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ABSTRACT
Purpose: Many breast cancer patients use natural compounds in their battle against breast cancer. Active
Hexose Correlated Compound (AHCC�) is a cultured mushroom mycelium extract shown to favorably
modulate the immune system and alleviate cancer burden. Cancer Stem cells (CSCs) are a subset of highly
tumorigenic cancer cells that are thought to be responsible for recurrence. CSCs can be epigenetically
regulated by microRNAs (miRNAs). We hypothesized that AHCC may influence CSCs by modulating tumor-
suppressor or oncogenic miRNAs. Methods: Functionally-enriched stem and progenitor pools (FESPP)
were isolated in the form of mammospheres from MDA-MB-231, MCF-7, and 4T1 cells, exposed to AHCC in
both regular and primary culture from Balb/c mice, and analyzed by visual counting and flow cytometry.
Cell motility was also observed in MDA-MB-231 cells. Profiling and RT-qPCR were performed to determine
AHCC influence on miRNAs in MDA-MB-231 mammospheres. Additionally, Balb/c mice were orally
gavaged with AHCC, and tumor growth parameters and miR-335 expression were analyzed. MDA-MB-231
cells were transfected with miR-335 and analyzed by western blot. Results: We demonstrated that AHCC
reduced mammosphere growth in three cell lines and in primary culture, prevented cell migration, and
upregulated miR-335 expression in MDA-MB-231 cells and mouse tumor samples. Among the differentially
regulated miRNAs in CSCs, we focused on tumor suppressor miR-335, known to target extracellular matrix
protein Tenascin C (TNC). TNC is involved in CSC immune evasion pathways. In MDA-MB-231, inhibition of
miR-335 increased TNC protein expression. Conclusions: These results support that AHCC limits FESPP
growth, partly by targeting miRNA pathways.

Abbreviations: AHCC, Active Hexose Correlated Compound; CAM, Complementary and alternative medicine; CSC,
Cancer stem cell; EMT, Epithelial-mesenchymal transition; FESPP, Functionally-enriched stem and progenitor pools;
NK, Natural killer cell; TNBC, Triple negative breast cancer; TNC, Tenascin C
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Introduction

Currently, there is considerable interest in nutritional inter-
ventions and natural compounds for targeting key deregu-
lated niche signaling pathways in tumor development. For
example, a dietary intervention showed that a few months
of Mediterranean diet was sufficient to positively change
the metabolic/endocrine characteristics of breast cancer sur-
vivors.1 More specifically, the naturally derived product
Active Hexose Correlated Compound (AHCC�), from
the culture of Basidiomycete mushroom extract, has been
reported to exert immunoprotective effects against
many types of cancer, including liver, breast, colon and
prostate.2–5 It is thought that the active components in
AHCC are its acylated a-1,4 glucans.6 Further, it has been
shown to increase the activity of immune cells in clinical
studies7,8 and enhance the antitumor effects of certain che-
motherapy drugs in5 and have anti-inflammatory effects in
animal studies.9

The pathological growth of tumors is maintained and driven
by a small subpopulation of “stem-like” tumor cells, ensuring

resistance to both chemotherapy and radiation.10–14 This highly
tumorigenic subset of breast cancer cells display increased abil-
ity to self-renew, generate breast cancer heterogeneity, and are
designated Cancer Stem Cells (CSCs).15 In breast cancer, CSCs
can be isolated by the CD44C/CD24¡ phenotype and by their
ability to grow as spheres known as mammospheres16–18 CSCs
are believed to be connected to the epithelial-mesenchymal
transition (EMT), which is associated with metastasis as it
allows cells to migrate and invade nearby tissues and enter the
bloodstream.19

The oncogenic Tenascin C (TNC), is an extracellular
matrix protein that is expressed in breast cancer cells and is
negatively associated with T cell migration.20,21 It has been
shown to be highly expressed during tissue repair and
embryonic development, as well as in chronic inflammation
and cancer22–26 TNC promotes the expression of stem cell
signaling components involved in EMT pathways and is
needed for the activation of the Wnt/b-catenin signaling
pathway in the stem cell niches, allowing for the mainte-
nance of the stem cell pool.21,27 CSCs have been shown to
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avoid immune surveillance through the TNC-a5b1 axis.28

This immune evasion may be one explanation for CSC sur-
vival and tumor recurrence.

