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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 thi
researchis to investigate the effect of dried myceli@@ioderma lucidum produced by submerged cultivation on the enhancement of innate immune
response. We found th&anoderma lucidum mycelia (0.2—1.6 mg/ml) stimulated TN&eand IL-6 production after 8 h treatment in human whole
blood. IFN-y release from human whole blood was also enhanced after 3 day-cultut@anithierma lucidum mycelia (0.2—-1.0 mg/ml). However,
Ganoderma lucidum mycelia did not potentiate nitric oxide production in RAW264.7 cells. To better understand the possible immuno-enhanceme
mechanisms involved, we focused on nuclear factor (RB-gctivation. Electrophoretic mobility shift assay revealed thaGlweoderma lucidum
mycelia (1.6 mg/ml) activatexlB DNA binding activity in RAW264.7 cells. These results provide supporting evidences for the immunomodulatory
effect of Ganoderma lucidum mycelia.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction immunity enhancement effects have beenisolated from the water
extract of Ganoderma lucidum. Among the multiple polysac-
Ganoderma lucidum is a medicinal mushroom which has charides, activ@-p-glucans are responsible for the anti-tumor
been widely used in China (named Ling Zhi) and Japan (namedffect (Miyazaki and Nishijima, 1981; Usui et al., 1981; Sone
Reishi, Mannentake) for hundreds of years for the immunomodet al., 1985; Kishida et al., 1988; Slivova et al., 2D(Recent
ulating and anti-tumor effectsy(in, 1999; Shiao, 2003 The  studies also showed that the alcohol extract or the triterpene frac-
activities of hypertension, hyperglycemia, hepatitis, chronicion of Ganoderma lucidum possessed anti-tumor effect, which
bronchitis, bronchial asthma, liver protection and others haveeemed to be related to the cytotoxic activity against tumor cells
also been demonstrated from the fruiting bodies and culturedirectly (Lin and Zhang, 200¢
mycelia of Ganoderma lucidum (Yun, 1999; Lu et al., 2002 The induction of cytokine synthesis is one of the methods to
Many active substances, in particular polysaccharides, witlevaluate augmentation activity of innate immunity. Cytokines
are intercellular signaling proteins released by both immune
and non-immune cells. They play important roles in control-
— o _ ling homeostasis of the whole organism by the induction of cell
Abbreviations: DMEM, Dulbecco's modified eagle's medium; EMSA.  yio o nviation, proliferation and apoptosis, as well as defense
electrophoretic mobility shift assay; FBS, fetal bovine serum; GL, the com- X ! X '
mercialized spray driedzanoderma lucidum mycelia produced by Taiwan fuUnctions such as immune responses and inflammatory reac-
Sugar Co.; IFNy, interferony; I-xB, inhibitors of kB; IL-6, interleukin-6;  tions. In the case of immunomodulatory activity@gnoderma
LPS, lipopolysaccharide; MAPK, p38 mitogen-activated proteinkinasesBIF-  [ucidum, special attentions have been paid to the induction of
nuclear transcription factaeB; NO,_nitric qxide; NOS, nitric oxide synthase; TNF-, IL-6 and IFN‘y (Wang etal., 1997; Berovic etal., 20})3
PKC,_proteln l_(lnase C; SPG, the triple helical conformeﬁqﬂupan; SPG-OH, TNF-a, IL-6 and IFN=y known as proinflammatory cytokines
the single helical conformer @-glucan; TNFe, tumor necrosis factos ! . v
* Corresponding author. Tel.: +886 6 266 4911x220; fax: +886 6 266 6411, Modulate the acute phase response that involves potent systemic
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 folPaque Plus was purchased from Amersham Bioscience (Upp-
the repair of tissue injury. These beneficial effects, however, arsala, Sweden).
critically dependent on the magnitude of the immune response,
because large amounts of inflammatory mediators can also causg  ,/sre of human whole blood and cytokine
collateral damage to normal cells.

