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Novel medicinal mushroom blend suppresses growth and
invasiveness of human breast cancer cells
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Abstract. Mushrooms are an integral part of Traditional
Chinese Medicine (TCM), and have been used for millennia to
prevent or treat a variety of diseases. Currently mushrooms or
their extracts are used globally in the form of dietary supple-
ments. In the present study we have evaluated the anticancer
effects of the dietary supplement, MycoPhyto® Complex (MC),
a novel medicinal mushroom blend which consists of a blend
of mushroom mycelia from the species Agaricus blazei,
Cordyceps sinensis, Coriolus versicolor, Ganoderma lucidum,
Grifola frondosa and Polyporus umbellatus, and B-1,3-glucan
isolated from the yeast, Saccharomyces cerevisiae. Here, we
show that MC demonstrates cytostatic effects through the
inhibition of cell proliferation and cell cycle arrest at the G2/M
phase of highly invasive human breast cancer cells MDA-MB-
231. DNA-microarray analysis revealed that MC inhibits
expression of cell cycle regulatory genes (ANAPC2, ANAPC2,
BIRCS, Cyclin B1, Cyclin H, CDC20, CDK2, CKSIB, Cullin 1,
E2F1, KPNA2, PKMYTI and TFDPI). Moreover, MC also
suppresses the metastatic behavior of MDA-MB-231 by the
inhibition of cell adhesion, cell migration and cell invasion.
The potency of MC to inhibit invasiveness of breast cancer
cells is linked to the suppression of secretion of the urokinase
plasminogen activator (uPA) from MDA-MB-231 cells. In
conclusion, the MC dietary supplement could have potential
therapeutic value in the treatment of invasive human breast
cancer.

Introduction
Edible and medicinal mushrooms can produce a variety of

biologically active compounds and can be therefore described
as a novel class of nutraceuticals which are widely used as
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dietary supplements (1). Recent epidemiological studies from
Asia demonstrated that mushroom intake protects against
cancer, specifically gastrointestinal (GI) cancer and breast
cancer (2-4). The anticancer activities of mushrooms were
mainly linked to the modulation of the immune system by
branched polysaccharides (glucans), glycoproteins or peptide/
protein-bound polysaccharides (5,6). Moreover, mushrooms
contain minerals, vitamins (e.g., thiamin, riboflavin, ascorbic
acid, and vitamin D), amino acids, and other organic com-
pounds (7). Some of these natural mushroom compounds
demonstrated specific activity against aberrantly activated
signaling pathways in cancer cells and were able to modulate
specific molecular targets in the cell function including cell
proliferation, cell survival and angiogenesis (8).

MycoPhyto Complex (MC) is a dietary supplement
consisting of a mixture of six varieties of mushroom mycelia,
including Agaricus blazei, Cordyceps sinensis, Coriolus
versicolor, Ganoderma lucidum, Grifola frondosa and
Polyporus umbellatus, and additional 8-1,3-glucan isolated
from the yeast, Saccharomyces cerevisiae. Interestingly, these
specific mushrooms have been linked to different health
promoting or disease preventing functions.

Agaricus blazei Murrill, popularly known as ‘Cogumelo do
Sol’ in Brazil, or ‘Himematsutake’ in Japan, was originally dis-
covered 50 years ago in Brazil (9,10). A. blazei is traditionally
believed to treat many common diseases like atherosclerosis,
hepatitis, hyperlipidemia, diabetes, dermatitis and cancer (10).
The polysaccharide phytocomplex was suggested to be respon-
sible for the immunostimulant and anti-tumor properties of
A. blazei, probably through an opsonizing biochemical pathway
(10). In addition, recent studies demonstrated anticancer
activities of A. blazei through the induction of apoptosis by the
activation of caspase-3 in prostate cancer cells (11) and inhi-
bition of constitutively active NF-kB in leukemic cells (12).
Moreover, A. blazei demonstrated anti-metastatic effect through
the inhibition of MMP-9 in melanoma cells (13).

Cordyceps sinensis is the parasitic fungus that colonizes
the larvae of moths (Lepidoptera), and is native to the high
altitude (3500-5000 m) of Himalayas (14). Cordyceps has been
a valued medicine in Traditional Chinese Medicine (TCM)
for more than 2000 years, and has been used for the treatment
of multiple disorders including respiratory, renal, hepatic,
cardiovascular, immunologic, and nervous system, glucose
metabolism, different inflammatory conditions and cancer
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(15). The anticancer activity of C. sinensis, was associated
with the presence of cordycepin (3-deoxyadenosine) which
demonstrated inhibition of cell proliferation (16,17), induction
of apoptosis (18,19), and invasiveness (20). Mechanistically,
C. sinensis extracts induced apoptosis by the activation of
caspase-3 in leukemia cells and through the death receptor-
mediated extrinsic and mitochondria-mediated intrinsic caspase
pathways in lung cancer cells or by the inactivation of Akt
kinase in breast cancer cells, respectively (21-23).

Coriolus versicolor is an obligate aerobe that is commonly
found year-round on logs, stumps, tree trunks, and branches.
The fungus occurs throughout the wooded temperate zones
of Asia, Europe, and North America and may be the most
common shelf fungus in the Northern Hemisphere (24). C.
versicolor contains biologically active, structurally different
protein-bound polysaccharide-K (PSK) and polysaccharo-
peptide (PSP), which were approved in Asia for immuno-
therapy or as biological response modifiers (BRMs) (24,25).
In addition to the immunomodulatory activity, extracts of
C. versicolor demonstrated direct effects on a variety of cancer
cells. Therefore, C. versicolor induced apoptosis of breast
cancer cells through p53 and Bcl-2 dependent and independent
mechanisms (26) suppressed cell proliferation, and induced
apoptosis of leukemia cells by mechanisms including inhibition
of transcription factor NF-kB and down-regulation of expres-
sion of COX-2 (27). Moreover, direct cytotoxic effect of PSK,
through the cell cycle arrest at GO/G1 phase and induction of
apoptosis associated with the caspase-3 expression, was
reported in various tumor cell lines derived from leukemia,
melanomas, fibrosarcomas and cervix, lung, pancreas and
gastric cancers (28).

