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Abstract
Colorectal cancer (CRC) is one of leading causes of mortality in western countries and novel
treatment strategies are required. The medicinal application of mushrooms has been used in
traditional medicine in many oriental countries. Polysaccharide-rich extracts obtained from certain
medicinal mushroom species have shown antitumor effects in different experimental models. In the
present study, we have developed polysaccharide-rich extracts from Trametes versicolor (TV) and
Grifola frondosa (GF) fruit bodies. We aim to evaluate the anticancer effects of these
polysaccharide-rich extracts in LoVo and HT-29 human colon cancer cells. The in vitro effects were
determined by cytotoxicity assay, proliferation assay, wound healing assay and invasion assay.
Moreover, the effect on anchorage independent-cell growth was also determined. Our results
showed that TV and GF extracts did inhibit human colon cell proliferation and induce cytotoxicity.
Furthermore, both fungal extracts significantly inhibited oncogenic potential, cell migration and
invasion in colon cancer cells. In addition, extracts induce a more epithelial phenotype, observed by
phase contrast images, together with an increase expression of the E-cadherin epithelial marker,
detected by western-blotting analyses. Moreover, by using gelatin zymography assays, it was
detected a decrease of MMP-2 enzyme activity, a crucial metalloproteinase important for the
degradation of the extracellular matrix. Finally, the combination of the extracts with one the most
clinical used agents for colorectal cancer, 5-fluorouracil, increases cell cytotoxicity. Taken together
our results underscore a potential antitumor effect of polysaccharide-rich extracts obtained from
TV and GF in human colon cancer cells lines. These finding may contribute to the reported health
effects of fungal extracts.
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Introduction
Colorectal cancer (CRC) is one of the leading
causes of mortality in Western countries [1, 2].
Around 90% of cancer-related deaths are due to

metastasis [3]. The metastatic process is constituted of
a number of sequential events required in order for
the tumour cell to successfully metastasize. In the
http://www.medsci.org
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metastatic cascade, epithelial cells detach from the
primary tumour, migrate, acquire the ability to invade
and spread throughout the body to finally settle down
in a second site. During this metastatic cascade, other
important changes take place such as the alteration of
cell-cell contacts and cell-matrix adhesions.
Complementary and alternative medicines have
appeared as a promising strategy to treat a broad
number of diseases. Indeed, natural products are
emerging as potent sources for food supplements to
improve cancer outcomes and patient quality of life
[4]. Important research lines of evidences have
demonstrated that medicinal mushrooms have a
potent
anti-neoplastic
activity,
including
anti-proliferative and anti-angiogenesis properties. It
has been reported that certain species of higher
Basidomycetes, including Trametes versicolor (TV) and
Grifola frondosa (GF), produce several metabolites with
anti-proliferative, antioxidant, antiviral, antimicrobial
and immunomodulatory therapeutic effects [5, 6].
Grifola frondosa is an edible mushroom with an
established immunological effect. Indeed, it has
already been reported the effect of GF extracts in
human clinical trials in breast cancer patients [7]. For
example, β-(1,3)(1,6)-glucan extract from GF induces
anti-tumour activity by enhancing hematopoiesis and
activating the host immune system [8]. Besides,
Z-fraction polysaccharide from GF inhibits tumour
growth in BALB/c mice inoculated with colon cancer
cell lines [9]. On the other hand, Trametes versicolor
also has immunomodulatory effect and specific
extracts are used in human cancer therapy in breast
cancer prevention. However, the molecular
mechanism involved in the antitumor action is still
not
clear.
Recent
evidences
suggest
that
polysaccharides extracts can directly affect the
viability of human tumour cells, independently of the
immune system. For example, polysaccharideenriched extracts from GF induce toxicity and
apoptosis in human breast and gastric cancer cells
while slightly affecting the growth of normal liver
cells [10, 11]. Moreover, polysaccharides from GF are
able to modulate tumour progression in human breast
cancer cells by modifying the expression of genes
such as IGFBP-7, involved in migration and
metastasis [12, 13]. The potential effect of
polysaccharides-enriched extracts from GF and TV in
human colon carcinoma has not been extensively
studied and whether they could play a role in tumour
progression and metastasis is also unknown.
Colon tumour cells start to dedifferentiate and
acquire enhanced migratory capabilities in order to
metastasize. A critical molecular hallmark during
dedifferentiation process is the loss of E-cadherin at
cell-cell contacts, during a program named
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epithelial-to-mesenchymal transition (EMT). Loss of
E-cadherin is associated to the progression from
benign to malignant tumour. Indeed, it was reported
that in vitro re-expression of E-cadherin protein in
E-cadherin negative tumour cells inhibit cell growth
and block invasiveness [14, 15]. On the other hand,
cell motility is also associated to the proteolytic
activity of matrix metalloproteinases (MMPs). MMPs
are a family of zinc-dependent endopeptidases
implicated in the proteolytic degradation of the
extracellular matrix (ECM) and in the cleavage of cell
surface receptors. MMPs play an important role in
proliferation, cancer migration and invasion [16]. The
two gelatinase MMPs (MMP-2 and MMP-9) are able
to degrade collagen type IV playing a critical role in
tumour invasiveness [17].
In the present study, we aim to evaluate the
anticancer effect of polysaccharide-rich extracts from
Trametes versicolor and Grifola frondosa in human colon
cancer cells. We particularly show that both extracts
inhibit cell proliferation, oncogenic potential,
migration and invasion. Moreover, their antitumor
action may be due to the increase E-cadherin protein
expression and the reduction of MMP-2 activity.
Finally, we also show that the combination of
5-Fluorouracil, a common clinical drug used
for colorectal
cancer, together
with
the
polysaccharide-rich extracts increases cell cytotoxicity
suggesting a potential clinical benefit for colon cancer.