Nitric oxide (NO) also contributes to microbicidal effect. It
is synthesized from-arginine by nitric oxide synthase (NOS)
in numerous mammalian cells and tissudsthan and Xie,

measurement

Heparinized venous blood was obtained from four healthy

> ! ’ volunteers and 1:10 diluted with cell culture medium
1994. Reaction of NO and superoxide generate ONO®hich  ppp)1640) supplemented with penicillin-streptomycin in 24-

induces apoptosis in some human tumor celis gtal.,, 1993, \ye|| plates. Cells were maintained in a humidified incuba-
and it is also directly cytotoxic by causing DNA damage andiy, 4t 37°C in 5% CG. Diluted human whole blood was

oxidative tissue damagésghiropoulos and al-Mehdi, 1995; (cated with saline, LPS (0.259/ml), PHA (10pg/ml) or GL
Szaboetal., 1996 o o (0.2-1.6 mg/ml) plus polymyxin B (1@g/ml) to eliminate the
Nuclear factoB (NF-«kB), a transcription factor, isinvolved - qssiple contamination by the endotoxin—a lipopolysaccharide

in regulating the transcription of many of the immunomodu-¢rom the Gram negative bacterial cell wall (LPS) of our samples
latory mediators Chen et al., 1999 NF-«B exists within the cinco et al., 1995 TNF-« and IL-6 release in the supernatant

cytoplasm in an inactive form associated with regulatory proy, o< measured after 8 h incubation and IFroduction was

teins, called inhibitors afB (I-kB). When stimulated by various - eaqured after 3 days of incubation. Cytokines were measured
extracellular signals, including lipopolysaccharide (LPS), Signabsing ELISA Kits.

cascades lead to phosphorylation &B; which is then ubiqui-

tinated, thereby releasing NEB dimmers from the cytoplasmic o
NF-kB—I-kB complex, and allowing them to translocate to the?'i Culture and measurement of TNF-o and nitrite release
nucleus Chen et al., 1995 Several researches revealed fhat RAW264.7 cells

glucans are able to activate NdB, thus induce the expression

of proinflammatory cytokinesougias et al., 2001; Young et ~ RAW264.7 cells were cultured in DMEM with 10% fetal
al., 200). bovine serum, 2 mM glutamine, 1% non-essential amino acid,

1 mM pyruvate, 100 U/ml penicillin and 1G0y/ml strepto-
lucidum and the fruiting body on innate immunity is contro- MYCIn. RAW264.7 cells were cultured with LPS (0,2§/ml) or
versial. The main goals of this research were to study th&L (0-4-1.0mg/ml) plus pglymyxm B (1@g/ml) in a humid-
immunomodulatory activity and mechanism of dried mycelialli€d incubator at 37C in 5% CCQ. TNF-« in the supernatant

of Ganoderma lucidum produced by submerged cultivation on Was measured after 8h treatment by ELISA Kit. Nitrite pro-
the induction of innate immune response, including ToNFL- duction, an indicator of NO synthesis, was determined by the
6, IFN-y and NO release as well as N8 activation, in human ~ Griess reaction after 24, 48 and 72 h treatment. The supernatant

blood cells or murine macrophage cell line. of RAW264.7 cell culture was mixed with an equal volume of
Griess reagent (1% sulfanilamide and 0.1% aphthylenediamine

The biopotency equivalence of mycelia @fanoderma

2. Materials and methods in 5% phosphoric acid). The optical density at 550 nmasgh
was measured and calculated against a sodium nitrite standard
2.1. Materials curve.

