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Ganoderma lucidum mycelia enhance innate immunity by
activating NF-�B
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Abstract

Ganoderma lucidum is a popular medicinal mushroom in China and Japan for its immunomodulatory and antitumor effects. The goal of this
research is to investigate the effect of dried mycelia ofGanoderma lucidum produced by submerged cultivation on the enhancement of innate immune
response. We found thatGanoderma lucidum mycelia (0.2–1.6 mg/ml) stimulated TNF-� and IL-6 production after 8 h treatment in human whole
blood. IFN-� release from human whole blood was also enhanced after 3 day-culture withGanoderma lucidum mycelia (0.2–1.0 mg/ml). However,
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anoderma lucidum mycelia did not potentiate nitric oxide production in RAW264.7 cells. To better understand the possible immuno-enha
echanisms involved, we focused on nuclear factor (NF)-�B activation. Electrophoretic mobility shift assay revealed that theGanoderma lucidum
ycelia (1.6 mg/ml) activated�B DNA binding activity in RAW264.7 cells. These results provide supporting evidences for the immunomod
ffect ofGanoderma lucidum mycelia.
2005 Elsevier Ireland Ltd. All rights reserved.

eywords: Ganoderma lucidum; TNF-�; IL-6; IFN-�; NF-�B

. Introduction

Ganoderma lucidum is a medicinal mushroom which has
een widely used in China (named Ling Zhi) and Japan (named
eishi, Mannentake) for hundreds of years for the immunomod-
lating and anti-tumor effects (Yun, 1999; Shiao, 2003). The
ctivities of hypertension, hyperglycemia, hepatitis, chronic
ronchitis, bronchial asthma, liver protection and others have
lso been demonstrated from the fruiting bodies and cultured
ycelia ofGanoderma lucidum (Yun, 1999; Lu et al., 2002).
any active substances, in particular polysaccharides, with

Abbreviations: DMEM, Dulbecco’s modified eagle’s medium; EMSA,
lectrophoretic mobility shift assay; FBS, fetal bovine serum; GL, the com-
ercialized spray driedGanoderma lucidum mycelia produced by Taiwan
ugar Co.; IFN-�, interferon-�; I-�B, inhibitors of �B; IL-6, interleukin-6;
PS, lipopolysaccharide; MAPK, p38 mitogen-activated protein kinase; NF-�B,
uclear transcription factor-�B; NO, nitric oxide; NOS, nitric oxide synthase;
KC, protein kinase C; SPG, the triple helical conformer of�-glucan; SPG-OH,

he single helical conformer of�-glucan; TNF-�, tumor necrosis factor-�
∗ Corresponding author. Tel.: +886 6 266 4911x220; fax: +886 6 266 6411.

immunity enhancement effects have been isolated from the
extract ofGanoderma lucidum. Among the multiple polysac
charides, active�-d-glucans are responsible for the anti-tum
effect (Miyazaki and Nishijima, 1981; Usui et al., 1981; So
et al., 1985; Kishida et al., 1988; Slivova et al., 2004). Recen
studies also showed that the alcohol extract or the triterpene
tion of Ganoderma lucidum possessed anti-tumor effect, wh
seemed to be related to the cytotoxic activity against tumor
directly (Lin and Zhang, 2004).

The induction of cytokine synthesis is one of the method
evaluate augmentation activity of innate immunity. Cytok
are intercellular signaling proteins released by both imm
and non-immune cells. They play important roles in con
ling homeostasis of the whole organism by the induction of
differentiation, proliferation and apoptosis, as well as def
functions such as immune responses and inflammatory
tions. In the case of immunomodulatory activity ofGanoderma
lucidum, special attentions have been paid to the inductio
TNF-�, IL-6 and IFN-� (Wang et al., 1997; Berovic et al., 200).
TNF-�, IL-6 and IFN-� known as proinflammatory cytokine
modulate the acute phase response that involves potent sy
E-mail address: imwu@mail.chna.edu.tw (M.-J. Wu). and local effects. The release of proinflammatory cytokines is
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essential for host survival from infection, and is also required for
the repair of tissue injury. These beneficial effects, however, are
critically dependent on the magnitude of the immune response,
because large amounts of inflammatory mediators can also cause
collateral damage to normal cells.

