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Abstract— Introduction: Breast cancer stem cells (BCSCs) play an important role in breast cancer initiation,
metastasis, recurrence, and drug resistance. Therefore, targeting BCSCs is an essential strategy to suppress cancer
growth. This study aimed to evaluate the effects of dandelion Taraxacum officinale extracts on BCSC proliferation in
vitro in 2D and 3D cell culture platforms. Methods: The BCSCs were maintained understandard conditions, verified
for expression of CD44 and CD24 surface markers, and transfected with GFP before use in experiments. In the 2D
model, the BCSCs were cultured as adherent cells in standard culture plates; in the 3D model, the BCSCs were
cultured on low-adherent plates to form spheroids. The effect of Dandelion extracts on proliferation of BCSC was
assessed by evaluating induction of cell death, expression of genes of death receptor signaling pathways, and
production of reactive oxygen species (ROS) by BCSCs. Results: BCSCs formed spheroids as microtumors in vitro
and exhibited some in vivo characteristics of tumors, such as increased expression of N-cadherin and Slug, decreased
expression of E-cadherin, capacity to invade into the extracellular matrix (ECM), and presence of a hypoxic
environment at the core of tumor spheroids. The dandelion extracts significantly inhibited BCSC proliferation in both
two-dimensional (2D) and three-dimensional (3D) models of BCSCs. However, the IC50 value of dandelion extracts
in BCSCs in the 3D model was much higher than that in the 2D model. The results also demonstrated that BCSCs
treated with Dandelion extracts showed increased expression of tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) and TRAIL receptor 2 (TRAILR2; i.e. death receptor 5;DR5). Moreover, treatment induced
expression of DR4. Treatment with methanol dandelion extract enhanced production of ROS in BCSCs.
Conclusion: Dandelion extracts are promising extracts for the treatment of breast tumors. The effect of methanol
dandelion extract was better than that for ethanol extract. Importantly, BCSCs in 3D exhibited stronger drug
resistance than those in 2D. In summary, our results indicate the strong potential of dandelion extracts as anti-cancer
agents and rational use for drug development.
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INTRODUCTION within five years) (Organization, 2012). Specifically,
breast cancer accounted for about 25% of all cancer
Cancer is one of the leading causes of death types worldwide and was found to be the most
worldwide. According to the International Agency prevalent  cancer in  women  worldwide
for Research on Cancer (IARC), approximately 14.1 (International, 2012).

million of new cases of cancer occurred in 184
countries worldwide during 2012, of which 8.2
million cases were non-survivors and 32.6 million
cases were those living with cancer (diagnosed

During the past few decades, many novel therapies
for breast cancer have been developed, including
radiation therapy, chemotherapy, hormonal therapy,
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and monoclonal antibody targeted therapy.
However, few have garnered positive impact.
Therefore, there have been many studies directed at
investigating new, efficient and affordable cancer
therapies, especially in the area of anti-cancer drug
development (Coseri, 2009). Screening extracts and
compounds derived from herbal plants is widely
considered to be a rational approach for discovering
novel anti-cancer drugs. To date, most in vitro
screening studies, based on cultured cancer cells,
have utilized a two-dimensional (2D) culture model,
which entails an adherent monolayer culture system.
However, this model has its limitations, which have
led to the high rate of clinical trial failures for new
molecules derived from these screenings (Edwards
et al., 2015; Sams-Dodd, 2005). Indeed, cancer cells
grown in a 2D culture model lack certain
characteristics of in vivo cancer cells, such as cell-cell
and cell-matrix interactions (Baker and Chen, 2012;
Kimlin et al., 2013), a hypoxic microenvironment and
capacity for drug resistance (Wartenberg et al., 2003).
In recent years, in vitro 3D culture systems have been
developed to fill the gap between conventional 2D in
vitro testing models and in vivo animal models
(Yamada and Cukierman, 2007; Zanoni et al., 2016).

