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Abstract

The Standardized Cultured Extract of Lentinula edodes Mycelia (also known as Active Hexose Correlated Compound,
AHCC) and Wasabia japonica (VWasabi) are natural nutritional supplements known for their immunomodulatory and
anticancer potential. The aim of this study was to evaluate the combinatorial effect of the bioactive immunomodulatory
compound (BAIC), obtained by combining Wasabi and AHCC, on human breast (MCF-7) and pancreatic (Panc02)
adenocarcinoma cell lines. Data obtained revealed that BAIC determines a striking decline in cancer cell growth at
minimal concentrations compared with the use of Wasabi and AHCC as single agents. A significant increase in the Go/
GI subpopulation together with a marked augmentation in the percentage of apoptotic cells was demonstrated by flow
cytometry, together with a significant upregulation in the expression of genes associated to the apoptotic cascade in both
cell lines. The inhibitory role BAIC plays in mammospheres formation from MCF-7-derived cancer stem cells was shown
with a marked reduction in size and number. Interestingly, when BAIC was exposed to monocytic cells, no cytotoxic
effects were observed. A monocytes-to-macrophages differentiation was rather observed with the concomitant acquisition
of an anti-inflammatory phenotype. Taken together, our findings suggest that BAIC could be used as a potential integration
of standard chemotherapy treatments because of the improved inhibitory activity on cancer cell proliferation and reduced
potential adverse effects.
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Introduction diseases.” Our journey in integrative medicine began with
the enzyme-fermented extract of the mushrooms Lentinula
edodes, the Standardized Cultured Extract of Lentinula
edodes Mycelia. Our journey in integrative medicine began
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with the Standardized Cultured Extract of Lentinula edodes
Mycelia, widely known as Active Hexose Correlated
Compound (AHCC). Its most active component, a-glucan,
plays multiple roles in cancer (including breast,® ovaries,’
and pancreas®), host protection during viral’ or bacterial®’
infections, chronic diseases (ie, diabetes'”), and cardiovascu-
lar pathologies. In this context, it is worth mentioning the
anticancer effect of a-glucans, which has been reported in
patients with squamous cell lung carcinoma, as well as their
role in reducing the adverse effects observed in patients with
advanced cancer during chemotherapy.*® Moreover, several
groups around the world are currently exploiting the benefi-
cial properties that o-glucan exerts on human health in com-
bination with other bioactive molecules, respectively, with
CpG-oligodeoxynucleotide and tamoxifen showing they
modulate oxidative stress and immune responses in cancer
patients and anticancer hormonal agent.'"'? Furthermore, the
effectiveness of AHCC supplementation has been mainly
ascribed to its role in interfacing with the immune system.
Specifically, AHCC stimulates the immune system by modu-
lating the response against pathogens' and is capable of
enhancing it via multiple mechanisms, including through the
augmentation of macrophage and natural killer cell prolifera-
tion." In particular, AHCC is known to induce a high produc-
tion of various cytokines by macrophages and T lymphocytes,
such as interferon-y (IFN-y), interleukin (IL)-8, IL-1f, and
tumor necrosis factor (TNF-o, IL-2, and IL-12).'"* Whereas
Wasabia japonica (reported here as Wasabi) is an aromatic
component of the Japanese typical pungent spice used as a
condiment in Asia to prepare traditional foods like sashimi
and sushi. The active component of Wasabi is methylsulfinyl
hexyl isothiocyanate (6-MITC), which is also known for its
apoptotic effects on cancer cells,'® anti-inflammatory poten-
tial,'® and detoxifying properties.'” In the inflammatory pro-
cess, macrophages play a central role in the activation of the
metabolic pathways responsible for the release of inflamma-
tory enzymes, cytokines, chemokines, and other inflamma-
tory factors. Overexpression of these inflammatory factors
by macrophages has been attributed to the pathophysiology
of many inflammatory diseases. It was observed that Wasabi
retains the capability to suppress the expression of cyclooxy-
genases (Cox-2) and prostaglandins (Pge2) in human
U937 monocytic cells'® and macrophages.'™'? Furthermore,
6-MITC has been shown to selectively suppress breast cancer
and melanoma cell progression as reported by Nomura et al.>
According to Watanabe et al, the apoptotic properties and the
consequent anticancer effect associated to Wasabi is medi-
ated by the presence of another compound found in Wasabi,
allyl isothiocyanate (6-HITC), which has been found to also
induce detoxification through the activation of enzymes such
as glutathione S-transferases.”’ Based on this evidence, the
aim of this study was to demonstrate a combinatorial effect
between AHCC and Wasabi (depicted in this study as bioac-
tive immunomodulatory compound [BAIC]) in contrasting

the growth of 2 human adenocarcinoma cell lines, the breast
adenocarcinoma (MCF-7) and pancreas adenocarcinoma
(Panc02) cells. To this end, we first defined the minimal dose
of AHCC and Wasabi able to reduce cell viability in MCF-7
compared with their use as single agents (AHCC or Wasabi).
Subsequently, we verified if the observed effect was due to a
cell cycle arrest or to the induction of apoptotic cascade
within the cells following the treatment. In parallel, prelimi-
nary insights of the role the combination of AHCC and
Wasabi plays in modulating the size and growth of mammo-
spheres produced by MCF-7-derived cancer stem cells (CSC)
were also obtained. Finally, we asked whether the combina-
tion of AHCC and Wasabi at the concentrations found to be
effective in reducing cancer cell progression could concomi-
tantly lead to side effects. To answer this question, the mini-
mal concentration able to induce a detrimental role on MCF-7
and Panc02 cells was administered to monocytic cells (ThP-1
cell line) to evaluate viability and phenotype, as compared
with the treatment with their single counterparts.

Materials and Methods

AHCC and Wasabia japonica

AHCC used in this study was provided by Amino Up
Chemical Co, Ltd (Sapporo, Japan). A lyophilized extract
titrated and standardized by the rhizome of Wasabia japon-
ica was purchased from Pharmagen BG-Sofia (Bulgaria),
its official suppliers.

Cell Culture

Cells used in this study include human breast adenocarci-
noma (MCF-7), human pancreas adenocarcinoma (Panc02),
and human leukemia monocytic (ThP-1) cell lines (from
ATCC). Cancer cells were cultured in high-glucose
Dulbecco’s Modified Eagle Medium (Corning) supple-
mented with 10% fetal bovine serum (Corning), 1%
L-glutamine, and 2% antimitotic/antibiotic. ThP1 cells
were cultured in RPMI-1640 media (Gibco) supplemented
with 10% fetal bovine serum (Corning), 1% L-glutamine,
and 2% antimitotic/antibiotic. Cells were maintained at
37°C in a humid atmosphere with 5% CO,.