Ganoderma lucidum (Ling Zhi, Reishi) is one of the
important Asian fungi that have been recognized in China,
Korea and Japan more than 4000 years ago (29). The biological
activity of G. lucidum is usually associated with polysac-
charides (mainly glucans and glycoproteins) and lanostane-
type triterpenes (ganoderic acids, ganoderic alcohols and their
derivatives) (30). The anticancer effects of G. lucidum have
been attributed to the modulation of the immune system by
polysaccharides (31,32), whereas triterpenes demonstrated
the direct cytotoxic/killing effects on a variety of cancer cells
including hepatoma, naso-pharynx carcinoma, lung carci-
noma, sarcoma, breast cancer, and leukemia cells, respectively
(33-37). G. lucidum extract (GLE), containing polysaccharides
and triterpenes, suppressed proliferation and metastatic
potential of breast cancer cells through the inhibition of Akt
kinase and transcription factors AP-1 and NF-«xB (38,39).
Interestingly, GLE modulated estrogen receptor signaling and
inhibited the oxidative stress-induced invasiveness of breast
cancer cells (40,41). Moreover, GLE demonstrated anti-
angiogenic activity by suppressing the secretion of vascular
endothelial growth factor (VEGF) and transforming growth
factor-B1 (TGF-81) from prostate cancer cells (42).

Grifola frondosa (Maitake, which means ‘dancing
mushroom’ in Japanese) is a popular culinary mushroom
originally recognized in Japan and Korea. The anticancer
activities of G. frondosa were originally described more than
30 years ago and are associated with the presence of 1,3-3-
glucan named grifolan LE (43,44). Suppression of tumor
growth in mice by D-Fraction, 1,3-branched-1,6-3-glucan
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isolated from G. frondosa, was associated with the stimulation
of natural killer (NK) cells and activation of macrophages and
differentiation of T-cells (45-47). Mechanistically, D-Fraction
increased expression of TNF-a in NK cells and IL-12 release
from macrophages and dendritic cells (45,47). Nevertheless,
phase I/II trials with a polysaccharide extract from G. frondosa
demonstrated depressed as well as enhanced immune functions
in cancer patients (48). Interestingly, G. frondosa ameliorated
colon inflammation and suppressed TNF-a expression in the
colon tissue in an animal model of the inflammatory bowel
disease (49). The direct anticancer effect was demonstrated
on the gastric cancer cells by the induction of apoptosis via
caspase-3-dependent and independent pathways (50).

Polyporus umbellatus (Zhu Ling in Chinese) has been used
in TCM as a remedy for the urinary tract infection and as a
diuretic, and for the treatment of hepatitis B (51-53). Anti-
cancer activities of P. umbellatus have been demonstrated in
animal studies (54-56) as well as in one clinical study with
bladder cancer patients in China (57). Although the biological
activity of P. umbellatus was associated with the presence of
polysaccharides (58), the cytotoxic activity against leukemia
cells was demonstrated with isolated triterpenes (polyporus-
terones) isolated from P. umbellatus (59). In addition, other
ergostane-type ecdysteroids named polyporoids demonstrated
anti-inflammatory activity in a TPA-induced inflammation in
mice (60). Nevertheless, the molecular mechanisms responsible
for the anticancer activity of P. umbellatus were not addressed
in these studies. Anticancer activity of yeast B-glucans is
associated with priming of neutrophils, macrophages and NK
cells for cytotoxicity against tumors (61). Moreover, cancer
immunotherapy was recently evaluated in the combination of
yeast B-glucans with anti-tumor antibodies (62).

In the present study, we evaluated anti-proliferative and
anti-invasive properties of a dietary supplement MC on highly
invasive human breast cancer cells.

Materials and methods

Cell culture and reagents. Human breast cancer cell line
MDA-MB-231 was obtained from ATCC (Manassas, VA,
USA) and was maintained in DMEM medium in the presence
of penicillin (50 U/ml), streptomycin (50 U/ml), and 10% fetal
bovine serum (FBS). Medium and supplements came from
Gibco BRL (Grand Island, NY, USA). FBS was obtained from
Hyclone (Logan, UT, USA). MycoPhyto Complex (MC), a
mixture of Agaricus blazei, Cordyceps sinensis, Coriolus
versicolor, Ganoderma lucidum, Grifola frondosa and
Polyporus umbellate mycelia and B-1,3-glucan purified
from the yeast Saccharomyces cerevisiae, was supplied by
EcoNugenics, Inc (Santa Rosa, CA, USA). MC stock solu-
tion was prepared by dissolving MC in dimethylsulphoxide
(DMSO) at a concentration 25 mg/ml and stored at 4°C.

Cell proliferation and cell viability. Cell proliferation was
determined by the tetrazolium salt method, according to the
manufacturer's instructions (Promega, Madison, WI, USA).
Briefly, MDA-MB-231 cells were cultured in a 96-well plate
and treated at indicated times with MC (0-0.5 mg/ml). At the
end of the incubation period, the cells were harvested and
absorption was determined with an ELISA plate reader at
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Figure 1. Effect of MC on the growth of breast cancer cells. MDA-MB-231 cells were treated with MC (0-0.5 mg/ml) for 24, 48 and 72 h. (A) Cell proliferation
and (B) cell viability were determined as described in Materials and methods. Data are the means + SD of triplicate determinations. Similar results were obtained

in at least two additional experiments. “p<0.05.

570 nm, as described (38). Cell viability of MDA-MB-231
cells was determined after incubation with MC (0-0.5 mg/ml)
for 24, 48 and 72 h by staining with trypan blue as described
(63). Data points represent mean + SD in the representative
experiment of triplicate determinations. Similar results were
obtained in two independent experiments.