Material and methods
Material
Fruiting bodies from Grifola frondosa and
Trametes versicolor were produced at Hifas da Terra
S.L. plant and ground using industrial blenders. The
resulting material was extracted with distilled water
at a ratio of 1:12 (w/v) for Grifola frondosa and 1:10
(w/v) for Trametes versicolor at 80ºC for 30 minutes
and filtrated with Whatman No. 1 filter paper. The
obtained residue was again extracted applying the
same procedure and both filtrates where combined
and lyophilized. Grifola frondosa extract presented a
total Glucan content of 45 % (w/w), representing
10.20 % and 34.80 % of α-Glucans and β-glucans,
respectively (w/w; β-Glucan Assay Kit Yeast &
Mushroom, Megazyme). Grifola frondosa extract is
present in several MicoSalud® products of Hifas da
Terra S.L. Trametes versicolor extract presented a total
Glucan content of 74.30 % (w/w); where α-Glucans
and β-glucans represented 8.7 % and 65.60 %(w/w),
respectively. Trametes versicolor extract is present in
several MicoSalud® products of Hifas da Terra S.L.,
including Mico-Corio PSK®. Stock solutions of both
extracts were re-suspended in distilled water at
http://www.medsci.org
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50mg/ml and stored at -20ºC. 5-Fluorouracil (5-Fu)
was purchased from Sigma-Aldrich.

Cell lines
Human colon carcinoma LoVo and HT-29 cells
were grown with F-12K Medium (Kaighn´s
Modification of Ham´s F-12 Medium) and McCoy's 5a
Medium Modified, respectively. Cells were
supplemented
with
penicillin/streptomycin
(50U/ml) and 10% heat-inactivated fetal bovine
serum and were grown in a humidified incubator at
37°C with 5% CO2. Cells were authenticated with the
StemElite ID system (Promega) and monthly tested
for mycoplasma to ensure free-contamination
cultures.