Another reason for the clinical trial failures of new
molecules has been the lack of understanding of the
appropriate cancer targets. In fact, most drug screen-
ing studies to identify new or effective anti-cancer
agents have been based on immortalized cancer cell
lines. Although these cell lines have been widely used
for a long time, they have major limitations, namely
cross-contamination (Wilding and Bodmer, 2014) and
loss of tissue specific characteristics (Jaeger et al.,
2015). Targeting cancer stem cells (CSCs) is considered
a strategy which may effectively decrease the failure
of clinical trials of anti-cancer drug candidates
(Wilding and Bodmer, 2014).

One model of CSCs is breast cancer stem cells
(BCSCs), which were first discovered by Al-Hajj et al.
in 2003 (Al-Hajj et al., 2003). These cells exhibit the
phenotypic surface profile (positive for CD44, nega-
tive for CD24), and play an essential role in breast tu-
mor initiation, progression, chemotherapy resistance,
and metastasis (Clarke et al., 2006; Croker and Allan,
2008; Monteiro and Fodde, 2010; Perou, 2010; Sampieri
and Fodde, 2012). Therefore, targeting BCSCs is a
promising strategy to treat breast cancer. To date, tar-
geting BCSCs can be carried out by several means,
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including gene therapy, immune therapy, monoclonal
antibody directed therapy, and/or use of phytochemi-
cals/compounds from herbal/natural plants.

In recent years, herbal extracts/natural plant extracts
have garnered special interest for CSC targeting stu-
dies. Increasing evidence from studies have shown
that herbal extracts can induce apoptosis and arrest
cell cycle in various cell types, such as BCSCS, without
affecting healthy cells. Some recent studies have
shown that extracts from dandelion Taraxacum offici-
nale, also known as Dandelion Anticancer, could inhi-
bit the proliferation of human melanoma cells
(Chatterjee et al., 2011), breast cancer cells, prostate
cancer cells (Sigstedt et al., 2008), and cervical cancer
cells (Ketut Edy Sudiarta, 20165). Studies showed that
dandelion extracts could induce cell death via the tu-
mor necrosis factor (TNF)-related apoptosis-inducing
ligand (TRAIL) pathway. TRAIL is a member of the
TNF super family that can initiate apoptosis by activa-
tion of death receptor 4 (DR4/ TRAILR-1) and death
receptor 5 (DR5/TRAILR-2). Since TRAIL can induce
apoptosis in cancer cells, including breast cancer cells,
without causing toxicity to normal cells (Chinnaiyan
et al., 2000; Keane et al., 1999; Walczak et al., 1999),
strategies which target TRAIL represent safe alterna-
tives for cancer therapy development (Abdelhamed et
al., 2013).

In our study, we aimed to evaluate the effect of
Dandelion extraction on BCSC proliferation, and
determine its mechanisms of action. As a new
strategy, we used a 3D in vitro model for drug
screening. BCSCs were used in place of breast cancer
cells.

MATERIALS-METHODS

Dandelion extracts preparation

A whole Dandelion plant was dried and grinded to a
fine powder. The powder was immersed in 96%
ethanol and 96% methanol, for 72h, to collect the
ethanol extract and methanol extract, respectively. The
supernatants were collected by filtrates, then
evaporated with a rotary evaporator at 40-50°C under
low pressure to collect extracts. All extracts were
stored at 4°C. The extract stocks were re-suspended in
Dulbecco’s Modified Eagle’s Medium/Ham F12
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(DMEM/F12), supplemented with 10% fetal bovine
serum (FBS) and 1% antibiotic-antimycotic (all bought
from Sigma-Aldrich, St Louis, MO, USA). The volume
added for suspension was equivalent to a final
concentration of 200mg/ml.

Breast cancer stem cell isolation and proliferation

The human breast cancer stem cell line was isolated
via a previous protocol (Van Phuc et al.,, 2010). The
cells were transfected with green fluorescent protein
(GFP) using a lentiviral vector, as per the previous
protocol (Van Pham et al., 2012). The GFP-BCSCs were
grown in cell culture medium (DMEMF12/10%
FBS/1% antibiotic-antimycotic) and incubated at 37°C
in a humidified atmosphere with 5% CO.. For the
standard 2D culture, cells were cultured in T25 culture
flasks and 96-well culture plates (Corning, New York).