Cell cycle analysis. MDA-MB-231 cells (7.5x10%) were seeded
in 100 mm dishes and cultured in DMEM media with 10%
FBS for 24 h, followed by incubation with MC (0, 0.25 and
0.5 mg/ml) at 37°C for 24 h. After incubation, the cells were
harvested, washed with DPBS containing 1% FBS, and
resuspended in propidium iodine (50 pg/ml). Samples were
analyzed on a FACStar™ S flow cytometer (Becton-Dickinson,
San Jose, CA, USA). The fractions of cells in different phase of
the cell cycle (GO/G1, S, G2/M) are presented as a percentage
of total cells analyzed.

DNA microarray analysis. MDA-MB-231 cells were treated
with MC (0 and 0.5 mg/ml) for 24 h and total RNA isolated
with RNAeasy (Qiagen, Valencia, CA, USA). This RNA was
used for the evaluation of cell cycle regulatory genes with Cell
Cycle Oligo GEArray according to the manufacturer's protocol
(SABiosciences, Frederick, MD, USA), as previously described
(64). The fold change of gene expression was determined by
GEArray expression® analysis suite (SABiosciences).

Cell adhesion, migration, and invasion assays. Cell adhesion
was performed with Cytomatrix Adhesion Strips coated
with human vitronectin (Chemicon International, Temecula,
CA, USA). Briefly, MDA-MB-231 cells were treated with
MC (0-0.5 mg/ml) for 24 h, harvested, and counted. Cell
adhesion was determined after 1.5 h of incubation at 37°C
(63). Cell migration of MDA-MB-231 cells treated with MC
(0-0.5 mg/ml) was assessed in Transwell chambers in the
DMEM medium containing 10% FBS (63). Invasion of MDA-
MB-231 cells treated with MC (0-0.5 mg/ml) was assessed in
Transwell chambers coated with 100 ul of Matrigel™ (BD
Biosciences, Bedford, MA, USA) diluted 1:3 with DMEM,
after 24 h of incubation (63).

uPA secretion. DMEM media from MDA-MB-231 cells
treated with MC (0-0.5 mg/ml) for 24 h were collected and

concentrated, and the secretion of uPA was detected by
Western blot analysis with anti-uPA antibody (Oncogene
Research Products, Cambridge, MA, USA), as described (63).

Western blot analysis. MDA-MB-231 cells were treated with
MC (0-0.5 mg/ml) for 24 h. Whole cell extracts isolated from
cells were prepared as described (40). Equal amounts of
proteins were separated on 4-12% SDS-PAGE (Invitrogen,
Carlsbad, CA, USA) and transferred to a PVDF membrane
(Millipore, Bedford, MA, USA). The membrane was incubated
with the corresponding primary antibodies diluted 1:1000 in
blocking solution, as follows: rabbit polyclonal antibodies
against CXCR4 (Millipore, Temecula, CA, USA) and mouse
monoclonal antibodies against Cox2, and $-actin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), overnight at 4°C. Anti-
mouse or anti-rabbit secondary antibodies were used to detect
and visualize by the ECL Western blot detection system
(Amersham Biosciences, Buckinghamshire, UK).

Statistical analysis. Data are presented as means + SD.
Statistical comparison between the control group (0 pg/ml of
MC) and groups with different MC doses were carried out
using two-sided Student's t-tests. p<0.05 was considered to
be significant.

Results and Discussion

MC demonstrates cytostatic effect on the highly invasive
breast cancer cells. Cancer metastasis, which consists of
uncontrolled growth and invasive behavior of cancer cells, is
one of the major medical problems in breast cancer patients
(65). Although chemically synthesized chemotherapeutic
agents demonstrated activity in the metastatic breast cancer
setting (66), some of these chemotherapeutic drugs have
undesirable toxic side effects. Therefore, the identification of
natural anti-proliferative and anti-metastatic non-toxic agents
is of particular interest and a unique blend of mushrooms
as natural complexes demonstrated significant anticancer
activities.

In the present study we evaluated if the mixture of mush-
rooms, MC, inhibits growth of highly invasive MDA-MB-231
breast cancer cells. As seen in Fig. 1A, increased concentration
of MC (0-0.5 mg/ml) markedly suppressed proliferation of
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Table 1. Effect of MC on cell cycle distribution.

MC (mg/ml) GO0/G1 S G2/M
0 72.8+0.8 24.9+1.0 3.1+0.5
0.25 73522 22.6x1.3 3.8+0.7
0.50 71.4+£23 16.4+2.72 12.2+0.5°

Cell cycle analysis was performed as described in Materials and
methods. Cell cycle distribution GO/G1, S and G2/M phase in %. The
data are mean + SD from three experiments. Statistical significance
ap<0.05.

MDA-MB-231 in a dose- and time-dependent manner. To
determine if the effect of MC on cancer cells is cytotoxic or
cytostatic, we evaluated the cell viability after 24, 48 and
72 h of MC treatment. The viability of MDA-MB-231 cells
was not affected by the MC treatment suggesting that the
MC inhibits growth of breast cancer cells through its cytostatic
effect (Fig. 1B). Although the previous studies with mushrooms
or isolated mushroom extracts or their biologically active
mushroom molecules demonstrated cytotoxic or pro-apoptotic
effects, MC treatment significantly inhibited proliferation of
breast cancer cells without any effect on viability of cells. For
example, cytotoxic effect was demonstrated by PSK isolated
from C. versicolor (28) or triterpenes isolated from G. lucidum
or P. umbelatus, respectively (33-37,59). In addition, A. blazei,
C. sinensis, C. versicolor, G. frondosa, and G. lucidum
(11,18,19,26,50,67) induced apoptosis in a variety of cancer
cells. Therefore, the mixture of medicinal mushrooms in MC
can diminish the cytotoxic or pro-apoptotic effect of the indi-
vidual mushroom. Alternatively, the cytostatic effect of MC
can be the result of the synergistic or additive effects of low
non-cytotoxic doses of these individual mushrooms.

