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ABSTRACT: This study investigated the antimetastatic activity of four Hericium erinaceus edible mushroom extracts using CT-
26 murine colon carcinoma cells as an indicator of inhibition of cell migration to the lung. Hot water (HWE) and microwaved
50% ethanol (MWE) extracts of H. erinaceus strongly elicited cancer cell death through apoptosis and inhibited metastasis of
cancer cells to the lungs by 66% and 69%, respectively. HWE and MWE reduced the expression of matrix metalloproteinases
MMP-2 and MMP-9 in cells and their activities in culture media. Urokinase-type plasminogen activator (u-PA), another
extracellular matrix (ECM)-degrading proteinase, also showed decreased protein expression. In CT-26 cells, HWE and MWE
down-regulated extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and p38 mitogen-activated protein
kinase (MAPK) phosphorylations. The reduced phosphorylations seem to cause reduction of activity of the MMPs, thereby
blocking migration and invasion of cells. Dietary administration of HWE and MWE reduced the formation of tumor nodules in
the lung by about 50% and 55%, respectively, and prevented increases in lung weight caused by cancer cell metastasis. These
results demonstrate the effectiveness of HWE and MWE as beneficial antimetastatic agents, targeting their upstream signaling
molecules for mediating the expression of the ECM-degrading proteinases. Acidic and alkaline extracts were not bioactive.
Bioactivity seems to be related to composition. H. erinaceus edible mushrooms have the potential to serve as a health-promoting
functional food.
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■ INTRODUCTION

The edible medicinal Hericium erinaceus mushroom is called
“Yamabushitake” in Japan or “Houtou” in China and is also
known by the common name Lion’s Mane. In a previous
study,1 we evaluated the following four extracts of the fruitbody
(sporocarp) of H. erinaceus mushroom for the ability to induce
apoptosis (programmed cell death) in U939 human monocytic
leukemia cells: hot water extract (HWE), microwaved 50%
ethanol extract (HWE), acidic extract (ACE), and alkaline
extract (AKE). The first two extracts (HWE and MWE) were
bioactive, and their activity could be explained by a mechanism
governing suppression of the cell proliferation pathway that
involves activation of mitochondria-mediated caspase-3 and
caspase-9 enzymes. The acid and alkaline extracts exhibited low
activity. In a second study,2 we investigated the composition
and antitumor effects of the same four extracts in tumor-bearing
mice. Gas chromatography/mass spectrometry analysis revealed
the presence of 40 characterized compounds in HWE, 27 in
MWE, 16 in ACE, and, and 13 in AKE. The first two extracts
contained high levels of bioactive β-glucans. The observed
tumor regression was associated with changes in several cancer
biomarkers. The results seemed to suggest that induction of
natural killer (NK) activity, activation of macrophages, and
inhibition of angiogenesis all contributed to mechanism of
reduction in tumor size. In a third study,3 we found that

administering HWE and MWE to mice infected with a lethal
dose of the virulent foodborne pathogen Salmonella Typhimu-
rium protected them against liver damage and mortality via
stimulation of the immune system.
To place our results described below in proper perspective,

we will first mention in chronological order related reported
aspects of H. erinaceus. (a) A polysaccharide isolated from H.
erinaceus up-regulated functions mediated by macrophages in
RAW264.7 cells such as production of nitric oxide (NO) and
expression of cytokines (IL-1β and TNF-α).4 (b) A
polysaccharide from H. erinaceus fruiting body increased
apoptosis by the cancer drug doxorubicin in human hepatoma
cells.5 (c) A mouse diet with added H. erinaceus mycelia
induced anti-inflammatory effects via increasing the level of
plasma glutathione and reduction of hepatic oxidative stress.6

(d) H. erinaceus extracts suppressed pro-inflammatory genes
through inhibition of NF-κB and JNK activity.7

The main objective of this study was to extend these studies
further by investigating the potential of HWE and MWE to
inhibit metastasis of the CT-26 murine colon carcinoma cells to
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lung cells. To our knowledge, this is the first report on H.
erinaceus-induced antimetastasis of cancer cells.