Experimental Design

For the treatments, a stock solution of the single components
was prepared in Dulbecco’s phosphate-buffered saline
(Sigma), incubated for 72 hours, filtered using a 0.45-pum
filter, and stored at 4°C. MCF-7 and Panc02 cells were
treated with different concentrations of Wasabi and AHCC
(ranging from 7.5 to 500 pug/mL) for 24 and 48 hours, in
combination or as single components. At the end of each
time point, a cell viability assay was used to determine the
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minimal concentration able to induce a significant reduction.
Once defined through the MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) assay, the optimal
combination was used to perform further analyses and assess
the effect on cell cycle and apoptosis. The cytotoxic effect as
well as the immunomodulatory potential of the Wasabi and
AHCC combination have been also investigated on ThP-1
cells after 48-hour treatment as reported below.

Evaluation of Cancer Cells Viability

The effect on cell viability of Wasabi and AHCC, as single
compounds or in combination (BAIC), was determined on
MCF-7 and Panc02 following 24- and 48-hour treatment
using MTT. The colorimetric MTT assay allowed identify-
ing the minimum doses of BAIC able to reduce cell viabil-
ity. Briefly, cells were seeded at the density of 10 000 cells/
well into 96-well flat-bottomed plates to allow them to
cover the whole surface of the dish. Cells were then treated
with different concentrations of Wasabi and AHCC (range =
7.5-500 pg/mL) and analyzed following the manufacturer’s
indications (Vybrant MTT Cell Proliferation Assay Kit, Life
Technologies). Absorbance was measured at 570 nm using
a microplate reader (Biotech), and data were analyzed by
using the software Gen05.

Cell Cycle Assessment

The effect of BAIC on cell cycle distribution was examined
using flow cytometry. In brief, MCF-7 and Panc02 were
seeded at a density of 1 x 10%cm” on 6-well plates and
treated with the optimal combination of BAIC (7.5 pg/mL
for Wasabi and 10 pg/mL for AHCC) or with Wasabi (7.5
pg/mL) and AHCC (10 pg/mL) for 48 hours. Following the
treatment cells were collected, centrifuged at room tempera-
ture at 500 x g for 5 minutes, and incubated overnight with
cold 70% ethanol. Cells were then resuspended in phos-
phate-buffered saline containing propidium iodide (40 pg/
mL) and RNase (100 pg/mL). Flow cytometry data were
acquired using a Guava Millipore cytometer. At least 20 000
cells/sample were run. The percentage of cells in sub GO,
Gl1, S, and G2/M was established using FlowJo software.

Evaluation of Apoptosis

To analyze the possible apoptotic effect induced on MCF-7
and Panc02 by BAIC, the Annexin V-FITC Apoptosis
Detection Kit I (BioLegend) was used. Briefly, cells were
treated with Wasabi and AHCC in combination (7.5 pg/mL
for Wasabi and 10 pg/mL for AHCC) or as single agents (7.5
pg/mL and 10 pg/mL for Wasabi and AHCC, respectively)
for 48 hours, collected, and washed in a binding buffer solu-
tion. Cells were then incubated in the staining solution con-
taining propidium iodide and Annexin V-FITC for 15 minutes

at room temperature and in the dark. Flow cytometry data
were acquired using a Guava Millipore cytometer. The per-
centage of normal, early apoptotic, apoptotic, and necrotic
cells was established using FlowJo software by comparing
experimental cells to control groups (untreated cells).

Molecular Analysis

Quantitative reverse transcription polymerase chain reac-
tion (qQRT-PCR) analysis was performed to evaluate the
expression of specific pro-apoptotic markers on cancer cells
and markers associated to inflammation on monocytes as
shown in Table 1. In all cases, total RNA was isolated using
TRI-reagent (Invitrogen). DNAse (Sigma) treatment fol-
lowed the reaction. RNA concentration and purity were
measured using a NanoDrop ND1000 spectrophotometer
(NanoDrop Technologies). The ¢cDNA was synthesized
from 500 ng of total RNA using the PrimeScript RT Master
Mix (TAKARA), and quantitative PCR was run in the
StepOnePlus Real-time PCR system (Applied Biosystems)
using commercially available master mix (PowerUp
SYBER Green Master Mix; Applied Biosystems).

Monocytic Cells Viability and Differentiation

To evaluate the side effects of the doses of BAIC defined as
the most efficient in inhibiting cancer cells proliferation,
monocytic cells (ThP1) were seeded at the density of 2 x
10%/cm?® on 6-well plates and treated accordingly. After 48
hours of incubation, cells were harvested, and the percent-
age of viable cells was evaluated by trypan blue exclusion
dye using a Burker chamber.

Nonadherent Mammosphere Formation Assay
and Treatment

Cancer stem cells from MCF-7 cells (ProMab) were cul-
tured at a density of 1 x 10 cells/mL and grown in a 6-well
ultralow attachment plate with Premium Cancer Stem Cell
Media (ProMab) to enable the cells to grow and form
spheres. A further 1 mL of fresh medium was added to each
well every other day. Incubation of the primary culture
MCF-7-derived CSC with BAIC was conducted under
mammosphere-forming conditions for 5 days when the size
of the formed mammospheres was compared with those
found in the control group (CTRL, untreated cells). ABX51
microscope (Nikon) was used to acquire images that have
been captured by using the open source Spot Advanced
software and analyzed by Image].

Statistical Analysis

Statistical analysis was performed using GraphPad Instat
3.00 (GraphPad Software). Three replicates for each
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Table |. Transcripts and Sequence of Each Primer Used in gqPCR to Investigate the Apoptosis and the Inflammation®.

