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miRNA-200b Signature in the Prevention of Skin Cancer
Stem Cells by Polyphenol-enriched Blueberry Preparation

Nawal Alsadi', Jean-Francois Mallet!, Chantal Matar"?

'Department of Cellular and Molecular Medicine, Faculty of Medicine, University of Ottawa, “Department of Nutrition
Sciences, Faculty of Health Sciences, University of Ottawa, Ottawa, Canada

Exposure of the skin to solar UV radiation leads to inflammation, DNA damage, and dysregulation of cellular signaling pathways,
which may cause skin cancer. Photochemoprevention with natural products is an effective strategy for the control of cutaneous
neoplasia. Polyphenols have been proven to help prevent skin cancer and to inhibit the growth of cancer stem cells (CSCs) through
epigenetic mechanisms, including modulation of microRNAs expression. Thus, the current study aimed to assess the effect of poly-
phenol enriched blueberry preparation (PEBP) or non-fermented blueberry juice (NBJ) on expression of miRNAs and target pro-
teins associated with different clinicopathological characteristics of skin cancer such as stemness, motility, and invasiveness. We
observed that PEBP significantly inhibited the proliferation of skin CSCs derived from different melanoma cell lines, HS 294T and
B16F10. Moreover, PEBP was able to reduce the formation of melanophores. We also showed that the expression of the CD133"
stem cell marker in B16F10 and HS294T cell lines was significantly decreased after treating the cells with PEBP in comparison to
the NBJ and control groups. Importantly, tumor suppressors’ miR-200s, involved in the regulation of the epithelial-to-mesenchymal
transition and metastasis, were strikingly upregulated. In addition, we have shown that a protein target of the tumor suppressor
miR200b, ZEB1, was also significantly modulated. Thus, the results demonstrates that PEBP possesses potent anticancer and an-
ti-metastatic potentials and may represent a novel chemopreventative agent against skin cancer.
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INTRODUCTION

Epidemiological studies suggest that the consumption of
foods containing antioxidants and polyphenolic compounds
can reduce the risk for several types of cancer [1]. Polyphe-
nols from fruits, vegetables, grape seeds, and green tea have
been shown to protect the skin from the adverse effects of
solar UV radiation [2]. Skin cancer is rapidly increasing and is
considered a common malignancy in Canada and the United
States [3]. Blueberries represent a well-known source of nat-
ural antioxidants, polyphenols, and anthocyanins, with proven
anti-proliferative and apoptotic effects on cancer cells [4]. We
have previously reported that polyphenol enriched blueberry
preparation (PEBP) is significantly involved in cancer chemo-
prevention and chemotherapy [5]. The fermentation process
during PEBP’s preparation mediated by a novel bacterium,
Serratia vaccini isolated from the blueberry flora, increased its
polyphenolic content and endowed it with anti-inflammatory

[6] and antidiabetic properties [4].

The fermentation process increases the bioefficacy and
the bioavailability by affecting the structure of the polyphenol
compared to its non-fermented counterpart [7]. Moreover, this
process also affect the molecular mechanism which is related
to the anti-inflammatory activity of plyphenols by decreasing
inflammatory signals in pathways mediated by STAT3, phos-
phatidylinositol 3-kinase (PI3K), extracellular signal kinase
1/2 (ERK1/2), etc. and also controlling the growth of cancer
stem cell (CSC) in mammary carcinomas in vitro, in ex vivo
and in in vivo settings [5].

CSCs are a small subset of neoplastic cells in solid tumors
that give rise to differentiated cancer progeny [8,9]. Differ-
entiated cells constitute the bulk of the tumor but are not re-
sponsible for metastasis. Thus, it is predicted that CSCs are
responsible for tumor growth, maintenance and recurrence
[10]. CSCs have many functional characteristics, including
the potential to differentiate into several cell types and the ca-
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pacity for self-renewal [11]. In melanoma skin cancer, CSCs
have the ability to grow as spheres, which are collections of
cells that arise from a single cell through clonal growth [12],
and can be identified by the expression of some markers like
CD133 (AC133) [13]. Some of distinct CSCs may undergo
the epithelial-to-mesenchymal transition (EMT), which is
associated with metastasis [14]. The EMT permits cells to mi-
grate and invade nearby tissues and enter the blood stream
while retaining stem cell characteristics, leading to metastasis
[14]. Further, CSCs have been found to secrete many growth
factors to stimulate tumor growth and appear to confer intrin-
sic resistance to chemotherapy [15].

