novel target for cancer
therapy. The present study showed that the lipid extract
from G. sinensis spores could exert antitumor activities
by their direct tumoricidal effects (at higher doses)
or indirectly via activating monocytes/macrophages (at
relatively lower concentrations). The lipid extract is an
effective stimulator for both normal macrophages and
immunosuppressive TAM, and therefore may have the
potential to serve as a novel anticancer agent.
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