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Abstract

Ganoderic acid Me (GA-Me) is a lanostane triterpenoid purified from Ganoderma lucidum mycelia, one of the most widely
used herbs for cancer treatment and prevention in east Asia. In the present study, it was demonstrated that GA-Me could inhibit
both tumor growth and lung metastasis of Lewis lung carcinoma in C57BL/6 mice. Compared with the control group, Natural
Killer (NK) cells activity was significantly enhanced by intraperitoneal administration of GA-Me (28 mg/kg). Results of ELISA
assay and RT-PCR showed that the expressions of Interleukin-2 (IL-2) and Interferon-y (IFN-vy) were also increased (p<0.05).
Additionally, the expression of Nuclear Factor-xB (NF-xB) was up-regulated after the treatment of GA-Me, which might be
involved in the production of IL-2. In conclusion, the findings of this study implied that GA-Me could effectively inhibit tumor
growth and lung metastasis through increasing immune function.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Drugs enhancing anti-tumor activities and the

I condition of the immune system in tumor-bearing
Abbreviations: GA-Me, Ganoderic acid Me; IL-2, Interleukin-2; organisms are of current interest. Screening for products
IFN-y, Interferon-y; NK cell, Natural Killer cell; NF-«kB, Transcrip- with speciﬁc health benefits for immunolo gical activ-

tion factor Nuclear Factor-xB; LLC cell, Lewis lung carcinoma cell; ities has b fast . tor i h
MTT, 3-[4,5-thiazol-2-yl] 2,5-diphenyltetrazolium bromide; DMSO, 1ues has been a fast growing SECLor In cancer research.

Dimethyl sulfoxide; SDS-PAGE, Sodium dodecyl sulfate polyacryla- Ganoderma lucidum (G. lucidum), one of the most
mide gel electrophoresis; RT, Reverse Transcription. famous traditional Chinese medicines, has been obtain-
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tension, arthritis, bronchitis, asthma, anorexia and
immunological disorders [2,3]. G. lucidum has also
been suggested to promote longevity and maintain the
vitality of humans [4].

The potent bioactive compounds in G. lucidum are
polysaccharides and ganoderic acids, a group of
triterpenes [5—7]. Some investigations have been carried
out that the natural mixtures of triterpenoids in G.
lucidum can inhibit the proliferation of human and
mouse carcinoma cell lines [3,8,9]. However, little work
has been done on understanding the anti-tumor activity
and immune regulation of purified triterpenes in vivo.

Ganoderic acid Me (GA-Me) is a lanostane triterpene
purified from methanol extract of G. lucidum mycelia.
Using C57BL/6 mice bearing Lewis lung carcinoma, the
present study was undertaken to examine the anti-tumor
effects of GA-Me. First, the anti-tumor effects of GA-
Me through immunity stimulation were confirmed.
Then this immunity effect was found to be related to
the amelioration of IL-2, IFN-y and NK cells.
Furthermore, the results showed that GA-Me enhanced
the expression of NF-kB, and the up-regulation of NF-
kB might be involved in regulating the secretion of
immunity-related cytokines.

2. Materials and methods
2.1. Chemicals

Methanol extract of the dried and powdered mycelia of
fermented G. lucidum was conducted with chloroform.
Chromatographic purification of the chloroform fraction
yielded GA-Me. Endotoxin was removed by anion-exchange
chromatography and ultra filtration in the present study.
Afterwards, endotoxin concentration in GA-Me was measured
using Limulus Amebocyte Lysate (LAL) assay kit (Shanghai
Yihua Medical Science technology, China). The results
showed that endotoxin activity in GA-Me was less than 0.05
endotoxin units/ml, indicating the LPS contamination which
was negligible.

The purity and structure elucidation of these compounds
are determined by Electrospray lonization Mass Spectrometry,
'H and '*C Nuclear Magnetic Resonance, Infrared Spectro-
scopy respectively. The structure of the compound is shown in
Fig. 1. Purity of GA-Me was over 99%. Stock solution of GA-
Me was prepared in endotoxin-free dimethyl sulfoxide
(DMSO) and stored at —20 °C. The final DMSO concentration
never exceeded 10% (v/v) in the medium. Cisplatin (DDP) was
purchased from Sigma Chemical Corporation.