EMT is mainly regulated by the transcription factor zinc-fin-
ger and E-box binding homeobox (ZEB1/2). ZEB1 can serve
as a transcriptional activator and a direct target of mesen-
chymal genes [16]. ZEB1 is associated with the activation
of mesenchymal genes and repression of epithelial genes
[17]. The expression of ZEB1 can be inhibited by E-cadher-
in which plays a critical role in cell to cell adhesion and the
metastasis of a variety of tumors [18]. Interestingly, activation
of E-cadherin was accompanied by the inhibition of both
ZEB1/2 which appeared synergistic [19]. Thus, the overex-
pression of ZEB1/2 can prevent invasion and metastasis in
several cancers by influencing the EMT [17].

Epigenetic mechanisms appear to play a fundamental
role in CSC biology, particularly by expressing microRNAs
(miRNAs) [20]. miRNAs represent a subset of endogenous
small noncoding RNA molecules [21]. Their main function is
to down-regulate gene expression in different ways, such as
inhibiting mRNA translation or promoting mRNA degradation
[22]. miRNAs are overexpressed or down-regulated in ma-
lignant tissues, and some can function as both tumor sup-
pressors and oncogenes [23]. In particular, miR-200 family is
highly associated with the regulation of CSCs in several can-
cer types and is involved in one of the most critical steps of
the metastatic cascade, the EMT [24,25]. miR-200b is com-
monly down-regulated in primary melanomas compared with
benign nevi [26]. Alternatively, its increased expression has
been shown to suppress tumor invasion, proliferation, and
metastasis [27]. The expression of ZEB proteins is controlled
by miR-200b. For instance, miR-200b suppresses metastasis
and migration by down regulating ZEB1 and inducing E-cad-
herin expression [24].

Given the significant role of epigenetic regulation in CSCs
formation and our previous report on the repression of breast
CSCs by PEBP [5], the current study aimed to investigate the
possible mechanism of action of PEBP against development
of skin cancer through regulation of miRNA expression sig-
nature and target inflammatory/oncogenic factors involved in
survival/stemness pathways in skin CSCs.

Effect of PEBP on Skin Cancer Stem Cell

MATERIALS AND METHODS

Preparation of blueberry mixture

Fully matured wild blueberries (Vaccinium angustifolium Ait.)
were harvested from selected areas of the Atlantic region as
fresh and untreated fruits. Blueberries were then centrifuged
at 500 xg for 10 minutes in an IEC Centra MP4R centrifuge
(International Equipment Company, Needham Heights, MA,
USA) in order to remove fruit skin and non-homogenized
particles. Finally, the juice was sterilized by filtration through
a 0.22 um Express Millipore filter apparatus (Millipore, Etobi-
coke, ON, Canada).

Phenolic compounds

The Folin—Ciocalteu assay (Across International, Livingston,
NJ, USA) was used to measure the total phenolic and poly-
phenol antioxidants present in the blueberry mixture in a 96
well plates. Extracts were acclimated to room temperature
before being analyzed. Gallic acid was used to establish
the standard curve. To determine the total phenolic content,
Folin—Ciocalteu reagent was diluted with de-ionized water in
ratio of 1:2. Two hundred pL of Folin—Ciocalteu reagent was
added and neutralized with 25 pL of 75 mg/mL saturated
sodium carbonate. After gentle shaking, the mixtures were
incubated at room temperature in a dark room for 1 hour. The
prepared samples were measured at a wavelength of 700 nm
in a u-Quant microplate reader (Bio-Tek, Winooski, VT, USA).
Absorbance values of the PEBP were calculated based on
the standard curve constructed from the gallic acid standards.
Thus, the effective concentration of PEBP was expressed as
gallic acid equivalents (GAE).

Cell culture

The HS 294T (ATCC HTB-140) human malignant melano-
ma cells and B16F10 (ATCC CRL-6475) murine malignant
melanoma cells were obtained from the American Type Cell
Collection (ATCC; Chicago, IL, USA). The cells were main-
tained in Dulbecco’s Modified Eagle’s Medium (DMEM) (no.
11995065; Gibco, Grand Island, NY, USA) supplemented with
10% (v/v) FBS (no. 30-2020; Gibco) and 0.05 mg/mL of pen-
icillin/streptomycin (J160007; Sigma-Aldrich, Oakville, ON,
Canada) at 37°C in a humidified atmosphere with 5% CO,.

