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Abstract

Background Mammospheres are breast cancer stem cells (BCSCs) that could be yielded through culturing cells in non-
adherent and non-differentiating condition. With regard to therapy resistance of cancer stem cells (CSCs), it is essential to
discover efficient approaches targeting CSCs. Viola odorata extract has been considered as a traditional herbal anti-metastatic
drug in several cancer cells. Effect of this drug on BCSCs has not been clearly identified. Current study tries to detect and
to compare effect of Viola odorata extract on malignant characterization of breast cancer cell lines and BCSCs.

Materials and methods MCF7 and SKBR3 and their derived mammospheres as BCSCs were used and the effect of alco-
holic extraction of Viola odorata on apoptosis and malignant characters of MCF7, SKBR3 and their derived BCSCs were
analyzed and compared.

Results Viola odorata extract induced cell death in MCF7, SKBR3 and their derived mammospheres through apoptosis
without any effects on MCF10A. Also, this extract showed anti-migratory, anti-invasion and anti-colony formation activity
in MCF7, SKBR3 and their derived mammospheres which was significantly more in MCF7- and SKBR3-derived mam-
mospheres. Also, this extract decreased size and volume of tumors generated by MCF7, SKBR3 and their derived mam-
mospheres in chicken embryo model.

Conclusion Viola odorata extract exerted anti-cancerous activity on both breast cancer cell lines and their derived BCSCs.
Anti-cancerous activity of this extract was significantly more in MCF7-, SKBR3-derived mammospheres in comparison with
dedicated cell lines. Data suggest that Viola odorata extract mostly targets cancerous cells, not normal cells with exception
in high concentration. It acts in a cell-dependent manner.
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Abbreviation CSCs Cancer stem cells

ALDH Aldehyde dehydrogenase CAM Chorioallantoic membrane

b-FGF Basic fibroblast growth factor Dox Doxorubicin

BCSCs Breast cancer stem cells DMEM/F12  Dulbecco’s modified Eagle’s medium/F12
EGF Epidermal growth factor
EGCG Epigallocatechin gallate
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ER Estrogen receptor

ECM Extracellular matrix

FBS Fetal bovine serum

H&E staining  Hematoxylin and eosin staining

HPLC High-performance liquid chromatography

HER2 Human epidermal growth factor receptor
2

IHC Immunohistochemistry

1C50 50% Inhibitory concentration

0OSCC Oral squamous cell carcinoma

oS Osteosarcoma

PARP Poly ADP ribose polymerase

PR Progesterone receptor

TBMS1 Tubeimoside-1

TICs Tumor-initiating cells

Introduction

Breast cancer is the most prevalent cancers among women
in all over the world. Breast cancer incidence is increasing
according to world statistics. In 2017, there were around
40,610 death reports caused by breast cancer in the United
States. In 2017, 252,710 new cases of invasive and 63,410
new cases of non-invasive (in situ) breast cancer are esti-
mated to be diagnosed in women in the US (www.breastcanc
er.org). Breast cancer accounts for 25% of all cancers in
women and 15% of all cancer deaths. About 0.8—1% of all
breast cancers are male breast carcinoma, but the incidence
of breast cancer in men has increased over the past 3 dec-
ades. It has been estimated that the prevalence of breast
cancer in the world will reach to 2.3 million by 2030 [1,
2]. The most important factors promoting breast cancer
are high expression level of estrogen, estrogen receptor,
progesterone receptor and human epidermal growth factor
receptor 2 (HER2). On the other hand, mutants in tumor
suppressor genes including BRCA1 and BRCA2 are consid-
ered as the most important causes of familial breast cancer
[3]. There are two main types of breast cancer: ductal and
lobular which are divided into invasive and in situ (non-
invasive) with several subtypes of breast cancer based on
histology. Also, there are several subtypes of breast cancer
based on molecular characteristics: estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth factor
receptor 2 (HER2) and Ki67 expression; luminal A and B
(ER + /PR +/HER2 — or ER+/PR —/HER2 —), basal-like
triple negative breast cancer (ER —/PR —/HER2 —) and
HER2 + with low amount of claudin [2]. There are various
types of breast cancer treatment strategy including surgery,
chemotherapy, radiotherapy, hormone and targeted therapy
[2]. Although these are common treatments of breast can-
cer, results are short term and may cause long-term side
effects. Radiotherapy strengthens the tissues of the breast,
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lung and lymph nodes. Using radiotherapy may transform
differentiated breast cancer cells into breast cancer stem cells
(BCSCs) due to the expression of radiation-induced genes
[4]. Other treatments also have several side effects such as
osteoporosis and thromboemboli [4-6]. In addition, the
above-mentioned strategies have not been fully successful
and, in many cases, recurrence has been observed. One of
the reasons for recurrence and uncertainty in the treatment
of breast cancer is the heterogeneity of tumor cells that com-
plicates the treatment [7]. Over the past decade, a number of
cancer cells with stem cell-like properties have been identi-
fied called cancer stem cells (CSCs) or tumor-initiating cells
(TICs). These cells make cellular heterogeneity in tumors.
CSCs play an important role in cancer progression, drug
resistance, radiotherapy resistance and relapse [8]. CSCs
account for less than 2% of the cancerous mass and have
some specific properties including self-renewal, differentia-
tion, metastasis, migration and treatment resistance [8§—10].
BCSCs express variety of specific markers in different types
of breast cancers such as CD44*/CD24™, epithelial-specific
antigen (ESA) or CD326 (EpCAM), additionally, these cells
have aldehyde dehydrogenase (ALDH) activity [8]. These
minor cell population are capable of developing cancer in
mice with NOD /SCID immunity. The CD44 is a surface
marker of BCSCs and a receptor of extracellular matrix hya-
luronan. It works along with the tyrosine kinase receptor and
activates signaling pathways involved in colony formation
and proliferation of BCSCs. However, marker of CD24 has
been identified as a glycoprotein on the surface of differen-
tiated breast cancer cells [11]. Although new therapeutic
approaches such as therapeutic differentiation, nanotechnol-
ogy and the use of oncolytic viruses have been designed
to eliminate these cells, each protocol has some limitations
that prevent the development of successful targeted thera-
pies [12]. Also, several drugs such as paclitaxel, nocodazole,
4-oxoretinol and doxorubicin may have concomitant effect
on epithelial normal cells as well as cancer cells [13-15].
Considering the recognition of cancer stem cells and their
impact on the formation and progression of the disease, and
the lack of effective drugs on these cells, it is necessary to
find more effective treatments with fewer side effects.