2.2. Cell line

YAC-1 cells have been classically used as targets for
murine NK cells. YAC-1 cell line was purchased from Cell
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Fig. 1. Structure of ganoderic acid Me (GA-Me).

Bank of Type Culture Collection of Chinese Academy of
Sciences (Shanghai, China) and was cultured in RPMI 1640
medium with 10% Fetal Bovine Serum (FBS), penicillin
(100 U/ml) and streptomycin (100 pg/ml). Cells were
incubated in an atmosphere of 5% CO, and 95% air at 37 °C.

2.3. Animals and Lewis lung cancer model

C57BL/6 mice (male, 20+2 g, 8-10 weeks) were
purchased from Shanghai Center of Experimental Animals,
Chinese Academy of Sciences. The animals were maintained
under specific-pathogen-free standards animal laboratory with
24+2 °C, 50% humidity, and a 12-h light/dark cycle. The
Institutional Animal Care and Use Committee of Shanghai
Long Hua Hospital approved all of the experimental
procedures. All the experiments were treated in accordance
with the National Institute of Health guidelines for the care and
use of laboratory animals.

The cell line of Lewis lung carcinoma (LLC cells) was
purchased from Shanghai Hutchison MediPharma Ltd. LLC
cells were cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calf serum (FCS). A single
cell suspension was prepared in phosphate-buffered saline
(PBS) by the passage of fresh tumor tissue through a
sequential series of 18-, 22-, 27- and 30-gauge needles.
1x10° tumor cells suspended in 0.1 ml of PBS were
injected subcutaneously (s.c.) in the right armpit region of
C57BL/6 mice. Animals were randomized into four groups
after tumor implantation. In the surgical groups, GA-Me
were injected into mice at 28 mg/kg (HIGH) and 7 mg/kg
(LOW) for 10 days and then observed for another 10
consecutive days. Control mice were injected with endo-
toxin-free saline at the same time points in an identical
manner. In the positive surgical group, Cisplatin (DDP)
administration (1 mg/kg, i.p.) was initiated for the first
4 days. At the end of the experiments, the mice were
sacrificed and the tumors were harvested. The tumor weight
was measured and the tumor growth inhibition rate were
calculated according to the formula: tumor growth inhibi-
tion rate=[(mean tumor weight of the control group—mean
tumor weight of the treatment group)/mean tumor weight
of the control group]x100%.

Lung tissues were also removed and the tumor nodes in
the surface of lungs were counted under the microscope. The
lung metastasis was calculated using the following formula:
lung metastatic inhibition rate=[(mean lung metastatic
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number of the control group—mean lung metastatic number
of the treatment group)/mean lung metastatic number of the
control group]x 100%.

2.4. Detection of NK cells activity

All procedures were conducted under aseptic conditions
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay [10]. The cell suspensions derived
from spleens of the experimental mice were passed through
a 200-mesh stainless steel sieve and then the tissue
fragments were removed. The cells were freed of red
blood cells by treatment with lysis buffer (0.15 M NH4CI,
0.01 M KHCOj;, and 0.1 mM NaEDTA, pH 7.4). To
remove adherent cells such as macrophages, total spleen
cells were incubated for 1 h in Petri dishes. The suspended
cell populations collected were washed twice in cold RPMI
1640 medium and centrifuged at 1000 g for 20 min. After
collection, the cells were washed three times and resus-
pended in RPMI 1640 medium. The viability of splenic
lymphocytes determined by the trypan blue exclusion test
was over 98%. The non-adherent lymphocytes were directly
used as NK effector cells.