Spheroid formation assay

Adherent cells were detached by trypsin and single cells
were counted using the Countess automated cell counter (In-
vitrogen, Burlington, ON, Canada). Single cells were plated
on Costar ultra-low attachment plates (no. 07200601; Corn-
ing, Saint-Laurent, QC, Canada) at 10° cells/0.2 mL/well, in
the presence or absence of PEBP and NBJ (non-fermented
blueberry juice), in DMEM-F12 (no.12660; Invitrogen), sup-
plemented with 20 pg/mL EGF (no. E9644; Sigma Aldrich),
20 ug/mL basic human fibroblast growth factor (no. F0291;
Sigma Aldrich), 10 mg/mL Insulin solution (no. 19278; Sigma

http:/Aww.jcpjounal.org 163



Alsadi et al.

Aldrich), 100 mM sodium pyruvate (S8636; Sigma-Aldrich),
250 mM L-glutamine (no. G6392; Sigma Aldrich), 100 g/
mL hydrocortisone (no. H0135; Sigma Aldrich), and penicillin/
streptomycin (1,000%) (J160007; Sigma-Aldrich). Cells are
grown in these conditions as non-adherent spherical clusters,
and spheroids were counted after 2 to 3 days by light micros-

copy.

Flow cytometry

Cells were dissociated after 24 hours, washed twice with ice-
cold PBS (Sigma-Aldrich), and resuspended. Combinations
of monoclonal antibodies against mice were added to the
cells, followed by incubation in the dark for 30 minutes at 4°C.
The antibodies against CD24-APC (no. 17-0242-82; BD Bio-
science, San Jose, CA, USA), CD44-PE/Cy7 (no. 25-0441-
81; BD Bioscience), and CD133-FITC (no. 11-1331-82; BD
Bioscience) were used for B16F10 cells. Antibodies against
CD135-APC (no. 130-098-829; BD Bioscience) and CD20-
VF450 (no. 92590; BD Bioscience) were used for HS294T
cells. Labeled spheroid cells were washed twice with PBS to
eliminate unbound antibody. Flow cytometry was performed
using a Beckman Coulter MoFlo™ XDP (BD Bioscienc-
es Pharmingen, San Francisco, CA, USA). 4’,6-Diamidi-
no-2-phenylindole was used to separate dead/dying cells
from healthy cells. Side-scatter and forward-scatter profiles
were used to eliminate cell doublets.

Cell motility assay

Cells were plated overnight in 6-well plates at a density of 2 x
10° cells per well and exposed to different concentrations of
either PEBP or NBJ. When the cells were 70% to 80% con-
fluent, a 1,000 L pipette tip was used to create a scratch in
the monolayer. Photos were taken at several different places
along the wound at 0 hour, 24 hours and 48 hours. The cell
motility assay was analyzed with TScratch software (CSE
Lab, Zurich, Switzerland).

Quantitative real-time PCR (qPCR)
Total RNA was extracted, from cancer cells or CSCs, for
both cell lines after 24 hours of exposure to different con-
centrations of PEBP or NBJ with the miRNeasy Mini Kit (no.
217004; Qiagen, Toronto, ON, Canada) by following the
manufacturer’s protocol. RNA concentrations were deter-
mined with a NanoDrop ND-2000 (Thermo Fisher Scientific,
Waltham, MA, USA). RNA extracted in this manner is suitable
for measurements of MiRNA expression levels.

gPCR was used to measure miRNA and gene expression
levels. RNA was reverse-transcribed into cDNA by Moloney
murine leukemia virus reverse transcriptase (no. 28025013;
Invitrogen) and by using miRNA specific primers purchased
from Ambion (Life Technologies, Burlington, ON, Canada).
Subsequent miRNA-200b-3p (ID. 002251) levels were quan-
tified by gqPCR using Tagman probes (Applied Biosystems,
Burlington, ON, Canada) and a FastStart Tag Polymerase
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(Roche, Mississauga, ON, Canada), according to manu-
facturer’s protocols. miRNA PCR reactions were conducted
at 95°C for 10 minutes, followed by 40 cycles of 95°C for
30 seconds and 60°C for 1 minute. We used snRNA U6 as
control. Expression of the indicated miRNAs was measured
by comparing cycle threshold value using BIO-RAD CFX96
Manager software. The relative level was calculated using
the AACT method.

miRNA transfection

2 x 10° B16F 10 cells could grow to 30% confluence in DMEM
supplemented with FBS and antibiotics (penicillin/strepto-
mycin). Cells were transfected with a miR-200b mimic (ID.
MC10492), the Mirvana miR-200b inhibitor (ID. MH10492) or
a non-coding control (Ambion; ThermoFisher Scientific) by
using lipofectamine 2000 (no. 11668019; Life Technologies)
for 24 hours. After incubation, a passage was completed, and
cells were plated in regular 6-well or 6 ultra-low attachment
plates. After transfection, the expression of miR-200b was
measured by gPCR.