The Viola odorata is a mamber of Violaceae family
plants which has been habituated in Middle East as far as
central Asia and large part of Europe. It also is found in
North America [16]. Viola odorata possesses therapeutic
properties including anti-inflammatory [17], anti-rheumatic,
asthma and bronchitis [18], anti-hypertension [19], anti-
oxidant activity [20] and anti-cancer properties [21, 22]. In
traditional medicine, the alcoholic extract of Viola odorata
leaves show an anti-metastatic effects (www.goldaru-co.
com). The active components of Viola odorata are saponin,
salicylic acid derivatives, glycosides such as vioacercitin,
alkaloids such as violins, anthocyanidins and cyclotides
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including cycloviolacin [19, 23]. In various studies, the anti-
cancer effects of these compounds have also been proven.
Recent studies have shown the effects of the cyclotides such
as cycloviolacin O2 in different cancers including tongue
and throat, breast, lymphoma, stomach, intestine, gastric,
rectal, uterine and joints [21]. Mechanism of anti-cancer
effects of cyclotides may be degradation of membranes at
high concentrations through intercalating with cholesterol-
rich and membrane-bound sphingomyelin membranes in
membrane lipid rafts [21, 24, 25]. Cyclotides seem to target
specific types of cells depending on membrane composi-
tion [26]. Some cyclotides also have anti-migratory, anti-
metastatic, anti-proliferation effects and apoptotic effects
on cancer cells with low concentrations through mediating
signaling pathways [27]. Various studies have shown the
anti-cancer effects of saponin through activation of apoptosis
and autophagy. Saponin increases the sensitivity of cancer
cells such as lung adenocarcinoma cells, breast, uterine and
colon cancer to radiotherapy and chemotherapy [28-30].
Also, anti-metastatic effects of anthocyanidin have been
proven [31]. Anthocyanin, a subset of flavonoids, activates
apoptosis pathway through activating Caspase 3, apoptosis
induction factor (AIF) and endonuclease G (pro-apoptotic
factor). It also inhibits the growth and progression of cancer
through cell cycle arrest in GO/G1 and G2/M with increas-
ing p21WAF1 and P27KIP1 expression and decreasing the
expression of cyclin A and B [32]. Like other plants, the
effective compounds of Viola odorata can be dissolved in
their alcoholic extract and various fractions from differ-
ent solvents such as methanol, ethyl acetate, chloroform,
n-butanol, hexane and dichloromethane [19, 33-36].

In our previous study [37], we established MCF7- and
SKBR3-derived mammospheres as enrichment breast cancer
stem cell models through a variety of in vitro and in vivo
experiments. Therefore, considering anti-cancer and anti-
metastatic effects of Viola odorata on a variety of cancer
cells such as breast cancer and the important role of cancer
stem cells in the metastasis and progression of the cancers
with different profiles of gene expression and characteristics,
in comparison with differentiated cancer cells, we proposed
different effect of alcoholic extraction of Viola odorata
on malignant characterization of mammosphere-derived
BCSCs in comparison with breast cancer cell lines. Cur-
rent study is the first study about effect of Viola odorata
extract on malignant characterization of breast cancer cell
line-derived mammospheres as enriched sources of BCSCs.
Also, the lowest dose of nominated drug with the highest
cell death effects on these cells was compared with the breast
cancer cell line and normal epithelial cells. We evaluated
and compared effect of alcoholic extraction of Viola odo-
rata on apoptosis, migration, colony formation, invasion and
tumorigenicity in vivo of breast cancer cell lines and breast
cancer cell line-derived BCSCs.

Method and material
Culture of cell lines

Two human breast cancer cell lines MCF7 (ER +/PR +/
HER2 —) and SKBR3 (ER —/PR —/HER2 +) with differ-
ent molecular receptors and MCF10A as normal breast
cell were purchased from pasture Institute (Iran, Tehran).
MCF7 and SKBR3 were cultured in Dulbecco’s modified
Eagle’s medium/F12 (DMEM/F12) supplemented with 10%
fetal bovine serum (FBS), 1% r-glutamine, 1% penicillin/
streptomycin and 1% non-essential amino acids at 37 °C in
humidified atmosphere with 5% CO2. MCF10A was cul-
tured in DMEM/F12 supplemented with 5% horse serum,
1% L-glutamine, 1% penicillin/streptomycin and 1% non-
essential amino acids, 10 pg/mL insulin, 20 ng/mL epider-
mal growth factor (EGF), 100 ng/mL choleratoxin, 0.5 mg/
mL hydrocortisone at 37 °C in humidified atmosphere with
5% CO2 (all components were purchased from sigma, USA).

Mammosphere culture from cell lines

For mammosphere formation, MCF7 and SKBR3 cells were
harvested at 25,000 cells/mL and seeded into agar-coated
flask in serum free DMEM/F12 (1:1) supplemented with
10 ng/mL basic fibroblast growth factor (b-FGF), 20 ng/mL
EGF and 2% B27 (all purchased from Sigma, USA). Growth
factors were supplemented every 2 days. In this condition,
cells were grown as non-adherent spheres (termed mam-
mosphere) with a size of > 60 pm. Primary mammospheres
were collected every week by centrifugation and dissociated
to single cells by trypsin/EDTA 0.05% (v/w). For secondary
mammosphere formation, Lombardo et al.’s protocol was
used in this study [38]. Mammospheres were passaged dur-
ing 3 weeks on days 7, 14 and 21 [30, 39, 40].