■ MATERIALS AND METHODS
Materials. DMEM, phosphate-buffered saline (PBS), fetal bovine

serum (FBS), and other cell miscellaneous cell culture reagents were
purchased from Hyclone Laboratories (Logan, UT, USA). Matrigel
Matrix was purchased from BD Bioscience (Bedford, MA, USA).
Hematoxyline, eosin Y, lipopolysaccharide (LPS), and other chemical
reagents of analytical grade were from Sigma-Aldrich (St. Louis, MO,
USA) and used without further purification. Primary antibodies against
ERK1/2, pERK1/2, JNK1, pJNK1/2, p38, and p-p38 were purchased
from Cell Signaling Technology (Danvers, MA, USA). Primary
antibodies against MMP-2, MMP-9, JNK2, and u-PA were the product
of Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-mouse β-
actin antibody and HRP-conjugated anti-IgG antibody were obtained
from Millipore (Billerica, MA, USA) and Sigma-Aldrich, respectively.
Preparation of H. erinaceus Extracts. The dried fruit body of H.

erinaceus was obtained from Forest Environment Science Laboratory,
College of Agriculture and Life Science, Kyungpook National
University, Daegu, Korea. The fruit body was ground into powder
using a mill and then passed through a 40-mesh sieve. The powder was
extracted with 20-fold weight of following solvents as previously
reported by Kim et al.:8 boiling in pyrogen-free water for 3 h (HWE);
microwaving in ethanol (50% v/v) at 60 W for 3 min using a focused
microwave-associated Soxhlet extractor (Prolabo, Paris, France;
MWE); acidic extract (ACE) and alkaline extract (AKE) by boiling
in 1% HCl and 3% NaOH for 2 h, respectively (internal negative
controls). After extraction, solid materials were removed by
centrifugation at 3000g for 30 min. To the recovered supernatants
was then added a 4-fold volume of ethanol to precipitate
polysaccharides at 4 °C for 24 h. The precipitates were dissolved in
deionized water and dialyzed in a tube (Sigma-Aldrich) with a cutoff
molecular weight of 12 kDa against the same solvent. All extracts were
lyophilized to powders. The use of a dialysis tube with a size of 12
kDA allowed the collection of the high molecular weight bioactive
polysaccharide and polysaccharide protein complexes (β-glucans).
Analytical data for each extraction fraction were previously reported by
Kim et al.1

Cancer Cells and Mice. The CT-26 mouse colon carcinoma cell
line from the American Type Tissue Culture Collection (Manassas,
VA, USA) was cultured in DMEM supplemented with 10% heat-
inactivated FBS containing penicillin (100 U/mL) and streptomycin
(100 mg/mL). Cells were cultured at 37 °C in a humidified
atmosphere with 5% CO2.
Pathogen-free female BALB/c mice (6 weeks old), weighing 20−25

g, were purchased from Orient Bio (Seongnam, Korea). The mice
were housed in a stainless steel cage under a 12 h light/dark cycle with
a temperature range of 20−22 °C and relative humidity of 50 ± 10%.
The mice were fed pelletized commercial chow diet and sterile tap
water ad libitum during the entire experimental period. The mice were
then randomly divided into groups (n = 10). Each group was fed a
standard diet supplemented with MWE and HWE and a control
without supplementation.
Experimental Lung Metastasis and Treatment. The protocol

of the mice studies was approved by the Ethics Committee for Animal
Care and Use, Ajou University, Republic of Korea. All experiments
were performed in compliance with the relevant laws and institutional
guidelines. A pulmonary colonization assay was conducted as
described by Son et al.9 Briefly, BALB/c mice were intravenously
transplanted with 1 × 105 cells of CT-26 cancer cells in 200 μL of PBS
into the tail vein. The mice were divided into five groups (n = 10) and
then subjected to an intraperitoneal (ip) injection of each mushroom
extract (10 mg/kg mouse) once a day for 2 weeks. Control group mice
were administered the same volume of PBS only. Mice were sacrificed
by CO2 inhalation at the end of the treatments for the excision of lung.
Cell Cytotoxicity Assay. Cell cytotoxicity was assessed by MTT