Protein extraction

B16F10 cells were transfected as mentioned above and col-
lected. After washing with PBS on ice, cells were mixed with
400 pL Pierce® RIPA buffer (no. P189900; ThermoFisher Sci-
entific) combined with the Halt™ Protease and Phosphatase
Inhibitor Cocktail (1x) (no. RH238230A; ThermoFisher Scien-
tific). Cells were then scraped off the plate and protein mixes
were centrifuged to remove the debris.

Western blot analysis

The protein extract concentration was measured using the
Pierce BCA Protein Assay Kit (no. 23227; ThermoFisher
Scientific) following the manufacturer’s protocol. After normal-
ization, protein lysates were diluted in Laemmli buffer. Ten
ug of protein samples were loaded in each well in a Mini Gel
Tank (Life Technologies) in MES Running buffer (20x) (no.
1675920; Life Technologies) and migrated at 200 volts for
22 minutes and then transferred to an Immobilon-p50 polyvi-
nylidene difluoride membrane in a Trans-Blot Cell (Bio-Rad,
Hercules, CA, USA) cooled by a Neslab machine. Mem-
branes were washed with TBS containing Tween 20 (TBST)
and then blocked at room temperature for 1 hour in 5% milk
in TBST. Membranes were incubated with primary antibody
for ZEB1 (Anti-AREBG) at a dilution of 1:5,000 (Ab125512;
Abcam, Cambridge, United Kingdom) in 5% bovine serum
albumin (no. 23227; Pierce Biotechnology, ThermoFisher
Scientific) in TBST, according to manufacturer’s recommen-
dations, and incubated with agitation at 4°C overnight. The
membranes were washed five times for 15 minutes with
TBST and then incubated with horseradish peroxidase con-
jugated anti-rabbit secondary antibody at a final dilution of
1:10,000 (Ab39368; Jackson Immuno Research Laborato-
ries, West Grove, PA, USA) for 1 hour at room temperature.



The antibodies were detected using PRIME-ECL solutions
(no. 9713237; Pierce Biotechnology). The membranes were
archived with a VersaDoc (Bio-Rad) and normalized by using
B-actin (Ab8227; Abcam) or a-tubulin (Ab4074; Abcam) as a
loading control. The densitometry of Western blot results was
performed using Image lab software (Bio-Rad).

Statistical analysis

All experiments were repeated in triplicate. All values are
displayed as mean + SE (SEM). Statistical significance was
determined by one-way ANOVA, post-hoc Tukey test or Two-
Way ANOVA on GraphPad Prism 5.0 (GraphPad Software,
La Jolla, CA, USA). Biorad Image Lab was using to analyze
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the Western blot result. Flow cytometry results were analyzed
with Kaluza 1.3 software (Beckman Coulter Inc., Montréal,
QC, Canada). The cell motility assay was analyzed with
TScratch software (CSE Lab, Zurich, Switzerland). P-values
< 0.05 were considered as statistically significant.

RESULTS

PEBP reduces the number and the size of
spheres

The HS 294T and B16F10 malignant melanoma cells were
plated in stem cell conditioned culture medium in 6-well
plates at a density of 100,000 cells/well. Sphere growth

PEBP NBJ

Control

100 uM GAE

150 uM GAE

O

PEBP NBJ

Control

100 uM GAE

150 uM GAE

Figure 1. Sphere growth is inhibited after PEBP treatment. Inhibition of human melanoma HS 294T (A) and murine melanoma B16F10 (B)
spheroid development after treatment with 100 and 150 uM GAE (gallic acid equivalent) of either PEBP or NBJ. Photographs of HS294T (C) and
B16F10 (D) spheres taken with AxioCamMR3 camera on light microscope (magnification, x20). After 2 days in culture. Spheres are isolated and
grown in 96-well plates at 37°C and 5% CO,. Significance shows as *P < 0.05, **P < 0.01, ****P < 0.0001 different from control. Two-Way ANOVA
was used. Data represent a combination of 3 experiments. All data are presented as mean + SEM. PEBP, polyphenol enriched blueberry preparation;

NBJ, non-fermented blueberry juice.
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was measured for 24 hours after exposure to different con-
centrations of either PEBP or NBJ. PEBP significantly de-
creased the number of spheroids in both HS 294T (Fig. 1A)
and B16F10 (Fig. 1B) cell lines (P < 0.0001) and the size of
adhered clumps of these cells (Fig. 1C and 1D) growing in
non-adherent conditions.