Characterization of cancer stem cells derived
from breast cancer cell lines

Stemness properties of mammosphere-derived breast cancer
cell lines such as expression of CD44 and CD24, expres-
sion of stemness genes, Oct4 and Nanog, proliferation rate,
migration rate, drug resistance and tumorigenicity of mam-
mospheres in chick embryo model were evaluated and con-
firmed in our previous study [37].

Preparation of Viola odorata extract
Hydro-alcoholic extraction (EtOH/H20 70:30) of aerial
parts of Viola odorata was gifted from Goldaru Company

(Iran, Isfahan). Viola odorata has been authenticated by
Dr. Fariborz Moattar and Dr. Taghi Ghafghazi. Extraction

@ Springer



1622

Clinical and Translational Oncology (2020) 22:1619-1634

method is based on Sadeghnia et al. [41]. Protocol Powder
of hydro-alcoholic extraction of Viola odorata was dissolved
in ddH20.

HPLC (high-performance liquid chromatography)
for hydro-alcoholic extraction of Viola odorata

Different solvents extracts yield different phytochemicals of
Viola odorata such as glycoside, saponins, flavonoids and
anthocyanins, alkaloids and cyclotides [42]. Among extracts,
hydro-alcoholic extract is a specific solvent for flavonoids
and anthocyanin extraction. As several studies showed
anti-cancerous effects of flavonoids and anthocyanins, we
screened hydro-alcoholic extraction of Viola odorata for fla-
vonoids. Qualitative and quantitative HPLC was performed
with HPLC system equipped with a pump (1500 series),
a column oven, a reversed-phase, pre-packed C18 column
(250%x 4.6 mm, 5 pm particle size) and a UV detector (2487).
The mobile phase was consisted of acetonitrile/water 1:1
with 1% acetic acid. Viola odorata was dissolved in metha-
nol for 24 h at room temperature. 10 pL Viola odorata was
injected into HPLC and the compounds were detected at
254 nm. Data were recorded with same retention time (R,)
values with the standards [43].

Flow cytometry

MCF7- and SKBR3-derived mammospheres were gath-
ered and enzymatically digested into single cells via 0.05%
trypsin/EDTA. Recommended concentration of human
CD44-FITC and CD24-PE antibodies (BD Biosciences,
San Diego, CA, USA) were added to the cell suspension.
Cells were incubated at room temperature in dark for 30 min.
Then, the cells were washed with phosphate-buffered saline
(PBS) and analyzed by the FACSCalibur flow cytometer
(Becton Dickinson, USA).

MTS assay

The cell viability of MCF7, SKBR3, their derived mam-
mospheres and MCF10A in normal and treatment conditions
were measured by MTS assay. In brief, cells were digested
into a single cell suspension and plated into 96-well plates
with 5x 10° — 10* cells/100 pL, per well. Cells were cul-
tured in normal condition before treating with different
doses of fresh hydro-alcoholic extraction of Viola odorata
(0-1000 pg/mL) in 37 °C for 24, 48 and 72 h. Twenty micro-
litre MTS solution (Sigma, USA) was added per well, and
incubated at 37 °C for 3 h. Finally, cell viability were meas-
ured using plate reader under 492 nm wavelength and the
survival rates was calculated [44]. Also, doxorubicin (Dox)
(Sigma, USA) with maximal doses of IC50 (50% inhibitory
concentration) for each cell line was used as positive control.
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Apoptosis assay

Apoptotic assay was performed according to Annexin
V-FITC/PI kit protocol (Sigma, USA). After 48 h treatment
with optimized concentration of Viola odorata extract,
cells enzymatically detached via 0.05% trypsin/EDTA and
washed by calcium buffer. Then, 10 uL Annexin V FITC and
10 puL propidium iodide were added to 100 pL cell suspen-
sion in calcium buffer and incubated for 20 min at 4 °C in the
dark. Flow cytometry analysis was carried out by FACSCali-
bur flow cytometer (Becton Dickinson, USA) [45].

Caspase 3/7 and caspase 8 activity assay

Detection of caspase 3/7 activity was performed by Caspa-
Tag caspase 3/7 In Situ assay kit (EMD Millipore, USA).
After 48 h treatment with optimized concentration of Viola
odorata extract, cells enzymatically detached via 0.05%
trypsin/EDTA. 10 pL 30X FLICA reagent was added to 300
pL cell suspension. Cells incubated for 1 h at 37 °C under
5% CO,. Then, cells washed by 1X wash buffer and resus-
pended in 400 L. PBS and 100 pL of cell suspension placed
into wells of microtiter plate. Finally, cell absorbance were
measured using an excitation wavelength of 490 nm and an
emission wavelength of 520 nm.

Caspase 8 assay kit (Abcam, USA) was used for detection
of caspase 8 activity. After cell harvesting, cells resuspended
in 50 pL of ice cold cell lysis buffer. After 10-30 min incu-
bation, supernatant was collected and transferred into wells
of microtiter plate. Then, 50 pL of 2X Reaction Buffer/DTT
mixture and 5 pL of IETD-pNA substrate were added into
each reaction well. After incubating plate covered at 37 °C
for 1-2 h, output on a microplate reader at OD 400 nm was
measured.

Migration assay (scratch assay)

Scratch assay was used for detection the migration capacity
of breast cancer cell lines and their derived mammosphere
in control and treatment conditions. Cell line- and mammos-
phere-derived cells were plated in 6-well dishes at a seed-
ing concentration of 2 x 10° cells/well. Treatment group was
treated with optimized doses of Viola odorata extract. After
48 h, to arrest proliferation, 20 pg/mL mitomycin (Sigma,
USA) was added to culture dishes with 80-90% confluency
for 2 h. Thin scratch/wound was created through scratch-
ing with 100 pL pipette tip. Images were taken by Olympus
camera (Japan) attached to inverted microscope at 40 X mag-
nifications. Migration rate was detected with modulation of
distance between two lines of scratch at 0, 6, 12 and 24 h
after scratching. Wound closure (%) was evaluated based on
following ratio: % wound closure: A /A, X 100%. A stands
for the size of gap (um), when the scratch was performed
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(0 h), while A, stands for the difference in the size of gap
at the second measurement than the initial size of the gap.