staining following the method of Mosmann.10 Briefly, the CT-26 cells
were seeded into a 96-well plate at a density of 1 × 105 cells/well and

cultured for 24 h at 37 °C humidified air with 5% CO2. The cells were
then treated with 1, 50, 100, 500, and 1000 μg/mL of H. erinaceus
mushroom extracts for 48 h. After treatment, cells were stained by
adding MTT. The resultant intracellular chromogen formazan
products were solubilized with DMSO. Absorbance of the chromogen
was read in a microplate reader (model 550, Bio-Rad, Hercules, CA,
USA) at 570 nm and a reference wavelength of 655 nm. Cell
cytotoxicity was expressed by the following formula:

= × −

− −

% cytotoxicity 100 (1 absorbance of extract

treated/absorbance of PBS treated cells)

Migration assay. The migration assay was conducted following
the method of Choi et al.11 with some modifications. In brief, CT-26
cells were seeded at a density of 1 × 104 cells/mL in a 6-well plate.
After reaching overfluence, the center of the culture dishes was
scratched once with a 200 μL yellow tip. Cells were washed three
times with serum-free medium and incubated for 20 h with H.
erinaceus mushroom extracts (500 μg/mL). After incubation, images of
each well were examined under a microscope (model D50, Olympus,
Tokyo, Japan) and photographed. The degree of cell spreading and
directional migration of the cells was then compared.

Invasion Assay. Invasiveness of cancer cells into stromal cells was
quantified by using BD BioCoat GFR matrigel invasion chamber with
transmembrane inserts of 8.0 μm pores as described by Choi et al.11

CT-26 cells were seeded onto matrigel-coated transmembrane inserts
at a density of 1 × 105 cells/well, followed by addition of H. erinaceus
mushroom extracts (500 μg/mL). After 48 h of incubation, the
membrane inserts were washed three times with PBS and fixed in 4%
paraformaldehyde in PBS (pH 7.4) at 4 °C overnight. After another
gentle washing with PBS, the fixed cells were treated with ice-cold
methanol for permeabilization, followed by washing for 5 min. The
inner side of invasion chambers was then wiped out. Subsequently, the
cells were stained in hematoxylene solution for 2 min and destained in
PBS for 10 min. The membrane inserts were cut, mounted on glass
slide, and observed under a microscope. After random selection of six
fields of each membrane, the total number of pores and the number of
cancer cells that had migrated through, thus being trapped in the
pores, were counted. The average invasion rate was calculated
according to the following formula:

= ×%invasion 100 total number of trapped cells

/total number of pores in a field

Western Blot Analysis of Cell Proteins. CT-26 cells were lysed
and extracted with RIPA buffer (50 mM Tris Cl, 150 mM NaCl, 1%
NP-40, 0.5% sodium deoxycholate, 0.1% SDS, and 1 mM EDTA, pH
7.4). Protein concentrations were determined according to the
Bradford method using a Bio-Rad Protein Kit. Bovine serum albumin
(BSA) was used as standard. Cell extracts containing proteins (30 μg)
were separated on 10% polyacrylamide gels and electrophoretically
transferred onto a nitrocellulose membrane (Millipore). After blocking
with 5% skim milk, provided that the 3% BSA (fraction V) was used
with phosphorylated proteins-blotted membranes, the gel was
incubated with each primary antibody, followed by HRP-conjugated
anti-IgG antibodies. Blots were developed using the ECL detection kit
(Pierce, Rockford, IL, USA). The intensity of separated protein bands
was quantified using a gel documentation system (model LAS-
1000CH, Fuji Photo Film, Tokyo, Japan). At least three separate
replicates were determined for each experiment.