However, the same concentrations of NBJ had much
weaker effects on the sphere formation in both cell lines.

PEBP suppresses the expression of CD133",

CD44", and CD24" in B16F10 and CD133" and
CD20" in HS 294T melanoma skin cancer cells
To validate the effects of PEBP in the two cell lines, stemess
markers were analyzed by flow cytometry. Flow cytometry
analysis was used to determine the presence of the cell-sur-
face stem cell markers CD133, CD44, and CD24 in B16F10,
and CD133 and CD20 in HS 294T cell lines (Fig. 2). The
analysis was carried out following 24 hour treatment with 100
uM GAE of PEBP or NBJ. The result indicated that PEBP
reduced the surface marker expression CD133 (1.95% com-

pared to control 5.63%), CD44 (55.10%, compared to control
84.17%) and CD24 (13.39%, compared to control 17.67%)
on B16F10 cells (Fig. 2A), and reduced the surface marker
expression CD20 (13.73% compared to control 21.80%)
and CD133 (0.08% compared to control 2.74%) on HS 294T
cells (Fig. 2B). However, NBJ treatment caused no significant
changes in surface marker expression CD133 (4.84% com-
pared to control 5.63%), CD44 (69.25%, compared to control
84.17%) and CD24 (21.46%, compared to control 17.67%)
on B16F10 cells and CD20 (22.30% compared to control
21.80%) and CD133 (2.00% compared to control 2.74%) on
HS 294T cells.

PEBP inhibits migration of melanoma cells

A motility assay was performed to examine the effect of
PEBP on migrative capability of HS 294T (Fig. 3A) and
B16F10 (Fig. 3B) cells. For this purpose, cells were treated
with 100 uM GAE and 150 uM GAE of PEBP or NBJ for 0
hour, 24 hours and 48 hours. Next, treating cells with PEBP
prevented the surface area from being closed compared to
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Figure 2. PEBP suppresses the CD133" CD44" CD24" phenotype in B16F10 and the CD133" CD20" phenotype in HS294T melanoma skin
cancer. Effect of 24 hours of exposure to PEBP and NBJ on surface marker expression of cancer stem cells (CSCs) in B16F10 and HS 294T cell
lines characterized by flow cytometry. (A) B16F10 CSCs were treated with PEBP (100 uM GAE) and NBJ (100 uM GAE). Suspension cells were
labeled with FITC-conjugated anti-CD133, PE-CY7 conjugated anti-CD44 and APC-conjugated anti-CD24 antibodies for B16F12 cells. (B) APC-
conjugated anti-CD133, Alexa Fluor 450-conjugated anti CD20 for HS 294T cells and analyzed by control flow cytometry. PEBP, polyphenol enriched
blueberry preparation; NBJ, non-fermented blueberry juice.
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Figure 3. PEBP inhibits migration of melanoma cells. Effects of PEBP on cell motility. (A, B) HS 294T and B16F10 cells exposed to different
concentrations of either PEBP or NBJ at 0, 24, and 48 hours. Cells were plated in 6-well plates in Dulbecco’s Modified Eagle’s Medium (DMEM) and
incubated at 5% CO, and 37°C. (C, D) Photographs were taken at indicated time points after scratch injury. Two-Way ANOVA was used to analyze the
statistical difference between the groups. Data represent a combination of 3 experiments. All data are presented as mean + SEM of relative wound
closure. Significance shows as *P < 0.05, **P < 0.01, ***P < 0.001 different from control. PEBP, polyphenol enriched blueberry preparation; NBJ, non-

fermented blueberry juice; CTR, control.

control in both cell lines (Fig. 3C and 3D).