MC induces cell cycle arrest at G2/M phase. In order to
evaluate whether the cytostatic effect of MC is associated with
the cell cycle arrest, MDA-MB-231 cells were treated with
MC as described in Materials and methods. Cell cycle analysis
revealed that MC induces significant cell cycle arrest at G2/M
phase from 3.1% (control) to 12.2% (0.5 mg/ml MC) (Table I).
As previously demonstrated cell cycle arrest at G2/M was
induced by A. blazei in gastric epithethelial cells (68) or by
cordyceptin isolated from C. sinensis in bladder cancer cells
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(69), whereas protein-bound polysaccharide (PSK) isolated
from the C. versicolor induced cell cycle arrest at GO/G1 in a
variety of cancer cells (28). Interestingly, different extract
from G. lucidum demonstrate specific effects on cell cycle
progression. Thus, extracts from G. lucidum induced cell cycle
arrest at GO/G1 phase in breast cancer cells (38,40,70), whereas
arrest at G2/M phase was induced in prostate, hepatoma and
bladder cancer cells, respectively (67,71,72). On the other hand,
isolated triterpenes from G. lucidum induced cell cycle arrest
at GO/G1 and G2/M phase in macrophages (73), suggesting
that cell cycle arrest depends on the specific biologically active
compounds as well as particular cells.

In order to investigate whether MC-induced cell cycle
arrest is associated with the expression of specific cell-cycle
regulatory genes, we treated MDA-MB-231 cells with MC
and performed DNA-microarray analysis as described in
Materials and methods. As seen in Fig. 2 and Table II, MC
down-regulated expression of ANAPC2, ANAPC2, BIRCS,
Cyclin B, Cyclin H,CDC20, CDK2, CKS1B, Culin 1, E2F1,
KPNA2, PKMYTI and TFDPI. Some of the functional proteins
(e.g., ANAPC2, ANAPC2 and CDC20) form the anaphase
promoting complex/cyclosome (APC/C) inhibition of which
can induce cell cycle arrest at G2/M phase (74). Inhibition of
survivin (product of gene BIRCS5) and CDC28 (product of
gene CKSIB) was also associated with cell cycle arrest at
G2/M phase (75,76). In addition, G2/M cell cycle arrest is
controlled by Cyclin B1 and Cyclin H (CDK?7), and inhibitors
of CDK2 were developed as GO/G1 and G2/M inhibitors for
cancer therapy (77,78). Down-regulation of transcription
factors E2F1 and DP-1 (product of gene TFDPI) and Myt-1
protein (product of gene PKMYTI) was also linked to cell
cycle arrest at G2/M phase in cancer cells (79,80). Therefore,
the induction of cell cycle arrest of breast cancer cells by MC
was associated with the down-regulation of expression of genes
involved in G2/M phase.

Effect of MC on the invasive behavior of breast cancer cells.
Invasive behavior of cancer cells is associated with their ability
to adhere, to migrate and to invade the normal tissues. Breast
cancer cells express integrin receptor a5, and the interaction
of a,B3; with the extracellular matrix (ECM) protein vitronectin
is involved in the adhesion of MDA-MB-231 cells to ECM
(81). In addition, a,B; and vitronectin form a complex with
urokinase plasminogen activator (uPA) and its receptor uPAR,
and this whole complex activates the intracellular signaling
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Figure 2. Effect of MC on the expression of cell cycle regulatory genes. MDA-MB-231 cells were treated with (A) control - 0 mg/ml MC or (B) 0.5 mg/ml MC
for 24 h and RNA prepared and DNA-microarray analysis performed as described in Materials and methods. Similar results were obtained in one additional

experiment.
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Table II. Effect of MC on the expression of cell cycle regulatory genes.
Gene Description Fold change
ANAPC?2 Anaphase promoting complex subunit 2 0.3
ANAPC4 Anaphase promoting complex subunit 4 05
BIRCS5 Baculoviral IAP repeat-containing 5 (survivin) 0.7
CCNBI Cyclin B1 0.6
CCNH Cyclin H 0.7
CDC20 Cell division cycle 20 homolog 0.7
CDK2 Cyclin-dependent kinase 2 0.7
CKSI1B6 CDC?28 protein kinase regulatory subunit 1 03
CULI Cullin 1 0.6
E2F] E2F transcription factor 1 0.7
KPNA2 Karyopherin alpha 2 (RAG cohort 1, importin alpha 1) 0.7
PKMYT1 Protein kinase, membrane associated tyrosine/threonine 1 04
TFDPI Transcription factor Dp-1 0.6

DNA-microarray analysis was performed with MDA-MB-231 cells treated with MC (0.5 mg/ml) for 24 h as described in Materials and methods.

The data are representative from two independent experiments.
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responsible for cell adhesion and migration (82). To investigate
if MC affects adhesion of invasive breast cancer cells, MDA-
MB-231 cells were pretreated with MC (0-0.5 mg/ml) for 24 h
and their adhesion to vitronectin was determined. As seen in
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Figure 3. Effect of MC on invasive behavior of breast cancer cells. (A) Cell
adhesion. MDA-MB-231 cells were treated with MC (0-0.5 mg/ml) for 24 h
and cell adhesion to vitronectin determined as described in Materials and
methods. Each bar represents the mean + SD of three experiments. “p<0.05;
(B) Cell migration. Cell migration was determined after 5 h of incubation in the
presence of MC (0-0.5 mg/ml) in Boyden Chambers as described in Materials
and methods. Each bar represents the mean + SD of three experiments.
“p<0.05; (C) Cell invasion. Cell invasion was determined after 24 h of
incubation in the presence of of MC (0-0.5 mg/ml) in Boyden Chambers
coated with Matrigel as described in Materials and methods. Each bar
represents the mean + SD of three experiments. “p<0.05.

