
Abstract. Breast cancer is the most commonly diagnosed
cancer among women in Western countries. Currently, there is
no effective therapy for malignant estrogen-independent breast
cancer. We have screened 38 species of edible mushroom on
human estrogen-receptor positive (MCF-7) and estrogen-
receptor negative (MDA-MB-231, BT-20) breast cancer cells
to select potential agents with broad-spectrum antitumor
activity against breast cancer cells. Water-based extracts of
three mushroom species, Coprinellus sp., Coprinus comatus,
Flammulina velutipes (CME, CCE and FVE respectively),
were identified as novel anti-breast cancer agents. The anti-
tumor activities include: 1) marked growth inhibition of both
ER+ and ER- breast cancer cells; 2) induction of rapid apoptosis
on both ER+ and ER- cells; 3) significant inhibition of MCF-7
tumor colony formation in vitro. The antiproliferative and
cytotoxic activities of the three mushroom extracts were
dose-dependent, regardless of the hormone receptor status of
the cancer cells. The degree of produced cytotoxicity on ER-

breast cancer cells was very high, while the IC50 of mushroom
extract CME was found to be as low as 40 μg/ml on MDA-
MB-231 cells and the IC50 of mushroom extract FVE was
only 30 μg/ml on BT-20 cells. More interestingly, mushroom
extracts CME and FVE induced an exceptionally rapid
apoptosis on MCF-7 and MDA-MB-231 detected by Annexin
V-FITC within 2 h of treatment and DNA fragment end-
labeling assay (TUNEL) in 5 h of treatment. Anchorage-
independent growth assays indicated that the MCF-7 tumor
colony formation rate was reduced by 60% in CCE- and
CME-treated cells and nearly completely inhibited (99%) by
FVE treatment. These results suggest that mushroom species

Coprinus comatus, Coprinellus sp. and Flammulina velutipes
contain potent antitumor compounds for breast cancer. Our
finding is important due to the lack of chemotherapeutic and
chemopreventive agents for ER- human breast cancer.

Introduction

Mushrooms have historically been used to maintain general
human health worldwide. Since Ikekawa's group first noted
that a water extract of shiitake fruiting bodies could inhibit
transplanted tumors in mice in 1969 (1), some well-known
mushroom species or the constituents derived from those
mushroom have been tested against several major types of
cancer, including stomach, lung, colon and liver (2,3). In
addition to their excellent nutritional value, edible mush-
rooms represent an untapped resource for novel antitumor
compounds. However, only a small percentage (<10%) of
edible mushrooms have been scientifically evaluated for their
antitumor properties (4), and little attention has been given
to incorporating medicinal mushrooms into breast cancer
treatment. In recent years, the use of mushroom-derived poly-
saccharides alone or as part of conventional chemotherapy
regimens has achieved successful outcomes in patients with
advanced cancer (5). An interest in using mushroom poly-
saccharides as a complementary approach to cancer treatment
remains strong in complementary and alternative medicine
(CAM) practice. In contrast to the immune modulating
properties of polysaccharides, several studies have found that
mushroom extracts contain other compounds (non-poly-
saccharides) which are directly cytotoxic to tumor cells (6-8).
Our previous studies have also indicated that mushroom
constituents other than polysaccharides in shiitake and oyster
mushrooms have biological activity against murine skin
carcinoma or human prostate carcinoma cells (9; unpublished
data). These results suggest that mushrooms contain different
bioactive compounds with a diverse biological activity, and
scientific investigation is justified in evaluating the anticancer
activity of edible mushrooms as novel chemopreventive and
chemotherapeutic agents.

Breast cancer is the most commonly diagnosed cancer
among women in Western countries. Comparatively little
published literature addresses the activity of mushroom-derived
compounds for breast cancer treatment or prevention. This may
be related to the historically low incidence of breast cancer
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in Asia, where most of the traditional medicinal mushroom
species originate. Extracts of Ganoderma lucidum have been
reported to suppress the motility of breast cancer cells (10).
Extracts of Agaricus blazei, related to the white button
mushroom, inhibit breast cancer cell proliferation via sup-
pression of aromatase activity (11,12). In addition to these
in vitro experiments, there has been some attempt to evaluate
mushroom polysaccharides in breast cancer treatment. A
polysaccharide known as PSK was reported to extend the
survival of Japanese patients with estrogen-receptor-negative
(ER-), stage IIA T2N1 adenocarcinomas, but not estrogen-
receptor-positive (ER+) breast tumors (13). This finding was
not corroborated by Morimoto et al, in a larger clinical trial
(14).