Cytotoxicity assay
For cytotoxicity assays, 1x104 cells were plated
per well into a 96-well plate and cultured during 24 h.
Then, cells were treated with 10, 50, 100, 250 or
1000µg/ml of extracts from Trametes versicolor or
Grifola frondosa for 24, 48 or 72 h. Viability was
measured
by
using
a
MTT
[3-(4,
5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium
bromide] colorimetric cell viability assay kit (Sigma
Aldrich, St Louis, MO). Cells were treated with 0.5
mg/ml of MTT for 3 hours. Then, medium was
removed and 100µl of DMSO was added to each well
and shacked for 10-15 min. Absorbance was measured
at 570 and 630 nm using a Multiskan Plus Reader
(Thermo Fisher, MA, USA). Experiments were
repeated at least three times and 6 wells were used for
each treatment. The half-maximal inhibitory
concentration (IC50) values were calculated from
dose-response curves constructed using GraphPad
Prism software. Results are expressed as mean ± S.D
and as fold change compared to untreated cells. To
study the effect of the combination of fungal extracts
with 5-fluorouracil (5-Fu), cells were treated with
different concentrations of 5-Fu (5, 10, 100 and
1000ng/ml), dissolved in fresh medium, in
combination with 250 µg/ml of fungal extracts. After
72 h of incubation with extracts and 5-Fu, cells were
treated with 0.5 mg/ml of MTT for 3 hours and cell
viability was calculated as previously mentioned.

Proliferation Assay
For proliferation assays, 1x104 LoVo cells were
plated per well into a 96-well plate and after 24 h cells
were treated with 10 or 100 µg/ml of different fungal
extracts during 48 h. Then, cells were treated with 10
mM BrdU for 2 h. BrdU incorporation into newly
synthesized DNA was measured using a cell
proliferation colorimetric immunoassay kit (Roche)
according to the manufacturer’s instructions. Data are
the average of three independent experiments
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performed six times. Results are expressed as mean ±
S.D and fold change is represented compared to
untreated cells.

Soft agar anchorage-independent cell growth
For soft agar-colony formation assay, 5x103 LoVo
cells/well were cultured into a 12-well plate in
medium containing 0.375% low-melting agarose
(Sigma Aldrich, St Louis, MO). This agarose was
layered over 0.6% agarose. Each well was allowed to
solidify and subsequently covered with 150µl culture
media in presence or absence of the indicated fungal
extracts (10, 100 or 250 µg/ml). Fungal extracts were
refreshed every 3 days. After 21 days, cells were fixed
and stained with 0.2% crystal violet in 5% formalin
solution. Colonies were counted in Olympus
microscope (magnification 40x) and whole wells were
photographed. Experiments were repeated two times
plated in triplicates. Results are expressed as mean ±
SD and fold change is represented compared to
untreated cells.

Wound healing assay
Cells were seeded at a high density (7x105
cells/ml) in 24-well plates containing Culture-Inserts
(Ibidi) and allowed to adhere overnight. Then, cells
were treated for 2 h with 10µg/ml of mitomycin C
and inserts were removed. Cells were treated with 10
or 100 µg/ml of fungal extracts and wound healing
was maintained during 24, 48 and 72 h. Photographs
were taken in Nickon Eclipse-Ti microscope
(magnification 100x) at the indicated times.
Quantification of the distance after cell migration was
determined by using ImageJ program, using the MRI
Wound Healing Tool. Experiments were repeated at
least two times in replicates and results are expressed
as mean ± S.D and fold change is represented
compared to untreated cells.

Invasion assay
For invasion assays, cells were cultured in Ham’s
F-12K medium with FBS 1% with the fungi extracts
(10 or 100 µg/ml) for 48 h. Then, LoVo cells (3x105
cells/well) were seeded in a cell invasion chamber
(Cell invasion assay kit, Chemicon International) in a
24-well plate containing 8-μm pore size polycarbonate
membrane covered with a thin layer of extracellular
matrix as described [19]. After 72 h, filters were fixed
and stained with crystal violet following the
manufacturer’s specifications. Cells were counted by
photographing five-fields in an Olympus microscope
(magnification 200x). Experiments were performed in
triplicates for each condition and repeated at least two
times. Results are expressed as mean ± S.D and fold
induction is represented compared to untreated cells.
http://www.medsci.org
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Phase contrast microscopy
1x105 LoVo

For phase-contrast images,
cells were
plated per well in a 12-well plate and cultured for 24 h
before treatment with 10 or 100 µg/ml of Trametes
versicolor or Grifola frondosa extracts for 48 h. Then,
cells were fixed with 4% paraformaldehyde in
phosphate-buffered saline (PBS) for 20 min.
Phase-contrast images were acquired using Nickon
Eclipse-Ti microscope with 100x magnification.