Fig. 3A, adhesion of MDA-MB-231 cells to vitronectin was
markedly suppressed by the MC treatment. The effect of MC
on migratory potential of breast cancer cells was evaluated in
MDA-MB-231 cells pretreated with MC (0-0.5 mg/ml) for 1 h
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Figure 4. Effect of MC on the secretion of uPA and expression of CXCR4 and COX-2 in breast cancer cells. (A) MDA-MB-231 cells were treated with MC
(0-0.5 mg/ml) for 24 h, and the secretion of uPA detected in conditioned media with anti-uPA antibody by Western blot analysis as described in Materials and
methods. The results are representative of three separate experiments. (B) MDA-MB-231 cells were treated as described in (A), and the expression of CXCR4,
COX2 and B-actin determined as described in Materials and methods. The results are representative of three separate experiments.

and cell migration was determined after additional 4 h of
incubation. As expected, MC also noticeably suppressed
migration of breast cancer cells in a dose dependent-manner
(Fig. 3B).

Cell invasion is associated with the enzymatic activity of
uPA. uPA interacts with uPAR and converts plasminogen to
plasmin which degrades ECM components and stimulates
other proteolytic enzymes contributing to cell invasion (82).
Therefore, we evaluated the effect of MC on cell invasiveness.
MDA-MB-231 cells were plated on the Matrigel-coated filters
in the presence of MC (0-0.5 mg/ml) and the amount of cells
invaded through Matrigel counted after 24 h of incubation. As
seen in Fig. 3C, MC markedly inhibited invasion of MDA-
MB-231 cells in a dose-response manner.

In order to evaluate the effect of MC on the levels of uPA,
conditioned media from MDA-MB-231 cells treated with
MC (0-0.5 mg/ml) were collected and secretion of uPA
was determined by Western blot analysis. As expected, MC
markedly decreased secretion of uPA from MDA-MB-231
cells (Fig. 4A). These data are in concert with our previous
paper demonstrating that sole mushroom G. lucidum inhibited
invasive behavior of human breast and prostate cancer cells
through the mechanisms including uPA/uPAR signaling (39).
Moreover, B-glucan isolated from A. blazei suppressed invasion
of human ovarian cancer cells through the down-regulation of
expression of uPA (83). On the other hand, apoptosis of human
leukemia cells by proteins and peptide bound polysaccharides
(PSP), extracted from C. versicolor, was associated with
the increased expression of uPA (84). Alternatively, other
mechanisms can be employed in the inhibition of cell inva-
siveness. In addition to uPA, chemokine receptor CXCR4
and cyclooxygenase-2 (COX-2) were also associated with
invasiveness of breast cancer cells (85,86). In order to evaluate
whether MC affects expression of these proteins, whole cell
extracts from MDA-MB-231 cells used for the determination
of uPA (Fig. 4A) were subjected to Western blot analysis with
specific antibodies against CXCR4 and COX-2, respectively.
However, MC treatment of MDA-MB-231 cells did not
markedly affect expression of CXCR4 and COX-2 (Fig. 4B).
Therefore, our data suggest that MC suppresses invasive
behavior of breast cancer cells by the inhibition of secretion
of uPA.

In conclusion, MC, which consists of mushrooms Agaricus
blazei, Cordyceps sinensis, Coriolus versicolor, Ganoderma
lucidum, Grifola frondosa and Polyporus umbellate and yeast
B-1,3-glucan, is a dietary supplement with the ability to
suppress proliferation and invasive behavior of breast cancer
cells. The biological effects of MC are probably mediated by
the additive or synergistic effects of individual mushrooms.
The mushroom based dietary supplement MC could have
potential use in the treatment of invasive breast cancer.

Acknowledgements

This study was supported by a research grant from Eco-
Nugenics, Inc., Santa Rosa, CA. The authors would like to
thank Dr Isaac Eliaz for the development and formulation of
MycoPhyto Complex (MC) as well Barry Wilk for their
contribution to this study.

References

1. Wasser SP: Review of medicinal mushroom advances: good
news from old allies. HerbalGram 56: 29-33, 2002.

2. Kim HJ, Chang WK, Kim MK, Lee SS and Choi BY: Dietary
factors and gastric cancer in Korea: a case-control study. Int J
Cancer 97: 531-535, 2002.

3. Hara M, Hanaoka T, Kobayashi M, et al: Cruciferous vegetables,
mushrooms, and gastrointestinal cancer risks in a multicenter,
hospital-based case-control study in Japan. Nutr Cancer 46:
138-147,2003.

4. Zhang M, Huang J, Xie X and Holman CDAIJ: Dietary intakes of
mushrooms and green tea combine to reduce the risk of breast
cancer in Chinese women. Int J Cancer 124: 1404-1408, 2009.

5. Wasser SP: Medicinal mushrooms as a source of antitumor and
immunomodulating polysaccharides. Appl Microbiol Biotechnol
60: 258-274, 2002.

6. Borchers AT, Krishnamurthy A, Keen CL, Meyers FJ and
Gershwin ME: The immunobiology of mushrooms. Exp Biol
Med (Maywood) 233: 259-276, 2008.

7. Mattila P, Suonpaa K and Piironen V: Functional properties of
edible mushrooms. Nutrition 16: 694-696, 2000.

8. Zaidman BZ, Yassin M, Mahajna J and Wasser SP: Medicinal
mushroom modulators of molecular targets as cancer therapeutics.
Appl Microbiol Biotechnol 67: 453-468, 2005.

9. Mizuno TK: Agaricus blazei Murrill medicinal and dietary
effects. Food Rev Int 11: 167-172, 1995.

10. Firenzuoli F, Gori L and Lombardo G: The medicinal mushroom
Agaricus blazei Murrill: review of literature and pharmaco-
toxicological problems. Evid Based Complement Alternat Med
5:3-15,2008.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

INTERNATIONAL JOURNAL OF ONCOLOGY 37: 1529-1536, 2010

Yu CH, Kan SF, Shu CH, Lu TJ, Sun-Hwang L and Wang PS:
Inhibitory mechanisms of Agaricus blazei Murill on the growth of
prostate cancer in vitro and in vivo. J Nutr Biochem 20: 753-764,
2009.

Kim MO, Moon DO, Jung JM, Lee WS, Choi YH and Kim GY:
Agaricus blazei Extract Induces Apoptosis through ROS-
dependent JNK Activation Involving the Mitochondrial Pathway
and Suppression of Constitutive NF-{kappa}B in THP-1 cells.
Evid Based Complement Alternat Med [Epub ahead of print],
2009.