We have screened thirty-eight species of edible mushroom
(cultivated or non-cultivated) for their potential as anti-breast
cancer candidates. Our preliminary studies have identified three
mushroom species (Coprinellus sp., Coprinus comatus and
Flammulina velutipes) with potent antiproliferative and cyto-
toxic activities in both ER+ (MCF-7) and ER- (BT-20, MDA-
MB-231) human breast cancer cell lines. Since there have
been no previous reports of the anti-tumor activities of these
mushroom species, and the degree of anticancer activity has
not been seen with other mushroom extracts in breast cancer
cell lines, our study aims to evaluate the effects of these
selected mushroom species on proliferation, apoptosis and
tumor colony inhibition in human ER-positive and -negative
breast cancer cells.

Materials and methods

Mushroom extracts and cell lines. Thirty-eight species of
fresh mushrooms were either collected in the greater Seattle
area or were obtained from supermarkets for those species
that are commercially cultivated. Fresh mushrooms were
homogenized with sterile distilled water (1:5 w/v) in a blender
and the samples were incubated in a water bath at a series
of temperatures (20˚C, 40˚C and 80˚C) for 2 h. Aqueous
mushroom extracts were obtained after centrifugation of homo-
genized mushroom samples at 1700 x g and sterilization of
the extract through a 0.2-μm sterile filter. The extracts were
stored at -70˚C. Dried samples of the mushroom extract were
obtained by lyophilizing the aqueous mushroom extracts.

Human breast cancer cell lines, MDA-MB-231 (ER-) and
MCF-7 (ER+), were obtained from American Type Culture
Collection (Manassas, VA). Another ER- cell line, BT-20, was
a generous gift from Dr Daesong Yim (Bastyr University).
Cells were cultured in Minimum Essential Medium supple-
mented with 10% fetal bovine serum at 37˚C in a humidified
atmosphere containing 5% CO2.

MTS assay. The cytotoxicity induced by each mushroom
extract was examined by using CellTiter 96® Aqueous Cell
Proliferation Assay (Promega, Madison, WI). Tumor cells
were seeded onto the wells of a 96-well cell culture plate
(5000 cells/100 μl/well) and the plate was incubated for 24 h
(37˚C, 5% CO2). Specific mushroom extracts were premixed
with fresh culture medium at different concentrations prior to
introduction into the cell culture. Mixed medium (100 μl) was
added to each well, bringing the total volume of liquid to 200 μl

per well. Each dose of mushroom extract was tested for
cytotoxic effect on BT-20, MCF-7 and MDA-MB-231 cells
in triplicate and experiments were repeated at least three
times. The cells were incubated at 37˚C, 5% CO2 for 24 h
prior to cell growth assessment. Cell viability was determined
using the MTS dye uptake assay by incubating the cells with
20 μl of CellTiter 96 cell proliferation assay solution for 2 h
(37˚C). The cell culture wells without added mushroom
extract served as an untreated control and the cell culture
wells with the antitumor drug, 5-fluorouracil (1 mM), served
as a positive cytotoxic control. Cell viability was expressed
as the ratio of the mean absorbance of treated cells to that of
control cells. The sensitivity of tumor cells to the extracts
(CCE, CME and FVE) were represented as IC50 values.

Annexin V-FITC apoptosis assay. Since phosphatidyl-serine
(PS) externalization of the plasma membrane occurs in the
early phases of apoptotic cell death, the high affinity PS
binding protein Annexin V (conjugated to fluorescein iso-
thiocyanate FITC) can be used to identify the early event of
cell death mediated by the mushroom extracts (15). Counter-
staining with propidium iodide (PI) allows the differentiation
of necrotic and apoptotic cells. In this study, apoptotic and
necrotic cells resulting from treatment with the mushroom
extracts were quantified by flow cytometry using the Annexin
V-FITC Apoptosis Detection Kit (Immunotech, France). In
brief, MCF-7 and MDA-MB-231 cells were treated with the
extracts CME and FVE which were prepared from the mush-
rooms Coprinellus sp. and Flammulina velutipes at 20˚C. The
cells were harvested and washed with cold PBS by centrifuging
at 1000 x g for 5 min at 4˚C. Cells (2x105) were resuspended in
100 μl of 1X binding buffer and stained with Annexin V-FITC
(1 μl) and PI (5 μl) in the dark for 10 min at room temperature.
Another 400 μl binding buffer was added to each tube at the
end of staining. Cells without exposure to the mushroom
extracts served as the untreated control and the cells treated
with an anticancer drug, mitomycin C (MMC, 25 μM), were
used as a positive control of induced apoptosis in MCF-7 and
MDA-MB-231 cells. The samples were analyzed by a Coulter
EPICS ELITE ESP flow cytometer (Coulter Co., Miami, FL).