Western blotting
For protein extraction, 8x105 LoVo cells were
plated in 60mm dishes, and after 24 h cells were
treated with 100 or 250 µg/ml of fungal extracts for 72
h. Then, whole cell extracts were prepared for protein
extraction as previously described [18]. Briefly, cells
were lysed for 30 min in 0.3 ml of 1% Triton X-100
lysis buffer (20 mM Tris-HCL [pH 7.5], 150 mM NaCl,
and 1% Triton X- 100) containing 5μg ml-1 leupeptin,
50 mM phenylmethylsulfonyl fluoride, and 7.2
trypsin inhibitor units for aprotinin. After
centrifugation at 14000 g for 10 min, twenty
micrograms of the supernatants were loaded in 10%
polyacrilamide SDS-PAGE. Western blotting was
performed as previously described [19]. For western
blotting, antibodies used are: monoclonal E-cadherin
antibody (BD 610182), and monoclonal GAPDH
antibody (Invitrogen, 39-8600). Experiments were
repeated at least three times. Images were quantified
by densitometry and results are expressed as mean ±
S.D and fold induction is represented compared to
untreated cells.

Gelatin zymography
Zymogram technique was used to detect matrix
metalloproteinase 2 and 9 (MMP-2 and MMP-9)
activity. Cells were seeded in 60 mm dishes and
incubated with 100 or 250 mg/ml of fungi extracts for
72h. The last 24 h, cells were grown in 1 ml of
serum-free medium. Medium was collected,
centrifuged and loaded, using cell number for
normalization. Samples were run in a 10%
polyacrylamide gels containing gelatin (0.05%) under
non-reducing conditions. SDS was removed by
extensively washing in 2.5% Triton X-100 and
metalloproteinase activity was reactivated by
incubating the gel in a buffer containing 40 mM
Tris-HCl pH 7,5; 0,1 M benzamidine (SIGMA) and 10
mM CaCl2, for 72 h. The gel was stained with
Coomassie Blue R250 in a 10% acetic acid, 50%
methanol solution overnight, and then, distained in
10% acetic acid, 50% methanol, until bands were
clearly visible. Protease activity appeared as clear
bands against a blue background where MMP-2 or
MMP-9 has digested gelatin substrate. Gels were

photographed and quantified with Amersham Imager
600 equipment. Experiment was repeated three times
and quantification is expressed as mean ± SD.

Statistical analysis
Statistical significance was determined with
GraphPad Prism software applying ANOVA or
Kruskal-Wallis test. Shapiro-Wilk test was used to
check a normal distribution and Levene test to
determine the equality of variances. Results are
expressed as means ± SD. Significance of the Student
t-test among the experimental groups indicated in the
figures is shown as *p<0.05, **p <0.01 and ***p <0.001.