Niu YC, Liu JC, Zhao XM and Cao J: A low molecular weight
polysaccharide isolated from Agaricus blazei Murill (LMPAB)
exhibits its anti-metastatic effect by down-regulating metallo-
proteinase-9 and up-regulating Nm23-H1. Am J Chin Med 37:
909-921, 2009.

Wojcikowski K, Johnson DW and Gobé G: Medicinal herbal
extracts-renal friend or foe? Part two: herbal extracts with
potential renal benefits. Nephrology (Carlton) 9: 400-405, 2004.
Zhu JS, Halpern GM and Jones K: The scientific rediscovery of
a precious ancient Chinese herbal regimen: Cordyceps sinensis:
part II. J Altern Complement Med 4: 429-457, 1998.

Shi P, Huang Z, Tan X and Chen G: Proteomic detection of
changes in protein expression induced by cordycepin in human
hepatocellular carcinoma BEL-7402 cells. Methods Find Exp
Clin Pharmacol 30: 347-353, 2008.

Nakamura K, Yoshikawa N, Yamaguchi Y, Kagota S,
Shinozuka K and Kunitomo M: Antitumor effect of cordycepin
(3'-deoxyadenosine) on mouse melanoma and lung carcinoma
cells involves adenosine Aj receptor stimulation. Anticancer
Res 26: 43-47, 2006.

Thomadaki H, Scorilas A, Tsiapalis CM and Havredaki M: The
role of cordycepin in cancer treatment via induction or inhibition
of apoptosis: implication of polyadenylation in a cell type specific
manner. Cancer Chemother Pharmacol 61: 251-265, 2008.

Chen LS, Stellrecht CM and Gandhi V: RNA-directed agent,
cordycepin, induces cell death in multiple myeloma cells. Br J
Haematol 140: 682-691, 2008.

Nakamura K, Konoha K, Yoshikawa N, Yamaguchi Y, Kagota S,
Shinozuka K and Kunitomo M: Effect of Cordycepin (3'-
Deoxyadenosine) on hematogenic lung metastatic model mice.
In Vivo 19: 137-141, 2005.

Zhang Q, Wu J, Hu Z and Li D: Induction of HL-60 apoptosis
by ethyl acetate extract of Cordyceps sinensis fungal mycelium.
Life Sci 75: 2911-2919, 2004.

Park SE, Yoo HS, Jin CY, et al: Induction of apoptosis and
inhibition of telomerase activity in human lung carcinoma cells
by the water extract of Cordyceps militaris. Food Chem Toxicol
47:1667-1675,2009.

Jin CY, Kim GY and Choi YH: Induction of apoptosis by aqueous
extract of Cordyceps militaris through activation of caspases and
inactivation of Akt in human breast cancer MDA-MB-231 Cells.
J Microbiol Biotechnol 18: 1997-2003, 2008.

Cui J and Chisti Y: Polysaccharopeptides of Coriolus versicolor:
physiological activity, uses, and production. Biotechnol Adv 21:
109-122,2003.

Fisher M and Yang LX: Anticancer effects and mechanisms of
polysaccharide-K (PSK): implications of cancer immunotherapy.
Anticancer Res 22: 1737-1754, 2002.

Ho CY, Kim CF, Leung KN, Fung KP, Tse TF, Chan H and
Lau CB: Differential anti-tumor activity of coriolus versicolor
(Yunzhi) extract through p53- and/or Bcl-2-dependent apoptotic
pathway in human breast cancer cells. Cancer Biol Ther 4:
638-644,2005.

Hsieh TC, Wu P, Park S and Wu JM: Induction of cell cycle
changes and modulation of apoptogenic/anti-apoptotic and extra-
cellular signaling regulatory protein expression by water extracts
of I'm-Yunity (PSP). BMC Complement Altern Med 6: 30, 2006.
Jiménez-Medina E, Berruguilla E, Romero I, Algarra I, Collado A,
Garrido F and Garcia-Lora A: The immunomodulator PSK
induces in vitro cytotoxic activity in tumour cell lines via arrest
of cell cycle and induction of apoptosis. BMC Cancer 8: 78, 2008.
Wasser SP: Reishi (Ganoderma lucidum). In: Encyclopedia of
Dietary Supplements. Marcel Dekker, Taylor & Francis Group,
CRC Press, 2005.

Gao Y and Zhou S: Cancer prevention and treatment by
ganoderma, a mushroom with medical properties. Food Rev Int
19: 275-325,2003.

Lin ZB: Cellular and molecular mechanisms of immuno-
modulation by Ganoderma lucidum. J Pharm Sci 99: 144-153,
2005.

32.

33.

34.
35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

1535

Zhu XL, Chen AF and Lin ZB: Ganoderma lucidum polysac-
charides enhance the function of immunological effector cells in
immunosuppressed mice. J Ethnopharmacol 111: 219-226,2007.
Toth JO, Luu B and Ourisson G: Les acides ganoderiques T & Z:
triterpenes cytotoxiques de Ganoderma lucidum (Polyporacee).
Tetrahedron Lett 24: 1081-1084, 1983.

Lin CN, Tome WP and Won SJ: Novel cytotoxic principles of
Formosan Ganoderma lucidum. J Nat Prod 54: 998-1002, 1991.
Min BS, Gao JJ, Nakamura N and Hattori M: Triterpenes from
the spores of Ganoderma lucidum and their cytotoxicity against
meth-A and LLC tumor cells. Chem Pharm Bull 48: 1026-1033,
2000.

Gao JJ, Min BS, Ahn EM, Nakamura N, Lee HK and Hattori M:
New triterpene aldehydes, lucialdehydes A-C, from Ganoderma
lucidum and their cytotoxicity against murine and human tumor
cells. Chem Pharm Bull 50: 837-840, 2002.

Wu TS, Shi LS and Kuo SC: Cytotoxicity of Ganoderma lucidum
triterpenes. J Nat Prod 64: 1121-1122, 2001.