Nitric oxide (NO) also contributes to microbicidal effect. It
is synthesized froml-arginine by nitric oxide synthase (NOS)
in numerous mammalian cells and tissues (Nathan and Xie,
1994). Reaction of NO and superoxide generate ONOO−, which
induces apoptosis in some human tumor cells (Lin et al., 1995),
and it is also directly cytotoxic by causing DNA damage and
oxidative tissue damage (Ischiropoulos and al-Mehdi, 1995;
Szabo et al., 1996).

Nuclear factor-�B (NF-�B), a transcription factor, is involved
in regulating the transcription of many of the immunomodu-
latory mediators (Chen et al., 1999). NF-�B exists within the
cytoplasm in an inactive form associated with regulatory pro-
teins, called inhibitors of�B (I-�B). When stimulated by various
extracellular signals, including lipopolysaccharide (LPS), signal
cascades lead to phosphorylation of I-�B, which is then ubiqui-
tinated, thereby releasing NF-�B dimmers from the cytoplasmic
NF-�B–I-�B complex, and allowing them to translocate to the
nucleus (Chen et al., 1995). Several researches revealed that�-
glucans are able to activate NF-�B, thus induce the expression
of proinflammatory cytokines (Kougias et al., 2001; Young et
al., 2001).
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Paque Plus was purchased from Amersham Bioscience (Upp-
sala, Sweden).

2.2. Culture of human whole blood and cytokine
measurement

Heparinized venous blood was obtained from four healthy
volunteers and 1:10 diluted with cell culture medium
(RPMI1640) supplemented with penicillin-streptomycin in 24-
well plates. Cells were maintained in a humidified incuba-
tor at 37◦C in 5% CO2. Diluted human whole blood was
treated with saline, LPS (0.25�g/ml), PHA (10�g/ml) or GL
(0.2–1.6 mg/ml) plus polymyxin B (10�g/ml) to eliminate the
possible contamination by the endotoxin—a lipopolysaccharide
from the Gram negative bacterial cell wall (LPS) of our samples
(Cinco et al., 1996). TNF-� and IL-6 release in the supernatant
was measured after 8 h incubation and IFN-� production was
measured after 3 days of incubation. Cytokines were measured
using ELISA Kits.

2.3. Culture and measurement of TNF-α and nitrite release
in RAW264.7 cells

RAW264.7 cells were cultured in DMEM with 10% fetal
bovine serum, 2 mM glutamine, 1% non-essential amino acid,
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The biopotency equivalence of mycelia ofGanoderma
ucidum and the fruiting body on innate immunity is cont
ersial. The main goals of this research were to study
mmunomodulatory activity and mechanism of dried myc
f Ganoderma lucidum produced by submerged cultivation

he induction of innate immune response, including TNF-�, IL-
, IFN-� and NO release as well as NF-�B activation, in huma
lood cells or murine macrophage cell line.

. Materials and methods

.1. Materials

The commercialized spray driedGanoderma lucidum (GL)
ycelia is produced by Taiwan Sugar Co. (Taipei, Taiwan

ubmerged cultivation. The polysaccharide content of G
.72% and�-glucan content is 0.2% measured by aniline-b
inding assay (Young and Jacobs, 1998). Murine macrophage
AW264.7, were purchased from Biosources Collection
esearch Center (Hsinchu, Taiwan). Fetal bovine serum (
as obtained from ICN Biomedicals (Irvine, CA, USA). D
ecco’s modified eagle’s medium (DMEM) was from Invit
en Life Technologies (Carlsbad, CA, USA). Non-essei
mino acid, pyruvate, penicillin and streptomycin were obta