CSCs are subject to epigenetic regulation, particularly by
the expression of microRNAs (miRNAs); small, noncoding
RNAs that have emerged as critical regulators of CSC func-
tions in cancer initiation, therapy resistance and metasta-
sis.29 Recent studies have shown that natural agents can
alter miRNA expression profiles.30 miRNAs are often over-
expressed or down-regulated in a number of malignancies31

and some can also function as tumor suppressors or as
oncogenes.32 In particular, miR-335 is down-regulated in
breast cancer, especially in patients with BRCA mutations.33

It has also been implicated in modulating several protein
pathways34–37 including suppressing metastasis and migra-
tion by inhibiting TNC expression.36 Additionally, miR-335
was found to be down-regulated in CSCs and to inhibit
CSC growth.38 These studies demonstrate that miR-335 is a
promising target in breast cancer stem cells.

Therefore, we propose that AHCC targets CSCs through
epigenetic mechanisms, such as through changing the expres-
sion of microRNAs, such as miR-335, and indirectly inhibiting
Tenascin C protein expression. We investigated these effects in
three different cell lines, with a focus on a TNBC cell line, and
in Balb/c mice.

Methods

AHCC preparation

AHCC was obtained from the Amino Up Chemical Co., Ltd.
(Sapporo, Japan). We prepared 40 mg/ml AHCC in DMEM-
F12 and filtered it through a 0.22 nm Millex-GV filter.

Cell culture and mammosphere growth

MDA-MB-231 and 4T1 cell lines were cultured in RPMI
1640 (1X) and MCF-7 cells were cultured in DMEM (1X)
(Gibco, Grand Island, NY, USA). All cells were incubated
at 37�C and 5% CO2. Adherent cells were detached by tryp-
sin and single cells were counted using the Countess auto-
mated cell counter (Invitrogen, Burlington, ON).
Afterwards, the cells were plated on Costar ultra-low attach-
ment plates (Corning, St. Laurent, QC) in spheroid
medium. Spheroid medium consists of DMEM-F12 (Invitro-
gen) combined with 100mM Sodium pyruvate, 250 mM L-
glutamine (Sigma Aldrich, Oakville, ON), 100 ug/mL hydro-
cortisone (Sigma Aldrich), 1000x streptomycin-penicillin
(Sigma Aldrich), 20 ug/mL bFGF, 20 ug/mL EGF, and
10 mg/mL insulin. 2 £ 104 cells/ml were plated in 96-well
ultra-low attachment plates and 2 £ 105 cells/ml (for a 24
h extraction) or 3 £ 105 cells/ml (for a 5 h extraction) were
plated in 6-well ultra-low attachment plates. Mammo-
spheres were exposed to 0–4 mg/ml AHCC in treatment
group. Mammospheres were counted in the 96-well ultra-
low attachment plates by light microscopy and miRNA
were extracted from mammospheres in 6-well ultra-low
attachment plates after 5 hours and at least 3 samples were
used in each analysis.

Flow cytometry

Three samples of mammospheres from MDA-MB-231 were
collected after 24h, washed with phosphate-buffered saline
(PBS) and then enzymatically dissociated with 0.05% trypsin/
0.25% EDTA into single cell suspension. Combinations of
monoclonal antibodies against human cell, CD44-APC (BD
Biosciences) and CD24-PE/CY7 (eBioscience), were added to
the cell suspension at concentrations recommended by the
manufacturer and incubated at 4�C in the dark for 30 to 40
minutes. For all mammospheres, labeled cells were washed
with PBS to eliminate unbound antibody, and the flow cytome-
try was analyzed on a BeckmanCoulter MoFlo XDP (San Fran-
cisco, CA, USA). Dead cells were eliminated by using the
viability dye DAPI. Side scatter and forward scatter profiles
were used to eliminate cell doublets. A minimum of 10,000
events were recorded for each sample.