Gene Sequences (5" — 3') T (°C) Product Size (bp)

Pro-apoptotic markers

BCL-2 associated X protein (BAX) S: TCCCCCCGAGAGGTCTTTT 57 68
A: CGGCCCCAGTTGAAGTTG

Apoptotic peptidase activating factor-| S: TGGCTGCTCTGCCTTCT 57 142

(Apaf-1) A: CCATGGGTAGCAGCTCCTTC

p53 S: CCCCTCCTGGCCCCTGTCATCTTC 62 265
A: GCAGCGCCTCACAACCTCCGTCAT

Immunomodulatory markers

Interleukin I (II-15) S: TGCTCTGGGATTCTCTTCAGC 56 164
A: CTGGAAGGAGCACTTCATCTG

Transforming growth factor-f (Tgf-f) S: ATGGTGGAAACCCACAACG 56 171
A: GGAATTGTTGCTGTATTTCTGG

Cyclooxygenase-2 (Cox-2) S: TGAGTTATGTGTTGACATCCAG 56 197
A: TCATTTGAATCAGGAAGCTGC

Glyceraldehyde-3-phosphatase S: TCCACTGGCGTCTTCACC 57 78

dehydrogenase (Gapdh)

A: GGCAGAGATGATGACCCTTT

Abbreviations: qPCR, quantitative polymerase chain reaction; S, sense primer; A, antisense primer.
*For each gene, oligonucleotide sequence (5" — 3'), melting temperature (T ), and the length of the product are also reported.

experiment (quantitative PCR, flow cytometry analyses,
and cell counts) were performed, and the results are reported
as mean * standard deviation (SD). One-way analysis of
variance for multiple comparisons by the Student-Newman-
Keuls multiple comparison test was used to assess differ-
ences between groups. Differences were considered
statistically significant for P values <.05. For quantitative
PCR data, nonparametric tests were used.

Results

BAIC Inhibits, at Defined Concentrations,
Cancer Cell Growth

Before starting the experiments, we aimed at determining
the minimal concentration of Wasabi and AHCC able to
drastically reduce the percentage of viable cancer cells at 48
hours. To this the MCF-7 cell line was chosen and the MTT
assay was applied to determine the effect of the combina-
tion of AHCC and Wasabi at different concentrations, as
reported in Supplementary Figure 1A (available online).
The percentage of active cells after the treatment with dif-
ferent combinations are shown in Supplementary Figure 1B
(available online).

Results of this part of the study indicated no significant
differences among the treatments although significant dif-
ferences (P < .01) were found compared with the control
cells (CTRL). Among the possible combinations, we identi-
fied in the concentrations 7.5 and 10 pg/mL for Wasabi and
AHCC, respectively, the efficient cocktail to inhibit the
growth of MCF-7 cells. Figure 1A shows a statistically sig-
nificant (P < .01) effect of BAIC on MCF-7 cells compared

with AHCC (10 pg/mL) and Wasabi (7.5 pg/mL) provided
as single agents, with a marked inhibition in cell prolifera-
tion at 48 hours (values assessed 48%). The percentage of
active Panc02 cells registered following the exposure to
Wasabi and AHCC demonstrated a slight increase com-
pared with control at 24 hours. Values assessed around
109% and 110%, respectively. In contrast, a slight reduction
was observed at 48 hours. At 48 hours, the reduction of pro-
liferative cells was assessed around 45% for BAIC, 43% for
Wasabi, and 64% for AHCC (Figure 1B).

BAIC Determines an Arrest in Cell Cycle
Progression

Cell cycle represents the most fundamental and important
processes in eukaryotic cells. Cell cycle analysis was per-
formed to determine the influence of BAIC on cell cycle
phase distribution (G,, G,, S, G,, and M) in MCF-7 and
Panc02 cells at 48 hours. Our results indicated that the com-
bination of Wasabi and AHCC halted the cell cycle progres-
sion in the G,/G, phase (P < .05) in both cell types (Figure 2).
They also suggest that such inhibition occurs in a crucial
phase of the cycle, being the transition from G1 to S respon-
sible for controlling cell proliferation.” Figure 2A shows a
greater G/G, phase arrest in MCF-7 cells, which accounts
for 55.7% following the treatment with BAIC (P < .05).
MCF-7 cells treated with single Wasabi and AHCC revealed
similar G,/G, phase distribution (40.8% and 42.3%), which
was comparable to control cells (40%). An increase in the
percentage of cells in the G/G, phase (51%) was also regis-
tered when Panc02 were treated with AHCC compared with
control cells (43%; Figure 2B). Intermediate results for the
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Figure 1. MTT assay demonstrating the effect of bioactive
immunomodulatory compound (BAIC; 7.5 and 10 pg/mL,
respectively) on the viability of MCF-7 (A) and Panc02 (B) after
24 and 48 hours of treatment. Data obtained exposing both
cell lines to active hexose correlated compound (AHCC) and
Woasabi used as single agents are also reported for comparison.
Data are normalized to control cells (CTRL) and reported as
mean * standard deviation (n = 3). **Highly significant (P <.01)
and *significant (P < .05) compared with CTRL.

percentage of cells in G/G, phase were found as the conse-
quence of the single treatment with Wasabi, with values
assessed around 48%. On the contrary, a marked reduction
(30%) in the percentage of cells in G/G, was found as the
result of AHCC exposure, although the percentage of resting
cells (subG,)) was greater than the other experimental groups.

BAIC Induces Apoptosis in Cancer Cells

Annexin V assays and gene expression evaluation were per-
formed to confirm data obtained from the cell cycle and
proliferation assays. Although all treatment groups showed
significant increases in apoptosis compared with control
groups (P < .05), flow cytometry assays showed marked
changes in MCF-7 and Panc02 cell profiles after treatment
with BAIC at 48 hours, compared with Wasabi (7.5 pg/mL)

>
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Figure 2. Cell cycle analysis performed on MCF-7 (A) and Panc02
cells (B) following the treatment with bioactive immunomodulatory
compound (BAIC) for 48 hours. Data obtained from untreated
cells (CTRL) and cells treated with the single compounds (7.5 pg/
mL Wasabi and 10 pg/mL active hexose correlated compound
[AHCC]) are also reported for comparison. Data are reported
as average of the percentage of cells distributed in the subGO,
Gl, S, and G2/M phase + SD (n = 3). ¥P < .01, highly significant
differences compared with CTRL.

and AHCC (10 pg/mL) used as single agents (Figure 3A
and B). Apoptotic rates ranged around 17% for Wasabi- and
AHCC-treated Panc02 cells and increased to 25% when
cells were treated with BAIC, registering a 5-fold increase
compared with untreated cells (5% apoptotic cells).