rom Biochrom Beteiligungs GmbH&Co. (Berlin, German
PS and Griess reagent were obtained from Fluka Che
Buchs, Switzerland). Hepes buffer and RPMI-1640 med
ere obtained from Sigma (St. Louis, MO, USA). NE-P
uclear, Cytoplasmic Extraction Reagent, Cytokine ELISA
radford Kit and LightShift Chemiluminescent EMSA Kit we
urchased from Pierce Endogen (Rockford, IL, USA). Fic
)

mM pyruvate, 100 U/ml penicillin and 100�g/ml strepto
ycin. RAW264.7 cells were cultured with LPS (0.25�g/ml) or
L (0.4–1.0 mg/ml) plus polymyxin B (10�g/ml) in a humid-

fied incubator at 37◦C in 5% CO2. TNF-� in the supernatan
as measured after 8 h treatment by ELISA Kit. Nitrite p
uction, an indicator of NO synthesis, was determined by
riess reaction after 24, 48 and 72 h treatment. The super
f RAW264.7 cell culture was mixed with an equal volume
riess reagent (1% sulfanilamide and 0.1% aphthylenedia

n 5% phosphoric acid). The optical density at 550 nm (A550)
as measured and calculated against a sodium nitrite sta
urve.

.4. Electrophoretic mobility shift assay (EMSA)

RAW264.7 cells (1× 106 cells/ml) were grown in six-we
lates and stimulated with LPS (1�g/ml) or GL (1.6 mg/ml
lus polymyxin B (10�g/ml) at 37◦C in 5% CO2 for
0–120 min. Nuclear extracted were prepared by NE-
uclear and Cytoplasmic Extraction Reagent. EMSA ex

ment was performed using a LightShift Chemiluminesc
MSA Kit. Briefly, 20�g of nuclear protein was incubat
ith 20 fmol of 5′-biotinate double-stranded oligonucleotid
robes containing a consensus binding-sequence for N�B
5′-AGT TGA GGG GAC TTT CCC AGGC-3′) for 30 min
t room temperature and resolved in an 8% non-denat
olyacrylamide gel. The protein–DNA–biotin complexes w
lotted onto a nylon membrane followed by UV cross-link
he complexes were revealed with streptavidin-horsera
eroxidase conjugate and LightShift chemilumines
ubstrate.
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2.5. Statistical analysis

The results were analyzed by Student’s unpairedt-test, and a
p value of <0.05 was taken to be significant.

3. Results

3.1. Effect of GL on cytokine release

Since we were interested in investigating the influence
of GL mycelia on the effector cells of the innate immune
system, in addition to traditional macrophage cell line sys-
tem, we chose the in vitro cytokine release from human
whole blood as a convenient and simple surrogate approach
to characterize changes in immune function of human. The
level and persistence of TNF-�, IL-6 and IFN-� plays an
important role in determining its role in immunomodula-
tion. Fig. 1 demonstrated that treatment of GL for 8 h dose-
dependently induced moderate TNF-� and IL-6 release of
human whole blood. When GL concentration was higher than
0.8 mg/ml, the TNF-� and IL-6 production reached plateau with
532.17± 110.71 and 365.93± 138.49 pg/ml, respectively. On
the other hand, the levels of TNF-� and IL-6 from the pos-
itive control, LPS (0.25�g/ml)-stimulated whole blood, were
much higher with 1472.83± 216.11 and 2221.45± 20.97 pg/ml,
respectively. None of the treatment exerted significant cytotox-
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Fig. 1. Ganoderma lucidum mycelia induce the production of TNF-� and IL-6 in
human whole blood. Human whole blood was stimulated with LPS (0.25�g/ml)
or Ganoderma lucidum mycelia (0.2–1.6 mg/ml) plus polymyxin B (10�g/ml)
for 8 h. Supernatants were collected for cytokine analysis by ELISA. (A) TNF-�

release; (B) IL-6 release. Data are represented as the means± SEM of three inde-
pendent experiments.* p < 0.05 and** p < 0.01 represent significant differences
compared to the control.