Cell viability and proliferation

Three samples of MDA-MB-231 cells were grown in a 96-well
plate at a concentration of 2 £ 105 cells/ml in RPMI medium
with FBS, streptomycin and penicillin. The cells were then
exposed to concentrations of 0–8 mg/ml AHCC for 24 hours.
The MTT-based In Vitro Toxicology Assay Kit (Sigma-Aldrich)
and the protocol was followed with an incubation period of
4 hours.

Cell motility

Three samples of MDA-MB-231 cells were plated in a 6-well
Corning tissue culture treated plate at a concentration of 3 £
105 cells/ml and exposed to 0–4 mg/ml of AHCC for 24 hours
at 37�C and 5% CO2. A scratch was then made with a 1000ul
pipette tip and photographs were taken at 0 hours, 24 hours,
and 48 hours or 72 hours.

MicroRNA profiling

MDA-MB-231 mammospheres were extracted 24 hours after
plating. The two treatment group samples were exposed to
4 mg/ml of AHCC for 24 hours and the two control group sam-
ples were given an equal volume of medium. Sample purity and
integrity were verified with a NanoDrop 2000 (Thermo Scien-
tific, Waltham, MA, USA) and Agilent 2100 BioAnalyzer (Bio-
Rad, Hercules, CA, USA), respectively. Microarray analysis was
completed by an Affymetrix GeneChip� miRNA 3.0 Array

Real-time quantitative reverse transcription PCR

After 5 hours of exposure to AHCC or control conditions,
three samples of cancer stem cells were extracted using the
miRNeasy mini kit (Qiagen, Toronto, ON). Then, the sam-
ples underwent a reverse transcription reaction to form
cDNA by using individual probes. The cDNA was synthe-
sized by Moloney Murine Leukemia Virus (MMLV) Reverse
Transcriptase (Invitrogen). The expression of snRNA-U6,
and target miR-335, was measured by RT-qPCR using Taq-
Man probes (Applied Biosystems, Burlington, ON) and a
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FastStart Taq Polymerase (Roche, Mississauga, ON) in a
CFX96 machine (Bio-Rad).

Transfection

MDA-MB-231 cells were allowed to grow to 30% confluence in
RPMI medium with FBS and antibiotics in 15ml flasks. The
cells were then incubated with Lipofectamine (Life Technolo-
gies, Burlington, ON) and the targets: mirVanaTM non-coding
negative control 1, miR-335 mimic (ID: MH10063), and miR-
335 inhibitor (ID: MH10063) (Ambion, ThermoFisher Scien-
tific) for 48 hours. After incubation, a passage was completed
and cells were plated in regular 6-well plates or ultra-low
attachment. MicroRNA were then extracted, reverse tran-
scribed, and analyzed by RT-qPCR.

Protein analysis

Three samples of MDA-MB-231 cells were transfected for
48 hours in a 6 well attachment plate and extracted. Cells were
washed with PBS on ice and then mixed with 300 ul Pierce�

RIPA buffer (Thermo Scientific) combined with the HaltTM

Protease and Phosphatase Inhibitor Cocktail (100X) (Thermo
Scientific). Cells were then scraped off the plate and protein
samples were centrifuged to remove the outer membrane. Pro-
tein concentrations were quantified by the BCA Protein Assay
Kit (Pierce). Samples were prepared in Laemmli sample buffer,
heated for 5 min at 95�C and loaded on precast Bolt� Bis-Tris
Plus Gels (Invitrogen). The electrophoresis was carried in MES
buffer (Invitrogen) at 200 volts in a Mini Gel Tank (Life Tech-
nologies). The gels were transferred to Immobilon-p50 PVDF
membranes in a Trans-Blot Cell (Bio-Rad). The membranes
were exposed to primary antibodies Anti-Tenascin C at a dilu-
tion of 1:2500 (Abcam ab108930, Cambridge, United King-
dom). The secondary antibody was a goat anti-rabbit used as a
1:10000 dilution (Jackson ImmunoResearch Laboratories, West
Grove, PA, USA). Membranes were archived with a VersaDoc
(Bio-Rad) and the intensity of each band was measured using
Quantity One software (Bio-Rad).

