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Estrogen-like activity of ethanol extract of Ganoderma lucidum

Abstract The ethanol extract from the fruiting body of 
Ganoderma lucidum was tested for its estrogen-like activity 
by using the cell proliferation assay (MCF-7 cells, human 
breast cancer cells), as well as the estrogen receptor binding 
assay, and pS2 mRNA expression assay in MCF-7 cells in 
vitro and uterotrophic assay in vivo. The ethanol extract of 
G. lucidum showed signifi cant positive effects on the prolif-
eration of MCF-7 cells. This proliferation effect is related 
to the estrogenic activity of G. lucidum, because this prolif-
eration activity was inhibited by the addition of the anti-
estrogenic compound ICI 182,780. The ability to bind to 
human estrogen receptors (hERs) a and b of the ethanol 
extract of G. lucidum was confi rmed by using the coactiva-
tor-bacterial alkaline phosphatase system. ER-dependent 
cell responsibilities were investigated by examining the 
regulation of gene transcription for pS2 in MCF-7 cells. Our 
results demonstrated that the pS2 mRNA levels are signifi -
cantly increased by the ethanol extract of G. lucidum via an 
estrogen-like manner. Additionally, young rats that received 
the ethanol extract of G. lucidum (200 mg/kg per day) for 
3 days showed a signifi cant increase (growth approximately 
twofold compared with the control group) in uterine weight 
after each treatment, which supports the estrogen-like 
activity of the ethanol extract of G. lucidum in vivo. It was 
concluded that the ethanol extract of G. lucidum showed 
estrogen-like activity, which may be useful in regulating 
hormone levels to treat related diseases such as osteoporo-
sis if safety is fully guaranteed.
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Introduction

Menopause brings about changes in the health of post-
menopausal women that have a major impact on their lives. 
After menopause, osteoporosis associated with estrogen 
defi ciency is the most common cause of age-related bone 
loss. Hormone replacement therapy (HRT) can resolve 
most postmenopausal problems, and the almost universal 
loss of skeletal mass in postmenopausal women can be pre-
vented by estrogen replacement. However, compliance with 
HRT is poor because of the risks of breast and endometrial 
cancers associated with the long-term use of HRT.1 Thus, a 
safe estrogenic ingredient originating from edible and 
medicinal natural products is needed.

Estrogens play an important role in bone maintenance, 
in the central nervous system, and in the cardiovascular 
system.2 Estrogens carry out their action by binding to 
a high affi nity nuclear receptor, the estrogen receptor 
(ER). Bound ER undergoes conformational change, inter-
acts with chromatin, and modulates the transcription of 
target genes in estrogen-responsive tissues.3 Many naturally 
occurring compounds, such as fl avonoids, coumestan deriv-
atives, and lignans, are nonsteroidal agents that have dem-
onstrated weak estrogenic activity.4 Recently, ginsenoside 
Rg1, a naturally derived triterpenoid isolated from Panax 
notoginseng, has been reported to have estrogen-like 
activity.5

The fruiting body of Ganoderma lucidum (Reishi or 
Ling-Zhi) is a well-known Chinese crude drug,6 which has 
been used clinically in China, Japan, and Korea for hun-
dreds of years as a tonic and sedative, as well as for the 
treatment of hypertension and chronic hepatitis.7 It is also 
considered to promote longevity and help maintain vitality. 
Nowadays, this mushroom is used for leucopenia and is 
popular as a home remedy.8 In a well-known book on 
Chinese herbal medicines written during the Ming dynasty, 
P’en-Ts’ao Kang-Mu, by Li Shin-Chen, the writer describes 
G. lucidum as being effective for menopausal troubles, 
which are known to be associated with estrogen defi ci-
ency. This information led us to further investigate the 
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medicinal properties of G. lucidum, especially its estrogenic 
activity.