Soft agar assay

Soft agar assay was used to evaluate the colony formation
or anchorage independent proliferation ability of MCF7,
SKBR3, and their derived mammospheres in control and
treatment condition. The assay was carried out in six-well
plates which pre-coated with 2 mL of 1.2% (w/v) low melt-
ing temperature agarose gel (Sigma, USA) in 2 X culture
medium that solidified in room temperature. Then, cell
lines and their derived mammospheres were harvested and
adjusted with medium to 10* cells/mL, which then mixed
with 1 mL of pre-warm 0.6% (w/v) low melting temperature
agarose gel and were placed on top of the present basement
gel layer. Complex was solidified before incubation at 37 °C
in humid incubator with 5% CO, atmosphere for 3—4 weeks.
During this period, cells were feed with 500 pL/well once a
week. At the end of assay, colonies were stained by adding
500 pL 40% MTS for 3 h in incubator. Colonies larger than
150 um were counted in ten field [46].

Invasion assay

Cell invasion assay was performed using six-well containing
trans-well dishes inserted with 8-um poly carbonate mem-
branes (Corning, USA). Cells (3 X 10°/mL) in 1.5 mL serum
free DMEM/F12 medium were plated onto upper chamber
(BD BioCoatTM MatrigelTM Invasion Chamber) (Corn-
ing, USA), while DMEM/F12 medium with 10% FBS was
added to the lower chamber. In both control and treatment
groups, after 48 h at 37 °C (5% CO2), non-invading cells
were removed from upper chamber with a cotton swab. The
invading cells were fixed in 4% paraformaldehyde for 30 min
and stained with 0.5% crystal violet solution for 30 min,
and then number of invasive cells in ten field was counted
microscopically x40 [45].

Chick chorioallantoic membrane (CAM) tumor
formation assay

Chorioallantoic membrane (CAM) in chicken embryo has
been identified as an immune-deficient host model for tumor
formation in vivo [47-50]. To inoculate treated and con-
trol cells onto the CAM on day 3 (starting from the day of
hatch chicken egg incubation), 2 mL albumin was withdrawn
and a window was opened in the shell with an electric drill
equipped with a 0.75 inch wheel tip (Dremel Moto-Tool;
Emerson Electric Co., USA). After 9 days of incubation,
cells were inoculated carefully onto the CAM, on the top
of ectoderm layer at a concentration of 10° cells/100 uL of
extracellular matrix (ECM) (Sigma, USA) without touching

CAM. Window was closed with parafilm, and embryo was
incubated for up to 5 more days. This experiment was
repeated six times. On day 14, the embryos were opened
and the CAMs were dissected out to determine the size and
volume of formed tumors on the top of CAM. A dissecting
microscope was used to determine diameter of tumors [49,
51]. Volume of tumors was calculated according to the fol-
lowing formula: V= W2x L, as W is the width and L is the
length of the tumor.

Statistical analysis

Statistical analysis was performed by SPSS for Windows
(version 16.0; SPSS Inc., Chicago, IL). The results are
presented as mean + SEM for at least three independent
experiments for each analysis. Student’s ¢ test with p values
of 0.05 or less was used to indicate statistically significant
differences.

Results
HPLC of hydro-alcoholic extraction of Viola odorata

HPLC was used for detection of flavonoids in hydro-alco-
holic extraction of Viola odorata. HPLC detected the pres-
ence of several flavonoids at retention time 1.97, 2.06, 2.49
and 2.64 for luteolin, quercetin, apigenin and kaempferol,
respectively (Table 1).

Detection of CD24 and CD44 in MCF7 and SKBR3
(2D), and their derived mammospheres (3D)

At the first step, to confirm the stemness potential of mam-
mospheres (3D), we detected CD44 and CD24 mark-
ers on the surface of mammosphere-derived cells in all
stages of study. Results from flow cytometry revealed that
CD44 was not remarkable in MCF7, SKBR3 and their

Table1 List of flavonoids detected by HPLC of hydro-alcoholic
extraction of Viola odorata

Flavonoids R, (min) mg/kg
Viola odo-
rata

Myricetin 1.79 nd

Luteolin 1.97 180.65

Quercetin 2.06 1359

Apigenin 2.49 32.03

Kaempferol 2.64 74.76

Isorhamnetin 2.74 nd

Rhamnetin 3.75 nd

R, retention time, nd not detected
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derived mammospheres. Furthermore, CD24 expression
in the MCF7 was 63.29%, while in MCF7-derived mam-
mospheres during passages 1, 2 and 3, it was changed to
55.15%, 49.67% and 39.59%, respectively. A similar trend
was detected for the expression of CD24 in SKBR3, which
was 97.27% and then shifted to 82.42%, 66.74% and 61.66%
in SKBR3-derived mammospheres during passages 1, 2 and
3, respectively. Despite the steady-state level of the CD44
marker in MCF7 and SKBR3 mammospheres, the level of
CD24 (differentiation marker) was decreased during three
passages in MCF7 and SKBR3 mammosphere-derived cells
(Supplementary Fig. 1A). Expression of CD24 was signifi-
cantly decreased during the passage three in MCF7- and
SKBR3-derived mammospheres (p <0.001) (Supplementary
Fig. 1B).