Mouse handling and feeding procedures

Thirty-one, six- to eight- week old Balb/c mice weighing
between 18–20 g were obtained from Charles River (Montreal,
QC, Canada). The mice were handled based on guidelines
required by the Canadian Council on Animal Care and the
experimental design was approved by the University of Ottawa
Animal Care Committee under protocol ME-316. Mice were
housed in plastic micro-insulators in a controlled atmosphere
(temperature: 22 § 2�C; humidity: 55 § 2 %) on a 12-h light/
dark cycle and fed a conventional balanced diet (2018 Teklad
Global 18% Protein Rodent diet, Harlan Laboratories Inc, Mad-
ison, Wisconsin, USA) and water ad libitum. Eleven mice were
gavaged with AHCC in 1% sucrose in water solution
(1g/kg/day) for two weeks before tumor injection and
19–23 days following until sacrifice. The ten control group
mice were gavaged with 1% sucrose in water solution instead.
The ten mice saved for ex vivo studies were examined periodi-
cally following injection for stress that may have been caused

by tumor injection. All mice were injected with 1400 4T1 cells
in the right abdominal mammary gland.

Tumor extraction, measurement and mammosphere
platting

Tumors were extracted based on the protocol described by
Pulaski and Ostrand-Rosenberg39 with a few minor changes.
Tumors were weighed on a scale and measured with a caliper.
For the ex vivo experiment, approximately 0.05 g of each tumor
was minced and dissociated in RPMI-1640 media containing
300 U/ml collagenase (Sigma) at 37oC for 2 hours. Cells were
sieved sequentially through a 40 mm cell strainer (BD Bioscien-
ces, San Diego, CA, USA) to obtain a single cell suspension.
These cells were then counted using a Countess automated cell
counter (Invitrogen, Burlington, ON) to determine concentra-
tion and viability. The cells were plated in ultralow attachment
96-well plates (Corning) at a concentration of 2 £ 104 cells/ml,
in DMEM-F12 (Invitrogen), supplemented with 10 ng/ml EGF,
20 ng/ml bFGF, 5 mg/ml insulin, 1 mM sodium pyruvate,
0.5 mg/ml hydrocortisone, and penicillin/streptomycin
(0.05 mg/mL) (Sigma). The mammospheres were exposed to
concentrations of 0, 2, and 4 mg/ml of AHCC and examined at
24, 48, and 72 hours.

Statistical analysis

Mammosphere growth in vitro and RT-qPCR results were ana-
lyzed by one-way ANOVA and post-hoc Tukey test, and ex
vivo mammosphere growth and cell motility by two-way
ANOVA on GraphPad Prism 5 (La Jolla, CA, USA). Flow
cytometry results were analyzed with Kaluza 1.3 software
(Beckman Coulter Inc., Montreal, QC). The cell motility assay
was analyzed with TScratch software (CSE Lab, Zurich, Swit-
zerland). Profiling results were analyzed with Mev 4.8.1 soft-
ware, BRB Arraytools 4.4.0. The data was normalized using
Robust Multichip Average (RMA).40 The statistical analysis
was done by a two-class unpaired SAM 1.0. Western blot analy-
ses were conducted using Biorad Image Lab 5.2.1. Tumor vol-
ume and mass were analyzed by a student’s t-test on GraphPad
Prism 5.