Jiang J, Slivova V, Harvey K, Valachovicova T and Sliva D:
Ganoderma lucidum suppresses growth of breast cancer cells
through the inhibition of Akt/NF-kappaB signaling. Nutr Cancer
49: 209-216, 2004.

Sliva D, Sedlak M, Slivova V, Valachovicova T, Lloyd FP Jr
and Ho NW: Biologic activity of spores and dried powder from
Ganoderma lucidum for the inhibition of highly invasive human
breast and prostate cancer cells. J Altern Complement Med 9:
491-497,2003.

Jiang J, Slivova V and Sliva D: Ganoderma lucidum inhibits
proliferation of human breast cancer cells by down-regulation of
estrogen receptor and NF-kappaB signaling. Int J Oncol 29:
695-703, 2006.

Thyagarajan A, Jiang J, Hopf A, Adamec J and Sliva D:
Inhibition of oxidative stress-induced invasiveness of cancer
cells by Ganoderma lucidum is mediated through the suppression
of interleukin-8 secretion. Int ] Mol Med 18: 657-664, 2006.
Stanley G, Harvey K, Slivova V, Jiang J and Sliva D: Ganoderma
lucidum suppresses angiogenesis through the inhibition of
secretion of VEGF and TGF-betal from prostate cancer cells.
Biochem Biophys Res Commun 330: 46-52, 2005.

Ito H, Naruse S and Sugiura M: Studies on antitumor activities
of Basidiomycetes-antitumor activity of polysaccharides and sex
factors. Nippon Yakurigaku Zasshi 72: 77-94, 1976.

Ohno N, Adachi Y, Suzuki I, Oikawa S, Sato K, Ohsawa M and
Yadomae T: Antitumor activity of a beta-1,3-glucan obtained from
liquid cultured mycelium of Grifola frondosa. J Pharmacobiodyn
9: 861-864, 1986.

Kodama N, Komuta K, Sakai N and Nanba H: Effects of D-
Fraction, a polysaccharide from Grifola frondosa on tumor growth
involve activation of NK cells. Biol Pharm Bull 25: 1647-1650,
2002.

Kodama N, Harada N and Nanba H: A polysaccharide, extract
from Grifola frondosa, induces Th-1 dominant responses in
carcinoma-bearing BALB/c mice. Jpn J Pharmacol 90: 357-360,
2002.

Harada N, Kodama N and Nanba H: Relationship between
dendritic cells and the D-fraction-induced Th-1 dominant response
in BALB/c tumor-bearing mice. Cancer Lett 192: 181-187, 2003.
Deng G, Lin H, Seidman A, et al: A phase I/II trial of a
polysaccharide extract from Grifola frondosa (Maitake mushroom)
in breast cancer patients: immunological effects. J Cancer Res
Clin Oncol 135: 1215-1221, 2009.

Lee JS, Park SY, Thapa D, et al: Grifola frondosa water extract
alleviates intestinal inflammation by suppressing TNF-alpha
production and its signaling. Exp Mol Med [Epub ahead of print],
2010.

Shomori K, Yamamoto M, Arifuku I, Teramachi K and Ito H:
Antitumor effects of a water-soluble extract from Maitake
(Grifola frondosa) on human gastric cancer cell lines. Oncol
Rep 22: 615-620, 2009.

Li JJ, Tu YY, Tong Jz and Wang PT: Inhibitory activity of
Dianthus superbus L. and 11 kinds of diuretic traditional Chinese
medicines for urogenital Chlamydia trachomatis in vitro.
Zhongguo Zhong Yao Za Zhi 25: 628-630, 2000.

Xiong LL: Therapeutic effect of combined therapy of Salvia
miltiorrhizae and Polyporus umbellatus polysaccharide in the
treatment of chronic hepatitis B. Zhongguo Zhong Xi Yi Jie He
Za Zhi 13: 516-535, 1993.

Yan SC: Clinical and experimental research on Polyporus
umbellatus polysaccharide in the treatment of chronic viral
hepatitis. Zhong Xi Yi Jie He Za Zhi 8: 131-143, 1988.



1536

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Haranaka K, Satomi N, Sakurai A, Haranaka R, Okada N and
Kobayashi M: Antitumor activities and tumor necrosis factor
producibility of traditional Chinese medicines and crude drugs.
Cancer Immunol Immunother 20: 1-5, 1985.

Chang J: Experimental study of antitumor effect of an extract
derived from Zhu-Ling (Polyporus umbellatus). Institute of
Materia Medica, Academy of Traditional Chinese Medicine,
Peking, China, 1983.

You JS, Hau DM, Chen KT and Huang HF: Combined effects
of chuling (Polyporus umbellatus) extract and mitomycin C on
experimental liver cancer. Am J Chin Med 22: 19-28, 1994.
Yang DA, Li SQ and Li XT: Prophylactic effects of zhuling and
BCG on postoperative recurrence of bladder cancer. Zhonghua
Wai Ke Za Zhi 32: 433-434, 1994.

Wu GS, Zhang LY and Okuda H: Inhibitive effect of umbellatus
polyporus polysaccharide on cachexic manifestation induced by
toxohormone-L in rats. Zhongguo Zhong Xi Yi Jie He Za Zhi 17:
232-233,1997.

Ohsawa T, Yukawa M, Takao C, Murayama M and Bando H:
Studies on constituents of fruit body of Polyporus umbellatus and
their cytotoxic activity. Chem Pharm Bull (Tokyo) 40: 143-147,
1992.

Sun Y and Yasukawa K: New anti-inflammatory ergostane-type
ecdysteroids from the sclerotium of Polyporus umbellatus. Bioorg
Med Chem Lett 18: 3417-3420, 2008.

Li B, Allendorf DJ, Hansen R, Marroquin J, Ding C, Cramer DE
and Yan J: Yeast beta-glucan amplifies phagocyte killing of
iC3b-opsonized tumor cells via complement receptor 3-Syk-
phosphatidylinositol 3-kinase pathway. J Immunol 177:
1661-1669, 2006.