Extract of Viola odorata induced cell death in MCF7,
SKBR3 (2D) and their derived mammospheres (3D)

MTS assay was used to detect cytotoxic potential (IC50)
of Viola odorata extract on MCF7, SKBR3, their derived
mammospheres and also MCF10A. Cell were treated with
increasing concentration of the herbal extract (0—1000 pg/
mL) for 24, 48 and 72 h. Doxorubicin at optimal concentra-
tion of IC50 was used as a positive control (Supplemen-
tary Fig. 2). Although cell death was not induced after 24 h
treatment with increasing doses of V. odorata extract, data
showed that cell viability was decreased in a dose- and
time-dependent manner after 48 and 72 h period (Fig. 1).
Although, MCF7- and SKBR3-derived mammospheres
showed a significant drug resistant to increasing concentra-
tion of doxorubicin in comparison with corresponding cell
lines (Supplementary Fig.2), they did not show resistance to
Viola odorata extract. IC50 for MCF7 and MCF7-derived
mammospheres and SKBR3- and SKBR3-derived mam-
mospheres were 600 and 400 pg/mL, respectively (p <0.05),
whereas MCF10A showed a resistance at these concentra-
tions of Viola odorata extract. However, Viola odorata
extract induced cell death in MCF10A at higher concentra-
tion, 1000 pg/mL (p < 0.05). Therefore, we suggested that
Viola odorata extract was able to induce cell death in a cell-
dependent manner (Fig. 1).

Viola odorata extract induced apoptosis in MCF7,
SKBR3 (2D) and their derived mammospheres (3D)

Annexin V kit was used for detection of rate of apoptosis
(early and late apoptosis) in MCF7, SKBR3, their derived
mammospheres and MCF10A. Results of our study showed
that optimized doses of Viola odorata extract (600 pg/mL
for MCF7- and MCF7-derived mammospheres and 400 pg/
mL for SKBR3- and SKBR3-derived mammospheres),
which were already notified, induced 8.24%, 31.17% early
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Fig. 1 Detection of cytotoxic activity of Viola odorata extract on
MCF7, SKBR3 (2D) and their derived mammospheres (3D). Vari-
ous concentrations of Viola odorata extract were used for treating the
cells in a period of a 24 h b 48 h ¢ 72 h. Results showed that unlike to
doxorobicin (Dox), Viola odorata extract induced cell death at 48 and
72 h after treatment in both breast cancer cell lines and their derived
mammospheres in dose- and time-dependent manner. Efficient con-
centration of Viola odorata extract was 600 pg/mL for MCF7 and
MCF7 derived mammospheres and it was 400 ug/mL for SKBR3-
and SKBR3-derived mammospheres. Of important that Viola odorata
extract did not induce cell death in MCF10A, exception in high doses
(1000 pg/mL). Stars indicates significant difference between samples
and control (0 pg/mL) at *p <0.05, **p <0.01, ***p <0.001

apoptosis and 33.82%, 9.53% late apoptosis in MCF7- and
MCF7-derived mammospheres, respectively (p <0.05), and
32.46%, 9.24% early apoptosis and 12.39%, 35.19% late
apoptosis in SKBR3- and SKBR3-derived mammospheres,
respectively (p <0.05). Early apoptosis rates of MCF10A
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at 400 and 600 pug/mL of Viola odorata extract were 5.25%
and 4.94%, respectively (p>0.05). Late apoptosis rates of
MCF10A at 400 and 600 pg/mL of Viola odorata extract
were 3.9% and 4.99%, respectively (p > 0.05). Data showed
that Viola odorata extract induced apoptosis in a cell-
dependent manner (Fig. 2a—c). Also, some necrosis were
observed in both treated and untreated groups (Fig. 2a).

Viola odorata extract induced apoptosis
through caspase3/7 and 8 activity in MCF7, SKBR3
(2D) and their derived mammospheres (3D)

The results obtained from the caspase activity assay showed
that Viola odorata extract induced apoptosis through cas-
pase3/7 activity in MCF7-, MCF7-derived mammospheres,
SKBR3- and SKBR3-derived mammospheres, which was a
5.3, 3.7, 3.3 and 2.7-fold increase, as compared to control
groups, respectively (p <0.05) (Fig. 2d). Also, Viola odo-
rata extract induced activity of caspase 8 in MCF7, MCF7-
derived mammospheres, SKBR3- and SKBR3-derived mam-
mospheres, which was a 3.1, 2, 2.9 and 1.9-fold increase, as
compared to control groups, respectively (p <0.05) (Fig. 2e).

Viola odorata extract inhibited migration of MCF7,
SKBR3 (2D) and their derived mammospheres (3D)

A wound healing assay followed by calculation of gap fill-
ing at 0, 6, 12 and 24 h post scratch was performed and
the results are presented as migration rate (Fig. 3). Data
indicated migration rate was effectively inhibited in herbal
extract treated groups 24 h after scratch. Notably, the
inhibition was started after 6 h in SKBR3- and SKBR3-
derived mammospheres (p <0.05) (Fig. 3). Six hours post
scratch, migration rate of herbal extract treated MCF7- and
MCF7-derived mammosphere were detected to be 11% and
14%, respectively, approximately 9% decrease in migra-
tion compare to their control groups (untreated counter
parts) (p <0.05). Gradually, 12 h post scratch, migration
rate of treated MCF7- and MCF7-derived mammosphere
were 17% and 21%, respectively, showing 8% and 12.5%
decrease in comparison with their control groups, respec-
tively (p <0.05). Finally, 24 h after scratch, migration rate of
herbal extract-treated MCF7- and MCF7-derived mammos-
phere was 28% and 30%, respectively, which showed 22%
and 59% decrease in compare to their untreated counterparts,
respectively (p <0.05) (Fig. 3e). Although migration rate of
both treated SKBR3- and SKBR3-derived mammosphere
was around 0% at 6, 12 h, these reductions were around 6.5%
and 7.2% at 6 h and 8.7% and 9% at 12 h, respectively, in
comparison with their control groups (p <0.05). Twenty four
later, migration rate of treated SKBR3 and SKBR3-derived
mammosphere were around 6% and 10%, respectively, show-
ing 12.5% and 27% reduction in compare to their control

groups, respectively (p <0.05) (Fig. 3f). Taken together, data
showed that Viola odorata extract significantly inhibited
migration of MCF7 and SKBR3 and their derived mam-
mospheres. Furthermore, this inhibition in migration rate of
MCF7- and SKBR3-derived mammospheres was more than
MCF7 and SKBR3 (p <0.05).