Results

AHCC reduced mammosphere growth and size in vitro and
ex vivo

A common procedure used to examine CSC growth is through
the isolation and culturing of mammospheres, small congrega-
tions of FESPP suspended in the media.41 Mammosphere
growth was observed for 24 hours after exposure to AHCC in
three cell lines: MDA-MB-231, 4T1, and MCF-7. A dose depen-
dent effect was observed in all cell lines (Fig. 1a-c) and all
ANOVA tests were found to be significant (p < 0.001). Addi-
tionally, through observation, a reduction in mammosphere
size was demonstrated in the three different cell lines (Fig. 1d).
For ex vivo experiments, mice were injected with 4T1 cells for
tumor extraction and mammosphere plating. Mammospheres
exposed to AHCC grew significantly slower as compared to the
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control (p-value < 0.001), but were not significantly different
between doses (Fig. 2). An MTT assay demonstrated that
AHCC had no significant toxicity on MDA-MB-231 mammo-
spheres for a concentration of up to 8 mg/ml.

AHCC decreased the percentage of CD44C/CD24¡

phenotype cells in a MDA-MB-231 mammosphere
population

Previous studies have shown that breast CSCs demonstrate a
CD44C/CD24¡ phenotype with flow cytometry analysis.18

Also, CD44 has previously been shown to predict the prognosis
of TNBC, making it a useful marker for determining metastatic
potential.42 Flow cytometry analysis revealed an average of a
17.47% decrease of CD44C/CD24¡ phenotype cells (represent-
ing CSCs) after 24 hours of exposure to 4 mg/ml of AHCC, in
comparison to the control (Fig. 3a-c). This further supports the
mammosphere growth findings, suggesting that AHCC may
target CSCs in breast cancer.

AHCC reduced MDA-MB-231 cell motility

We exposed attached MDA-MB-231 cells to AHCC over a
72 hour period. A reduction in cell motility was observed at
24 hours between the 4 mg/ml dose and control (p < 0.05),
and this difference significantly increased after 72 hours of
AHCC exposure (p < 0.001) (Fig. 4a-b). Samples were

additionally compared with the post hoc Tukey’s Multiple
Comparison Test. These results demonstrate that AHCC pre-
vents cell motility in a TNBC cell line.

AHCC upregulated MiRNA-335 in MDA-MB-231 cells

The miRNA profiling revealed several miRNAs to be differen-
tially expressed in MDA-MB-231 mammospheres exposed to
AHCC in comparison to the controls. The miRNAs displayed
were chosen based on whether they were a factor of 1.5 fold
higher or lower in the AHCC group in comparison to the con-
trols (Fig. 5). We chose to focus on miR-335 for its documented
involvement in many types of cancer, including breast cancer.

To confirm these results, RT-qPCR analysis of miR-335
revealed an average of 3-fold higher miR-335 expression in
MDA-MB-231 mammospheres when exposed to AHCC for
5 hours (Fig. 6). Although the profiling was completed after
24 hours of AHCC exposure, we determined that RT-qPCR
performed at different time points revealed a more consistent
fold change at 5 hours for miR-335. This suggests that AHCC
may have early effects on miR-335 expression.

MiRNA-335 inhibition upregulated TNC protein expression
in MDA-MB-231 cells

We performed a western blot analysis of MDA-MB-231 cells
transfected with a mirVanaTM miR-335 mimic or inhibitor or

Figure 1. a-d. Mammosphere growth after AHCC exposure. (a) MDA-MB-231 mammosphere growth after 24 h exposure to AHCC. Approximately 3600 cells were added
per well. Data is a combination of 6 experiments. (b) MCF-7 mammosphere growth after 24 h exposure to AHCC. Approximately 5100 cells were added per well. Data is a
combination of 3 experiments. (c) 4T1 mammosphere growth after 24 h exposure to AHCC. Approximately 1700 cells were added per well. Data is a combination of 3
experiments. (d) Photographs of mammospheres taken with AxioCamMR3 camera on light microscope. Mammospheres were isolated and grown in a 96-well ultra-low
attachment plate in DMEM-F12 and spheroid medium at 37�C and 5% CO2. All data are presented as mean § SEM. Significance is represented by �� for p < 0.01 and ���

for p < 0.001 by Tukey’s post-hoc test.
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negative control 1. We found a relative increase in TNC protein
expression with the addition of the miR-335 inhibitor (Fig. 7a-
b). This suggests that miR-335 negatively regulated TNC in the
TNBC cell line, MDA-MB-231. The mimic produced varying
results and so these data were determined to be insignificant.