NK cells (in a concentration of 2x 10° cells/ml) together
with YAC-1 cells (in a concentration of 1 x 10° cells/ml) were
incubated in the wells of a flat bottom 96 well sterile cell
culture plate (Effector: Target ratio of 20:1) with a total
volume of 100 pl in each well (ET). 100 pl of the same
concentration of NK cells (E), 100 ul of the same
concentration of YAC-1 cells (T), and 100 pl of RPMI
medium (B) were incubated in different wells as controls and
blank, respectively. The test was conducted in triplicates.
After 4 h of incubation in a humidified incubator with 5%
CO, at 37 °C, 10 pl of MTT solution (5 mg/ml in phosphate-
buffered saline, PBS) was added to each well. After another
4 h of incubation, the plate was centrifuged at 200 g for
5 min and supernatants were removed and replaced by
100 pl DMSO. The optical density (OD) of each well was
measured by an Automated Microplate Reader (Multiskan
Ex, Lab systems, Finland). The percentage of cytotoxicity
was determined by the formula: % cytotoxicity=1—[(absor-
bance at 540 nm of effector+target cells)—(absorbance at
540 nm of effector cells)]/[absorbance at 540 nm of target
cells] x 100.

2.5. Enzyme-linked immunosorbent assay (ELISA) for IL-2
and [FN-y

The animals were anesthetized with Ether. Blood was
collected by heart puncture. The production of cytokine (IL-
2 and IFN-vy) in blood serum was measured by a standard
sandwich cytokine ELISA procedure to assess the pharma-
ceutical effect on cytokine quantity. Standards (recombinant
cytokine at 0, 15.63, 31.25, 62.5, 125, 250, 500, 1000 pg/
ml concentrations) and samples were added in 100 pl/well.
Cytokine quantities in the samples were calculated from
standard curves of recombinant cytokines using a regression

linear method. The assay was performed according to the
instructions of mouse IL-2 and IFN-vy kits from R&D
Systems (Minneapolis, MN). Absorbance results were
assessed using an ELISA microplate reader set (Multiskan
Ex, Lab Systems, Finland).

2.6. Reverse Transcription PCR of IL-2 and IFN-y gene
expression

Spleens were removed immediately after mice sacrifice.
Half of the spleens were restored in liquid nitrogen. Total
RNA was isolated using TRIzol™ reagent (Promega
Corporation) and then reverse-transcribed using Reverse
Transcription System (TAKARA Corporation). An aliquot
(4 pl) of RT product was used for PCR amplication in a
total volume of 50 pl. IL-2 cDNA (243 bp) was amplified
using the sense primer 5'-GAC ACT TGT GCT CCT TGT
CA-3’ and the antisense primer 5’-TCA ATT CTG TGG
CCT GCT TG-3'. IFN-y cDNA (427bp) was amplified
using the sense primer 5'-TCTGA GACAA TGAAC
GCTAC-3’ and the antisense primer 5'-GAGTA GGCTC
ACCAG GTG-3’ and p actin was used as the load control.
The thermal cycle profile used in this study was (1)
denaturing for 30 s at 94 °C (2) annealing primers for 30 s
at 55 °C and (3) extending the primers for 2 min at 72 °C
PCR amplification was performed for 35 cycles and an
aliquot (10 pl) of the PCR mixture was visualized by
electrophoresis in agarose gel. The gel was photographed
and then quantitatively measured by scanning densitometry.

2.7. Western blotting for NF-kB protein expression

After sacrifice, mice spleen tissues were harvested and
prepared in liquid nitrogen. Frozen tissues (0.2 to 0.25 g)
were homogenized in a pestle homogenizer. 1 ml of lysis
buffer containing 0.5% NP-40 and 0.5% sodium deoxycho-
late, in 10 mM Tris buffer (pH 7.5) was added. The
homogenate was put on ice to swell for 10 min. After
centrifugation at 1000 xg for 8 min, the supernatant was
extracted in lysis buffer (10 mM Tris—HCl (pH 7.5)
containing 50 mM NaCl, 50 mM NaF, 10 mM EDTA,
1 mM DTT, 1% Triton X-100, 0.1% SDS, 1% sodium
deoxycholate, 1| mM phenylmethylsulfonyl fluoride, 5 mM
leupeptin, and 10 mg-ml-1 aprotinin) for 30 min on ice.
The lysates were centrifuged to remove insoluble materials,
normalized according to their protein content. Lysates
cleared of debris and nuclei were resolved on 10% gels.
Equal amounts of proteins (30 pg) were separated by SDS-
polyacrylamide gel electrophoresis and blotted onto a PVDF
membrane (Amresco). After blocking for 1 h at room
temperature using PBST buffer (PBS buffer plus 0.1% (v/v)
Tween-20) containing 3% (m/v) BSA, the filter was applied
sequentially with anti-NF-kB (diluted 1:1500; Santa Cruz
Biotechnology), and appropriate secondary antibody con-
jugated alkaline phosphatase (diluted 1:2000; Santa Cruz
Biotechnology). The blots were then visualized with Nitro
Blue tetrazolium/5-Bromo-4-chloro-3-indolyl phosphate
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(Sigma Co.) detection. Band intensities were measured
using image analysis software (NIH Image).