PEBP increases the expression of miR-200b in
B16F10 skin cancer cells

Members of miRNA-200 family are known to be tumor sup-
pressors, which are down-regulated in some types of cancer
[28]. To determine the expression level of miR-200b in the
metastatic melanoma cell line B16F10, we performed qPCR.
We demonstrated that PEBP significantly increased miR-
200b expression in the B16F10 cell line by approximately 4.3-
fold in comparison to the control (P < 0.0001), whereas NBJ
did not have a significant effect on miR-200b expression as
shown in Figure 4A. Additionally, we showed that PEBP sig-
nificantly increased miR-200b expression in B16F10 spher-

oids by approximately 3-fold (P < 0.001) (Fig. 4B).

PEBP affects the expression of miR-200b in
B16F10 melanoma cells transfected with miR-
200b mimic

Transfection studies were performed to further investigate
the role of miR-200b in the malignant murine melanoma
cell line. B16F10 cells transfected with a miR-200b mimic
and exposed to 100 uM GAE of PEBP for 24 hours showed
significantly higher expression of miR 200b than did the con-
trol cells (P < 0.0001) (Fig. 5). In the skin CSCs, the mimic
significantly inhibited the formation of spheres concomitantly
with PEBP at a concentration of 100 uM GAE (Fig. 6). These
results indicate that PEBP prevents spheroid growth and is
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Figure 4. Expression of miR-200b is upregulated in skin cancer. Relative normalized expression (RT2-quantitative real-time PCR [qPCR]
analysis) of miR-200b in B16F10 cells after 24 hours exposure to different concentrations of PEBP or NBJ. Cells were plated in (A) 6-well attachment
plates in Dulbecco’s Modified Eagle’s Medium (DMEM) and (B) 6-well ultra-low attachment plates in DMEM-F12 (spheroid medium) and incubated
at 5% CO, and 37°C. Data were normalized to the RNA control U6snRNA. One-way ANOVA, followed by post-hoc Tukey’s multiple comparisons
were used. Data represent a combination of 3 experiments. All data are presented as mean + SEM. Significance shows as **P < 0.01, ***P < 0.001
different from control. PEBP, polyphenol enriched blueberry preparation; NBJ, non-fermented blueberry juice.
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Figure 5. PEBP elevates the expression of miR-200b in transfected
B16F10 cells. Relative normalized expression (RT2-quantitative real-
time PCR [gPCR] analysis) of miR-200b after 24-hour exposure to
either PEBP or NBJ. B16F10 cells could grow to 30% confluence in
DMEM medium. Cells were transfected with miR-200b mimic, anti-
miR miRNA Inhibitor, control (NLNT), Lipofectamine no target (LNT)
and noncoding RNA (NC1) using Lipofectamine 2000 (Invitrogen,
Burlington, ON, Canada), and the expression of miR-200b was
detected by RT2-gPCR. Two-Way ANOVA was used to analyze the
statistical difference between the groups. Data represent a combination
of 3 experiments. All data are presented as mean + SEM. Significance
shows as *P < 0.05, ***P < 0.001, ****P < 0.0001 different from control.
PEBP, polyphenol enriched blueberry preparation; NBJ, non-fermented
blueberry juice.

more effective than NBJ.

PEBP down-regulates ZEB1 expression in
B16F10 skin cancer cells

The effect of miR 200b overexpression on ZEB1 protein ex-
pression was determined by Western blot analysis. B16F10
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melanoma cells were transfected with the miR-200b mimic
or miR-200b inhibitor. A down-regulation of ZEB1 protein
expression was observed in cells transfected with the miR-
200b, whereas cells transfected with the miR-200b inhibitor
had an increased expression of ZEB1 when compared with
control cells (P < 0.05) (Fig. 7).

PEBP down-regulates the expression of ZEB1
protein in B16F10 skin cancer cells

Next, we determined whether PEBP affects EMT in malignant
melanoma B16F10 murine melanoma cells. For this purpose,
B16F10 cells were treated with PEBP for 48 hours, and cell
lysates were prepared for the Western blot analysis of ZEB1.
The data show that PEBP decreases the levels of ZEB1 in
B16F10 cells compared to untreated controls (Fig. 8). The
expression of a-tubulin was measured as a reference.

DISCUSSION

Malignant melanoma is one of the most aggressive and
life-threatening cancers originating from melanocytes. Nu-
merous efforts have been made to improve the treatment of
malignant melanoma, but no effective therapy is currently
available [29]. Chemopreventive strategies are becoming
important in translational medicine in oncology [30]. Skin pho-
toprotection is an important aspect of skin cancer prevention
against photo-induced damage, the leading cause of skin
cancer.