AHCC upregulated miR-335 expression in mammary gland
tumor cells

A downward trend was observed for tumor mass and volume
measurements after the mice were gavaged with AHCC, how-
ever, no statistically significant difference was observed with
the student T test. We also decided to examine the influence of
AHCC on miR-335 in an in vivo setting by extracting it from
the collected mouse tumors, and found a significantly higher
expression of miR-335 in the AHCC group (p-value < 0.01)
(Fig. 8a-c). This finding supports that AHCC targets miR-335
in mammary gland tumor cells even after being subject to
digestion and liver processing in the mice.

Discussion

Naturally derived compounds have been shown to be effective
in preventing and treating breast cancer. In fact, chemopreven-
tion by targeting Cancer Stem Cells (CSCs) is an important
paradigm in therapeutic and adjunct therapy in breast cancer.
AHCC has proven to be effective in reducing tumor growth
and metastasis in animal models, particularly when combined
with a conventional therapy.5,43,44 Therefore, we aimed to study

Figure 2. Ex vivo 4T1 mammosphere growth after 24, 48, and 72 hour exposures
to AHCC. Data are expressed as mean § SEM. Mouse tumors were digested with
collagenase and grown in 96-well ultra-low attachment plates at 37�C and 5%
CO2. Approximately 3400 cells were added per well. Data is a combination of four
mice. Significance is represented by ��� for p < 0.001 and non-significance by ns
as calculated by Tukey’s post-hoc test.

Figure 3. a-c. AHCC reduces CD44C/CD24¡ phenotype MDA-MB-231 cells. (a) Untreated MDA-MB-231 mammospheres. (b) Treated MDA-MB-231 mammospheres. The
treatment group was exposed to 4 mg/ml of AHCC for 24 hours. (c) Comparison between untreated control and treated AHCC mammospheres with a combination of 3
experiments. Data are presented as mean § SEM. Significance is represented by �� for p < 0.01 by Tukey’s post-hoc test. MDA-MB-231 mammospheres (2x105 cells/ml)
were plated in 6-well ultra-low attachment plates in DMEM/F12 and spheroid medium and incubated at 37�C and 5% CO2. The cells were exposed to antibodies CD44
and CD24 and profiles were analyzed by flow cytometry.
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the underlining mechanisms that drive the anti-carcinogenic
effects of AHCC and its relationship to the Cancer Stem Cell
Theory in Breast Cancer Stem Cells (BCSCs).45 Since current
therapies do not target CSCs, it is important to conduct
research on possible alternative therapies.

Isolation of FESPP from cancer cell lines demonstrated that
AHCC influenced mammosphere growth in a dose dependent
manner, not only in MDA-MB-231 cells, but also in MCF-7
and 4T1 cells, suggesting that its effect is not cell type depen-
dent (Fig. 1a-d). This was also confirmed by flow cytometry
analysis (Fig. 3a-c). Although no other studies have examined
the effects of AHCC on FESPP, it has previously been shown to
target SOX2 and demonstrated cytotoxicity towards gemcita-
bine-resistant pancreatic cancer cells.46 We similarly showed an
effect on mammospheres cultured from Balb/c mice tumors,
confirming that the effects also apply to primary culture
(Fig. 2). Finally, we observed that AHCC prevents MDA-MB-
231 cell migration (Fig. 4a-b). Together, these results indicate
that AHCC inhibits FESPP growth and TNBC cell motility.
This confirms that AHCC’s anti-tumorigenic potential extends
to breast cancer and may prevent recurrence by targeting CSCs
within the FESPP, although future studies will need to truly iso-
late CSCs to confirm these findings. Since CSCs are known to
be epigenetically regulated,47 we decided to explore the effect of
AHCC on miRNA profiling.