TUNEL apoptosis analysis. TUNEL for assessment of apop-
totic cell death was performed as described by Gavrieli's group
(16). Nuclear DNA fragmentation induced by the mushroom
extracts was measured using the DeadEnd Colorimetric
TUNEL system (Promega). In brief, following exposure to
CME or FVE at a series of concentrations for 5 h, MCF-7
and MDA-MB-231 cells were harvested by centrifuging at
1000 x g for 5 min at 4˚C. Glass slides containing a thin layer
of the cells were fixed with 10% formine, incubated with
TdT, visualized with nitroblue tetrazolium (Promega), and
photographed. Tumor cells without exposure to the mushroom
extracts were performed as untreated controls for both MCF-7
and MDA-MB-231.

Tumor colony inhibition assay. Colony formation in soft agar
is a sensitive test of cell viability and proliferative potential.
A modification of the two-layer soft agar culture system (17)
was used to determine the effects of the mushroom extracts
on inhibition of tumor colony growth of MCF-7 cells. The
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assay was performed in 60-mm Petri dishes with a base layer
containing 0.6% agar in Minimum Essential Medium supple-
mented with 10% fetal bovine serum and 1 mM glutamine.
This layer was overlaid with a second layer of 2 ml 0.2% agar
(containing 20% fetal bovine serum, and 2 mM glutamine)
mixed with 2 ml of a suspension of 3000 MCF-7 cells, with
or without addition of 50 μg/ml mushroom extract (CCE,
CME or FVE). The plates were incubated at 37˚C for 14 days,
and stained with 0.5 mg/ml of p-iodonitrotrazolium violet
(INT). The number of tumor colonies was counted using a
microscope (x40) and the tumor colony forming efficiency
(CFE, %) was calculated by comparison with the colony
number of untreated control (as 100%).

Statistical analysis. In MTS and tumor colony inhibition assay,
the result of each treatment is the mean ± standard deviation
(SD) from 3 independent wells or plates. Cell viability data is
representative of three individual experiments with similar
results.

Results

Effects of mushroom extracts on growth inhibition of BT-20,
MCF-7 and MDA-MB-231 breast cancer cells. A total of 38
aqueous extracts prepared from fresh mushroom fruiting bodies
were screened for their potential activity against human breast
cancer cell lines (ER+: MCF-7, ER-: BT-20 and MDA-MB-
231). Three mushroom extracts (CCE, CME and FVE),
prepared at 20˚C from the mushrooms, Coprinus comatus,
Coprinellus sp. and Flammulina velutipes respectively, showed
significant growth inhibition on all breast cancer cell lines,
regardless of the hormone receptor status of the cancer cells
at 24 h (Table I). Aqueous F. velutipes extract (FVE) exhibited
greater inhibition of the ER- breast cancer cell lines, BT-20
and MDA-MB-231, than in the ER+ MCF-7 cells. The 50%
growth inhibition concentration (IC50) of FVE was as low as
30 μg/ml on BT-20 cells. The extract of Coprinellus sp.
(CME) did not show ER-specific preference in the growth
inhibition assay. Aqueous extract CCE from mushroom C.
comatus displayed the least inhibition on breast cancer cell
lines among the three extracts. The cytotoxic effects of these

mushrooms on MCF-7 cells were demonstrated in a dose-
responsive manner (Fig. 1). A similar dose-dependent action
of the mushroom extracts was also observed in two other
breast cancer cell lines, BT-20 and MDA-MB-231 (data not
shown). Complete cell elimination resulted when MCF-7
cells were incubated with 400 μg/ml of CME or the same
concentration of FVE for 24 h (Fig. 1). To verify that the
anticancer activity observed in these mushrooms is not
specimen-specific, we tested three batches of each mushroom
species and no significant variation was found regarding the
anti-breast cancer activity (data not shown).