Table 1
IFN-� release from the culture supernatants of human whole blood incubated
with dried myceliumGanoderma lucidum and polymyxin B (10�g/ml) for 72 h

Treatment IFN-� release (pg/ml)a

Control Undetectable
Ganoderma lucidum (0.2 mg/ml) 7.33± 1.21
Ganoderma lucidum (0.4 mg/ml) 25.01± 2.10
Ganoderma lucidum (0.8 mg/ml) 35.01± 1.25
Ganoderma lucidum (1.0 mg/ml) 43.13± 3.2
PHA (10�g/ml) 2762.44± 261

a Values are means± SEM of three independent analyses.
city as determined by trypan blue exclusion assay (data
hown).

TNF-� is produced mainly by activated macrophages an
ells, to specifically study the effect of GL on the activation
acrophages; we used murine macrophage cell line, RAW2

ells, as a model.Fig. 2 showed that RAW264.7 cells treat
ith GL (0.4–1.6 mg/ml) plus polymyxin B (10�g/ml) for 8 h
voked a concentration-dependent increase of TNF-� produc-
ion and the maximal release was observed with 1.2 mg/m
n contrast to the moderate level stimulated by GL (less
613.50± 42.43 pg/ml), TNF-� release from LPS (1�g/ml)
ctivated macrophages was high (10821± 201.53 pg/ml).

IFN-� is produced mainly by T-cells and natural killer ce
hich are activated by antigens, mitogens, or alloantigens.
increases macrophage and natural killer cell function
ell as MHC class I and II cell surface antigen expression
etter understand the effect of GL on the induction of in

mmunity, the IFN-� release from human whole blood trea
ith GL (0.2–1.0 mg/ml) or PHA (10�g/ml) was measure
able 1demonstrated that GL (0.2–1.0 mg/ml) induced IF�
roduction in a dose-dependent manner with highest relea
3.13± 3.2 pg/ml; on the other hand, the T-cell mitogen, P
10�g/ml), stimulated human whole blood to release large q
ity of IFN-� (2762.44± 261 pg/ml).

.2. Effect of GL on NO release

Nitric oxide (NO) has been associated with protection
gainst various parasitic, bacterial and viral infections (Tsai et
l., 1997). Fig. 3 showed that RAW264.7 macrophages tre
ith GL (0.4–1.6 mg/ml) did not significantly stimulated nitr
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Fig. 2. Ganoderma lucidum mycelia induces the production of TNF-� in
RAW264.7 cells. RAW264.7 cells were treated with LPS (1�g/ml) or Gan-
oderma lucidum mycelia (0.2–1.6 mg/ml) plus polymyxin B (10�g/ml) for 8 h.
Supernatants were collected for TNF-� analysis by ELISA. Data are represented
as the means± SEM of three independent experiments.* p < 0.05 and** p < 0.01
represent significant differences compared to the control.

release as compared with control groups. In contrast, stimula-
tion of macrophages with LPS (1�g/ml) induced an increase in
nitrite release (p < 0.01). After 12 h of treatment, nitrite release
increase from basal level 0.12± 0.08 to 25.17± 0.91�M. LPS-
stimulated nitrite production reached plateau after 24 h and
remained at high level for at least two more days.

3.3. Effect of GL on NF-κB activation

NF-�B is a converging point of various immune and inflam-
matory responses. To gain more insight into the mechanism
of GL-mediated innate immune response, we analyzed the
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a
i

Fig. 4. Effects of Ganoderma lucidum mycelia on �B DNA binding in
RAW264.7 cells. RAW264.7 cells were cultured with LPS (1�g/ml) or Gano-
derma lucidum mycelia (1.6 mg/ml) plus polymyxin B (10�g/ml) for various
time. Nuclear extracts were prepared and analyzed for�B DNA binding using
the electrophoreic mobility shift assay (EMSA).