These rates were found even greater in MCF-7 where
50% of apoptotic cells were detected, whereas the percent-
age was decreased to 30% and 36% following the treatment
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Figure 3. Representative flow cytometric analysis of MCF-7 (A)
and Panc02 (B) showing normal and apoptotic cells after 48 hours
treatment with Wasabi and active hexose correlated compound
(AHCC) in combination (bioactive immunomodulatory compound
[BAIC]), as single agents (Wasabi at 7.5 pg/mL and AHCC 10
pg/mL), or in standard conditions (CTRL). Data represent the
means + standard deviations (n = 3). *Significant and **highly
significant differences compared with CTRL at P < .05 and P < .0l,
respectively. Solid bars depict normal cells, and patterned bars
depict apoptotic cells.

with AHCC and Wasabi, respectively. The apoptotic cas-
cades are tightly regulated by a variety of factors; among
these factors, the Bel-2 protein family plays central roles in
apoptotic events.” We further investigated the expression
of effectors of the apoptotic mechanisms, such as Bax-2 and
Apaf-1, both at 24 and 48 hours (Figure 4).

Following the treatment with BAIC, a statistically sig-
nificant increase compared with control in the expression
of Bax-2 was found in MCF-7 (8.32 = 0.41) but not in
Panc02 cells (1.14 + 0.34) at 48 hours. When MCF-7 cells
treated with Wasabi and AHCC as single agents a slight
increase in the expression levels of Bax-2 was found at
the same time point (48 hours), with values assessed

around 1.28 + 0.04 for Wasabi and 1.5 £ 0.16 for AHCC.
A 2-fold increase in Apaf-1 expression was found at
mRNA level in MCF-7 cells treated with BAIC (2.08 +
0.25) compared with the control group and to the other
experimental groups at 48 hours. On the contrary, signifi-
cant differences compared with control cells were found
in the expression of Apaf-I when Panc02 cells were
exposed to the combination of Wasabi and AHCC (3.68 +
0.04) at 48 hours. A 2-fold increase in the expression of
Apaf-1 was observed following the treatment with AHCC
at 24 hours (1.98 £ 0.14). Furthermore, the expression of
P53 included as a stress-responsive transcription factor
and potent tumor suppressor was investigated (Figure 5).
A slight increase in the expression of p53 was observed
when MCF-7 cells were treated with BAIC and AHCC
(1.3+0.7 and 1.6 + 0.3-fold, respectively) compared with
control cells, showing an advantage in the use of BAIC
compared with Wasabi. In Panc02 cells, a greater upregu-
lation was found following the treatment with values
assessed around 2.3 £+ 0.1-fold for BAIC, 2.1 £+ 0.1-fold
for AHCC, and 1.9 + 0.1-fold for Wasabi, compared with
control.

Effect of BAIC on Monocytic Cells

To analyze the role BAIC has on the immune system, a proof
of concept study was performed. Following the exposure to
BAIC, monocytic cells have been tested for viability and the
expression of inflammatory-associated markers. As reported
in Figure 6, the combination of Wasabi and AHCC at low
concentrations is capable of supporting the proliferation of
monocytic cells. No cytotoxic effects were found in any of
the experimental groups considered, where viability was
comparable to control (Figure 6A). A 2-fold increase in the
number of adherent cells was found on the surface of the
dish where monocytes were grown in presence of BAIC
compared with cells grown in standard conditions (CTRL;
Figure 6B).

Similar or reduced numbers were found when cells were
exposed to Wasabi and AHCC at the same concentrations,
respectively. Molecular analysis performed on ThP-1
treated with BAIC for the evaluation of inflammatory genes
demonstrated the immunomodulatory potential of the mix-
ture compared with the single components (Figure 7). In
particular, the expression of all the tested genes was found
dramatically increased as a consequence of the treatment
with Wasabi at 24 hours, with values of around 682 (+59)-
fold for Tfg-pB, 8060 (£53)-fold for Cox-2, and 3167(£16.7)-
fold for /I-1 compared with control cells, respectively.
Monocytes treated with BAIC increased the expression lev-
els of 4 +0.27-fold, 185 + 27-fold, and 90 + 38-fold, respec-
tively. An average of 2-fold increase with regard to control
was observed in cells treated with AHCC at the same time
point. An interesting downregulation was found at 48 hours,
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Figure 4. Quantitative polymerase chain reaction for the expression of pro-apoptotic genes (Apaf-I and Bax-2) on MCF-7 (A) and
Panc02 (B) cell lines following the treatment with bioactive immunomodulatory compound (BAIC), 7.5 pg/mL Wasabi (Wasabi), and
10 pg/mL active hexose correlated compound (AHCC). Data are represented as fold-change compared with the expression levels
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Figure 5. Quantitative polymerase chain reaction for the expression of the oncosuppressor p53 following the treatment of MCF-
7 and Panc02 cells with bioactive immunomodulatory compound (BAIC), 7.5 pg/mL Wasabi (Wasabi), and 10 pg/mL active hexose
correlated compound (AHCC), at 48 hours. Data are represented as fold-change compared with the expression levels found in
untreated monocytic cells (CTRL) (n = 3; ¥P < .01).

when the expression levels of //-1f and Cox-2 were signifi-  BAIC Inhibits Mammosphere Growth

cantly decreased following the treatment with BAIC, thus .
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cells. treatment with a bioactive compound is crucial to define its
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Figure 6. Graphs showing the effect of the combination BAIC
on monocytic cells (ThPI cell line). Cell viability following the
treatment with bioactive immunomodulatory compound (BAIC)
at 48 hours, compared with cells grown in standard conditions
(CTRL), or treated with 7.5 pg/mL Wasabi (Wasabi) and 10
pg/mL active hexose correlated compound (AHCC) (A). The
number of adherent cells is also reported following the treatment
with BAIC (B).

potential role in inhibiting tumor initiative and progression.
Formed mammospheres from MCF-7-derived CSC were
visualized with a BX51 microscope (Nikon). Mammosphere
size was determined following the exposure to BAIC
(Figure 8A) and compared with those obtained treating
cells with standard media (CTRL, Figure 8B). Results
clearly demonstrated a 2-fold decrease in size, which was
induced by the treatment with AHCC and Wasabi compared
with CTRL. Values assessed around 40.61 +9.10 and 24.26
+ 5.1, respectively (Figure 8C).