Viola odorata extract inhibited colony formation
of MCF7, SKBR3 (2D) and their derived
mammospheres (3D)

Soft agar assay was used for detection of colony formation
ability of MCF7, SKBR3 and their derived mammospheres
in treated and control groups (Fig. 4a). Average counting
of colonies in ten field showed that colony formation abil-
ity of MCF7- and MCF7-derived mammospheres in con-
trol condition were 3.8% and 5.7%, while colony formation
ability in treated samples significantly decreased to 1.2%
and 2.7%, respectively (p <0.05). Also, colony formation
ability of SKBR3- and SKBR3-derived mammospheres in
control samples were 2.6% and 6.5%, while colony forma-
tion ability in treated counterparts significantly decreased
to 0.8% and 3.5%, respectively (p < 0.05). Decrease of 2.6%
and 3% colonies in treated MCF7- and MCF7-derived mam-
mospheres and 1.8% and 3% colonies in treated SKBR3-
and SKBR3-derived mammospheres in comparison with
their control groups, showed that Viola odorata extract sig-
nificantly decreased colony formation ability of MCF7 and
SKBR3 and their derived mammospheres. Importantly, the
reductions were significantly higher in MCF7- and SKBR3-
derived mammospheres in comparison with dedicated cell
lines (p <0.05) (Fig. 4b).

Viola odorata extract inhibited invasion of MCF7,
SKBR3 (2D) and their derived mammospheres (3D)

Cell invasion assay through six-well trans-well cell culture
inserts was performed for detection of invasion ability of
MCF7, SKBR3 and their derived mammospheres in control
and treated samples (Fig. 5a). Average invading cells in ten
field showed that the invading cells of MCF7- and MCF7-
derived mammospheres in control condition were 0.38% and
1.02%, while the cells in treatment condition significantly
decreased to 0.23% and 0.42%, respectively (p <0.05). Also,
the invading cells of SKBR3- and SKBR3-derived mammos-
pheres in control condition were 0.6% and 1.37%, while the
invading cells in treated condition significantly decreased
to 0.23% and 0.44%, respectively (p <0.05). Decrease of
0.15% and 0.6% invading cells in treated MCF7- and MCF7-
derived mammospheres and decrease of 0.37% and 0.93%
invading cells in treated SKBR3- and SKBR3-derived
mammospheres, respectively, compared with their control
counterparts showed that Viola odorata extract significantly
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Fig.2 Viola odorata extract induced apoptosis through Caspase 3/7
and 8 activity in MCF7, SKBR3 (2D) and their derived mammos-
pheres (3D). a Annexin V cytometry analysis for detection of rate
of apoptosis in MCF7, SKBR3, their derived mammospheres and
MCF10A at optimized concentration, b, ¢ data showed that Viola
odorata extract induced early and late apoptosis in MCF7, SKBR3
(2D) and their derived mammospheres (3D). Viola odorata extract
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didn’t induce apoptosis in MCF10A at both 400 and 600 pg/mL con-
centration. d, e Data from caspase 3/7 and 8 assay showed that Viola
odorata extract induced apoptosis through increased caspase 3/7 and
caspase 8 activity in MCF7, SKBR3 (2D) and their derived mam-
mospheres (3D). Star indicates significant difference between sam-
ples and control (CO: 0 ug/mL of Viola odorata extract) at *p <0.05,
*#p <0.01, ***¥p <0.001
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Fig.2 (continued)

decreased invasion ability of MCF7 and SKBR3 and their
derived mammospheres and the reductions were signifi-
cantly higher in MCF7- and SKBR3-derived mammospheres
(p<0.05) (Fig. 5b).

Viola odorata extract inhibited tumorigenicity
of MCF7, SKBR3 (2D) and their derived
mammospheres (3D) in CAM of chicken embryo

To evaluate tumorigenicity potential of MCF7, SKBR3
(2D) and their derived mammospheres (3D) in control and
treated cells in vivo, cancer cells were inoculated in CAM of
chicken embryo, on the ectoderm layer. After 5 days, visible
tumor masses were produced in all testing groups. Average
size and volume of tumors were measured (Fig. 6a). Average
size of tumors from MCF7 and MCF7 derived mammos-
pheres were calculated as were 1.5 and 3.3 mm, respectively,
whereas average size of tumors from treated MCF7 and
MCF7 derived mammospheres were 1 and 2.5 mm, respec-
tively. Also, average size of SKBR3- and SKBR3-derived
mammospheres (3D) were measured 3.16 and 3.37 mm,
whereas average size of tumors from treated SKBR3- and
SKBR3-derived mammospheres were 2 and 2.2 mm. Data
showed that Viola odorata extract significantly decreased
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tumor size of MCF7, SKBR3 and their derived mammos-
pheres (p <0.05) (Fig. 6b). Average volume/depth of tumors
produced by MCF7 and MCF7 derived mammosphere was
detected as 4.5 and 20.5 mm?, respectively, whereas average
volume of tumors produced by treated MCF7- and MCF7-
derived mammosphere were 1 and 2.5 mm?, respectively
(Fig. 6¢). Average volume of tumors produced by SKBR3-
and SKBR3-derived mammospheres (3D) were detected as
12 and 23.6 mm?, respectively, whereas average volume/
depth of tumors produced by treated SKBR3- and SKBR3-
derived mammospheres were 0.7 and 0.4 mm?®, respec-
tively. Data showed that Viola odorata extract significantly
decreased size and volume/depth of MCF7, SKBR3 and
their derived mammospheres (p <0.05) (Fig. 6¢). These
reductions were not significant between treated MCF7- and
MCF7-derived mammospheres as well as treated SKBR3-
and SKBR3-derived mammospheres (p > 0.05).