3D model - spheroid culture

For generation of tumor spheroids in 3D, 200 ul/well
of cell suspension in culture medium was seeded at
five different densities (100, 500, 1000, 2500, 5000, or
10000 cells/well). Cells were dispensed into Nunclon
Sphera 96 wells plate (Thermo Fisher Scientific,
Waltham, MA). The Nunclon Sphera surface is
designed to cause minimal cell attachment with
minimal extracellular matrix protein binding to the
plate surfaces. Plates were incubated at 37°C and 5%
COz. In the 3D culture, propidium iodide (Sigma-
Aldrich, St Louis, MO, USA) staining was used to
verify the population and location of dead cells in the
spheroids.

Cell treatment of extracts

BCSCs were cultured in 2D for 24h, and in 3D for 48h,
before use in experiments. Then, cells treated with
extracts. Both ethanol and methanol extracts were
used as treatments in both 2D and 3D BCSC cultures,
at 5 various concentrations: 10upg/ml, 100ug/ml,
500pg/ml, 1000pg/ml, and 2500 pg/ml. Doxorubicin
and Tirapazamine treatment served as positive
controls. Doxorubicin was used at 0.01 ug/mL, 0.1
ug/mL, 1 pg/mL, 25 pg/mL, and 5 pg/mL;
Tirapazamine was used at 0.1 ug/mL, 1 pg/mL, 10
ug/mL, 25 pg/mL, and 50 pg/mL.

Cell Viability assay
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Cell viability was assessed by AlamarBlue assay
(Thermo Fisher Scientific, Waltham, MA), based on
the manufacturer’s instructions. Viability of treated
cells/spheroids were evaluated at 24h, 48h, and 72h
after treatment. At the evaluation points,
cells/spheroids were replaced with fresh cell medium
without extracts. Then, they were incubated with
AlamarBlue working solution for 4 h. Finally, plates
were measured for fluorescence intensity at 535 nm
excitation and 595 nm emission by a micro-plate
reader DTX 880 (Beckman Coulter, Brea, CA). After
the IC50 values of the Dandelion extracts on BCSCs
were determined, BCSCs were treated with the extract
at these IC50 values to evaluate induction of cell
death. Cell viability percentage was determined by
counting the total cell number stained with trypan
blue using a hemocytometer.

Tumor spheroid-based extracellular cell matrix
(ECM) gel invasion assay

A total of 100uL media was removed from wells
containing 4-d spheroids and 100pL of 4% ECM gel
was gently added to the wells. This provides a
semisolid gel-like matrix condition. Cells extended
their invadopodia into the matrix (Stylli et al., 2008).
The invasion of BCSC spheroids was identified by
fluorescence microscopy (Cart Zeiss, Oberkochen,
Germany).

Gene expression assay

Total RNA was extracted using the Easy blue reagent
INTRON, according to the manufacturer’s
instructions, and stored at -20°C. The first-strand
complementary DNA (cDNA) synthesis reaction was
performed using a one-step reverse transcriptase
polymerase chain reaction (RT-PCR) premix (Intron
Biotechnology, Korea) with a MasterCycle PCR
apparatus (Eppendorf, Hamburg, Germany). Real-
time PCR reactions were performed using qPCRBIO
SyGreen one-Step Detect Lo-ROX (PCR BIOSYSTEMS,
England) with a Thermal Cycler Real-Time PCR
apparatus  (Eppendorf, = Hamburg, Germany).
Quantitative data, including normalized versus
GADPH gene, were analyzed using an average of
triplicates Ct (cycle threshold), according to the 2-AAc
method. The data shown were generated from three
independent experiments and the values were
expressed relative to mRNA levels in the 2D cells
(control), as the mean + SEM.
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For amplification, the following primers were used:
GADPH: F 5-CACCACCATGGAGAAGGCTGG-3; R 5~
CCAAAGTTGTCATGGATGACC-3’; E-Cadherin: F: 5-
GAAGGTGACAGAGCCTCIGGAT-3; R: 5-
GATCGGTTACCGTGATCAAAATC-3; N-Cadherin: F 3'-
CCATCACTTAATGGT-5; R3-ACCCACAATCCACAT-S;
Slug: F: 5-ATTGCCTTGTGTCTGCAAGATCT-3; R: 5'-
TCTGTCTGCAAAAGCCCTATTG-3; TRAIL: F 5-
CITCACAGTGCTCCTGCAGT-3;R5-
TTAGCCAACTAAAAAGGCCCC3; DR4: F 5-
CTGAGCAACGCAGACTCGCTGTCCAC3; R 5+
TCCAAGGACACGGCAGAGCCTGTGCCAT-3' and DR-
5:F 5-GCCTCATGGACAATGAGATAAAGGTGGCT-3;R
5-CCAAATCTCAAAGTACGCACA AACGG-3.