Results
Effect of TV and GF extracts on cell viability
and proliferation in human colon cancer cells
To determine the effect of TV and GF fungal
extracts on cancer cell viability, two different human
colon cancer cell lines were selected. LoVo colon cells,
derived from a metastatic site, and HT-29, a colorectal
adenocarcinoma cell line with an epithelial
morphology. Cells were treated at different
concentrations ranging from 10 µg/ml to 250 µg/ml
for 24 h, 48 h and 72 h. TV extract did not show any
significant effect on cell viability after 24 h of
treatment in LoVo cells. However, slightly reduction
was detected after 48 h, and significantly decrease
was shown after 72h, up to 40% reduction at a lower
concentration (10 µg/ml), (Figure 1A). On the other
hand, no significant effect was detected while treating
HT-29 cells with TV extracts after 24 h, 48 h and 72 h
(Figure 1B). GF treatment showed its inhibitory effect
on LoVo cell viability at earlier times than TV extract
by using higher concentrations (100 µg/ml and 250
µg/ml). After 72 h of GF treatment, markedly
reduction on cell viability was seen at a lower
concentration (40% reduction compared to untreated
cells using 10 µg/ml), (Figure 1C). Finally, the most
prominent cytotoxicity effect was observed using GF
extract in HT-29 cells. In these cells, at a low
concentration of 50µg/ml GF extract, it was already
observed a strong decrease after 24 h, 48 h and 72 h.
This inhibitory effect on cytotoxicity reached up to
60-70% reduction after 72 h of GF treatment with 100
µg/ml concentration, and similar results were
observed with the concentration of 250 µg/ml at any
of the tested times (24 h, 48 h and 72h) (Figure 1D).
Moreover, no cytotoxicity effect of the TV and GF
extracts was detected in a non-tumorigenic epithelial
MDCK cell lines (data not shown). The IC50 values for
TV and GF were determined for each colon cancer cell
lines (Table 1). Taken together our results show a
more potent cytotoxicity effect of GF extracts
http://www.medsci.org
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compared to TV extracts in LoVo and HT-29 colon
cancer cell lines.
Table 1. IC50 values for both extracts were calculated and
indicated for Lovo and HT29 cell lines.
LoVo
T. versicolor
G. frondosa

IC50(𝜇𝜇g/ml)
24h
934,82

HT-29
T. versicolor
G. frondosa

72h
224,02
127,12
IC50(𝜇𝜇g/ml)

24h
44,09

72h
21,07

To analyse the effects of TV and GF extracts in
colon cancer growth, LoVo cells were treated with
increasing concentrations (10 µg/mg and 100 µg/ml)
of each extract for 48 h and then proliferation was
measured by BrdU assay. Quantification of BrdU
incorporation confirmed that exposure to lower
concentrations (10 µg/ml) of TV resulted in a
significantly growth inhibition (up to 45% compared
to untreated cells). Moreover, treatment with 10
µg/ml of GF extract produced up to 50-60%
inhibition, while this inhibitory effect was increased
up to 80% inhibition at 100 µg/ml of GF extract
(Figure 1E). Our results showed a stronger
anti-proliferative effect of GF extract compared to TV
extract in Lovo cells. Interestingly, effects of both
fungal extracts are more markedly on proliferation
than on toxicity, therefore exposure to lower
concentrations resulted in a growth inhibition,
avoiding cytotoxicity effect.

Effect of TV and GF extracts on
anchorage-independent cell growth
Given the observed effect in cytotoxicity and
proliferation of the fungi extracts on colon cancer
cells, we wondered whether they could have a
potential role on the inhibition of tumour progression.
The ability of cancer cells to survive and proliferate in
the absence of a solid substrate is an important
characteristic for the acquisition of an invasive and
metastatic phenotype. By using soft agar growth
assays, we examined the effect of the TV and GF
extracts on colony formation in LoVo cells. As shown
in Figure 2, both extracts significantly reduced colony
formation induced by LoVo tumour cells. The effect
was even detected at the lowest concentration tested
of 10 µg/ml for both extracts. These results indicate
that TV and GF extracts reduce anchorageindependent cell growth, thus reducing the oncogenic
potential in colon cancer cells.

Effect of TV and GF extracts on cell migration
and invasion
Cell migration and invasion capabilities of
tumour cells are important features of malignant
tumours during tumour progression and metastasis.
We examined whether TV and GF extracts can inhibit
cell migration in LoVo cells by using wound-healing
assays. Results showed 40% and 20% of wound
closure in LoVo cells after treatment with GF extracts
during 48 h and 72 h, respectively (Figure 3A).
Concentrations of 10 µg/mg and 100 µg/ml of TV
extracts reduce around 50% of the wound closure
after 48h. Similar results were obtained after GF