2.8. Statistical analysis

Statistical analysis was performed using the Student’s #-test
to evaluate the significance of differences between groups. In
all the graphs, * indicated significantly different than untreated
groups, p<0.05; ** indicated significantly different than
untreated groups, p<0.01; *** indicated significantly different
than untreated groups, p<0.001. All data points represented
the mean of triplicates.

3. Results

3.1. Effects of GA-Me on the inoculated tumor growth and
lung metastasis

To determine whether GA-Me has an anti-tumor effect in
vivo, a Lewis lung carcinoma model was established by
subcutaneously injecting LLC cells into C57BL/6 mice. As
shown in Table 1, the inhibition rate of tumor growth and
lung metastasis in GA-Me-treated group (28 mg/kg) was
43.23% (p<0.05) and 54.89% (p<0.05) respectively. No
discernible loss of the body weight was observed in the
tumor-bearing mice (Fig. 2).

Table 1
Effects of GA-Me on the growth of the inoculated tumor and lung
metastasis

A. Tumor growth inhibition effect of GA-Me in vivo

Groups N Dose  Tumor weight Tumor growth
(g/kg) (2) inhibition rate (%)

Control group 8 1.768+0.556

DDP 8 0.001 1.023+0.154* 42.15

GA-Me low 8 0.007 1.270+0.582 28.17

GA-Me high 8 0.028  1.004+0.259* 43.23

B. Lung metastatic inhibition effect of GA-Me in vivo

Groups N Dose  Number of lung Lung metastatic
(g/kg) metastases inhibition rate (%)

Control group 8 7.600+2.102

DDP 8 0.001 1.400+0.894**  81.58

GA-Me low 8 0.007 4.500+2.726 40.79

GA-Me high 8 0.028  3.429+1.902* 54.89

Tumors were harvested 10 days after GA-Me administration. (A)
Tumor weight growth inhibition rate: (control group tumor weight—
treatment group tumor weight)/control group tumor weightx 100%.
Lung tissues were also removed and the tumor nodes in the surface of
lungs were counted under the microscope. (B) Lung metastatic inhibi-
tion rate: (control group lung metastatic number — treatment group lung
metastatic number)/control group lung metastatic numberx 100%.
Data are presented as the mean+SEM of triplicate samples of a
representative experiment, similar results were obtained in three
independent experiments. Significant differences from untreated
control are indicated by *p<0.05; **p<0.01.
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Fig. 2. Body weights of mice bearing Lewis lung carcinoma. Data are
presented as the mean+SEM of triplicate samples of a representative
experiment, similar results were obtained in three independent
experiments. Significant differences from untreated control are
indicated by *p<0.05; **p<0.01.

3.2. Roles of GA-Me on NK cells activity

It has been reported that NK cells play pronounced roles
in the innate immunity against infections and tumor
development. In this study, the effect of GA-Me on the
cytotoxicity of spleen NK cells against YAC-1 cells was
investigated. The activity of NK cells in the spleens of the
experimental mice was significantly (p<0.05) enhanced
after GA-Me administration (Table 2). This indicated that
GA-Me had immunomodulatory effects on NK cells in
vivo.