The present study was designed to determine whether 
the ethanol extract of G. lucidum has estrogen-like activity. 
In this study, we evaluated the estrogen-like activity of the 
ethanol extract of the fruiting body of G. lucidum. To 
achieve this we measured the relative proliferative effects 
of MCF-7 cells and estrogen receptor (ERa, ERb) binding 
assay, and pS2 mRNA expression of estrogen receptor 
(ER)-positive MCF-7 cells in vitro and uterotrophic assays 
in vivo to elucidate their ability to regulate the level of 
estrogen. Our fi ndings indicated that the ethanol extract of 
G. lucidum does in fact protect against disorders caused by 
estrogen defi ciency. Many benefi cial effects of G. lucidum 
have been reported, but they may be mediated, at least in 
part, by the extract’s estrogenic activity.

Materials and methods

The fruiting body of Ganoderma lucidum (strain BMC9049) 
was obtained from Bisoken (Oita, Japan). The chemicals 
used were 17b-estradiol (E2), Dulbecco’s modifi ed Eagle’s 
medium (DMEM) (Sigma, St. Louis, MO, USA), fetal 
bovine serum (FBS) (Gibco), activated charcoal, ethylene-
diaminetetraacetic acid (EDTA), dimethyl sulfoxide 
(DMSO) (Wako, Osaka, Japan), glutamine (Nissui, Tokyo, 
Japan), penicillin, streptomycin, and trypsin (Invitrogen, 
Carlsbad, CA, USA).

Extract preparations of Ganoderma lucidum

The dried and chipped fruiting body of G. lucidum (15 kg) 
was extracted with 99% ethanol (126 l) at room tempera-
ture for 24 h by using a blender. The extracts were fi ltered 
through Advantec No. 2 fi lter papers, concentrated under 
vacuum, and then freeze-dried. The extracts (571.1 g) were 
used as ethanol extracts. Also, a portion of the residual G. 
lucidum after extraction with ethanol was reextracted with 
boiling water, and the aqueous extracts were freeze-dried 
and called water extracts.

Cell cultures

MCF-7 cells, which are estrogen-sensitive human breast 
cancer cells, were used in this study. The MCF-7 cells were 
kindly provided by Prof. K. Yamada (Kyushu University, 
Japan).

Charcoal treatment of serum

To remove the endogenous estrogens, 100 ml of FBS was 
treated twice with 5 g each of activated charcoal at 56°C for 
30 min. Then the activated charcoal was removed by cen-
trifugation at 10 000 g and 4°C for 20 min. This procedure 
was repeated twice, and the supernatant was fi ltered through 

a 0.22-μm cellulose acetate fi lter. The charcoal-treated FBS 
(cFBS) was then stored at −20°C until use.

Cell proliferation assay

The cells were maintained in a petri dish and incubated 
(37°C; 5% CO2) until 70% confl uence was reached. They 
were harvested weekly by 10-min exposure to 0.25% (w/v) 
trypsin, 1 mM EDTA in PBS and passaged at a 1 : 3 split 
ratio. The cells were subcultured into 24-well plates at a 
density of approximately 1 × 104 cells/well to determine the 
cell number. The cells were allowed to grow over 24 h in a 
humidifi ed atmosphere of 5% CO2 in air at 37°C until the 
cells adhered. To eliminate the effect of different factors in 
the growth media and the contribution of any estrogenic 
effect, the cells were placed under serum-free conditions for 
24 h. The sample was dissolved in DMSO, and the fi nal 
concentration of this solution in the culture medium of 
0.1% did not affect the cell yields. The cells were detached 
using 0.25% (w/v) trypsin, 1 mM EDTA in PBS. The cell 
numbers were counted by a Bürker hemocytometer 
(Marienfeld, Marienfeld, Germany). The control condition 
also contained 0.1% DMSO. Three independent wells were 
used in the same 24-well plate to each sample, and repeated 
at least three times. Reproducible results were obtained. 
The average number of cells in the control was about 1 × 
105 cells per well, so the results are expressed as the mean 
± standard error. The mean of cell numbers from each 
experiment were normalized to the hormone-free control 
culture cells (100%) to correct for the difference in the 
initial plating density.