Discussion
As breast cancer incidence is increasing in all over the

world, efforts to discover effective drugs and treatment are
also increasing. BCSCs, a minor cell population, are the
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Fig.3 Detection of migration ability of MCF7, SKBR3 (2D) and
their derived mammospheres (3D) treated by Viola odorata extract.
A series images of scratch assay from MCF7, SKBR3 and derived
mammospheres was taken at 0, 6, 12 and 24 h post scratch in both
control and treated samples. Cell lines were a MCF7 (2D) b MCF7
(3D) ¢ SKBR3 (2D) d SKBR3 (3D). Bar is 200 um. e, f Quantifi-
cation of migration rate of MCF7, SKBR3 and their derived mam-
mospheres monolayers in both control and treated samples. As shown

most highly malignant cells making tumors more aggres-
sive. In previous study, we introduced MCF7 and SKBR3
mammospheres as an enrichment system for BCSCs through
some in vitro and in vivo confirmation assays [37]. Also,
significant decrease in CD24 expression level as a differ-
entiation marker in cell line-derived mammospheres was
confirmed during all stages of the study.

Common cancer treatment strategies such as chemother-
apy, radiotherapy and hormone therapy usually have many
side effects including drug resistance [4—6]. Also, chemical
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migration rate of treated groups in all types of cells was significantly
lower than their control counterparts at 6, 12 and 24 h (p<0.05).
Results showed that Viola odorata extract significantly inhibited
migration of MCF7 and SKBR3 and their derived mammospheres.
Represented value bars are the mean of triplicate independent experi-
ments + SEM. Star indicates significant difference between samples
and controls (V.O untreated) at *p <0.05, **p <0.01, ***p <0.001

drugs may show toxicity in normal epithelial cells [13-15].
Recently, natural components have been pinpointed among
scientists for their possible therapeutics application. Many
studies have reported a variety of plant extracts such as Sal-
via, Lakoochin A, Clinacanthus nutans, Gefitinib, Kruko-
vine, Euterpe oleracea, Strobilanthes crispa Blume hexane
extract, and viola tricolor as herbal medicine which inhibit
development of cancer cells such as breast cancer, hepatocel-
lular carcinoma, melanoma, lymphoma, colorectal cancer,
lung cancer and breast cancer [41, 52-58]. Among them,
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Fig.4 Detection of colony
formation ability of MCF7,
SKBR3 (2D) and their derived
mammospheres (3D) treated by
Viola odorata extract. a Colo-
nies of MCF7, SKBR3 (2D) and
their derived mammospheres
(3D) in control and treatment
conditions in soft agar. Bar is
50 pm. b Colony formation abil-
ity of MCF7, SKBR3 (2D) and
their derived mammospheres
(3D) in control and treatment
conditions in soft agar. Viola
odorata extract decreased the
colonies formation ability of
MCF7, SKBR3 (2D) and their
derived mammospheres (3D).
Star indicates significant dif-
ference between samples and
related controls (V.O untreated)
at *p <0.05, **p<0.01,

*#%p <0.001
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Viola odorata has been identified as a source of bioactive
components and herbal medicine with anti-cancer effects
[21, 22]. The active components of Viola odorata with
anti-cancerous effects are cyclotides including cyclovio-
lacin, saponin, salicylic acid derivatives, glycosides such
as vioacercitin, alkaloids such as violins, anthocyanidins
and flavonoids. Data from HPLC detected several flavo-
noids such as luteolin, quercetin, Apigenin and Kaempferol
in Viola odorata extract. Several studies have confirmed
anti-cancer effects of flavonoids [59-61]. We showed that
whole alcoholic extract of Viola odorata induce cell death
in both cell lines and cell line-derived mammospheres with-
out toxicity effects on normal breast cells representing that
Viola odorata extract may induce cell death through cell-
dependent manner based on membrane composition [26].
It induces cell death in MCF10A at high concentration as
1000 pg/mL. Along with our study, several studies showed
that components of microalgae extract inhibit prolifera-
tion of cancer cells such as breast cancer, lung carcinoma,

MCF7

D

3D 2D 3

oCO mV.0 SKBR3

melanoma and prostate cancer without any effects on nor-
mal cells [62, 63]. Data from annexin V showed that Viola
odorata extract induced cell death at optimal concentration
through early and late apoptosis in MCF7, SKBR3 and their
derived mammospheres. Also, Viola odorata extract induced
apoptosis through increased activity of caspase 3/7 and 8.
Necrosis observed in both groups (treated and untreated)
may be as a programmed necrosis in cancer cells encoun-
tering with nutrient deprivation and insufficient supply to
tumor-promoting activity [64]. Also, necrosis has been con-
firmed as a result of late apoptosis [65]. Yi et al. showed that
Kaempferol, a natural flavonoid induced apoptosis through
decreased expression of Bcl2 and poly ADP ribose polymer-
ase (PARP) and increased expression of Bax and cleaved
PARP in breast cancer cells [59]. Also, Quercetin, a flavo-
noid detected in Viola odorata extract induced cell cycle
and apoptosis in breast cancer cells through modification of
Foxo3a signaling [60].
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MCF7

Fig.5 Detection of invasion
ability of MCF7, SKBR3 (2D)

SKBR3

and their derived mammos-
pheres (3D) treated by Viola
odorata extract. a Invasive cells
of MCF7, SKBR3 (2D) and
their derived mammospheres
(3D) in control and treated
samples. Bar is 50 um. b
Invasive rate of MCF7, SKBR3
(2D) and their derived mam-
mospheres (3D) in control and
treated samples of trans-well
membrane. Viola odorata
extract decreased the invasion
rate of MCF7, SKBR3 (2D) and
their derived mammospheres
(3D). Star indicates significant
difference between samples

and their control counterparts
(V.0 untreated) at *p <0.05,
*#p <0.01, ***p <0.001
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Tubeimoside-1 (TBMS1), a triterpenoid saponin
extracted from tubeimoside induced 13-14% apoptosis
through reduction in PARP, P-ERK1/2, Bcl2, caspase 3, 7
and 8 expression as well as increased PARP and cleaved
caspases in oral squamous cell carcinoma (OSCC) [66].
Kang et al. showed that a major component of Delphini-
din, anthocyanidin induced 33 and 57.8% apoptosis through
mitochondria dependent pathway in osteosarcoma (OS) [67].