3.3. Effects of GA-Me on cytokines production in vivo

IL-2 and IFN-y levels in blood serum specimens of
the mice were examined through the ELISA procedure. In
Fig. 3, IL-2 and IFN-vy concentrations in GA-Me high-dose-
treated group (28 mg/kg) were higher than that in GA-Me
low-dose-treated group (7 mg/kg). Compared with the

Table 2
Roles of GA-Me on NK cells activity in spleen

Groups N Dose (g/kg) NK cells activity (%)
Control group 8 32.64+6.10

DDP 8 0.001 25.79+12.05
GA-Me low 8 0.007 39.70+9.02

GA-Me high 8 0.028 51.63+14.01*

Cytotoxicities of spleen NK cells against YAC-1 tumor cells were
determined as described in Materials and methods. Data are presented
as the mean+SEM of triplicate samples of a representative experiment,
similar results were obtained in three independent experiments.
Indicated significant difference between control and experimental,
*p<0.05.
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Fig. 3. Effects of GA-Me on cytokine production in vivo. The serum
concentrations of IL-2 and IFN-y were tested by ELISA assay. (A)
Concentration of IL-2 in vivo. (B) Concentration of IFN-y in vivo.
Data are presented as the mean+SEM of triplicate samples of a
representative experiment, similar results were obtained in three
independent experiments. Indicated significant difference between
control and experimental, *p<0.05, **p<0.01.

control group, IL-2 and IFN-y concentrations were aug-
mented (p<0.01) in the GA-Me-treated group. That is, GA-
Me treatment improved the serum concentrations of IL-2 and
IFN-vy in vivo.

3.4. Enhancement of IL-2 and IFN-7y in the mRNA level

To explore the mechanism of GA-Me action on cytokines
production, IL-2 and IFN-y mRNA levels in C57BL/6 mice
bearing Lewis lung carcinoma after treatment with different
concentrations of GA-Me were assayed with RT-PCR. As
shown in Fig. 4, the cytokine mRNA levels were higher in GA-
Me-treated group than that in control group. The results
obviously indicated that GA-Me possessed the ability of up-
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Fig. 4. Influences of GA-Me on the gene expression of IL-2 and IFN-y
in spleen.

regulating the expression of IL-2 and IFN-y mRNA level in

Vivo.

3.5. Effects of GA-Me on regulation of NF-kB

To further understand the mechanisms of GA-Me in
immune regulation, western blotting was performed to detect
the level of NF-kB in both the cytoplasm and the nucleus of
mice spleen tissues. Fig. 5 indicated that administration of GA-
Me enhanced the protein expression of NF-«B in the nucleus.
These observations suggested that the signal transduction of
NF-«B pathway was involved in mediating immune regulation
n vivo.

4. Discussion

In recent years, increasing the human body’s
immunity in defending against tumors has been very
popular [11,12]. A major challenge to tumor therapy is
to find novel chemical entities with less toxicity and
greater effectiveness, especially to explore the immune-
enhancing effect of possible dietary substances. Owing
to the well-known anti-tumor properties of ganoderic
acids, investigations on these chemicals are of current
interest. Historical data has shown that natural mixtures
of ganoderic acids demonstrated an inhibitive effect on
proliferation of human and mouse carcinoma cell lines
[3,13]. However, the prevention of tumor growth is
through diverse mechanisms, including tumor cell
apoptosis and immune-mediated cancer regression. To
elucidate the anti-tumor and immunological effects of
ganoderic acids, GA-Me treatment was conducted in a
Lewis lung carcinoma mice model. The present results

R —— e

«— [-actin
— e —— «— NF-kB cytosolic fraction
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Fig. 5. Effects of GA-Me on protein expression of NF-kB in vivo.
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showed that GA-Me inhibited the tumor growth and
lung metastasis in vivo and increased the NK cells
activity (p<0.05). The administration of GA-Me
enhanced the expression of T-helper type 1(Thl)
cytokines, including IL-2 and IFN-y (»<0.01), and
augmented the protein expression of NF-kB. To our
knowledge, the anti-tumor and anti-metastatic ability of
GA-Me was proved in vivo for the first time.