Luminol-based Chemiluminescence assay

ROS signals were made chemiluminescent by Luminol
probe (5mM). For typical measurements of
chemiluminescence (CL), 5x104 cells were incubated in
0.2 mL of assay buffer (PBS including 5 mM glucose, 1
mM Mg2+, 0.5 mM Ca2+ and 0.05% BSA) for 3 min
before addition of 200 ng/ml Phorbol 12-myristate 13-
acetate (PMA). Luminescence signal was monitored
for 30 min using the microplate reader DTX 880
(Beckman Coulter, Brea, CA).

Statistical analysis

All data are expressed as mean + SEM and normalized
against the untreated control. Statistical comparison
was conducted by one-way ANOVA. All statistical
procedures were carried out using GraphPad Prism
6.0 (GraphPad Software Inc., San Diego, CA, USA).
*P<0.05, **P<0.01, and ***P<0.001 were considered as
significant differences. IC50 value was calculated by
the GraphPad Prism 6.0 based on formulation
Fifty=(Top+Baseline)/2 and Y= Bottom + (Top-
Bottom)/(1+10"((LogIC50-X)*HillSlope + log((Top-
Bottom)/(Fifty-Bottom)-1))).

RESULTS
Establishing the 3D model of BCSCs

Under non-adhesive conditions, GFP-BCSC cells
automatically and rapidly formed spheroids after 48 h
of incubation (Fig. 1). The morphology of spheroids
were different among the various densities of BCSCs.
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Indeed, in the low densities (100 and 500 BCSCs per
well), spheroids formed a ball-like shape, while in
higher densities BCSCs spheroids formed a grape
cluster-like shape (Fig. 1).

To choose the optimal density of BCSCs to generate
spheroids, the spheroid growth was determined based
on diameter measurement (Fig. 2) an AlamarBlue
assay (Fig. 3). The results showed that the diameter of
spheroids in the 100, 500, 1000, 2500 and 5000
cells/well groups gradually increased from day 1 to
day 10. In the group of 10000 cells/well, the diameter
of spheroid rapidly reduced from day 2 onward (Fig.
2). The AlamarBlue assay also showed that the
fluorescent intensity of BCSCs per well gradually
increased from day 1 to day 7, in the 100, 500, 1000,
2500 and 5000 cells/wells groups, while the fluorescent
intensity in the 10,000 BCSCs/well group did not
increase but rather reduced after day 3. In this assay,
we also compared BCSC proliferation in the 3D model
vs 2D model. The results showed that at the same cell
density (5000 BCSCs/well) the BCSCs in 2D model
grew more robustly and rapidly than those in the 3D
model. Therefore, as a result, BCSCs cultured in 2D
aged sooner than those in 3D (Fig. 3).

BCSC spheroids express markers of the EMT process

Based on these results, we chose the cell density of
5000 BCSCs/well for further experiments. In the next
experiments, all spheroids from this group were
evaluated for their structures. PI staining assay
showed that spheroids in vitro were like microtumors
that contained two groups of cells one in the center
and one in the outer layer of spheroids. Similar to in
vivo tumors, the spheroid centers contained dead cells
(Fig. 4).