The commercialized spray drig&unoderma lucidum (GL)  2.4. Electrophoretic mobility shift assay (EMSA)
mycelia is produced by Taiwan Sugar Co. (Taipei, Taiwan) by
submerged cultivation. The polysaccharide content of GL is RAW264.7 cells (Ix 10° cells/ml) were grown in six-well
3.72% and3-glucan content is 0.2% measured by aniline-blueplates and stimulated with LPS g/ml) or GL (1.6 mg/ml)
binding assayYoung and Jacobs, 1998urine macrophages, plus polymyxin B (1Qug/ml) at 37°C in 5% CQ for
RAW?264.7, were purchased from Biosources Collection an@B0-120 min. Nuclear extracted were prepared by NE-PER
Research Center (Hsinchu, Taiwan). Fetal bovine serum (FBQyuclear and Cytoplasmic Extraction Reagent. EMSA exper-
was obtained from ICN Biomedicals (Irvine, CA, USA). Dul- iment was performed using a LightShift Chemiluminescent
becco’s modified eagle’s medium (DMEM) was from Invitro- EMSA Kit. Briefly, 20pg of nuclear protein was incubated
gen Life Technologies (Carlsbad, CA, USA). Non-esseintialwith 20 fmol of 5-biotinate double-stranded oligonucleotided
amino acid, pyruvate, penicillin and streptomycin were obtainegrobes containing a consensus binding-sequence fokBIF-
from Biochrom Beteiligungs GmbH&Co. (Berlin, Germany). (5-AGT TGA GGG GAC TTT CCC AGGC-3 for 30 min
LPS and Griess reagent were obtained from Fluka Chemikat room temperature and resolved in an 8% non-denaturing
(Buchs, Switzerland). Hepes buffer and RPMI-1640 mediunpolyacrylamide gel. The protein—-DNA-biotin complexes were
were obtained from Sigma (St. Louis, MO, USA). NE-PER blotted onto a nylon membrane followed by UV cross-linking.
Nuclear, Cytoplasmic Extraction Reagent, Cytokine ELISA Kit, The complexes were revealed with streptavidin-horseradish
Bradford Kit and LightShift Chemiluminescent EMSA Kitwere peroxidase conjugate and LightShift chemiluminescent
purchased from Pierce Endogen (Rockford, IL, USA). Ficoll-substrate.
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2.5. Statistical analysis 1600
The results were analyzed by Student’s unpaireest, and a 1400
p value of <0.05 was taken to be significant. 7
1200~
3. Results
= 1000
3.1. Effect of GL on cytokine release ‘§>
% 800-
Since we were interested in investigating the influence & A
of GL mycelia on the effector cells of the innate immune = 600
system, in addition to traditional macrophage cell line sys- =
tem, we chose the in vitro cytokine release from human 4007 .
whole blood as a convenient and simple surrogate approach
to characterize changes in immune function of human. The 200
level and persistence of TN&- IL-6 and IFN+<y plays an

important role in determining its role in immunomodula- 04 08 12 16 LPS
tion. Fig. 1 demonstrated that treatment of GL for 8 h dose- (A) GL (mg/ml)
dependently induced moderate TFand IL-6 release of
human whole blood. When GL concentration was higher than 2500
0.8 mg/ml, the TNFx and IL-6 production reached plateau with
532.17+110.71 and 365.9& 138.49 pg/ml, respectively. On 7
the other hand, the levels of TNk-and IL-6 from the pos- 2000
itive control, LPS (0.2%.g/ml)-stimulated whole blood, were
much higherwith 1472.8% 216.11 and 2221.4% 20.97 pg/ml,
respectively. None of the treatment exerted significant cytotox-  _ 4540-
icity as determined by trypan blue exclusion assay (data not .gn
shown). =

TNF-a is produced mainly by activated macrophages and T-
cells, to specifically study the effect of GL on the activation of
macrophages; we used murine macrophage cell line, RAW264.7
cells, as a modeFig. 2 showed that RAW264.7 cells treated o1 b
with GL (0.4-1.6 mg/ml) plus polymyxin B (1@g/ml) for 8 h .
evoked a concentration-dependent increase of &N¥educ- @ %