Cytokines play critical roles in regulating the
outcome of antigen-specific T-cell responses, and thus
have been a major focus in the study of the pathogenesis
of autoimmunity. When a T-cell responds to an antigen,
its cytokine profile indicates certain T-helper cell
pathway stimulated by the antigen-presenting cell. Thl
responses are identified primarily by the presence of IL-
2, IFN-y and IL-12. Many investigations have given
evidence that IL-2 and IFN-vy play an important role in
specific immunological reactions to tumor cells growth
and promoting innate and adaptive immune responses
[14]. Therefore, this study investigated the synthesis of
IL-2 and IFN-vy to test the hypothesis that GA-Me
increases T lymphocyte activation by modulating
cytokines IL-2 and IFN-y. In this study, as shown in
Fig. 3, the serum concentrations of IL-2 and IFN-vy were
enhanced in C57BL/6 mice bearing Lewis lung
carcinoma, which suggested that GA-Me could be a
potent inducer of Thl-type cytokines.

NK cells participate in the nonspecific anti-virus and
anti-tumor defense. Several reports have indicated that
NK cells contributed to the elimination of transformed
tumor cells and exhibited cytotoxic activity against
cancer cells [15]. NK cells also play a supportive role in
the induction in Ag-specific type 1 immunity. The
currently demonstrated activity of NK cells may support
the development of Th1 dominated type 1 immunity and
may have implications for cancer immunotherapy
[16,17]. Herein, the results implied that GA-Me
increased NK cells activity (p<0.05). This adds to a
better understanding of the effectiveness of GA-Me
against cancer through increasing immune responses.
Cytokines regulate the innate immune system and
increase NK cells activity. NK cells also regulate the
adaptive immune system and responses to produce
cytokines. This result was consistent with other reported
data, which proved the abilities of NK cells to respond to
IL-2 and IFN-vy [18,19]. Thus, it is proposed that GA-
Me elicits its anti-tumor effect by promoting a Thl-
dominant state and killer activities.

IL-2 is an autocrine growth factor from T lymphocyte
and the transcription of IL-2 is an important step in T-
cells activation. To further understand the mechanisms
of IL-2 enhancement, measurement of the protein level

of NF-kB in spleen tissues by western blotting assay
was then conducted. In this work, it was proved that NF-
«kB was up regulated in Lewis lung carcinoma bearing
mice after the treatment of GA-Me. It has been well
established that NF-kB participates in the regulation of
many aspects of innate and adaptive immunity. NF-«xB
transcription factors are activated by a surprising variety
of signaling pathways involved in immune function and
development [20]. Our results provided evidence that
NF-kB may act as a regulatory step in the cytokines
cascade. This suggested that the biochemical events
induced by GA-Me were possibly associated with NF-
kB. Activation of NF-kB may bind to the kB regulating
element, which stimulated the transcription of down-
stream genes. However, the activating mechanism of
NF-kB in vivo is not clear and the actual target of NF-
kB in the transcription of IL-2 is also unknown, which
require further studies.

In conclusion, results from the present study demon-
strated that GA-Me elicits pronounced immuno-stimu-
lating activities, leading to the significant anti-tumor
effect in C57BL/6 mice bearing Lewis lung carcinoma.
As it has not yet been completely verified, further work
needs to be done to investigate the signal pathway
involved in T lymphocyte activation induced by GA-Me.
The results suggest that GA-Me is a promising candidate
for cancer immunotherapeutic agent and a potentially
valuable substance for pharmacological uses.

Acknowledgement

Financial support from the Shanghai Science and
Technology Commission (N0.054319933) is gratefully
acknowledged.

References

[1] Mizuno T, Wang G, Zhang J, Kawagishi H, Nishitoba T, Reishi
Li J. Ganoderma lucidum and Ganoderma tsugae: bioactive
substances and medical effects. Food Rev Int 1995;11:151-66.

[2] Gao YH, Zhou Shf. Cancer prevention and treatment by
Ganoderma, a mushroom with medicinal properties. Food Rev
Int 2003;19:275-325.

[3] Sliva D. Ganoderma lucidum (Reishi) in cancer treatment. Integr
Cancer Ther 2003;2:358—-64.

[4] Lieu CW, Lee SS, Wang SY. The effect of Ganoderma lucidum
on induction of differentiation in leukemic U937. Cells Antic-
ancer Res 1992;12:1211-6.