Discussion

In this study, we aimed at evaluating the combinatorial effect
between 2 natural compounds, AHCC and Wasabi, for their
possible use as a nutritional supplement for integrative medi-
cine. We first tested different concentrations of AHCC and
Wasabi (ranging from 7.5 to 500 pg/mL) and evaluated their
effectiveness in reducing viability in 2 adenocarcinoma cell
lines (MCF-7 and Panc02). Once the minimal concentration
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Figure 7. Quantitative polymerase chain reaction for the
expression of immunomodulatory genes (Tgf-S, II-1 3, and
Cox-2) following the treatment of ThPI cells with bioactive
immunomodulatory compound (BAIC), 7.5 pg/mL Wasabi
(Wasabi), and 10 pg/mL active hexose correlated compound
(AHCC), at 24 and 48 hours. Data are represented as fold-
change compared with the expression levels found in untreated
monocytic cells (CTRL) (n = 3; *P < .01).

capable of inducing more than a 50% decrease in cell prolifera-
tion following 48 hours exposure was defined, we further tested
whether the observed effect relied on the combination of AHCC
and Wasabi, thus estimating whether by providing cells with the
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Figure 8. The potential inhibitory effect of bioactive immunomodulatory compound (BAIC) on mammospheres formation.
Preliminary results show mammospheres containing MCF-7 cancer stem cells on day 5 after being cultured in the presence of BAIC
(7.5 pg/mL Wasabi and 10 pug/ml active hexose correlated compound [AHCC]) (A) or in standard media (CTRL, B). Following the
treatment, a statistically significant (P < .01) reduction in number and size of primary mammospheres is observed compared with
control cells (CTRL) (C). Data are represented as means * standard deviations (n = 3).

single compounds, it would be possible to achieve the same
result. Interestingly, data obtained showed a marked reduction
in viability when the compounds were combined even at very
low concentrations (7.5 pg/mL for Wasabi and 10 pg/mL for
AHCC) compared with their single counterparts. Results were
assessed around 52% and 55% for MCF-7 and Panc02, respec-
tively. Literature reports that a greater reduction (of about
64.9%) in MCF-7 proliferation can be achieved by the sole use
of Wasabi only if a greater concentration (250 pg/mL) of the
crude extract was applied.** Contrarily, we only observed a
slight decrease (23%) in the percentage of proliferative MCF-7
cells following the treatment with Wasabi as single agent.
However, by combining Wasabi with AHCC, we demonstrated
that only a 33.3-fold less Wasabi is required to obtain a marked
reduction in MCF-7 proliferation. When the pancreatic Panc02
cell line was tested, we showed that also the single agents
(Wasabi and AHCC) were able to induce a significant reduction
in cell proliferation (57% and 36%, respectively), with Wasabi
revealing a reduction that was found similar to BAIC (55%).
Furthermore, according to the existing literature, no cytotoxic
activity of AHCC used as single agent was observed at 24 hours
on MCEF-7 and Panc02" (data not shown). By providing cells
with 10 pg/mL AHCC, we found a 20% reduction at 48 hours
in MCF-7. It is worth mentioning that previous evidence com-
ing from other research groups highlights no cytotoxic effect
that could be ascribed to AHCC even at clinically relevant con-
centrations.” The above findings demonstrated that BAIC has
an antiproliferative impact on the adenocarcinoma cell lines
tested (MCF-7 and Panc02) with differences that are probably

associated to the nature of the cells used. According to our
study, Chen et al also reported a great reduction in human pan-
creatic cancer cells viability following the exposure to the natu-
ral Wasabi compound, the 6-MITC, and its chemical
derivatives.”® Based on the evidence provided by other studies
on the role of natural compounds on cancer cells,”*® the antip-
roliferative effects could be the result of the induction of apop-
tosis, and/or cell cycle arrest. The cell cycle analysis we
performed demonstrated an increase in the percentage of cells
in Gy/G, phases when MCF-7 and Panc02 cells were treated
with BAIC at 48 hours. Similar results were observed following
the treatment with other natural compounds with anticancer
effect, " including curcumin,® casticin,” arctigenin,’' and o
mangostin.** Although in line with these previous experiments,
our data are in conflict with those obtained by other groups on
the role of Wasabi on cell cycle distribution, which demon-
strated a dose-dependent marked arrest in the G/M phase by
providing colon cancer cells with Wasabia japonica extracts.**
We hypothesize that discrepancies between ours and previously
reported data may be the result of the lower concentrations used
in the study. However, according to our studies, groups focus-
ing on the effect of the active component of Wasabi, the
6-MITC, on other human cell lines (ie, acute promyelocytic
leukemia, HL-60) demonstrated an increased percentage in
cellsat the G /G, phase following the treatment with 0.8 pg/mL
Wasabi.** On the other hand, no significant differences have
been noticed in cell cycle distribution following the treatment
with AHCC, which is consistent with its role as coadjutant of
antitumorigenic therapies than as single agent.”>>*®
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Since the mode of action of natural compounds induc-
ing the cell cycle arrest has been closely related to the acti-
vation of the apoptotic cascade,”” we investigated whether
the reduction of viable cells following the treatment with
BAIC could also be ascribed to apoptosis in both cell lines.
Following the treatment, a statistically significant increase
in the percentage of apoptotic Panc02 and MCF-7 cells was
demonstrated (up to 24% for apoptotic cells for Panc02 and
50% for MCF-7). A general increase was also observed fol-
lowing the treatment with Wasabi and AHCC as single
agents compared with control cells. In both cases, the
results are in line with those obtained from the MTT assay.
To confirm our observations, we proceeded with analyzing
the expression of 2 factors related to the apoptotic cas-
cades, the pro-apoptotic member of the Bcl-2 family Bax-
2% and the effector molecule responsible for the activation
of apoptosis through the caspases pathway, Apaf-1.** Our
data indicated that an increase in the mRNA levels of Bax-
2 was induced in MCF-7 cells by the BAIC treatment and
was found enhanced compared with the single counterparts
(Wasabi and AHCC). A relative upregulation in the expres-
sion of Apaf-1 was also observed although at lower levels
with regard to those displayed by Panc02. In fact, we
hypothesize that BAIC activates different apoptotic mech-
anisms in the 2 cell lines tested, with MCF-7 undergoing a
marked trigger of the Bcl-2-dependent cascade® and
Panc02 eliciting the family of cysteine proteases, the cas-
pases.”’ Whether this activation is p53 dependent is still
under consideration in our laboratory as data obtained
show differences between the cell lines and support the
existing literature on the discrepancy in the apoptotic path-
ways elicited by cancer cells following the exposure to
Wasabi*? or AHCC.*