Tumor marker expression on the spheroids was
evaluated; these included E-cadherin, N-cadherin and
Slug. BCSCs in spheroids reduced 0.215+0.146 fold of
the expression of E-cadherin compared to BCSCs in 2D
model. BCSCs increased the expression of N-cadherin
and Slug (a regulatory factor in the epithelial-to-
mesenchymal (EMT) process) more in the 3D model
than in the 2D model (8.15+0.24 fold and 3.32+0.06 fold,
respectively, for N-cadherin and Slug) (Fig. 5). BCSCs
spheroids also demonstrated invasion of ECM in vitro.
After 3 days of incubation of BCSC spheroids in the
ECM gel, invadopodia development and invasion into
the matrix were both observed (Fig 6).
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Figure 1. The morphology of BCSCs in Nunclon Sphera 96-well plates at different cell densities at day 2. A. 100 cells per well
(20X); B. 500 cells per well (20X); C. 1000 cells per well (20X); D. 2500 cells per well (10X); E. 5000 cell per well (10X); F. 10000 cell

per well (10X).
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Figure 2. The size of BCSC spheroids generated using various cell densities. In generally, the diametter of spheroids gradually
increaded from day 2 to 10 in groups of 100, 500, 1000, 2500 and 5000 cells; while at cell density of 10,000 cells the diametter of

spheroids decreased from day 2 to 10.

Effects of doxorubicin and Tirapazamine on
spheroid proliferation

Before applying the 3D spheroid models of BCSCs in
future experiments, the spheroids were used to
evaluate the effects of the anti-tumor drugs, including
Doxorubicin and Tirapazamine. The results showed

that the IC50 value of Tirapazamine in the 2D model
was significantly higher than that for the 3D model
(14.45+1.365 pug/ml vs 1.709+0.4655 pg/ml, respectively, for
2D and 3D; p=0.0004). However, the IC50 values for
doxorubicin in both culture conditions was not
significantly different (Fig. 7).
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Figure 3. Growth curve of BCSCs in 3D and 2D culture conditions. Fluorescent instensity increased in groups of 1000, 2500, 5000
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Figure 4. The structure of a BCSC spheroid after seeding with 5000 cells per well at day 7. In the center of spheroid, there were
some dead cells similar to the in vivo tumors. These dead cells were positive with PI staining.
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Figure 5. The expression of EMT genes in BCSCs. N-Cadherin and Slug were up-regulated, E-cadherin was down-regulated in
BCSCs cultured in 3D condition compared to 2D condition.

Figure 6. Invasion of BCSC spheroids in ECM gel after 3 days of embedding. The formation of invadopodia of BCSCs were ob-
served under white light and fluorescent light.
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Figure 8. The proliferation of BCSCs in 2D and 3D cell culture conditions. A. Effect of ethanol extract on BCSCs in 2D; B. Effect
of methanol extract on BCSCs in 2D; C. Effect of ethanol extract on BCSCs in 3D; D. Effect of methanol extract on BCSCs in 3D.

Dandelion extracts showed a strong ability to inhibit
BCSC proliferation

We applied the 2D and 3D models, established in
previous experiments, to evaluate the effects of
dandelion extracts. The results showed that ethanol-
treated and methanol-treated Dandelion extracts
inhibited BCSC proliferation in a manner dependent
on extract doses for both 2D and 3D models (Fig. 8).