[5] Bao XF, Wang XS, Dong Q, Fang JN, Li XY. Structural features
of immunologically active polysaccharides from. Ganoderma
lucidum. Phytochemistry 2002;59:175-81.

[6] Hu H, Ahn NS, Yang X, Lee YS, Kang KS. Ganoderma lucidum
extract induces cell cycle arrest and apoptosis in MCF-7 Human.
Breast Cancer Cell. Int J Cancer 2002;102:250-3.



870

(7]

(8]

(%]

[10]

[11]

[12]

[13]

G. Wang et al. / International Immunopharmacology 7 (2007) 864-870

Min BS, Gao JJ, Hattori M, Lei HK, Kim YH. Anticomplement
activity of terpenoids from the spores of. Ganoderma lucidum.
Planta Med 2001;67:811-4.

Liu X, Yuan JP, Chung CK, Chen XJ. Antitumor activity of the
sporoderm-broken germinating spores of Ganoderma lucidum.
Cancer Lett 2002;182:155-61.

Sliva D. Cellular and physiological effects of Ganoderma
lucidum (Reishi). Mini Rev Med Chem 2004;4:873-9.

Choi EM, Kim AJ, Kim YO, Hwang JK. Immunomodulating
activity of arabinogalactan and fucoidan in vitro. J Med Food
2005;8:446-53.

Ameho CK, Adjei AA, Yamauchi K, Harrison EK, Kulkarni AD,
Sato S, et al. Modulation of age-related changes in immune
functions of protein-deficient senescence-accelerated mice by
dietary nucleoside-nucleotide mixture supplementation. Br J
Nutr 1997;77:795-804.

Carver JD. Dietary nucleotides: cellular immune, intestinal and
hepatic system effects. J Nutr 1994;124:144-8.

Li CH, Chen PY, Chang UM, Kan LS, Fang WH, Tsai KS, et al.
Ganoderic acid X, a lanostanoid triterpene, inhibits topoisome-
rases and induces apoptosis of cancer cells. Life Sci
2005;77:252—65.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Liu Y, Ng Y, Lillehei KO. Cell mediated immunotherapy: a new
approach to the treatment of malignant glioma. Cancer Control
2003;10:138-47.

Ravetch JV, Lanier LL. Immune inhibitory receptors. Science
2000;290:84-9.

Polic B, Hengel H, Krmpotic A, Trgovcich J, Pavic I, Luccaronin
P, et al. Hierarchical and redundant lymphocyte subset control
precludes cytomegalovirus replication during latent infection. J
Exp Med 1998;188:1047—54.

Goodyear HM, McLeish P, Randall S, Buchan A, Skinner GR,
Winther M, et al. Immunological studies of herpes simplex virus
infection in children with atopic eczema. Br J Dermatol
1996;134:85-93.

Ikeda H, Old LJ, Schreiber RD. The roles of IFN-vy in protection
against tumor development and cancer immunoediting. Cytokine
Growth Factor Rev 2002;13:95-109.

Merritt RE, Yamada RE, Crystal RG. Augmenting major histo-
compatibility complex class I expression by murine tumors in vivo
enhances antitumor immunity induced by an active immunotherapy
strategy. J Thorac Cardiovasc Surg 2004;127:355-64.

Sha William C. Regulation of immune responses by NF-xkB/Rel
transcription factors. J Exp Med 1998;187:143—6.



	Enhancement of IL-2 and IFN-γ expression and NK cells activity involved in the anti-tumor effec.....
	Introduction
	Materials and methods
	Chemicals
	Cell line
	Animals and Lewis lung cancer model
	Detection of NK cells activity
	Enzyme-linked immunosorbent assay (ELISA) for IL-2 and IFN-γ
	Reverse Transcription PCR of IL-2 and IFN-γ gene expression
	Western blotting for NF-κB protein expression
	Statistical analysis

	Results
	Effects of GA-Me on the inoculated tumor growth and lung metastasis
	Roles of GA-Me on NK cells activity
	Effects of GA-Me on cytokines production in vivo
	Enhancement of IL-2 and IFN-γ in the mRNA level
	Effects of GA-Me on regulation of NF-κB

	Discussion
	Acknowledgement
	References