Bio-transformed blueberry juice was recently found to ex-
hibit a variety of anticancer effects, such as protection against
DNA damage [31], regulation of important oncogenic cellular
signaling pathways [32], inhibition of cancer cell proliferation,
induction of apoptosis, modulation of oncogene or tumor sup-
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Figure 6. PEBP reduces sphere growth in transfected B16F10 cells. Inhibition of spheroid development derived from the murine melanoma
cell line B16F10 after 24-hour exposure to PEBP. (A) B16F10 cells were transfected with miR-200b mimic (MC), anti-miR miRNA Inhibitor (IB),
control (NLNT), Lipofectamine no target (LNT) and noncoding RNA (NC1) in 6-ultra-low attachment plates in BMEM-F12 and spheroid medium and
incubated at 5% CO, and 37°C. (B) The phenotype of control, PEBP-treated and NBJ-treated cells after 2 days in culture (magnification, x20). Two-
Way ANOVA was used to analyze the statistical difference between the groups. Data represent a combination of 3 experiments. All data are presented
as mean + SEM. Significance shows as ***P < 0.001, ****P < 0.0001 different from control. PEBP, polyphenol enriched blueberry preparation; NBJ,

non-fermented blueberry juice.

pressor gene expression [33]. We have provided evidence
that PEBP potently reduces tumor growth and metastasis [5].
In line with these reports, our preliminary results have shown
that repression of CSCs in breast cancer cells by fermented
blueberry supports a diet-mediated targeting of CSCs by
controlling the inflammatory circuits, such STAT3, AKT, PI3K,
and ERK1/2 [5], pathways that are involved in the mainte-
nance and development of CSCs from epithelial cancers that
also include skin cancer [34]. Therefore, we aimed to study
the underlining mechanisms that drive the anticarcinogenic
effects of PEBP in malignant melanoma skin cancer and its
relationship to the CSC.

It has been known since the 1980s that certain melanoma
cell lines have the ability to form spheroids in vitro [35]. The
important characteristic of melanoma spheroids is that they
exhibit more chemoresistance than when grown in monolay-
ers [36,37]. This feature is considered to further reflect stem
cell-like behavior [38]. Controlling CSC growth in skin cancer
is a possible avenue to prevent tumor development and me-
tastasis. Thus, the investigation of PEBP-induced molecular
mechanisms that mediate CSC growth was important to
clarify its anticancer and anti-metastatic activities. Our data
indicated that PEBP significantly inhibited spheroid growth in
B16F10 and HS 294T cells, suggesting that its effect is not

cell type dependent. The mechanism that occurs during fer-
mentation might explain why PEBP showed better inhibitory
effects on CSCs compared to the unfermented control and
normal blueberry juice, as shown in Figure 1. PEBP has an-
tioxidant potential that endows it with novel anti-inflammatory
[39], antidiabetic [40,41] and neuroprotective [6] biological
properties. During fermentation, long chain polyphenols are
subject to hydrolysis by microbial enzymes, which render
them more bioavailable and more bio-functional, thus facili-
tating their transdermal absorption, and potentially increasing
their photoprotective and anti-oxidant capacities [42].

Cell proliferation and motility are two characteristics re-
quired for tumor progression. The expansion of a primary
tumor mass is related to an increase in proliferation [43]. The
cell motility is important in order to disseminate a primary
tumor from one site to another, leading to an invasive pheno-
type [44]. In the present study, cell proliferation and the mi-
gration were investigated in metastatic B16F10 and HS 294T
melanoma cells. These data suggest that PEBP significantly
inhibited the motility of both cancer cell lines compared to the
control cell line and was more potent than NBJ. Therefore,
PEBP could have an effective role in the management of
melanoma.

Melanoma cell lines express stem cell-associated surface
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Figure 7. miR-200b inhibits ZEB1 expression in transfected
B16F10 cells. (A) Sample Western blot photographs for ZEB1 and
control 3-actin as shown on Image Lab. (B) Combined Western blot
data from Image Lab calculations. B16F10 melanoma cells were
transfected with a negative control, mimic, or inhibitor and analyzed
by Western blot. One-way ANOVA, followed by post-hoc Tukey’s
multiple comparisons was used. Data represent a combination of 3
experiments. All data are presented as mean + SEM. Significance
shows as *P < 0.05, ***P < 0.001, ****P < 0.0001 different from control.
ZEB1, zinc-finger and E-box binding homeobox 1.

markers. Some of the CSC surface markers have been iden-
tified, including CD133, CD44, and CD24 in B16F10 cells
[13]. CD133 and CD20 were identified in HS 294T cells [45].
PEBP induced a significantly lower expression of CD133"
in B16F10 and HS294T cell lines in comparison to the
NBJ-treated cells and control groups. CD133 regulates met-
astatic disease and cell growth, and it has been described as
a marker of malignant melanoma skin CSCs [46,47]. Further,
CSC potential of self-renewal and differentiation was shown
to be exclusively contained within tumor cell subsets charac-
terized by the expression of the CD133 stem cell marker [48].
These markers could be valuable tools towards the develop-
ment of new strategies of treatment and chemoprevention of
skin cancer by natural compounds.