Figure 4. a-b. The influence of AHCC on MDA-MB-231 cell motility. (a) Photo-
graphs from TScratch program for one sample over a period of 72 hours. (b) Com-
bined data from 3 experiments. Data are presented as mean § SEM. Significance
is represented by � for p < 0.05 and ��� for p < 0.001 and non-significance by ns
by Tukey’s post-hoc test. Cells were grown to 90–100% confluence in a 6 well plate
and scratched with a pipette tip down the middle of the well. Photos were taken
on a light microscope. Figure 5. MicroRNAs differentially expressed in MDA-MB-231 after 24 h exposure

to AHCC. The microRNAs were chosen based on whether their fold change was >
or < by a factor of 1.5 in the AHCC group in comparison to the control. The profil-
ing heat map represents a calculated z-score (-1.5 to 1.5 from mean). Each column
and row represents a sample and specific miRNA expression, respectively. Columns
are labeled as passage 8 (P8) or passage 9 (P9) for respective control and AHCC
groups. AHCC concentration for this experiment was 4 mg/ml.

Figure 6. AHCC upregulates miR-335 expression in MDA-MB-231 mammospheres.
Results are a combination of means § SEM from 3 separate experiments. MDA-
MB-231 cells were plated in 6-well ultra-low attachment plates in DMEM-F12 and
spheroid medium and incubated at 5% CO2 and 37�C. Cells were exposed to vary-
ing concentrations of AHCC for 5 hours. MiR-335 expression levels were measured
by RT-qPCR in comparison to reference snRNA U6. Significance is represented by �

for p < 0.05 by Tukey’s post-hoc test.
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AHCC was particularly effective on the MDA-MB-231 triple
negative cells (with no observed toxicity up to 8 mg/ml)
(Fig. 1a-d). TNBC accounts for 10–20% of diagnosed breast can-
cers in women globally and has the highest recurrence rate of
breast cancer subtypes because it lacks targeted therapies48–50

TNBC is currently treated by radiation, surgery, and chemothera-
pies like paclitaxel. Paclitaxel is a taxane, which creates aberrant
mitotic spindles,51 but this mechanism does not allow for the tar-
geting of CSCs and may even increase their number rather than
reduce it.52 When studying the epigenetic mechanisms under-
scoring the effects of AHCC on the MDA-MB-231 cells, we
found important microRNAs to be involved in the potential
inhibitory activity of AHCC against FESPP. By microRNA profil-
ing, we have shown that several miRNAs, some of which are asso-
ciated with different clinical-pathological characteristics of breast
cancer, such as stemness, invasion and chemoresistance, could be
differentially expressed after AHCC administration. For example,
miRNAs miR-92a, miR-181a, miR-183�, miR-335, miR-497,
miR-500a, miR-720, and miR-128553–60 (Fig. 5). The main pur-
pose of this profiling was to choose a target of interest and we
elected to further study the particular role of AHCC on tumor
suppressor mir-335 for its known involvement in breast cancer

metastasis and stem cell maintenance.56,61,62 Confirming miRNA
profiling results, the RT-qPCR analysis showed that AHCC sig-
nificantly upregulated the expression of miR-335 in MDA-MB-
231 cell culture (Fig. 6).

MiR-335 suppresses metastasis and migration via targeting
protein pathways, such as that of the progenitor cell transcrip-
tion factor SOX4 and extracellular matrix component tenascin
C (TNC).61 Several studies have previously linked miR-335
with TNC in cancer, which is also important in breast cancer
metastasis and stem cell maintenance (149,156,201). Further,
TNC might be involved with the anti-tumoral effects of AHCC
through shared immune system targets. TNC inhibits cytotoxic
T cell (CTL) activity63 and AHCC increases it,7 which could
influence CSC immune evasiveness and resistance. Therefore,
AHCC may increase CTL activity by inhibiting TNC through
miR-335 upregulation, and possibly by targeting other
miRNAs.