Detection of apoptosis on MCF-7 and MDA-MB-231 by
Annexin V-FITC/PI. Induced apoptosis was detected at as
early as 2 h in ER+ MCF-7 (Fig. 2) and ER- MDA-MB-231
cells (Fig. 3) incubated with CME or FVE by Annexin V-
FITC staining. Propidium iodide (PI) staining was used in
conjunction with Annexin V-FITC for the detection of
necrotic cells. Annexin V-negative/PI-negative, Annexin V-
positive/PI-negative, Annexin V-positive/PI-positive, Annexin
V-negative/PI-positive cells represent the viable cells, the cells
in early apoptosis, late apoptosis, and necrosis, respectively.
In MCF-7 cells, CME induced early stage apoptosis in 72%
of the cell population and induced late stage apoptosis in
another 11% of the cells at a dose of 112 μg/ml for 2 h.
When 2-fold CME (225 μg/ml) was applied, the early-stage
apoptotic cell population was less detected (61%) and the
late-stage apoptotic cells increased to 32%, compared to that
of low-dose CME treatment (Fig. 2c and d). A similar
phenomenon was also observed with the FVE treatments
(Fig. 2e and f). The MCF-7 cells that were not exposed to the
extracts were analyzed as a negative control and cells treated
with the anticancer drug, mitomycin C (MMC, 25 μM), were
used as a positive control for apoptosis (Fig. 2a and b). Both
CME and FVE significantly increased the apoptosis of MDA-
MB-231 cells at all concentrations tested compared to the
untreated cells or the cells treated with mitomycin C (25 μM)
(Fig. 3). The results are consistent with those of cell viability
assays as in Fig. 1. The results strongly demonstrate that
CME and FVE induce apoptosis on MCF-7 and MDA-MB-
231 cell lines in a rapid manner and may share a similar
mechanism.
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Table I. The effect of mushroom extracts (CME, FVE, CCE)
on growth inhibition of human breast cancer cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––

IC50 (μg/ml) on breast cancer cell lines
Mushroom extract –––––––––––––––––––––––––––––––
or anticancer drug BT-20 MCF-7 MDA-MB-231
–––––––––––––––––––––––––––––––––––––––––––––––––
CME 150 120 40

FVE 30 150 75

CCE Na 450 400

5-FUb 2 mM 1 mM N
–––––––––––––––––––––––––––––––––––––––––––––––––
aN, no IC50 value was found at a concentration of ≤2 mM. b5-FU,
5-fluorouracil, an anticancer drug.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Dose responses of antitumor mushrooms on human breast cancer
MCF-7 cells. Cells were cultured in minimal essential medium supplemented
with 10% fetal bovine serum and exposed to aqueous extracts of C. comatus
(CCE), Coprinellus sp. (CME) and F. velutipes (FVE) at a concentration of
100, 200 or 400 μg/ml for 24 h. Three replicates were used in each experiment
and two separate tests were performed. Values shown are mean ± SD (n=6).
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Detection of apoptosis on MCF-7 and MDA-MB-231 by
TUNEL. Apoptosis triggered by CME and FVE in MCF-7 cells
was confirmed by the TUNEL method. Cells were exposed
to the extracts (400 μg/ml) for 5 h and analyzed by TdT-
mediated X-dUTP nick end labeling. Colorimetric TUNEL
stained apoptotic nuclei and fragmented DNA dark brown
in the cells treated with CME and FVE (Fig. 4A), but did not
stain untreated MCF-7 cells. The majority of the cell population
was TUNEL-positive in CME-treated cells. The FVE-treated
cells mainly lost integrity and appeared as stained debris at
the same concentration (400 μg/ml). For ER- MDA-MB-231
cell lines, approximately 90% of cells were stained brown
after 5 h of exposure to the mushroom extracts, CME or
FVE, compared to the untreated cell control (Fig. 4B).

Inhibition of tumor colony formation by CME, CCE and FVE
in vitro. Strong inhibition mediated by CME, CCE or FVE at
50 μg/ml was observed in MCF-7 colony formation and
growth, compared to the untreated MCF-7 control (Fig. 5). The
colony forming efficiency (CFE) was reduced to 40% and
41% in CME and CCE supplemented plates, respectively,
compared to the untreated control (as 100% of CFE) (Table II).
In FVE-supplemented soft agar medium, only 1% of colonies

were able to grow in vitro, and the inhibition rate of colony
formation was nearly 100% (Table II, Fig. 5). The mushroom
extracts not only reduced cell colony numbers but dramatically
decreased the tumor size of MCF-7 (Fig. 5). Interestingly,
MCF-7 cells were more sensitive to the extracts in this
anchorage-independent growth condition than the cells grown
in an anchorage-dependent setting (Fig. 1, Table I).