Gelatin Zymography of Matrix Metalloproteinases (MMPs).
Gelatin zymography was conducted following the method described
by Birkedal-Hansen and Taylor12 with some modification. CT-26 cells
were seeded into a 6-well culture plate at a density of 1 × 105 cells/
well and incubated for 24 h in serum-free DMEM with H. erinaceus
mushroom extracts (500 μg/mL). After incubation, medium was
harvested and protein concentration determined by the Bradford
method (Bio-Rad). Proteins (20 mg) were separated on 10% SDS−
polyacrylamide gels containing gelatin (1 mg/mL). The gels were
washed twice for 30 min in 2.5% Triton X-100 at room temperature to
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remove all traces of SDS and incubated in activation buffer (50 mM
Tris-HCl, 10 mM CaCl2, pH 7.5) for 24 h at 37 °C. Then, the gels
were stained with 0.2% Coomassie Brilliant Blue, destained, and dried.
Histology and Assessment of Tumor Nodules. For histological

analysis, mice were sacrificed by CO2 inhalation at the end of the
treatments for the excision of lung. Excised lung was fixed with 4%
paraformaldehyde in PBS overnight at 4 °C. The tissues were rinsed
with water, dehydrated with ethanol, and embedded in paraffin. The
samples were sliced into 4 μm sections and mounted onto glass slides.
The sections were dewaxed using xylene, rehydrated with ethanol and
water, and stained with H&E. Pulmonary nodules were counted in six
blindly chosen random fields under the microscope at 100×
magnification, and nodule density was recorded.
Statistical Analysis. Results are expressed as the mean ± SD of

three independent experiments. Significant differences between means
were determined using the Statistical Analysis Software package SAS
(Cary, NC, USA): p < 0.05 is regarded as significant.

■ RESULTS
Growth Inhibition of CT-26 Cells. To determine whether

HWE and MWE are cytotoxic, we evaluated cell viability using
the MTT assay. As an internal control, we also tested two
extracts (ACE and AKE) that did not induce NO production in
the RAW264.7 murine macrophage cell line.8 Figure 1 shows

that treatment with HWE or MWE decreased cell viability in a
concentration-dependent manner, whereas ACE and AKE were
not cytotoxic. Overall, MHE treatment was observed to induce
slightly more, but significantly different, CT-26 cell cytotoxicity
than HWE treatment (42% vs 39% inhibition at 1 mg/mL
concentration). As described in our previous paper,1 growth
inhibition of CT-26 cells by HWE and MWE would result from
apoptotic cell death.
Inhibition of CT-26 Cell Migration and Invasion. To

determine whether HWE and MWE can suppress the migration
of CT-26 cancer cells, the cell movements were observed at 20
h after treatment with H. erinaceus mushroom extracts. In the
presence of each mushroom extract (500 μg/mL), HWE- and
MWE-treated cells showed a reduced formation of lamellipodia
and a decrease in collective cell migration compared with
vehicle-treated or ACE- and AKE-treated controls (Figure 2).
These results show that HWE and MWE suppressed the
migration and invasion of cancer cells.

The Matrigel invasion assay was used to determine whether
HWE and MWE can block cancer cell invasion. Figure 3 shows
that HWE and MWE extracts induced significant decreases in
the invasion of CT-26 cells compared with the vehicle-treated
or ACE- and AKE-treated controls.

Expression of Proteins Related to Invasion in CT-26
Cells. To determine the molecular mechanism underlying the
anti-invasive activity of each mushroom extract, the effect of the
extracts on the activation of MMP-2, MMP-9, three MAPKs,
and u-PA was assessed in CT-26 cells. MMP-2 and MMP-9
gelatinases are known to degrade the extracellular matrix
(ECM) in a process associated with colorectal cancer
progression, invasion, angiogenesis, and metastasis.13 This
observation shows that the blocking of MMP-2 and MMP-9
activities could suppress the metastasis of cancer cells into other
organs through cell invasion. Gelatin zymography depicted in
Figure 4A indicated that HWE and MWE treatments
suppressed the activities of MMP-2 and MMP-9 in the
conditioned media of CT-26 cells compared with those of
the internal controls, ACE and AKE. Western blot analysis
shows that MMP-2 and MMP-9 expressions is suppressed by
HWE and MWE treatments and that changes in the activity
levels of MMP-2 and MMP-9 coincided with each protein
expression level (Figure 4B). The serine proteinase urokinase
type plasminogen activator (u-PA) is known to be present in
cellular structures at the leading edge of migrating cells that are
involved in adhesion, migration, invasion, and metastasis.14 It
was observed that HWE and MWE could also down-regulate
the expression of u-PA (Figure 4B).
Western blot analysis also shows that ERK and JNK