It has been widely established that a small population of
tumorigenic cells (CSC) exists in several human cancers.
CSC are able to self-renew and to perpetually proliferate to
initiate and develop cancer.** As such, their fundamental
involvement in tumor progression has highlighted the
urgency to develop therapeutic strategies capable of target-
ing CSC for cancer treatment or prevention.*>** With this in
mind, we also wanted to test the combinatorial effective-
ness of BAIC on the activity of MCF-7-derived CSC. The
preliminary data obtained emphasize the potential role of
the combination of AHCC and Wasabi in suppressing breast
CSC progression and were consistent with previously pub-
lished studies showing antitumorigenic agents with marked
potential in inhibiting mammospheres development.*
Specifically, our study demonstrates a 2-fold decrease in
mammosphere size and number when mammospheres
produced by MCF-7-enriched CSC were treated with BAIC
for 5 days. Fani et al suggested that the reduction in mam-
mosphere size is correlated to the decrease in cancer
progression.*’ While no reports exist on the effect of Wasabi
on CSC-derived mammospheres, a recently published

article highlights the role of AHCC extracts to inhibit
mammosphere growth in 3 cell lines.*’

Finally, when BAIC were provided to monocytes to
understand whether such combination could concomi-
tantly exert negative effects on immune cells, no cytotoxic
effects were detected. Cell viability was found to be com-
parable to control groups in all experimental conditions.
Interestingly, we also observed a hypothetical activation
of the monocytic cells used following the treatment, as
demonstrated by the adhesive properties they acquired.*®
Based on these observations and on previously published
evidence on the role ThP-1-derived macrophages play in
modulating the apoptotic response to cancer cells,” we
moved forward and aimed at shedding light on the pheno-
type of such macrophages-like cells. We then evaluated
the expression levels of inflammatory genes suggesting
the immunomodulatory potential of the BAIC mixture
compared with the single components. Our data demon-
strated an upregulation of the cyclooxygenase-2 (Cox-2)
soon after the treatment with a significant reduction com-
pared with control cells at 48 hours. This gene has not
been generally associated to normal cells or tissues, nor to
resting cells, although its results are highly expressed fol-
lowing cell exposure to inflammatory cytokines, growth
factors, and molecules able to induce carcinogenesis.*” We
also analyzed the expression of /L /- following the expo-
sure to BAIC and found a statistically significant increase
following the exposure to Wasabi at 24 hours, which
appeared to be reduced over time, with expression levels
that were comparable to control. This result is particularly
interesting as it has been reported that macrophage-derived
II-18 also stimulates the growth of cancer cells,” and a
decrease in its expression could lead to the inhibition of
cancer progression. According to previous studies show-
ing a marked increase in //-/ 8 in in vivo setting following
the treatment with AHCC,*® we only observed an average
of 2.5-fold upregulation in its expression at 24 and 48
hours. Furthermore, there was no increase in the expres-
sion levels of the third marker analyzed, transforming
growth factor-B (Tgf-f), which has been suggested to
determine an augmentation of the angiogenic properties of
tumor and support its progression.’*>* In our experiments,
an average 4-fold increase was found at 24 and 48 hours in
the BAIC group, which was reduced compared with the
single use of AHCC and Wasabi.

Taken together, data obtained herein not only indicate
a combinatorial effect of BAIC but also highlight the
immunomodulatory role of the combination as no cyto-
toxic effect to immune system was observed while bene-
ficial effects were rather found. Further studies will be
required to elucidate the mechanisms targeted by such
combination of natural compounds. Particular emphasis
will be given to the NF-kb, Wnt, and Notch self-renewal
pathways, which have been demonstrated to be activated
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by other bioactive natural products such as curcumin®*

in tumor cells and CSC, as well as to the apoptotic cas-
cades activated by the BAIC. Our preliminary studies on
the immunomodulatory role of BAIC opens the possibil-
ity to further investigate paracrine signals between can-
cers cells and the immune system. Our study provides
evidence on the combinatorial action that occurs when 2
natural compounds with demonstrated anti-inflammatory
and anticancer effects are combined and suggests such
combination as novel adjuvant therapy to support chemo-
therapy while controlling side effects. Further investiga-
tions are required to highlight the role BAIC play in
modulating the immune system in case of inflammation
as compared with physiological conditions.

Acknowledgments

The authors acknowledge BioEnergeticLab for kindly providing
samples of bioactive immunomodulatory compound and Wasabia
Jjaponica, and AminoUp Chemical Co Ltd for providing samples
of AHCC. The authors gratefully acknowledge Mr. Oscar
Velazquez for editorial assistance.

Author Contributions

Bruna Corradetti: Conceptualization, data curation, formal analy-
sis, investigation, project administration, visualization, supervi-
sion, and writing (review and editing).

Salvatore Vaiasicca: Conceptualization, data curation, formal
analysis, methodology, and writing (review and editing).

Mauro Mantovani: Supervision.

Edy Virgili: Supervision.

Massimo Bonucci: Resources and supervision.

Ivano Hammarberg Ferri: Funding acquisition, conceptualization,
and supervision.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
Bruna Corradetti acknowledges support through the Sér Cymru II
programme, funded by the European Commission through the
Horizon 2020 Marie Sktodowska-Curie Actions (MSCA)
COFUND scheme and the Welsh European Funding Office
(WEFO) under the European Regional Development Fund (ERDF).

Supplemental Material

Supplemental material for this article is available online.

References

1. Schneider Y, Vincent F, Duranton B, et al. Anti-proliferative
effect of resveratrol, a natural component of grapes and wine,
on human colonic cancer cells. Cancer Lett. 2000;158:85-91.

10.

11.

12.

13.

14.

15.

. Subedi L, Venkatesan R, Kim SY. Neuroprotective and

anti-inflammatory activities of allyl isothiocyanate through
attenuation of JNK/NF-kB/TNF-a signaling. Int J Mol Sci.
2017;18:E1423.

. Teiten MH, Eifes S, Dicato M, Diederich M. Curcumin—the para-

digm of a multi-target natural compound with applications in can-
cer prevention and treatment. Toxins (Basel). 2010;2:128-162.

. Ito T, Urushima H, Sakaue M, et al. Reduction of adverse

effects by a mushroom product, active hexose correlated com-
pound (AHCC) in patients with advanced cancer during che-
motherapy—the significance of the levels of HHV-6 DNA in
saliva as a surrogate biomarker during chemotherapy. Nutr
Cancer. 2014;66:377-382.