Fig 1. Effect of Trametes versicolor and Grifola frondosa extracts on viability of colon cancer cells. LoVo (A and C) and HT-29 cells (B and D) were treated with
Trametes versicolor and Grifola frondosa extracts for 24, 48 and 72 h and MTT activity was determined. (E) Effect of fungi extracts on cell proliferation in LoVo cells was determined
by a BrdU assay as described in Material and Methods. Data are the means ± SD of three independent experiments (*p<0.05, **p<0.01 **p<0.001)
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treatment during 48 h treatment with 10 µg/mg
concentration (Figure 3A). Based on the observation
that fungal extracts significantly inhibited LoVo cells
migration, it is reasonable to hypothesize whether TV
and GF may also affect cell invasion. To investigate
the possible effect of the extracts on the invasive
capacity, an invasion assays in LoVo cells was
performed. It was previously reported that LoVo cells
were able to cross through a matrigel matrix [20]. Our
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results clearly showed that TV and GF extracts
significantly attenuated the invasion capability of
LoVo colon cancer cells (Figure 3B) after treatment
with 10 or 100 µg/mg of both extracts. These results
pointed out that TV and GF extracts inhibited cell
migration and invasion in LoVo cells at non-cytotoxic
dosage (10 µg/mg), suggesting that both extracts
might be potent and multiple functional agents to
treat colon cancer progression and metastasis.

Fig 2. Effect of TV and GF extracts on anchorage-independent cell growth in soft agar. LoVo cells colonies were treated with Trametes versicolor (A) and Grifola
frondosa (B) extracts for 21 days and the colony formation was determined by manual counting. Data are represented by the means ± SD of two independent experiments
(*p<0.05, **p<0.01 **p<0.001)

Fig 3. Effect of Trametes versicolor and Grifola frondosa extracts on cell migration and invasion in LoVo colon cancer cells. (A) LoVo cells were pre-treated for
2 h with mitomycin C to block proliferation and wound healing assay was followed for 3 days in presence or absence of the indicated concentrations of TV and GF extracts.
Wound closure was quantified using ImageJ program. Data are represented by the means ± SD in duplicates from two independent experiments. (B) Effect of TV and GF extracts
on cell invasion in LoVo colon cancer cells. Cells were treated with the indicated concentrations of extracts for 48h. Cells were trypsinized and seeded in an invasion chamber
as described in the Material and Methods. Migrated cells were stained, photographed and counted with a microscope at 200X. Scaled bar 627µm. Data are the means ± SD of
three independent experiments (*p<0.05, **p<0.01 **p<0.001).
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Effect of TV and GF extracts on E-cadherin
protein expression and MMP-2 activity
Next, we decided to study the possible
molecular mechanisms by which migration and
invasion could be regulated. To this end, first it was
analysed the effect of TV and GF extracts on cellular
morphology by phase-contrast microscopy. As shown
in Figure 4, a more prominent epithelial morphology
was observed in LoVo cells under TV and GF
treatment (Figure 4A and B, respectively) compared
to the fibroblast phenotype observed in non-treated
cell. This morphology switch, from fibroblast to
epithelial phenotype was accompanied by an increase
in cell–cell adhesions, and a decrease number of
membrane protrusions (Figure 4A and B,
respectively). In addition, we evaluated the effect of
the extracts on E-cadherin expression. E-cadherin is
one of the best characterize cell adhesion molecules
between epithelial cells, important for the
establishment of tight cell-cell contacts. Indeed, loss of
E-cadherin is lost during carcinoma development. The
dedifferentiation
process
is
linked
to
carcinoma-associated EMT, a crucial event for cellular
migration and invasion of tumour cells. Moreover,
E-cadherin loss is associated to tumour progression,
invasion and metastasis. Then, we analysed
E-cadherin protein expression by western blotting
(Figure 4C, upper panel and Figure S1) and a
statistical significant increase of E-cadherin protein
expression was detected after treatment with TV and
GF extracts in LoVo cells (Figure 4C, lower panel).
Next, we tested whether fungal extracts may suppress
metalloproteinase activity. It is known that the
degradation of the extracellular matrix is a crucial
event during tumour invasion and metastasis. The
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gelatinases MMP-2 and MMP-9 are two members of
the MMP family that have been extensively studied
given their consistent association with tumour
invasion and metastasis. MMP-2 and MMP-9 activity
was measured by a zymogram assay and a
significantly decrease on MMP-2 activity was detected
after treatment with both fungal extracts (Figure 4D,
upper panel and Figure S2). Although both fungal
extracts were able to induce a strong reduction of
MMP-2 activity, this reduction was more prominent
using GF extract, reaching up to 60% decrease of
MMP-2 activity with the lowest concentration tested
at 100 µg/mg (Figure 4D, lower panel).