Several miRNAs associated with different clinical-patho-
logical characteristics of tumors such as stemness, invasion
and chemoresistance are involved in sustaining an inflam-
matory microenvironment that favors neoplasia and CSCs. In
addition, some studies have reported a correlation between
miRNA expression and development of tumor [49]. Particu-
larly, many research groups have shown that miR-200b func-
tionally acts as a tumor suppressor by inhibiting cancer cell
proliferation and migration by inhibiting the EMT process in
a wide range of human malignances [28,50-52]. It has been
identified that miR-200b is greatly reduced in melanomas
[26,53,54].
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Figure 8. PEBP down-regulates ZEB1 expression in B16F10 cells.
(A) Sample Western blot photographs for ZEB1 and control a-tubulin
as shown on Image Lab. (B) Combined Western blot data from Image
Lab calculations. Samples were treated by either polyphenol enriched
blueberry preparation (PEBP) or non-fermented blueberry juice (NBJ)
for 48 hours and detected by Western blot. One-way ANOVA, followed
by post-hoc Tukey’s multiple comparisons was used. Data represent a
combination of 5 experiments. All data are presented as mean + SEM.
Significance shows as **P < 0.01, ***P < 0.001 different from control.
ZEBH1, zinc-finger and E-box binding homeobox 1; PEBP, polyphenol
enriched blueberry preparation; NBJ, non-fermented blueberry juice;
CTR, calcitonin receptor.

miR-200b was further investigated in this project for its
potential role in migration and proliferation of melanoma and
CSCs. A metastatic melanoma cell line model was used to
overexpress miR-200b. In our study, we investigated the role
of PEBP on tumor suppressor miR-200b, which is known to
reduce metastasis and tumor proliferation [55]. We found that
miR-200b was significantly upregulated (~4.3 fold) by PEBP
compared to the control. This result suggests that PEBP in-
fluences the expression of miR-200b by upregulating miR-
200b. As melanoma progresses, miR-200b levels decrease.
Therefore, the overexpression of miR-200b can revert the
melanoma models to have a less aggressive phenotype (Fig.
4A). miR-200b showed a modest increase in cells transfected
with a mimic (Fig. 4B). This could be due to the relatively high
endogenous expression of miR-200b. Our results indicate
that miR-200b expression upregulated by PEBP might pro-
vide useful information in the evaluation prognosis for mela-
noma patients.

An important relationship between miR-200b, ZEB1 and
E-cadherin is well established in the literature [24,51,52,56].
miR-200b suppresses metastasis and migration by targeting
some protein pathways such as ZEB1/2 in a variety of differ-
ent cellular contexts. Therefore, we analyzed protein from the
transfected B16F10 cells. Our results showed an inverse re-
lationship between the expression of miR-200b and ZEB1 in



B16F10. The expression of ZEB1 was significantly down reg-
ulated by over expression miR-200b (Fig. 8). Since miR-200b
reduced the expression of ZEB1, we speculated that this
might enhance E-cadherin expression in B16F 10, resulting in
tumor malignancy suppression [57]. These data collectively
suggest that miR-200b regulates the EMT in skin cancer cells
and CSCs, and this might be a novel way of reversing tumor
progression.

In conclusion, in the present study, we found that treat-
ment of B16F10 cells with PEBP resulted in the suppression
or loss of ZEB1 (Fig. 8), which suggests that PEBP has the
ability to reverse the EMT process in B16F10 cells. This may
be one of the possible mechanisms through which PEBP
reduce the invasiveness of B16F10 cells, thereby inhibiting
their invasion, which help to reduce the metastasis. This
study demonstrated that PEBP has a strong relationship with
miR-200b pathways in different biological settings and that
it could possibly target ZEB1 protein through miR-200b in
B16F10 cell line. To sum up all our data, PEBP was shown to
effectivelly target CSC which making it an interesting natural
product for further studies.
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