02 04 08

Ow
o
&

tion and the maximal release was observed with 1.2 mg/ml GL.
In contrast to the moderate level stimulated by GL (less than 0 02 04 08 12 16 LPS
3613.50+ 42.43 pg/ml), TNFe release from LPS (fg/ml) (B) GL (mg/ml)

actlvated.macrophages vyas high (1082201.53 pg/ml). Fig. 1. Ganoderma lucidum myceliainduce the production of TN&eand IL-6 in
IFN-v is produced mainly by T-cells and natural killer cells, human whole blood. Human whole blood was stimulated with LPS (@g2&l)

which are activated by antigens, mitogens, or alloantigens. IFNor Ganoderma tucidum mycelia (0.2-1.6 mg/ml) plus polymyxin B (1ay/ml)

v increases macrophage and natural killer cell functions, a®r8h. Supernatants were collected for cytokine analysis by ELISA. (A) &NF-

well as MHC class | and Il cell surface antigen expression. Tdelease: (B)IL-6release. Dataare represented as the mi@lab! of three inde-

better understand the effect of GL on the induction of innaté)endent experimentSp <0.05 and” p <0.01 represent significant differences

immunity, the IFN« release from human whole blood treated compared to the control.

with GL (0.2-1.0 mg/ml) or PHA (1@.g/ml) was measured.

Table 1demonstrated that GL (0.2—1.0 mg/ml) induced IfyN-

production in a dose-dependent manner with highest release odble 1

43.134 3.2 pg/ml; on the other hand, the T-cell mitogen, PHA IFN-y release from the culture supernatants of human whole blood incubated

(10 Mg/ml), stimulated human whole blood to release |arge quanwith dried myceliumGanoderma lucidum and polymyxin B (1Qug/ml) for 72 h

tity of IFN-v (2762.44+ 261 pg/ml). Treatment IFNy release (pg/mf)
Control Undetectable
3.2. Effect of GL on NO release Ganoderma lucidum (0.2 mg/ml) 7.33+1.21
Ganoderma lucidum (0.4 mg/ml) 25.01+ 2.10
Nitric oxide (NO) has been associated with protection hostGanoderma lucidum (0.8 mg/ml) 35.01+ 1.25
Ganoderma lucidum (1.0 mg/ml) 43.13+ 3.2

against various parasitic, bacterial and viral infectionsaf et M (L0
al., 1997. Fig. 3showed that RAW264.7 macrophages treated " 049/
with GL (0.4—1.6 mg/ml) did not significantly stimulated nitrite Values are means SEM of three independent analyses.

2762.44+ 261
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12000 Time (min) 0 15 30 60 120 15
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% Fig. 4. Effects of Ganoderma lucidum mycelia on kB DNA binding in
0 ' . s ; 4 " RAW264.7 cells. RAW264.7 cells were cultured with LPSu@/ml) or Gano-
0 0.4 0.8 12 1.6 LPS derma lucidum mycelia (1.6 mg/ml) plus polymyxin B (1@g/ml) for various
GL (mg/ml) time. Nuclear extracts were prepared and analyzed BoDNA binding using

the electrophoreic mobility shift assay (EMSA).
Fig. 2. Ganoderma lucidum mycelia induces the production of TNk-in
RAW264.7 cells. RAW264.7 cells were treated with LPSu@iml) or Gan- L .. .
oderma lucidum mycelia (0.2—1.6 mg/ml) plus polymyxin B (333/ml) for 8 h. kB-DNA-binding activity present in nuclear extracts of GL-
Supernatants were collected for TNFanalysis by ELISA. Data are represented Stimulated macrophages. RAW264.7 cells were treated with GL
as the means SEM of three independent experimerifs< 0.05and"p<0.01 (1.6 mg/ml) and the nuclear extracts were isolated at different
represent significant differences compared to the control. time points (15, 30, 60 and 120 min) followed by electrophoretic
mobility shift assayfFig. 4showed that GL induced-NkB acti-
release as compared with control groups. In contrast, stimularation reached the maximum after 15 min treatment and inacti-
tion of macrophages with LPS (dg/ml) induced an increase in vation occurred after 60 min. LPS /ml)-treated RAW264.7
nitrite release/{<0.01). After 12 h of treatment, nitrite release was employed as a positive control to verify the shift band.
increase from basal level 0.120.08 to 25.14 0.91uM. LPS-

stimulated nitrite production reached plateau after 24 h anq Discussion
remained at high level for at least two more days. )