�B-DNA-binding activity present in nuclear extracts of GL-
stimulated macrophages. RAW264.7 cells were treated with GL
(1.6 mg/ml) and the nuclear extracts were isolated at different
time points (15, 30, 60 and 120 min) followed by electrophoretic
mobility shift assay.Fig. 4showed that GL induced-NF-�B acti-
vation reached the maximum after 15 min treatment and inacti-
vation occurred after 60 min. LPS (1�g/ml)-treated RAW264.7
was employed as a positive control to verify the shift band.

4. Discussion

In this study, we used commercial dried mycelia ofGan-
oderma lucidum as a sample to investigate its bioactivity and
mechanism. We focused on the innate immunity augment activ-
ity of induction cytokine synthesis. We found thatGanoderma
lucidum mycelia stimulated moderate levels of TNF-�, IL-6
and IFN-� release in human whole blood. This induction is not
due to endotoxin contamination since polymyxin B has been
included in the experiments. It has been shown that the addition
of polymyxin B is a useful technique to exclude the effects of
endotoxin contamination (Duff and Atkins, 1982). The magni-
tudes of cytokine release are less than what LPS or PHA induces,
suggesting the possible beneficial effect of cytokine induction
by Ganoderma lucidum mycelia on innate immunity.

It has been demonstrated that crude water-extracted polysac-
c
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ig. 3. Nitrite production in RAW264.7 cells. RAW264.7 cells were treated
PS (1�g/ml) orGanoderma lucidum mycelia (0.4–1.6 mg/ml) plus polymyx
(10�g/ml) for 24, 48 and 72 h. Supernatants were collected for nitrite an

s described in Section2. Data are represented as the means± SEM of three
ndependent experiments.
harides isolated from fresh fruiting bodies ofGanoderma
ucidum potentiated the production of cytokines, including
�, IL-6, IFN-� and TNF-� as well as nitric oxide (NO) an
ther mediators by human macrophages (Lee et al., 1995; Wan
t al., 1997; Han et al., 1998). The crudeGanoderma lucidum
ater-extract also induced the expression of cytokines, in

ng IL-10 and TNF-�, IL-1�, IL-6 and IL-2 in human PBMC
Mao et al., 1999).

However, we found thatGanoderma lucidum mycelia can
oderately stimulate cytokine production without potentia
O release. It was found that the single helical conforme
-glucan (SPG-OH), but not triple helical (SPG), enhanced
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synthesis in vitro, especially in the presence of IFN-�. In addi-
tion, the stimulation of IL-1, IL-6 and TNF-� production by
SPG-OH were significantly higher than those by SPG (Ohno et
al., 1996). Therefore, the ineffectiveness in inducing NO release
by Ganoderma lucidum mycelia indicates that the compositions
and structures of�-glucan in mycelia and fruiting body may
be different, and this might result in enhancing innate immune
response through different receptors or pathways.

Preliminary evidences showed that NF-�B was activated in�-
glucan activated human monocyte cell line U937 cells (Battle et
al., 1998). In this study, we demonstrated that the dried mycelia
of Ganoderma lucidum also induced NF-�B activation in murine
RAW264.7 macrophage cell line, indicating NF-�B activation
is one of the most important signal pathways. Proinfammatory
cytokines (TNF-�, IL-1� or IFN-�) can bind to their respective
receptors and induce iNOS expression via activation of NF-�B
(Xie et al., 1994; Pahan et al., 1998). However, we have found
that the induction of NF-�B does not lead to an increase in NO
production. It has been found that the expression of the iNOS
gene can be regulated at different levels (Nathan and Xie, 1994;
Rao, 2000), therefore,Ganoderma lucidum mycelia may exert
adverse effects on iNOS gene expression post-transcriptionally.
Recently, it has been demonstrated that exposure of neutrophils
to the polysaccharide fromGanoderma lucidum time depen-
dency caused increases in protein kinase C (PKC), p38 mitogen-
activated protein kinase (MAPK), Hck, and Lyn activities (Hsu
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