TV and GF extracts increases the effect of
5-fluorouracil
5-fluorouracil (5-Fu) is a commonly used
cytotoxic agent to treat colon cancer patients. The
combination of 5-fluorouracil-based chemotherapy
with other agents, such as natural products, has been
extensively
studied.
However,
the
optimal
combination regimen has not been determined. We
examined the cytotoxicity effect of TV and GF fungal
extracts in combination with 5-FU in LoVo cells. LoVo
cells were treated with increasing concentrations of
5-Fu, alone or in combination with fungal extracts.
MTT cytotoxicity assays showed an increase
cytotoxicity effect at the lowest concentrations tested
of 5-Fu (0,005 µg/ml) in combination with 250 µg/ml
of TV or GF fungal extracts. Indeed, the combination
of 5-Fu with TV extracts was more evident (Figure 5).
These results suggest a possible benefit of these fungal
extracts in combination with 5-fluorouracil-based
chemotherapy in colon cancer.

Fig 4. Effect of Trametes versicolor and Grifola frondosa extracts on cell morphology and invasion-related proteins. (A) Effect of TV extract on cell morphology
of LoVo cells. (B) Effect of GF extract on cell phenotype in LoVo cells. (A and B) Phase-contrast microscopy images were taken after 48 h treatment with 10 µg/mg or 100 µg/mg
of the indicated extracts. Scale bar 100 µm. (C) Effect of TV and GF extracts on E-cadherin protein expression. LoVo cells were treated with fungal extracts for 72 h and
E-cadherin expression was determined by western-blot (upper panel). Western blot data are representative of three independent experiments and quantification by
densitometry was represented (lower panel) (D) Effect of TV and GF extracts on the activity of metalloproteases in LoVo colon cancer cells was determined by zymogram assay.
LoVo cells were treated with the indicated concentrations of the indicated fungal extracts for 72 h and MMP2 activity is shown in upper panel. Quantification of three independent
experiments is represented in the lower panel. Data are the means ± SD of three independent experiments (*p<0.05, **p<0.01 **p<0.001).
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Fig 5. Effect of Trametes versicolor and Grifola frondosa extracts in combination with 5-Fluorouracil on cytoxicity in LoVo colon cancer cells. (A) LoVo cells
were treated with the indicated concentration of Trametes versicolor extract in combination with increasing concentrations of 5-Fluorouracil. (B) LoVo cells were treated with
the indicated concentration of Grifola frondosa extract in combination with increasing concentrations of 5-Fluorouracil. Cell viability was measured as indicated in material and
methods. Data are represented as means ± SD of three independent experiments (*p<0.05, **p<0.01 **p<0.001).