In the 2D model, ethanol-treated and methanol-
treated Dandelion extracts exhibited an anti-
proliferative effect on BCSCs; the IC50 values at 48 h were
59.22+0.5ug/ml  and  14.88+0.03ug/ml,  respectively.
Moreover, the IC50 values of at 72 h were 92.30+2.83
pg/ml and 69.40+0.5 pg/ml, respectively. In the 3D
model, both methanol- and ethanol-treated dandelion
extracts yielded IC50 values that were much higher
compared to those for the 2D model. In the 3D model,
the IC50 value of the ethanol-treated extract at 48 h
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and 72 h were 1021+49.85 and 412+85.4 ug/ml,
respectively; the IC50 values of the methanol-treated
extract at 48 h and 72 h were 101245 and 142.2+17.45
ug/ml, respectively (Fig. 9). These results demonstrate
that the IC50 value for BCSCs in 3D culture were
much higher than in conventional 2D culture. The
results also indicate that methanol-treated dandelion
extract is more active than ethanol-treated extract, in
both 2D and 3D culture systems.

After determining the IC50 values of the Dandelion
extracts on BCSCs, cells were treated with the extract
at the IC50 to evaluate induction of cell death. As
shows in Figure 10, the effect on cell death induction
by Dandelion extracts differed between 2D and 3D
models, as well as between the methanol and ethanol
extracts. In monolayer cell culture (2D), ethanol-
induced cell dead was greater than that for methanol;
however, in 3D, the effect of methanol extract on cell
death was greater.

Dandelion extracts induced the apoptosis via TRAIL

RT-PCR analysis of TRAIL, DR4, DR5 expression in
BCSCs after treatment with dandelion extracts is
shown in Fig. 11. The results showed that there were
increased expression of TRAIL, DR4, and DR5 in
treated BCSCs, for both ethanol and methanol
extracts. Particularly, the extracts induced expression
of DR4, which was not expressed in untreated cells.
The relative quantity of the strength of the
electrophoresis band, imaged by Image] software, also
supported this observation. Indeed, compared to the
control group, after treatment with ethanol and
methanol dandelion extracts the expression of TRAIL
increased 1.79 fold and 1.68 fold, respectively;
expression of DR-4 increased 29.66 fold and 29.71 fold,
respectively; lastly, expression of DR-5 increased 1.54
fold and 2.28 fold, respectively.

Dandelion extracts produced an increase of reactive
oxygen species in BCSCs

To evaluate the effect of the dandelion extracts on
ROS produced by BCSCs in 3D culture, a luminol-
based chemiluminescence assay was performed 72h
after treatment with IC50 doses of Dandelion extracts.
As shown in Fig. 12, the luminescence value of the
sample was markedly increased by 1.205 fold,
compared with the untreated sample, following
addition of the methanol-treated dandelion extract on

Biomed Res Ther 2016, 3(7): 733-741

BCSCs in 3D culture (p=0.0003). Addition of the
ethanol-treated Dandelion extract showed no
significant difference. The results suggest that
methanol Dandelion extract treatment increases
production of ROS in BSCSs.

DISCUSSION

For screening anti-cancer drugs, many types of 3D cell
culture models have been developed. For high
throughput screening, 3D models need to focus main-
ly on methods that avoid adhesion of cells to the sur-
face of culture equipment and promotion of cell-cell
attachment (Moore et al., 2001; Robinson et al., 2004;
Schurr, 2006). Most systems are based on cellular ag-
gregation on low-adherent plates, agarose-coated flat-
bottomed plates (Schurr, 2006), or hanging drops
(Bayley and Devilee, 2012; Vinci et al., 2012).

In this present study, a 3D model of BCSCs was estab-
lished with low-attachment 96-well plates, called
Nunclon Sphera plates, which provide a cell free-
scaffold form on which minimal cell attachment oc-
curs with minimal extracellular matrix protein bind-
ing to the plate surfaces. Our results demonstrated
that by using Nunclon Sphera, we were successful in
establishing BCSCsin 3D culture. The cells which were
cultured in this condition possessed the standard cha-
racteristics of microtumors in vivo.