. Choi JY, Lee S, Yun SM, et al. Active hexose correlated com-

pound (AHCC) inhibits the proliferation of ovarian cancer cells
by suppressing signal transducer and activator of transcription
3 (STAT3) activation. Nutr Cancer. 2018;70:109-115.

. Yanagimoto H, Satoi S, Yamamoto T, et al. Alleviating

effect of active hexose correlated compound (AHCC) on
chemotherapy-related adverse events in patients with unre-
sectable pancreatic ductal adenocarcinoma. Nutr Cancer.
2016;68:234-240.

. Roman BE, Beli E, Duriancik DM, Gardner EM. Short-term

supplementation with active hexose correlated compound
improves the antibody response to influenza B vaccine. Nutr
Res. 2013;33:12-17.

. Aviles H, Belay T, Fountain K, Vance M, Sun B, Sonnenfeld

G. Active hexose correlated compound enhances resistance
to Klebsiella pneumoniae infection in mice in the hindlimb-
unloading model of spaceflight conditions. J Appl Physiol
(1985).2003;95:491-496.

. Aviles H, O’Donnell P, Orshal J, Fujii H, Sun B, Sonnenfeld

G. Active hexose correlated compound activates immune
function to decrease bacterial load in a murine model of intra-
muscular infection. Am J Surg. 2008;195:537-545.

Ye SF, Ichimura K, Wakame K, Ohe M. Suppressive effects
of active hexose correlated compound on the increased activ-
ity of hepatic and renal ornithine decarboxylase induced by
oxidative stress. Life Sci. 2003;74:593-602.

Ignacio RM, Kim CS, Kim YD, Lee HM, Qi XF, Kim SK.
Therapeutic effect of active hexose-correlated compound
(AHCC) combined with CpG-ODN (oligodeoxynucleotide)
in B16 melanoma murine model. Cytokine. 2015;76:131-137.
Mathew L, Gaikwad A, Gonzalez A, Nugent EK, Smith JA.
Evaluation of active hexose correlated compound (AHCC) in
combination with anticancer hormones in orthotopic breast
cancer models. Integr Cancer Ther. 2017;16:300-307.
Daddaoua A, Martinez-Plata E, Ortega-Gonzalez M, et al. The
nutritional supplement active hexose correlated compound
(AHCC) has direct immunomodulatory actions on intestinal
epithelial cells and macrophages involving TLR/MyD88 and
NF-kB/MAPK activation. Food Chem. 2013;136:1288-1295.
Yin Z, Fujii H, Walshe T. Effects of active hexose correlated
compound on frequency of CD4+ and CD8+ T cells pro-
ducing interferon-gamma and/or tumor necrosis factor-o. in
healthy adults. Hum Immunol. 2010;71:1187-1190.
Morimitsu Y, Hayashi K, Nakagawa Y, et al. Antiplatelet and
anticancer isothiocyanates in Japanese domestic horseradish,
Wasabi. Mech Ageing Dev. 2000;116:125-134.



Integrative Cancer Therapies

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Uto T, Fujii M, Hou DX. Inhibition of lipopolysaccharide-
induced cyclooxygenase-2 transcription by 6-(methylsulfi-
nyl) hexyl isothiocyanate, a chemopreventive compound from
Wasabia japonica (Miq) Matsumura, in mouse macrophages.
Biochem Pharmacol. 2005;70:1772-1784.

Uto T, Fujii M, Hou DX. Effects of 6-(methylsulfinyl)
hexyl isothiocyanate on cyclooxygenase-2 expression
induced by lipopolysaccharide, interferon-gamma and 12-O-
tetradecanoylphorbol-13-acetate. Oncol Rep. 2007;17:233-238.
Chen J, Uto T, Tanigawa S, Yamada-Kato T, Fujii M, Hou
DX. Microarray-based determination of anti-inflammatory
genes targeted by 6-(methylsulfinyl)hexyl isothiocyanate in
macrophages. Exp Ther Med. 2010;1:33-40.

Uto T, Fujii M, Hou DX. 6-(Methylsulfinyl)hexyl isothio-
cyanate suppresses inducible nitric oxide synthase expression
through the inhibition of Janus kinase 2-mediated JNK path-
way in lipopolysaccharide-activated murine macrophages.
Biochem Pharmacol. 2005;70:1211-1221.

Nomura T, Shinoda S, Yamori T, et al. Selective sensitivity
to wasabi-derived 6-(methylsulfinyl)hexyl isothiocyanate of
human breast cancer and melanoma cell lines studied in vitro.
Cancer Detect Prev. 2005;29:155-160.

Watanabe M, Ohata M, Hayakawa S, et al. Identification of
6-methylsulfinylhexyl isothiocyanate as an apoptosis-induc-
ing component in wasabi. Phytochemistry. 2003;62:733-739.
Bertoli C, Skotheim JM, de Bruin RA. Control of cell cycle
transcription during G1 and S phases. Nat Rev Mol Cell Biol.
2013;14:518-528.

Song XL, Zhang YJ, Wang XF, et al. Casticin induces apop-
tosis and GO/G1 cell cycle arrest in gallbladder cancer cells.
Cancer Cell Int. 2017;17:9.

Weil MJ, Zhang Y, Nair MG. Tumor cell proliferation
and cyclooxygenase inhibitory constituents in horseradish
(Armoracia rusticana) and Wasabi (Wasabia japonica). J Agric
Food Chem. 2005;53:1440-1444.

Hunter RJ, Fujii H, Wakame K, Gaikwad A, Wolf JK,
Smith JA. Evaluation of active hexose correlated compound
(AHCC) in combination with pegylated liposomal doxoru-
bicin for treatment of ovarian cancer. Integr Cancer Ther.
2017;16:300-307.

Chen YJ, Huang YC, Tsai TH, Liao HF. Effect of wasabi
component  6-(methylsulfinyl)hexyl isothiocyanate and
derivatives on human pancreatic cancer cells. Evid Based
Complement Alternat Med. 2014;2014:494739.

Rajesh E, Sankari LS, Malathi L, Krupaa JR. Naturally
occurring products in cancer therapy. J Pharm Bioallied Sci.
2015;7(suppl 1):S181-S183.