Discussion
Basidiomycete mushrooms have been shown to
exert therapeutic anticancer properties, primarily
because they contain a number of biologically active
compounds. This effect is mainly linked to the
presence of polysaccharides and their derivatives.
Certain species of medicinal mushrooms produce
bioactive compounds with antitumor activity that
could work as adjuvants together with cancer
chemotherapy. Indeed, polysaccharide-rich extracts
from Grifola frondosa and Trametes versicolor species
have already shown to play relevant clinical benefits
in cancer patients [21, 22]. Recent evidence suggested
a direct antitumor effect of polysaccharides-extracts in
cancer cells independently of its action on the immune
system. In this study, we used polysaccharide-rich
extracts from GF and TV in order to investigate the
possible molecular mechanism involved in the
antitumor action in human colon cancer cell lines. Our
results show that polysaccharide-rich extracts from
GF and TV were capable not only to directly inhibit
tumour cell proliferation in human colon carcinoma
cells but also to inhibit anchorage-independent cell
growth, cell migration and invasion, which are
characteristics that facilitates the metastatic process in
multiple carcinoma types [14]. Both extracts were able
to induce an epithelial phenotype by increasing
epithelial E-cadherin proteins marker, while the
Vimentin mesenchymal marker was almost not
detected in LoVo cells. Importantly, loss of E-cadherin
during the acquisition of invasive characteristics has
been linked to the metastatic process of colon tumour
cells [23, 24]. In addition, we also observed that both
extracts significantly decreased MMP-2 activity.
Importantly, MMP-2 degrade extracellular matrix and
promote cell growth and invasion in colorectal cancer
and low levels of MMP-2 are associated with survival
in breast carcinoma [25-27]. It has been reported that

MMPs activity may be regulated at different levels
such as transcription, mRNA half-life, secretion,
localization, regulation by proteolytic cleavage,
proteinase inhibitors or post-traslational modification
(such as phosphorylation, or acetylation). However,
further studies are needed to determine the most
probable mechanism by which MMP-2 activity is
regulated by these two TV and GF extracts. The fact
that both extracts are able to decrease MMP-2 activity
and increase E-cadherin protein levels may explain, at
least in part, the mechanism by which they may
inhibit cell migration and invasiveness in human
colon cancer cells. However, other previous studies
using TV extracts were reported to have different
effect. For example, a reduction in MMP-9 activity but
no changes for MMP-2 activity was observed by using
aqueous extracts from TV in mouse mammary
carcinoma [28]. On the other hand, an inhibition of
both enzymes was detected by using protein-bound
polysaccharide-K extracted from TV in human
pancreatic and gastric cancer cell lines [29].
Interestingly in both studies it is shown how
anti-migratory activity was not linked to
anti-proliferative activity. In this study, the developed
polysaccharides-rich extracts from GF and TV showed
an anti-proliferative and anti-migratory action in
human colon cancer cells, further supporting the
potential benefit of the extracts in human colon cancer
treatment.
Not many studies have reported a direct effect of
polysaccharides-rich extracts from GF and TV in
colon cancer cells and, in general, the reported
investigations were performed in murine cancer cells
with
different
results.
For
example,
a
heteropolysaccharide (MZF) from GF did not affect
cell proliferation in vitro using mouse colon-26 cells
[30].
On the
other
hand, although TV
polysaccharide-rich extracts were shown to decrease
cell viability in a human colon carcinoma cell line by
http://www.medsci.org
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inhibiting apoptosis [31], no effect on cell proliferation
was observed in human pancreatic and gastric cancer
cell lines [29]. A water extract from TV, similar to the
developed in the present study, did not show
cytotoxicity effect in mouse mammary carcinoma
even at a higher concentration (2 mg/mL) [28]. It is
important to note that in this reported study,
polysaccharide content was only 8.34 % (w/w) while
in our study a higher-relative fraction of
bioactive-polysaccharides was obtained (45 to 74% in
glucans content). These differences may explain the
different cytotoxicity effect in different cell lines,
but also it may be influenced by the fruit body
composition or the extraction procedures performed.
Our data suggest that the extracts obtained in the
present study may affect cancer cell proliferation and
reinforces the critical importance of the production
techniques used to observe these effects in cancer
cells. Finally, the combination of 5-fluorouracil
together with each polysaccharide-rich extracts
increases cell cytotoxicity. These data suggest a
potential adjuvant role for these extracts together with
certain chemotherapeutic agents such as 5-Fu. Taken
all together, the potential antitumor effect of the
polysaccharide-rich GF and TV extracts in other
human cancer cells and in vivo model systems awaits
to be elucidated. Moreover, future clinical trials are
needed to further evaluate safety and efficacy of these
two newly developed GF and TV extracts.
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