phosphorylation is suppressed by about 50% and 30% following
treatment with HWE and MWE, respectively (Figure 5). In
addition, HWE and MWE treatments suppressed the p38 gene
MAPK phosphorylation by >50%. A related study reported that
the treatment with ERK and JNK inhibitors, but not with a p38
inhibitor, resulted in a significant reduction in CT-26 cell
invasion.9 This finding supports our view that HWE and MWE
treatments probably resulted in reduction in cell viability,

Figure 1. Cytotoxic effects of the four H. erinaceus extracts on murine
colon carcinoma CT-26 cells. The cells were plated at a density of 1 ×
105 cells/well in a 96-well microplate and then treated with various
concentrations of each mushroom extract for 48 h. After incubation at
37 °C, cell death was determined using the MTT assay. ACE and AKE
were used as the internal negative controls selected among the
previously reported H. erinaceus extracts. Cytotoxicity was calculated
according to the formula shown under Materials and Methods.

Figure 2. Inhibitory effects of the four H. erinaceus mushroom extracts
on cancer cell migration. CT-26 cells were cultured to overconfluence
in a 6-well plate, and wounds were made by scratching once with a 200
μL micropipet tip. After three washings with serum-free medium, the
cells were treated for 0 or 20 h with H. erinaceus extracts (500 μg/mL).
Vehicle indicates treatment of PBS alone. ACE and AKE were used as
the internal negative controls selected among the previously reported
H. erinaceus extracts. After incubation, images of each well were
examined under a microscope (100× magnification). White arrows
indicate cells migrating off from the line of wound.
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migration, and invasion mainly through suppression of ERK
and JNK activation.
Inhibition of Lung Metastasis in Vivo. The present study

also investigated whether HWE and MWE could inhibit
spontaneous lung metastasis of colon cancer in mice. We
found that the number of pulmonary tumor nodules increased
greatly in the lungs of mice intravenously injected with CT-26
cells alone (Figure 6); however, ip injection of HWE and MWE
(10 mg/kg mouse) for 2 weeks significantly decreased the
formation of tumor nodules by about 50% and 55%,
respectively. By contrast, ACE and AKE showed slight, but
not significant, reductions compared with the vehicle-treated
control.
Table 1 shows that the increased weight of the lungs induced

by CT-26 cancer cell metastasis is also considerably reduced as
a result of HWE and MWE treatment. Body weight, an
indicator of toxicity,15 was not changed, however, by the
injection of CT-26 cells and/or HWE or MWE treatment.
Histopathological analysis revealed large nodule areas in lung

sections from mice injected with CT-26 cells alone. By contrast,
much smaller nodule areas are apparent in mice administered
HWE and MWE by ip injection (Figure 7).