The first tumor characteristic was related to the forma-
tion of a tumor spheroid core with a hypoxia envi-
ronment and presence of dead cells. Many recent stu-
dies have shown that in most solid tumors, the center
has a hypoxic environment, and that cancer cells at the
center are mostly dead. Propidium iodide staining of
GFP-BCSCs showed that spheroids also had a core of
dead cells. These results demonstrate that there were
the junctions between cells in the spheroids that
caused oxygen and nutrients to enter the center. The
hypoxia in the spheroids also confirms the anti-
proliferative nature of Tirapazamine, an anti-cancer
chemical activated to a toxic radical only at very low
levels of oxygen (hypoxia) (Denny, 2004). Therefore,
Tirapazamine should have biological effects on cancer
cells in the hypoxic core. Indeed, the results showed
that the IC50 of Tirapazamine in 3D was extremely
lower than that for the 2D model of BCSCs. Potential-
ly, the spheroids created a hypoxic environment to
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enable the Tirapazamine be active. Doxorubicin is a
chemical not affected by hypoxia. In the doxorubicin
assay, the IC50 value of doxorubicin was nearly the
same in the 2D and 3D models. In some previous stu-
dies, hypoxia in spheroids was considered to be an
important property of 3D cancer cell screening
(Imamura et al., 2015).

The second tumor characteristic relates to expression
of markers related to the EMT process of tumors. The
expression of E-cadherin was significantly reduced in
spheroids (3D) compared to 2D. Loss or down-
regulation of E-cadherin in breast cancer is considered
to be a marker for invasive lobular carcinoma (Singhai
et al., 2011), promoting cancer invasion and metastasis
(Onder et al., 2008). Moreover, N-cadherin and Slug
were expressed much stronger in spheroids compared
to 2D culture. Decrease of E-cadherin expression, and
increase of N-cadherin and Slug (also called Snail)

Biomed Res Ther 2016, 3(7): 733-741

expression are clearly the phenotype of invasive duc-
tal breast carcinoma tumor (EIMoneim and Zaghloul,
2011). The expression of N-cadherin demonstrates that
these tumors can strongly invade the ECM (Jeschke et
al.,, 2007; Nieman et al., 1999). Additionally, the in vitro
invasion assay confirms it; after 3 days of incubation
in the ECM gel, the cells in the spheroids could form
invadopodia and could migrated into the ECM gel.

The effects of the dandelion extracts were studied in
both the 2D and 3D models. The experiments demon-
strate that dandelion extracts could strongly inhibit
the proliferation as well as induce apoptosis of BCSCs
in both 2D and 3D cell culture models. However, the
anti-proliferative effect of these extracts in 2D culture
is stronger than in 3D. It is also observed that the
BCSCs showed greater drug resistance capability in
3D. This result was similar to some previous publica-
tions about the chemosensitiyity of 3D and 2D cancer
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E. The IC50 values of dandelion extracts on BCSCs at 48h and 72 h

IC50 values | Ethanol Extracts (ug/mL) | Methanol Extracts (ug/mL)
2D 3D 2D 3D

48h 59.22+ 0.5 | 1021+49.85 | 14.88+0.03 101245

72h 92.30+2.83 412+85.4 69.40+0.5 142.2+17.45

Figure 9. The IC50 values of ethanol-treated and methanol-treated Dandelion extracts on BCSCs in 2D and 3D models. A. IC50
value of ethanol extract in 2D; B. IC50 value of methanol extract in 2D; C. IC50 value of Ethanol extract in 3D; D. IC50 value of
Methanol extract in 3D; E. Summary of IC50 values of dandelion extracts on BCSCs at 48h and 72 h.
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cell models (Howes et al., 2014; Lee et al., 2013). Lee et
al. (2013) showed in many various cell lines that the
transition from a 2D to 3D microenvironment likely
induced changes in expression of several biomarkers
relevant to cancer, proliferated more slowly, and were
more chemoresistant (in 3D compared with 2D cul-
ture) (Lee et al., 2013). In another model, Howes et al.
(2014) compared the IC50 of some anti-cancer chemi-
cals in both 2D and 3D models of BT-474 breast cancer
cells. They showed that for most chemicals, the IC50
values in the 3D model were higher than for the 2D
model. In a 3D model of lung cancer, Godugu et al.
(2013) showed that the IC50 of docetaxel on H460,
A549 and H1650 were much higher than in the 2D
models (1.41+0.29 vs 76.27+8.52 in H460 cancer cells,
1.94+0.35 vs 118.11+12.42 for A549 cancer cells,
2.70+0.66 vs 81.95+6.34 for HI1650 Parental, and
14.53+1.24 vs 151.04+15.73 H1650 Stem; for 2D vs 3D,
respectively).