CoA-BAP method

This method was established by Kanayama et al.9 The prin-
ciple of in vitro assay for activation of ER induced by the 
ethanol extract of G. lucidum is based on protein–protein 
interactions on a microplate involving a GST-ER fusion 
protein and a BAP (bacterial alkaline phosphatase)-CoA 
(coactivator) fusion protein.

The assay was performed using the kit, TIF2-BAP-
human ERa or ERb (hERa or hERb) (Microsystems, 
Kyoto, Japan) according to the manufacturer’s instruction. 
Briefl y, the experiment was performed as follows. All 
experiments were carried out on ice unless otherwise stated. 
A prepared microwell plate was rinsed with 120 μl of sus-
pension buffer, followed by two further rinses with 150 μl 
of suspension buffer. Next, 100 μl of purifi ed histidine-
tagged hTIF2 NID-BAP protein (30 μg/ml) was added to 
the plate with an appropriate concentration of ethanol 
extract of G. lucidum or control solvent. After 1 h of incu-
bation at 4°C, the plate was washed with 120 μl of wash 
buffer [50 mM Tris-HCl (pH 7.2), 5 mM MgCl2, 100 mM 
KCl, 0.1% Nondiet P-40]. Two further washes were then 
carried out with 150 μl of wash buffer. After removal of 
wash buffer, the enzyme reaction was started with the addi-
tion of 100 μl of a 10 mM NPP solution [100 mM Tris-HCl 
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(pH 8.0), 10 M p-nitrophenylphosphate (Nacalai Tesque, 
Kyoto)]. After incubation at 30°C for 3 h, the reaction was 
stopped with the addition of 25 μl of 0.5 N NaOH. Finally, 
the absorbance at 405 nm was measured with a microplate 
reader ELx 800 (Bio-Tec instruments). Alkaline phospha-
tase (AP) activity without GST-NR was also measured as 
background for this assay.

Real-time polymerase chain reaction analysis

Total RNA was extracted by use of Isogen (NipponGene, 
Toyama, Japan) from MCF-7 cells after being cultured for 
proliferation assay with or without ethanol extract of G. 
lucidum. Complementary DNA was synthesized in a fi nal 
volume of 20 μl that included 1 μg of total RNA (4–5 μl of 
0.2–0.3 μg/μl total RNA), 1 μM oligo-dT 18-mer primer, 10 
units of RNase inhibitor, and 10 units of AMV reverse 
transcriptase (Takara, Japan) according to the manufactur-
er’s instruction. After reverse transcription for 60 min at 
45°C, the samples were heated for 5 min at 95°C to termi-
nate the reaction. Real-time polymerase chain reaction 
(PCR) was performed in a fi nal volume of 10 μl with a Line 
Gene (Bio Flux, Japan). The SYBR Premix Ex Taq kit 
(Takara, Japan) was used according to the manufacturer’s 
instructions with a fi nal concentration of 0.2 μM for each 
primer. PCR amplifi cation was performed as follows: (1) an 
initial denaturation at 95°C for 1 min, (2) 45 cycles, with 1 
cycle consisting of denaturation 95°C for 15 s, annealing at 
60°C for 15 s, and elongation at 72°C for 30 s. Amplicon 
specifi city was verifi ed by melting-curve analysis conducted 
at 65° to 95°C with stepwise fl uorescence acquisition and by 
2% agarose gel electrophoresis staining with ethidium 
bromide. No fl uorescence was detected from real-time PCR 
amplifi cation without a template. Each primer sequence of 
pS2 (accession number: X52003) was 5′-TGG AGA ACA 
AGG TGA TCT GC-3′(forward) and 5′-ATC TGT GTT 
GTG AGC CGA AGG-3′(reverse), respectively. b-Actin 
was used as a reference gene (accession number: AY582799). 
Each primer sequence was 5′-TGA CGG GGT CAC CCA 
CAC TGT GCC CAT CTA-3′ (forward) and 5′-CTA GAA 
GCA TTT GCG GTG GAC GAT GGA GGG-3′ (reverse), 
respectively. The ratio of gene specifi c expression was 
defi ned as relative expression to the actin expression.