■ DISCUSSION
The progression (metastatic spread) of tumors from one organ
to another is reported to be a major cause of poor clinical
outcome in cancer patients.9,16 High rates of cancer-caused

mortality are associated with metastatic spread of tumor cells
from the original site to the lung. Extensive efforts have made
to define the mechanism of metastasis and its inhibition.17,18

Here, we will briefly mention reported mechanistic aspects of
the inhibition of metastasis by naturally occurring compounds
that may be relevant to the theme of the present study.
The metastasis and invasion of tumors is a complex,

multistep process that involves degradation of the surrounding
extracellular matrix, migration to and proliferation of the cells at
a secondary site, and stimulation of angiogenesis (blood flow)
to that site.16 Studies designed to define the mechanism of
metastasis and its inhibition indicate that expression of matrix
proteinases (MMPs), tissue inhibitors of MMPs (TIMPs), and
other proteins at the transcriptional level might be regulated by
common factors and signal pathways.17

Published studies show that (a) an aqueous extract of the
Cambodian mushroom Phellinus linteus inhibited experimental
metastasis of B16BL6 melanoma cells in mice partly via
regulation of the urokinase-type plasminogen activator system
associated with tumor-cell-induced platelet aggregation;19 (b)
curcumin, a bioactive component in the spice turmeric,
inhibited lung cancer cell invasion and metastasis by
modulating E-cadherin expression,20 induced a 54% inhibition

Figure 3. Inhibitory effects of the four H. erinaceus mushroom extracts
on endometrial cancer cell invasion. (A) CT-26 cells (1 × 105 cells)
were cultured in a 12-well plate with an invasive chamber of 8 μm
pores. After 48 h of culture with addition of H. erinaceus extracts (500
μg/mL), the inner sides of transwell membrane inserts were fixed and
stained in hematoxylene solution. Migrated cancer cells trapped in the
pores were observed under a microscope (100× magnification). The
cell photographs are representatives of membranes of the chamber
insert. (B) To evaluate the modulatory effects of four mushroom
extracts on cancer cell migration, the average invasion rate was
calculated according to the formula described under Materials and
Methods. Results are expressed as the mean ± SD. Bars with asterisks
are significantly different between the groups at p < 0.05 as compared
with the vehicle value.

Figure 4. Effects of four H. erinaceus mushroom extracts on activation
and expression of cell invasion-related proteins including MMP-2,
MMP-9, and u-PA. CT-26 cells were treated for 24 h in serum-free D-
MEM with each H. erinaceus mushroom extract (500 μg/mL). ACE
and AKE are used as internal controls. (A) The conditioned medium
was recovered, and gelatin zymography was conducted as described
under Materials and Methods. (B) The prepared proteins (30 μg)
were separated by SDS−polyacrylamide gel electrophoresis, and
Western blot analysis was carried out with the indicated primary
antibodies. Protein bands were visualized using the ECL detection
system. β-Actin was used as a control for constitutively expressed
cellular protein. Each protein was expressed as a relative expression
(RE) value calculated from the target protein/β-actin expression. The
figure represents three independent experiments.
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in nodule formation of CT-26 colon cancer cells in the lung,21

inhibited the migratory and invasive ability of mouse hepatoma
cells,22 and helped regulate cell metastasis by inhibiting MP-2
and MMP-9 and up-regulating TIMPs gene expression in
cancer cells;23 (c) γ-tocotrienol, a component of natural vitamin
E, inhibited the invasion and metastasis of human gastric
carcinomal cells by a similar mechanisms;24 and (d) the
compounds decursin and decursinol, isolated from the roots of
the nonfood plant Angelica gigas, inhibited lung metastasis of
murine colon carcinoma.9 The cited authors suggest that
compounds that regulate MMP-2 and MMP-9 by targeting
their upstream signaling molecules that mediate the expression
of MMPs have the potential for treating cancer invasion and
metastasis.
In the present study, we found that the hot water and

microwaved 50% ethanol H. erinaceus mushroom extracts HWE
and MWE effectively inhibited the proliferation and invasion of
CT-26 colon carcinoma cells, as well as the metastasis and
invasion of CT-26 cells to the lungs. The anti-invasive and
antimetastasis activities of HWE and MWE might be ascribed
to the suppression of ECM-degrading enzyme expression such
as that of MMP-2, MMP-9, and u-PA via down-regulating the
upstream MAPK signaling pathway. These results suggest that
ERK and JNK activation through protein phosphorylation

Figure 5. Effects of four H. erinaceus extracts on the activation and
expression of three MAPKs in CT-26 cells. After incubation with each
extract for 48 h, the cells were lysed, and total cellular proteins (30 μg)
were resolved in SDS−polyacrylamide gels, after which they were
transferred onto nitrocellulose membranes. The membranes were then
probed with the indicated antibodies. Protein bands were visualized
using the ECL detection system. β-Actin was used as a control for
constitutively expressed cellular protein. Each protein was expressed as
relative expression (RE) value calculated from the target protein/β-
actin expression. The figure represents three independent experiments.