Liu J, Gunn L, Hansen R and Yan J: Combined yeast-derived
beta-glucan with anti-tumor monoclonal antibody for cancer
immunotherapy. Exp Mol Pathol 86: 208-214,2009.

Sliva D, Jedinak A, Kawasaki J, Harvey K and Slivova V:
Phellinus linteus suppresses growth, angiogenesis and invasive
behaviour of breast cancer cells through the inhibition of AKT
signalling. Br J Cancer 98: 1348-1356, 2008.

Jedinak A and Sliva D: Pleurotus ostreatus inhibits proliferation
of human breast and colon cancer cells through p53-dependent
as well as p53-independent pathway. Int J Oncol 33: 1307-1313,
2008.

Punglia RS, Morrow M, Winer EP and Harris JR: Local therapy
and survival in breast cancer. N Engl J Med 356: 2399-2405,
2007.

Tripathy D: Capecitabine in combination with novel targeted
agents in the management of metastatic breast cancer: underlying
rationale and results of clinical trials. Oncologist 12: 375-389,
2007.

Jiang J, Slivova V, Valachovicova T, Harvey K and Sliva D:
Ganoderma lucidum inhibits proliferation and induces apoptosis
in human prostate cancer cells PC-3. Int J Oncol 24: 1093-1099,
2004.

Jin CY, Choi YH, Moon DO, et al: Induction of G2/M arrest and
apoptosis in human gastric epithelial AGS cells by aqueous extract
of Agaricus blazei. Oncol Rep 16: 1349-1355, 2006.

Lee SJ, Kim SK, Choi WS, Kim WJ and Moon SK: Cordycepin
causes p21 WAF1-mediated G2/M cell-cycle arrest by regulating
c-Jun N-terminal kinase activation in human bladder cancer cells.
Arch Biochem Biophys 490: 103-109, 2009.

Hu H, Ahn NS, Yang X, Lee YS and Kang KS: Ganoderma
lucidum extract induces cell cycle arrest and apoptosis in MCF-7
human breast cancer cell. Int J Cancer 102: 250-253, 2002.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.
83.

84.

85.
86.

JIANG and SLIVA: DIETARY SUPPLEMENT MYCOPHYTO COMPLEX AND INVASIVE BEHAVIORS

Lin SB, Li CH, Lee SS and Kan LS: Triterpene-enriched extracts
from Ganoderma lucidum inhibit growth of hepatoma cells via
suppressing protein kinase C, activating mitogen-activated protein
kinases and G2-phase cell cycle arrest. Life Sci 72: 2381-2390,
2003.

Lu QY, Jin YS, Zhang Q, Zhang Z, Heber D, Go VL, Li FP and
Rao JY: Ganoderma lucidum extracts inhibit growth and induce
actin polymerization in bladder cancer cells in vitro. Cancer Lett
216: 9-20,2004.

Dudhgaonkar S, Thyagarajan A and Sliva D: Suppression of the
inflammatory response by triterpenes isolated from the mushroom
Ganoderma lucidum. Int Immunopharmacol 9: 1272-1280, 2009.
Heilman DW, Green MR and Teodoro JG: The anaphase
promoting complex: a critical target for viral proteins and anti-
cancer drugs. Cell Cycle 4: 560-563, 2005.

Prystowsky MB, Adomako A, Smith RV, er al: The histone
deacetylase inhibitor LBH589 inhibits expression of mitotic genes
causing G2/M arrest and cell death in head and neck squamous
cell carcinoma cell lines. J Pathol 218: 467-477, 2009.

Tsai YS, Chang HC, Chuang LY and Hung WC: RNA silencing
of Cksl induced G2/M arrest and apoptosis in human lung cancer
cells. IUBMB Life 57: 583-589, 2005.

Wu CC, Chung JG, Tsai SJ, Yang JH and Sheen LY: Differential
effects of allyl sulfides from garlic essential oil on cell cycle
regulation in human liver tumor cells. Food Chem Toxicol 42:
1937-1947,2004.

Ruetz S, Fabbro D, Zimmermann J, Meyer T and Gray N:
Chemical and biological profile of dual Cdk1 and Cdk?2 inhibitors.
Curr Med Chem Anticancer Agents 3: 1-14,2003.

Choi JK, Murillo G, Su BN, Pezzuto JM, Kinghorn AD and
Mehta RG: Ixocarpalactone A isolated from the Mexican tomatillo
shows potent antiproliferative and apoptotic activity in colon
cancer cells. FEBS J 273: 5714-5723,2006.

Ho YS, Duh JS, Jeng JH, er al: Griseofulvin potentiates antitu-
morigenesis effects of nocodazole through induction of apoptosis
and G2/M cell cycle arrest in human colorectal cancer cells. Int J
Cancer 91: 393-401, 2001.

Wong NC, Mueller BM, Barbas CF, Ruminski P, Quaranta V,
Lin EC and Smith JW: Alphav integrins mediate adhesion and
migration of breast carcinoma cell lines. Clin Exp Metastasis 16:
50-61, 1998.

Blasi F and Carmeliet P: uPAR: a versatile signaling orchestrator.
Nat Rev Mol Cell Biol 3: 932-943, 2002.

Kobayashi H, Yoshida R, Kanada Y, er al: Suppressing effects
of daily oral supplementation of beta-glucan extracted from
Agaricus blazei Murill on spontaneous and peritoneal dissemi-
nated metastasis in mouse model. J Cancer Res Clin Oncol 131:
527-538,2005.

Zeng F, Hon CC, Sit WH, et al: Molecular characterization of
Coriolus versicolor PSP-induced apoptosis in human promyelotic
leukemic HL-60 cells using cDNA microarray. Int J Oncol 27:
513-523,2005.

Miiller A, Homey B, Soto H, et al: Involvement of chemokine
receptors in breast cancer metastasis. Nature 410: 50-56, 2001.
Larkins TL, Nowell M, Singh S, and Sanford GL: Inhibition of
cyclooxygenase-2 decreases breast cancer cell motility, invasion
and matrix metalloproteinase expression. BMC Cancer 6: 181,
2006.