TNC protein expression was found to be increased in the
presence of the miR-335 inhibitor, but it was not affected by
the mirVanaTM miR-335 mimic (Fig. 7a-b). One explanation
for the ineffective mimic could be timing. In a study examining
the effects of miR-335 transfection on hepatic stellate cells,

Figure 7. a-b. miR-335 inhibitor elevates TNC expression in MDA-MB-231 cells. (a) Sample western blot photographs for Tenascin C (TNC) and control beta-actin (B-actin)
as shown on Image Lab. (b) Combined western blot data from Image Lab calculations. Data are expressed as means § SEM and are a combination of 3 experiments.
MDA-MB-231 were transfected with a mirVanaTM negative control 1 (neg control), miR-335 mimic, or miR-335 inhibitor. Samples were analyzed by western blot. Signifi-
cance is represented by �� for p-value < 0.01 by Tukey’s post-hoc test.

Figure 8. a-c. Mouse tumor measurements and miR-335 expression. (a) Mouse inner tumor volume. (b) Mouse tumor mass. Data are presented as mean § SEM. Tumor
volume was calculated by the equation 0.5xd2xD where d is the smaller measured diameter and D is the larger measured diameter. Mice were gavaged for 2 weeks,
injected with 4T1 cancer cells, and gavaged again for 18–23 days following injection. Tumors were extracted from mice following gavage period. The means were calcu-
lated with eleven treatment mice and nine control mice. (c) Change in miR-335 expression in mice gavaged with AHCC.Mice were gavaged with 1g/kg/day AHCC in 1%
sucrose water or with 1% sucrose water (control). After 2 weeks of gavage, mice were injected with 4T1 cells and sacrificed 18–21 days following. Tumors were minced
and digested for RT-qPCR analysis. Data are presented as mean § SEM. These are the results of two RT-qPCR runs with a total of 8 mice in the control group and 9 mice
in the AHCC group. Quartile outliers were removed and �� indicates a significance of p-value < 0.01 by Tukey’s post-hoc test.
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TNC protein expression was not examined by western blot
until 6 days after transfection, however, we extracted at
48 hours.64 Nevertheless, other studies have found that a higher
miR-335 presence lowers TNC luciferase activity and expres-
sion, and inhibits normal breast mammosphere growth.38,61

Thus, both our study and the literature suggest that miR-335
negatively influences TNC and that both miR-335 and its target
may play an important role in CSC regulation.

In order to validate the effect of AHCC in an in vivo setting,
we used the breast cancer cell model previously established in
our lab.65 Although we were not able to see a significant differ-
ence in tumor growth with the oral gavage of AHCC, there was
a downward trend. One explanation could be due to the dosage
used. In this study, the dosage used was 1 g/kg/day which was
the most common in the literature, however, doses in the litera-
ture for mice and rats ranged from 100 mg/kg/day to 12.5 g/kg/
day and typically AHCC was combined with a chemotherapy
agent.5,7,66–68 Therefore, we cannot establish causation between
AHCC and 4T1 tumor growth. However, it is reported in the
literature that anti-tumoral mechanisms might target cellular
pathways without directly affecting tumoral growth.69 Impor-
tantly, there was an increased miR-335 expression in the AHCC
mouse tumor samples compared to the controls (Fig. 8a-c).
This suggests that AHCC also targets miR-335 in vivo. Previous
animal studies with miR-335 have shown that it prevents breast
cancer metastasis to the lungs and bones in mice after the injec-
tion of MDA-MB-231 into mice.61

Conclusion

AHCC is a promising natural product for the complementary
treatment of TNBC, previously shown to improve side effects
caused by chemotherapy in breast cancer patients.3 This study
demonstrated that AHCC has a strong relationship with miR-
335 pathways in different biological settings and that it could
possibly target the oncogenic protein Tenascin C through miR-
335 in a triple negative cell line. Overall, these findings suggest
that AHCC effectively targets FESPP, making it an intriguing
natural product for further research endeavors.
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