In this study, we used commercial dried mycelia@in-
3.3. Effect of GL on NF-kB activation oderma lucidum as a sample to investigate its bioactivity and
mechanism. We focused on the innate immunity augment activ-

NF-xB is a converging point of various immune and inflam- jty of induction cytokine synthesis. We found th@tnoderma
matory responses. To gain more insight into the mechanism, g, mycelia stimulated moderate levels of TNE-IL-6
of GL-mediated innate immune response, we analyzed thgng |FN-y release in human whole blood. This induction is not

due to endotoxin contamination since polymyxin B has been
50 included in the experiments. It has been shown that the addition
—— omg/ml of polymyxin B is a useful technique to exclude the effects of
s endotoxin contaminatiorDuff and Atkins, 1982 The magni-
by T tudes of cytokine release are less than what LPS or PHA induces,
(I 1ug/miLPS suggesting the possible beneficial effect of cytokine induction
by Ganoderma lucidum mycelia on innate immunity.

It has been demonstrated that crude water-extracted polysac-
charides isolated from fresh fruiting bodies Gtnoderma
lucidum potentiated the production of cytokines, including IL-
1B, IL-6, IFN-y and TNFe as well as nitric oxide (NO) and
other mediators by human macrophadesse(et al., 1995; Wang
et al., 1997; Han et al., 1998The crudeGanoderma lucidum
ps o e yvater-extract also induced the expression_of cytokines, includ-

Incubation times (hr) ing IL-10 and TNFe, IL-1B, IL-6 and IL-2 in human PBMC
(Mao et al., 1999
EiF?éBEiNit/:ir:E F(’)rrOGdUCt;’” in '?AV,ZZG“J EZ'I'_ZgﬁWf%“rg C/;"Ii er;e t;f"’:fd }?l’“h However, we found thaGanoderma lucidum mycelia can
anoderma tucidum | [t B u XI H H H . H H
B (10uz?ml) for24,48 and 72 h. Supe?lnatants were coII%ctedpfor r?itri)t/e a}tlnalysisLInOderatE|y stimulate CytOkme prOdu.Ctlon Wlt.hOUt potentiating
as described in Sectiadh Data are represented as the mea®EM of three O release. It was found that the smgle helical conformer of
independent experiments. B-glucan (SPG-OH), but not triple helical (SPG), enhanced NO

N
=l

@
.

Nitrite concentration (uM)
n
o

—~
@
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synthesis in vitro, especially in the presence of IffNn addi-  Han, M.D., Lee, E.S., Kim, Y., Lee, J.W., Jeong, H., Yoon, K.H., 1998.

tion, the stimulation of IL-1, IL-6 and TNfe- production by Production of nitric oxide in RAW264.7 macrophages with ganoderan, the
SPG-OH were significantly higher than those by SP@ro et B-glucan of Ganoderma lucidum. Korean Journal of Mycology (Korean)
26, 246-255.

al., 1999. Therefore, the ineffectiveness ininducing NO release i, "y ;3 " ee, s.5., Lee, S.T. Lin, W, 2003. Signaling mechanisms of
by Ganoderma lucidum mycelia indicates that the compositions  enhanced neutrophil phagocytosis and chemotaxis by the polysaccharide
and structures oB-glucan in mycelia and fruiting body may purified from Ganoderma lucidum. British Journal of Pharmacology 139,

be different, and this might result in enhancing innate immune 289-298.