Discussion

Although hormonal therapy is useful in preventing the
development or recurrence of ER+ breast cancer, there are no
effective therapies for malignant estrogen-independent breast
cancer. Since approximately half of patients with advanced
breast cancer ultimately progress to the estrogen resistant
phenotype (18), and the mechanisms that enable breast cancer
cells to acquire the estrogen-independent growth phenotype
remain largely unknown, the most reliable remedies will have
an ability to target the complex mix of cells in each individual
cancer. CCE, CME and FVE, prepared from fresh fruiting
bodies of the mushroom species C. comatus, Coprinellus sp.
and F. velutipes, respectively, exhibited significant effects
against human breast cancer cells, regardless of estrogen
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Figure 2. Detection of early stage of apoptosis induced by CME and FVE in
ER+ breast cancer MCF-7 cells by Annexin V-FITC staining. The cells were
stained with annexin V-FITC/PI and analyzed by flow cytometry following
exposure to CME (112 μg/ml and 225 μg/ml) or FVE (45 μg/ml and 90 μg/ml)
for 2 h. Anticancer drug, mitomycin C (25 μM), was used as a positive
control for apoptosis of MCF-7 cells. Cells that were not treated with the
mushroom extracts served as a negative control in the experiment. Results
are representative of three individual experiments.

Figure 3. Detection of early stage of apoptosis induced by CME and FVE in
ER- breast cancer MDA-MB-231 cells by Annexin V-FITC staining. The
cells were stained with annexin V-FITC/PI and analyzed by flow cytometry
following exposure to CME (112 μg/ml and 225 μg/ml) or FVE (45 μg/ml
and 90 μg/ml) for 2 h. Anticancer drug, mitomycin C (25 μM), was used as
a positive control for apoptosis of MDA-MB-231 cells. Cells that were not
treated with the mushroom extracts served as a negative control in the
experiment. Results are a representative of four individual experiments.
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receptor status. Our study demonstrated a potential to explore
novel anti-breast cancer agents that are multi-target driven
and desperately needed to manage breast cancers that have
achieved estrogen independence.
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Figure 4. Detection of CME- and FVE-induced apoptosis on both ER+ breast cancer MCF-7 cells (A) and ER- breast cancer MDA-MB-231 cells (B) by DNA
fragment TUNEL staining. Both cell lines were incubated with either CME or FVE (400 μg/ml) for 5 h and stained using a DeadEnd Colorimetric TUNEL
system (Promega, Inc.). Apoptotic nuclei and fragmented DNA were stained dark brown in treated cells but not in untreated controls in MCF-7 (A) and
MDA-MB-231 (B).

Figure 5. MCF-7 tumor colony inhibition mediated by CCE, CME and FVE in
vitro. The cells were seeded into the soft agar medium supplemented with each
extract at a concentration of 50 μg/ml. The assay was conducted in 60-mm
Petri dishes with 3 dishes for each treatment. Cells that were plated without the
addition of the mushroom extracts served as tumor colony growth controls.
The dishes were incubated in a humidified incubator (37˚C) for two weeks and
INT solution (1 ml per 60-mm dish) was added for additional 24 h. The tumor
colony formation was observed under a microscope (x40) and photographed.

Table II. Inhibition of MCF-7 colony formation by mushroom
extracts.
–––––––––––––––––––––––––––––––––––––––––––––––––

Colony formation in soft agar medium
––––––––––––––––––––––––––––––

Mushroom extract Colony ± SD/ CFEb (% of
(50 μg/ml) Sq. incha untreated control)
–––––––––––––––––––––––––––––––––––––––––––––––––
None 210±21 100