Uterotrophic assays

The protocol for the uterotrophic assays was based on that 
described by Odum et al.10 Female Fisher rats (21 days old; 
Charles river, Yokohama) were dosed by subcutaneous (sc) 
injection. Test agents were dissolved or homogeneously sus-
pended in sesame oil (except where indicated otherwise). 
The dosing volume was 2 ml/kg body weight. Animals 
received three daily doses (20, 200 mg/kg per 2 ml oil) of 
the test sample and were killed by blood removal under 
anesthesia of pentobarbital 24 h after the fi nal dose. Uteri 
were excised, trimmed free of fat, pierced, and blotted to 
remove excess fl uid. The body of the uterus was cut just 

above its junction with the cervix and at the junction of the 
uterine horns with the ovaries. The uterus was then weighed 
(wet weight). E2 was used as a positive control agent, and 
the study was accompanied by a vehicle (negative) control 
group.

Statistics

Results in vitro were expressed as mean ± standard error. 
Statistical signifi cance was determined by Student’s non-
paired t-test. Animal experiment results were expressed as 
mean ± standard error, statistical signifi cance was deter-
mined by analysis of variance (ANOVA) and Bonferroni’s 
multiple t-test.

Results 

Effect of the extract of Ganoderma lucidum on the 
proliferation of MCF-7 cells

The MCF-7 cell proliferative assay is a well-established in 
vitro system characterized by its estrogen responsiveness 
through the expression of the estrogen receptor.11 As shown 
in Fig. 1, E2 exhibited a strong proliferation-stimulating 
activity of about 145% in comparison with the control cells. 
The ethanol extract of Ganoderma lucidum exerted a 
proliferation-stimulation activity of more than 200% at 
0.1 μg/ml. However, at a high concentration of more than 
10 μg/ml, the ethanol extract lost the activity. The exact 
mechanism involved in the dose-dependent change in activ-
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Fig. 1. Effect of ethanol extract of Ganoderma lucidum on the prolif-
eration increase in MCF-7 cells. The average cell number of control 
was 1.03 × 105 cells/well. The average cell number of E2 was 1.47 × 105 
cells/well. Double asterisk indicates a signifi cant difference between 
control and ethanol extract of G. lucidum-treated cells as analyzed by 
Student’s nonpaired t-test (P < 0.01)
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ity remains unclear. However, this phenomenon might be 
caused by the extract’s cytotoxicity, at least in part.12 
Additionally, a recent report indicated that the G. lucidum 
extract can induce cell cycle arrest and apoptosis in 
MCF-7.13 The concentration of ethanol extract for the 
maximal stimulation effect was 0.1 μg/ml (Fig. 1). In con-
trast, the water extract, which was prepared from G. lucidum 
after extraction with ethanol, did not show any activity 
(Fig. 2).

Ganoderma lucidum has been well known to produce 
polysaccharides14 and oxygenated triterpenoids with a very 
broad spectrum of biological activities and pharmacological 
functions.6 Triterpenoids show antiandrogenic activity, such 
as 5a-reductase inhibition,15 and polysaccharides have been 
found to possess a potent antitumor effect, attributed to 
their immunomodulation property. As shown in Figs. 1 and 
2, the ethanol extract of G. lucidum showed the prolifera-
tion increase in MCF-7, but hot water extracts did not. 
These results indicated that the active ingredients of G. 
lucidum are hydrophobic components, such as triterpe-
noids, and not polysaccharides. The steroid backbone of the 
triterpenoids in G. lucidum may make it a suitable candi-
date to interact and activate estrogen receptors.