Nobili S, Lippi D, Witort E, et al. Natural compounds for cancer
treatment and prevention. Pharmacol Res. 2009;59:365-378.
Bailon-Moscoso N, Cevallos-Solorzano G, Romero-
Benavides JC, Orellana MI. Natural compounds as modulators
of cell cycle arrest: application for anticancer chemotherapies.
Curr Genomics. 2017;18:106-131.

Sha J, Li J, Wang W, et al. Curcumin induces GO/G1 arrest
and apoptosis in hormone independent prostate cancer
DU-145 cells by down regulating Notch signaling. Biomed
Pharmacother. 2016;84:177-184.

Maimaitili A, Shu Z, Cheng X, Kaheerman K, Sikandeer A,
Li W. Arctigenin, a natural lignan compound, induces G0/G1

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

cell cycle arrest and apoptosis in human glioma cells. Oncol
Lett.2017;13:1007-1013.

Ibrahim MY, Hashim NM, Mohan S, et al. a-Mangostin
from Cratoxylum arborescens demonstrates apoptogenesis in
MCEF-7 with regulation of NF-kB and Hsp70 protein modula-
tion in vitro, and tumor reduction in vivo. Drug Des Dev Ther.
2014;8:1629-1647.

Hsuan SW, Chyau CC, Hung HY, Chen JH, Chou FP. The
induction of apoptosis and autophagy by Wasabia japonica
extract in colon cancer. Eur J Nutr. 2016;55:491-503.

Lenzi M, Cocchi V, Malaguti M, et al. 6-(Methylsulfonyl)
hexyl isothiocyanate as potential chemopreventive agent:
molecular and cellular profile in leukaemia cell lines.
Oncotarget. 2017;8:111697-111714.

Cao Z, Chen X, Lan L, Zhang Z, Du J, Liao L. Active hex-
ose correlated compound potentiates the antitumor effects
of low-dose 5-fluorouracil through modulation of immune
function in hepatoma 22 tumor-bearing mice. Nutr Res Pract.
2015;9:129-136.

Yusai K. Improved survival of patients with gastric or colon
cancer when treated with active hexose correlated compound
(AHCC): effect of AHCC on digestive system cancer. Nat
Med J. 2009;1(1):1-6.

Elkady AI, Abuzinadah OA, Baeshen NA, Rahmy TR.
Differential control of growth, apoptotic activity, and
gene expression in human breast cancer cells by extracts
derived from medicinal herbs Zingiber officinale. J Biomed
Biotechnol. 2012;2012:614356.

Burlacu A. Regulation of apoptosis by Bcl-2 family proteins.
J Cell Mol Med. 2003;7:249-257.

Srinivasula SM, Ahmad M, Fernandes-Alnemri T, Alnemri
ES. Autoactivation of procaspase-9 by Apaf-1-mediated
oligomerization. Mol Cell. 1998;1:949-957.

Fani S, Kamalidehghan B, Lo KM, et al. Anticancer activity
of a monobenzyltin complex C1 against MDA-MB-231 cells
through induction of apoptosis and inhibition of breast cancer
stem cells. Sci Rep. 2016;6:38992.

Porter AG, Janicke RU. Emerging roles of caspase-3 in apop-
tosis. Cell Death Differ. 1999;6:99-104.

Yano S, Wu S, Sakao K, Hou DX. Wasabi 6-(methylsulfinyl)
hexyl isothiocyanate induces apoptosis in human colorectal
cancer cells through p53-independent mitochondrial dysfunc-
tion pathway. Biofactors. 2018;44:361-368.

Suenaga S, Kuramitsu Y, Kaino S, et al. Active hexose-
correlated compound down-regulates HSP27 of pancreatic
cancer cells, and helps the cytotoxic effect of gemecitabine.
Anticancer Res. 2014;34:141-146.

Lee JH, Shu L, Fuentes F, SuZY, Kong ANT. Cancer chemo-
prevention by traditional Chinese herbal medicine and dietary
phytochemicals: targeting nrf2-mediated oxidative stress/
anti-inflammatory responses, epigenetics, and cancer stem
cells. J Tradit Complement Med. 2013;3:69-79.

Qin W, Huang G, Chen Z, Zhang Y. Nanomaterials in targeting
cancer stem cells for cancer therapy. Front Pharmacol.
2017;8:1.

Dragu DL, Necula LG, Bleotu C, Diaconu CC, Chivu-
Economescu M. Therapies targeting cancer stem cells:
Current trends and future challenges. World J Stem Cells.
2015;7:1185-1201.



Corradetti et al

13

47.

48.

49.

50.

Graham EA, Mallet JF, Jambi M, Nishioka H, Homma K,
Matar C. MicroRNA signature in the chemoprevention of
functionally-enriched stem and progenitor pools (FESPP) by
active hexose correlated compound (AHCC). Cancer Biol
Ther.2017;18:765-774.

Lee WW, Lee N, Fujii H, Kang I. Active hexose correlated
compound promotes T helper (Th) 17 and 1 cell responses via
inducing IL-1f production from monocytes in humans. Cell
Immunol. 2012;275:19-23.

Genin M, Clement F, Fattaccioli A, Raes M, Michiels C. M1
and M2 macrophages derived from THP-1 cells differentially
modulate the response of cancer cells to etoposide. BMC
Cancer. 2015;15:577.

Hempel SL, Monick MM, Hunninghake GW.
Lipopolysaccharide induces prostaglandin H synthase-2
protein and mRNA in human alveolar macrophages and
blood monocytes. J Clin Invest. 1994;93:391-396.

51.

52.
53.

54.

55.

Kaler P, Augenlicht L, Klampfer L. Macrophage-derived
IL-1B stimulates Wnt signaling and growth of colon can-
cer cells: a crosstalk interrupted by vitamin D3. Oncogene.
2009;28:3892-3902.

Massagué J. TGFbeta in cancer. Cell. 2008;134:215-230.
Wrzesinski SH, Wan YY, Flavell RA. Transforming
growth factor-beta and the immune response: implications
for anticancer therapy. Clin Cancer Res. 2007;13(18 pt
1):5262-5270.

Takebe N, Harris PJ, Warren RQ, Ivy SP. Targeting cancer
stem cells by inhibiting Wnt, Notch, and Hedgehog pathways.
Nat Rev Clin Oncol. 2011;8:97-106.

Wang Z, Zhang Y, Banerjee S, Li Y, Sarkar FH. Notch-1
down-regulation by curcumin is associated with the inhibi-
tion of cell growth and the induction of apoptosis in pancre-
atic cancer cells. Cancer. 2006;106:2503-2513.