Figure 6. Effects of four H. erinaceus mushroom extracts on pulmonary
tumor nodule formation through metastasis. BALB/c mice were
intravenously transplanted with 1 × 105 cells of CT-26 cancer cells
into the tail vein. Then the mice were divided into five groups (n = 10)
and subjected to an intraperitoneal (ip) injection of each mushroom
extract (10 mg/kg mouse) once a day for 2 weeks. Normal control
group mice were administered the same volume of PBS only. (A)
Lungs were excised to compare the pattern of pulmonary tumor
nodule formation among the experimental groups. Panel 1, normal
control; panel 2, CT-26 cell transplantation alone; panel 3, CT-26 cells
transplantation plus HWE ip injection; panel 4, CT-26 cell
transplantation plus MWE ip injection; panel 5, CT-26 cell
transplantation plus ACE ip injection; panel 6, CT-26 cell trans-
plantation plus AKE ip injection. Arrows indicate pulmonary tumor
nodules. (B) The number of pulmonary tumor nodules is expressed as
the mean ± SD. Bars with the same letters are not significantly
different between groups at p < 0.05.

Table 1. Effects of Four Hericium erinaceus Extracts on Body
and Lung Weights of CT-26 Cell-Transplanted Micea

sample body wt (g) lung wt (g)

normal 25.175 ± 1.653a 0.172 ± 0.012b
CT-26 only 23.486 ± 1.598a 0.260 ± 0.020a
HWE treated 24.639 ± 2.004a 0.186 ± 0.015b
MWE treated 25.005 ± 1.836a 0.181 ± 0.013b
ACE treated 24.074 ± 1.711a 0.238 ± 0.021a
AKE treated 23.934 ± 1.690a 0.243 ± 0.017a

aData are expressed as the mean ± SD (n = 10). Values in the same
column not sharing a common letter are significantly different at p <
0.05.
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would be the most important modulator in this signaling
pathway.
Most of the biomarkers that are associated with the

inhibition of metastasis mentioned in the cited studies are
similar to those observed in the present study. All of the
reported studies seem to be consistent with the mechanistic
aspects of the observed antimetastasis effect described in the
present study for the mushroom extracts.
In conclusion, in this study we have attempted to elucidate

the mechanism of the observed inhibition of metastasis of
cancer cells from one organ to another in terms several factors
(biomarkers) known to be associated with the prevention of
metastasis. The findings of the previous and present studies
suggest that the whole mushroom or the two bioactive
mushroom extracts have multiple benefits. They can protect
mice against lethal infection with Salmonella Typhimurium via
stimulation the immune system, reduce inflammation, and
inhibit carcinogenesis and metastasis of cancer cells in vivo.
These results indicate the H. erinaceus edible mushrooms are a
high quality functional food that can benefit human nutrition
and may have the ability to help prevent and/or treat human
cancers. Dietary evaluation of these beneficial antimicrobial and
anticancer effects in humans, possibly using a reported 5%
mushroom-containing bread formulation,25 merits further
study. It is worth noting that in addition to the cited health-
promoting effects, H. erinaceus mushrooms are reported to
exhibit other potential health benefits.26−28 The present study
complements our published studies on in vivo anticarcinogenic
effects of the tomato glycoalkaloid α-tomatine,29 the rice bran
component γ-oryzanol,30 and black rice bran.31 Whether
combinations of H. erinaceus mushrooms with these bioactive
food ingredients would exhibit additive or synergistic beneficial
effects also merits study.
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