ER-dependent action of the ethanol extract of G. lucidum 
on the proliferation of MCF-7 cells

To determine whether the proliferation-stimulating activity 
on MCF-7 cells is mediated via the ER, cells were incubated 
with the ethanol extract of G. lucidum in the presence or 
absence of the estrogen antagonist ICI 182,780. ICI 182,780 
(100 μM) completely blocked the proliferation-stimulating 

activity on MCF-7 cells by the ethanol extract of G. lucidum 
and E2 (Fig. 3). The action of the ethanol extract of G. 
lucidum in MCF-7 can be specifi cally blocked by treating 
with an ER antagonist (ICI 182,780), providing further 
support for the role of activated ER in mediating its action 
in these cells.

Dietary phytoestrogens have been the focus of investiga-
tions for their potential benefi cial effects on cancer preven-
tion and the treatment of postmenopausal syndromes. 
Current lists of dietary phytoestrogens include isofl avones,16 
coumestans,16 resveratrol,17 and 8-prenylnaringenin.18 The 
relative affi nities of these compounds toward ER are in 
the microgram-per-milliliter range, similar to those of the 
ethanol extract of G. lucidum. More specifi cally, the effec-
tive concentration of the ethanol extract of G. lucidum in 
the stimulation of MCF-7 cell growth is in the microgram-
per-milliliter range, as shown in Fig. 1.

ER binding assay against ethanol extract of G. lucidum

We examined the binding activity to hERs a and b of the 
ethanol extract of G. lucidum that stimulated the growth of 
MCF-7 cells by CoA-BAP system. The ethanol extract of 
G. lucidum bound quite poorly to both hERs compared 
with the E2 (Fig. 4). The ethanol extract of G. lucidum 
showed slight hER a and b-dependent AP activity 
induction.

Stimulation of endogenous estrogen responsive genes in 
MCF-7 cells

To evaluate the potential of the ethanol extract of G. 
lucidum as an activator of estrogen-responsive genes, we 
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Fig. 2. Effect of hot water extracts of G. lucidum on the proliferation 
increase in MCF-7 cells. The average cell number of control was 1.08 
× 105 cells/well. The average cell number of E2 was 1.66 × 105 cells/well. 
Double asterisk indicates a signifi cant difference between control and 
G. lucidum hot water extracts or E2-treated cells as analyzed by Stu-
dent’s nonpaired t-test (P < 0.01)
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Fig. 3. Effect of ethanol extract of G. lucidum on the cell proliferation 
in MCF-7 cells. The average cell number of control was 1.05 × 105 
cells/well. The average cell number of E2 was 1.96 × 105 cells/well. 
Asterisks indicate a signifi cant difference between control and hot 
water extracts of G. lucidum-treated cells as analyzed by Student’s 
nonpaired t-test (*P < 0.05, ** P < 0.01)
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examined pS2 mRNA induction in MCF-7 cells after treat-
ment with the ethanol extract of G. lucidum. Steady-state 
pS2 mRNA levels were measured by carrying out real-time 
PCR assays on total RNA prepared from MCF-7 cells 
treated with the samples. As an internal control, constitu-
tively expressed human b-actin mRNA was used. As shown 
in pS2, the mRNA expression was induced after E2 treat-
ment, as is well known. The ethanol extract of G. lucidum 
activated transcription of the pS2 gene (Fig. 5). These data 
confi rm that the ethanol extract of G. lucidum can act as an 
ER agonist.

Immature uterus tests

The uterine effects were also studied by treating prepuber-
tal 3-week-old female rats injected for 3 days with increas-
ing doses of ethanol extract of G. lucidum and by comparing 
the effects with those of E2. Figure 6 shows that the ethanol 
extract of G. lucidum had a slight intrinsic agonistic activity. 
The effect of E2 is more than 5000 times as strong as that 
of the ethanol extract of G. lucidum.