CME 85±7 40

FVE 2.5±2 1

CCE 103±11 41
–––––––––––––––––––––––––––––––––––––––––––––––––
aColony numbers are means ± standard deviation of three replicate
plates for each mushroom treatment. bCFE, colony forming efficiency.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Medicinal mushroom species have been studied for their
antitumor properties in several experimental animal models,
and are used as a part of integrative/adjunctive cancer care in
Asia. Detailed information on species with potential anticancer
activity and the role of those mushrooms in tumor suppression
are available in several recent reviews (2,19,20). F. velutipes is
one of the most popular edible mushrooms in China and Japan
where it is known as Enokitake. Considerable investigation
has been given to the medicinal properties of this mushroom
species previously, including its antitumor activity. Several
polysaccharides were purified from the fruiting bodies of F.
velutipes and displayed marked activity against solid tumors.
EA6 (active compound: protein-bound polysaccharide), a
hot water extract of F. velutipes, intensified host antitumor-
immunity when combined with the murine leukemia L1210
vaccine in animal experiments (21). Other polysaccharides
isolated from the mushrooms, such as EA3 and EA5, were also
shown to possess antitumor activity in various experimental
animal models (22,23). A glycoprotein, Proflamin, isolated
from the culture mycelium of F. velutipes by ion exchange
chromatography and molecular sieving, was markedly effective
against the syngeneic tumors of B-16 melanoma and adeno-
carcinoma 755 (24). However, Proflamin did not exhibit
cytotoxic effects on tumor cells in vitro. Since the extract of
F. velutipes that was used in this study, FVE, was prepared
at a low temperature (20˚C) (in contrast to polysaccharide
isolation, which requires boiling temperatures) and produced
significant cytotoxicity on both ER+ and ER- tumor cells, we
assume that the active compounds in FVE are not the well-
known compounds identified from previous studies. Further
investigation will be needed to isolate active compounds from
FVE and characterize the chemical nature of these compounds.
In contrast to the popularity of F. velutipes, the other two
mushroom species, C. comatus and Corinellus sp., were
relatively unknown and seldom reported in published literature
regarding their antitumor properties. The mushroom species in
our study, containing potent anti-breast tumor activity in vitro,
represent potential resources for exploring novel antitumor
compounds for breast cancer.

Identifying natural compounds with the ability to induce
apoptosis in cancer cells represents a large effort in the
discovery of novel compounds for cancer chemoprevention
and chemotherapy. Mycochemicals from mushroom origin,
even though they are much less understood than phyto-
chemicals from plant origin, have also shown potential in
apoptosis induction in various tumor models. An acid-treated
fraction (ATF) of Agaricus blazei extract directly inhibited
tumor growth by inducing apoptotic processing in Balb/C
mice (25). An ethanol extract of shiitake mushrooms
selectively induced both apoptosis and G1 arrest in murine
skin carcinoma cells but not in skin normal cells (9). ß-glucan
obtained from maitake mushroom induced >90% cytotoxic
cell death in PC-3 cells at 480 μg/ml in 24-h treatment (26).
However, this result was later contradicted by another research
study which demonstrated that ß-glucan from maitake mush-
rooms was only active for PC-3 cells in combination with
carmustine (BCNU), an anticancer agent (27). A similar study
by De Vere et al (28) also concluded that the polysaccharide/
oligosaccharide complex obtained from shitake mushroom
extract was ineffective in the treatment of clinical prostate

cancer when used alone. Interestingly, the Annexin V-FITC
assay showed that CME and FVE induced a rapid apoptosis in
MCF-7 and MDA-231 cells within 2 h. About 72% of MCF-7
cells were in the early stage of apoptosis and >10% of cells
were in the late stage of apoptosis or necrosis (Fig. 2c) when
CME (112 μg/ ml) was applied. Advanced apoptosis was
observed in the same cell line when a high dose of CME
(225 μg/ml) was added (Fig. 2d). Similar results were
detected in ER- MDA-MB-231 cells treated with the same
concentrations of CME (Fig. 3c and d) or both cell lines with
the addition of the mushroom extract, FVE. TUNEL staining
also demonstrated that CME and FVE induced marked
apoptotic events on MCF-7 and MDA-MB-231 cells within
5 h (Fig. 4). The rapid apoptosis induction observed in this
study has rarely been reported in other studies involving
induction of apoptosis by natural substances. Future analytical
chemistry study of CME and FVE will probably identify a
novel class of mushroom constituent with broad-spectrum
antitumor activity for breast cancer chemoprevention or
chemotherapy. Furthermore, a systematic approach to explore
the mechanism of cytotoxicity, to identify the cellular and
molecular targets associated with antitumor activity, and to
assess the pharmacological value of mushroom extracts as
chemotherapeutic agents for breast cancer is highly warranted.
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