response through different receptors or pathways. Ischiropoulos, H., Al-Mehdi, A.B., 1995. Peroxynitrite-mediated oxidative

L. . . . protein modifications. FEBS Letters 364, 279-282.
Prellmlnary evidences showed that NB-was activated I3- Kishida, E., Okuda, R., Sone, Y., Misaki, A., 1988. Fractionation structures

glucan activatgd human monocyte cell line U937 Cﬂ_m(le et ~ and antitumor activities of the polysaccharides of Reishi, the fruiting body
al., 1999. In this study, we demonstrated that the dried mycelia of Ganoderma lucidum. Osaka-Shiritsu Daigaku Seikatsukagakubu Kiyo
of Ganoderma lucidum also induced NFReB activationin murine 35, 1-10.

RAW264.7 macrophage cell line, indicating NUB- activation Kougias, P., Wei, D., Rice, P.J., Ensley, HE Kalbfleisch, J., Williams, D.L.,_
. f the most important sianal pathwavs. Proinfammator Browder, 1.W., 2001. Normal human fibroblasts express pattern recogni-
IS One_ 0 P 9 p ) yS. . . y tion receptors for fungal ¢ 3)-B-p-glucans. Infection and Immunity 69,
cytokines (TNFe, IL-1 or IFN-y) can bind to their respective 3933-3938.
receptors and induce iINOS expression via activation ofidBF- Lee, S.S., Wei, Y.H., Chen, C.F., Wang, S., Chen, K.Y., 1995. Antitumor
(Xie et al., 1994; Pahan et al., 1998lowever, we have found effects of Ganoderma lucidum. Journal of Chinese Medicine 6, 1-12.
that the induction of NR<B does not lead to an increase in NO 1in: K.T., Xue, J.Y., Nomen, M., Spur, B., Wong, P.Y., 1995. Peroxynitrite-
. . . induced Apoptosis in HL-60 Cells. The Journal of Biological Chemistry
production. It has been found that the expression of the INOS 5" c157 16490
gene can be regulated at different levéathan alfld Xie, 1994; | i s.B., Li, C.-H., Lee, S.-S., Kan, L.-S., 2003. Triterpene-enriched extracts
Rao, 2000, therefore Ganoderma lucidum mycelia may exert from Ganoderma lucidum inhibit growth of hepatoma cells via suppress-
adverse effects on INOS gene expression post-transcriptionally. ing protein kinase C, activating mitogen-activated protein kinases and
Recently, it has been demonstrated that exposure of neutrophils G2-Phase cell cycle arrest. Life Sciences 72, 2381-2390.
to the polvsaccharide fromGanoderma lucidum time depen- Lin, Z.B., Zhang, H.N., 2004. Anti-tumor and immunoregulatory activities of
poly ’ ) a 0_6 .a uciau p . Ganoderma lucidum and its possible mechanisms. Acta Pharmacologica
dency caused increases in protein kinase C (PKC), p38 mitogen- sinica 25, 1387-1395.

activated protein kinase (MAPK), Hck, and Lyn activitié$s(i  Lu, H., Kyo, E., Uesaka, T., Katoh, O., Watanabe, H., 2002. Prevention of

etal., 2003; Lin et al., 20Q3The involvement of MAPKs path- development ofV,N'-dimethylhydrazine-induced colon tumors by a water-
way by Ganoderma lucidum myce”a in macrophages is still soluble extract from cultured medium dfanoderma lucidum (Rei-shi)
mycelia in male ICR mice. International Journal of Molecular Medicine

under investigation. 9, 113-117.

Mao, T., van De Water, J., Keem, C.L., Stern, J.S., Hackman, R., Gershwin,
M.E., 1999. Two mushroomsjrifola frondosa and Ganoderma lucidum,
can stimulate cytokine gene expression and proliferation in human T-

. . . lymphocytes. International Journal of Immunotherapy 15, 13-22.
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