Discussion

In our study, we found that the ethanol extract of Gano-
derma lucidum had estrogenic activity on MCF-7 cells. 
Coadministration of ICI 182,780 virtually blocked the 

proliferation-stimulatory effects induced by the ethanol 
extract of G. lucidum. This complete reversal indicated that 
the ethanol extract of G. lucidum exerted its effect through 
estrogen receptors in MCF-7 cells.
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Fig. 4a–d. Estrogen receptor 
(ER)-binding assay by 
coactivator-bacterial alkaline 
phosphatase (CoA-BAP) 
system. ER-binding methods 
were used to determine a the 
binding affi nity of E2 to ERa, b 
the binding affi nity of ethanol 
extracts of G. lucidum to ERa, 
c the binding affi nity of E2 to 
ERb, and d the binding affi nity 
of ethanol extracts of G. 
lucidum to ERb
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Fig. 5. pS2 expression in MCF-7-derived cells. Relative pS2 mRNA 
levels were determined using a real-time polymerase chain reaction 
assay. Regulation of pS2 mRNA expression by 10 nM E2 and 0.1 μg/ml 
ethanol extracts of G. lucidum (GL). Each value is the mean ± standard 
deviation of three determinations. Double asterisk indicates signifi cant 
difference between control and ethanol extracts of G. lucidum or E2-
treated cells as analyzed by Student’s nonpaired t-test (P < 0.01)
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It is reported that the proliferation rate of MCF-7 cells 
is modulated markedly by the conditions under which the 
cells are grown. The MCF-7cells respond almost immedi-
ately to the lack of estrogens with a decreased proliferation 
rate. The reduced rate of proliferation in the absence of 
estrogens is maintained by MCF-7 cells for at least 1 month. 
For 5 or 6 months, E2 was not able to further stimulate the 
proliferation of these long-term withdrawn cells, and the 
antiestrogen was still inhibitory to cell proliferation.19 
The same phenomenon was observed in our experiment 
(Figs. 1–3) and is the reason for the different proliferation 
of E2 in each experiment.

From our result, the ethanol extract of G. lucidum 
showed very weak binding activity to hERa and hERb (Fig. 
4). Recently, membrane estrogen binding sites (mER) were 
found in breast cancer cell lines MCF-7.20 In paraffi n tissue 
sections of breast cancer patients, estrogen membrane 
receptor was identifi ed in cancerous tissue. In breast cancer 
cells, the fact that estrogen effects were reported in the 
absence of classical steroid receptors suggested the exis-
tence of a distinct membrane site. The ethanol extracts of 
G. lucidum may act on this membrane estrogen binding site 
rather than binding to the ERa and ERb. Our results dem-
onstrate that the pS2 mRNA levels are signifi cantly 
increased by the ethanol extract of G. lucidum via an estro-
gen-like manner. Additionally, young rats that received the 
ethanol extract of G. lucidum (200 mg/kg per day) for 3 
days showed a signifi cant increase (growth of approximately 
twofold compared with the control group) in uterine weight 
after each treatment, which supports the estrogen-like 
activity of the ethanol extract of G. lucidum in vivo. It was 
concluded that the ethanol extract of G. lucidum showed 
estrogen-like activity, which may be useful in regulating the 
hormone levels to treat related diseases (osteoporosis, etc.) 
if safety is fully guaranteed.

When activated by E2, ERa plays an important role in 
the stimulation of cancer cell proliferation and prevention 
of apoptosis. The biological actions of E2 are mediated both 
by genomic transcriptional effects in the nucleus and by 
nongenomic actions via ERa acting outside the nuclear 
compartment. Depending on the cell type and context, the 
nongenomic effects of E2 can lead to rapid activation of 
many signaling molecules, such as (1) IGF-I receptor (IGF-
IR) and epidermal growth factor receptor (EGFR), (2) 
p21ras and Raf-1, (3) MAPK and Akt, (4) protein kinase C, 
(5) release of nitric oxide and stimulation of prolactin secre-
tion, and (6) alteration of calcium and Maxi-K channels. 
Both genomic and nongenomic actions of E2 play pivotal 
roles in E2-induced cancer cell proliferation and survival.