100+ —‘

804 ok =

604

% cells dead/Total cells

Figure 10. Effect of dandelion extracts on survival of
BCSCs. The survival of BCSCs in 3D and 2D condition was
different.

Importantly, results in the 2D model revealed a new
finding-that the IC50 values at 72h were higher than
that for 48h. Commonly, in almost studies, the IC50
gradually decrease after treatment with anti-cancer
chemicals for 24h, 48h, 72h, etc. However, in this
study, the IC50 value was higher after 72 h compared
to 48h in the 2D culture of BCSCs. That means that the
drug resistance of BCSCs increased at 72 h, compared
to 48h. This is a special property of cancer stem cells as
well as BCSCs; after treatment with chemicals, initially
almost all the cells would have died; however, the
surviving cells become strongly resistance against the
chemicals and thus grow rapidly.

Biomed Res Ther 2016, 3(7): 733-741

Several previous studies have demonstrated that dan-
delion extracts can induce apoptosis in some kinds of
cancers, including breast cancer, prostate cancer
(Sigstedt et al., 2008), hepatocarcinoma (Yoon et al.,
2016), and cervical cancer. In this study, dandelion
extracts suppressed the growth of BCSCs. In the 2D
model, BCSCs can be sensitive to this extract; howev-
er, in the 3D model, BCSCs can exhibit strong resis-
tance to the extract. We also discovered that the anti-
proliferation effects of Dandelion extracts relates to
expression of TRAIL and increased of ROS in cells.

mm Control

30 ## Ethanol
259 E l mm Methanol

Fold change

Figure 11. Expression of apoptosis-inducing death receptor
genes. The expression of TRAIL, DR-4, DR-5 were evaluated
by RT-PCR (upper); and then compared the signal strength
of bands based on Image-J software.

Indeed, the potential of using TRAIL to destroy
putative cancer stem cells has been recognized by
others (Chandrasekaran et al.,, 2014; Yang et al., 2015).
Increasing TRAIL expression has previously been
shown to promote cancer cell death and to decrease
tumor and metastasis development in vivo. Therefore,
these results indicate that TRAIL-related apoptosis via
death receptors is a mechanism of the dandelion
extracts on BCSCs. Furthermore, the methanol-treated
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dandelion extract significantly increased ROS in
BCSCs. Therefore, the induction of ROS in cancer stem
cells has been approved to reduce the stability of
cancer stem cells and reduce their drug resistance
capability (Diehn et al.,, 2009; Kobayashi and Suda,
2012; Trachootham et al., 2009).

mm Control
. Ethanol
## Methanol

2004

1504

1004

Cheluminescence (Counts/30 min)
3

o
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Figure 12. Effect of Dandelion extracts on ROS production
by BCSCs. Methanol extract of dandelion caused a signifi-
cant increase of ROS in BCSCs compared to control and
ethanol extract.

CONCLUSION

In conclusion, in this study, we successfully devel-
oped a 3D culture of BCSCs for screening of natural
products. BCSC-derived spheroids exhibited particu-
lar properties of microtumors, such as a hypoxic mi-
croenviroment at the center of spheroids, increased
expression of mesenchymal markers (N-cadherin,
Slug), and decreased expression of E-cadherin. Dande-
lion ethanol and methanol extracts effectively inhib-
ited the growth of BCSCs in 2D. However, in the 3D
culture, BCSCs were strongly resistant to these ex-
tracts. The inhibition of BCSC proliferation by the
Dandelion extracts occurred through activation of
TRAIL signaling and increased ROS production in
BCSCs. Our findings suggest that dandelion plant ex-
tract is a suitable anti-cancer drug candidate, particu-
larly for breast cancer.
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