Genistein inhibits hormone-dependent breast cancer 
cells.21 The important action of genistein, which may con-
tribute to its chemopreventative properties, is inhibition of 
the EGFR tyrosine kinase.22 The known effects of tamoxi-
fen on the IGF system in breast cancer cells include: inhibi-
tion of IGF-I stimulated growth, modulation of IGFBP 
expression, reduced secretion of autocrine IGF, down-
regulation of plasma levels of IGF-I in breast cancer patients, 
and decreased levels of IGF-I binding sites.23 However, at 
concentrations less than 10 μmol/l, MCF-7 cell growth is 
stimulated by genistein.24–26 This situation may be analogous 
to tamoxifen as noted by Bouker and Hilakivi-Clarke27 in 
that in male rat anterior pituitary cells, low (100 nmol/l) 
concentrations of tamoxifen increased prolactin secretion, 
but, at higher concentrations, estrogen-stimulated prolactin 
secretion was completely inhibited by tamoxifen.28

In our study, the ethanol extracts of G. lucidum showed 
both stimulation and inhibition effect on proliferation of 
MCF-7 cell. The components of G. lucidum may have the 
same effects as genistein and tamoxifen. These components 
exerted estrogen-like effects at low concentrations that may 
be considered physiologic concentrations, but at high con-
centrations exerted other effects, like inhibition of the activ-
ity of one or more cellular molecules that control cell 
signaling, growth, and death.

Safety is a primary consideration in the use of natural 
products, such as those from G. lucidum with estrogenic 
activity, and especially those in food and supplemental 
products, which may be utilized in unregulated quantities 
on a regular basis. In this study, we showed that the extract 
of G. lucidum has a proliferation effect on breast cancer 
cells (MCF-7) under limited experimental conditions, more 
specifi cally in cFBS, in which the hydrophobic steroidal 
hormone was removed by treatment with charcoal. This 
result might be linked to carcinogenicity. The potential 
application of G. lucidum in the treatment of estrogen-
dependent symptoms, such as those found in postmeno-
pausal women, requires further detailed study on its 
potential risk of contributing to the development of breast 
and endometrial cancers. However, the risk may be negli-
gible, because many reports about the anticancer effect of 
G. lucidum have been published.29 Furthermore, it has been 
reported that the ethanol extract of G. lucidum is able to 
induce cell cycle arrest at the G1 phase and induce apopto-
sis in MCF-7 cells with FBS, not cFBS,13 and G. lucidum 
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lucidum or E2-treated animals as analyzed by analysis of variance and 
Bonferroni’s multiple t-test (P < 0.05)
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has been demonstrated to possess antitumor activities,30 
immunomodulatory activities,31 neuroactive effects,32 and 
antiandrogen activity.33 In addition, G. lucidum extract was 
described to have no effect on genotoxic chromosomal 
breakage and no cytotoxic effects in a mouse test.34 The 
fruiting body of G. lucidum has proven its safety through 
many years of human medicinal use and consumption. 
Recent studies also showed that the alcohol extract or the 
triterpene fraction of G. lucidum possessed an antitumor 
effect, which seems to be related to the cytotoxic activity 
against tumor cells directly. Preliminary study indicated 
that the antiangiogenic effect may be involved in the anti-
tumor activity of G. lucidum.35 Although many benefi cial 
effects of G. lucidum have been reported as described 
above, most of the mechanisms remain unclear. However, 
they might be mediated, at least in part, by the extract’s 
estrogenic activity.
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