Cell migration and invasion are the specific processes in
the metastasis of cancer stem cells. We showed that Viola
odorata extract decreased migration and invasion of MCF7,
SKBR3 and their derived mammospheres. Difference rate
between control and treated groups was higher in MCF7-
and SKBR3-derived mammospheres in comparison with
MCF7 and SKBR3 (p <0.05). Anthocyanidin may decrease
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migration and invasion of cancer cells through decrease in
MAPK signaling factors such as p-ERK, p38 [67]. Also,
anthocyanidin inhibits HER 4+ breast cancer metastasis
by suppressing FAK signaling, phosphorylation of FAK,
c-src and p130 as well as decrease in mesenchymal factors,
fibronectin, vimentin [68]. Also, Kaempferol suppresses
migration and invasion breast cancer cells through down-
regulation of RhoA and Rac1 [69]. Furthermore, saponin
inhibits migration and invasion of cancer cells through
decreased expression of c-myc and MMP7 [66]. Current
study showed that Viola odorata extract decreases anchorage
independent proliferation of breast cancer cells and BCSCs
through colony formation in soft agar. Also, difference rate
between control and treated groups was higher in MCF7-
and SKBR3-derived mammospheres in comparison with
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Fig.6 Detection of tumo-
rigenicity ability of MCF7,

MCF7

SKBR3

SKBR3 (2D) and their derived A
mammospheres (3D) treated
by Viola odorata extract in
chicken embryo through CAM
assay. a Tumors generated by
MCF7, SKBR3 (2D) and their
derived mammospheres (3D) in
control and treatment condi-
tions. Bar is 1 mm. b Size of
tumors generated in control
and treatment conditions. Viola
odorata extract decrease the
size of tumors generated by
MCF7, SKBR3 (2D) and their
derived mammospheres (3D).
¢ Volume/depth of tumors
generated in control and treat-
ment conditions. Viola odorata
extract decrease the volume/
depth of tumors generated by
MCF7, SKBR3 (2D) and their
derived mammospheres (3D).
Star indicates significant dif-
ference between V.O treated
samples and untreated controls
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MCF7 and SKBR3. Quercetin, anthocyanidin and saponin
in herbal medicine were shown to decrease colony forma-
tion [67, 70-72]. Anti-cancerous activity of Luteolin and
Apigenin which were detected in Viola odorata had been
confirmed by several studies [44, 61]. Also, Apigenin has
been shown to suppress stemness phenotypes of breast
cancer cells by inhibiting YAP/TAZ activity [55]. Here,
we showed the suppressive effects of Viola odorata extract
on tumorigenicity capability of MCF7, SKBR3 and their
derived mammospheres through decreased size and volume/
depth of generated tumors in CAM of chicken embryo.
Results showed that although Viola odorata extract
induces cell death in a similar doses for both breast cancer
cell line and its derived mammospheres, it inhibits migra-
tion, colony formation and invasion of breast cancer cells
derived mammospheres more than corresponded breast can-
cer cell lines. Along with our study, several studies targeted
BCSCs and signaling pathways by photochemicals, anti-
diabetic drug metformin and some natural compounds, such
as quercetin, genistein, capsaicin and green tea polyphenol,
epigallocatechin gallate (EGCG), polyphenols, Chestnut leaf

MCF7 SKBR3

extract, Strobilanthes crispa Blume hexane extract, Caesal-
pinia spinosa extract [73-79].

Conclusion

Finally, we suggested Viola odorata extract as an anti-meta-
static drug through significant decrease of migration, colony
formation and invasion of BCSCs compare with the breast
cancer cell lines. Also, we showed that it may act in a cell-
dependent manner. At optimal concentration, Viola odorata
extract may target breast cancer and BCSCs not normal epi-
thelial cells. Although, further studies are needed to prove
the exact route of the drug’s effect, our study results strength
the traditional medicine beliefs that Viola odorata can be a
relative inhibitor of metastatic breast cancer.

Acknowledgements We thank our great colleague Mr. Abbas Kiani
Esfahani for his technical assistance on flow cytometry. Also, we thank
Goldaru Company, for the gift-giving alcoholic Viola odorata extract.

@ Springer



1632

Clinical and Translational Oncology (2020) 22:1619-1634

Author contributions SY: designing research studies, conducting
experiments, acquiring data, analyzing data, providing reagents, and
writing the manuscript. DN: designing research studies, conducting
experiments, data interpretation. FSF: designing research studies, data
interpretation, manuscript writing, and final approval of the manu-
script. MT: data interpretation, conducting experiments. FM: data
interpretation, conducting experiments. TG: data interpretation, con-
ducting experiments. MHNE: designing research studies, data interpre-
tation, manuscript writing, and final approval of the manuscript. KG:
designing research studies, data interpretation, manuscript writing, and
final approval of the manuscript.

Funding This project was supported by the Goldaru company to
approve the anti-cancerous effects of Viola odorata extract. This
project was funded by a grant-in-aid of research from Iran National
Science Foundation (Award no. 93021399) to K. G., as the Principal
Investigator.

Compliance with ethical standards

Conflict of interest No conflict of interest.

Research involving human participants and/or animals The permission
to use chicken embryo based on the standard protocols was obtained
by Ethics Committee of Royan Institute (The permission to use chick
embryo based on the standard protocols was obtained by Ethics Com-
mittee of Royan Institute (Project no. IR ACECR ROYAN REC IR
ACECR ROYAN REC).

Informed consent Not applicable.

References

1. Alanazi IO, Khan Z. Understanding EGFR signaling in breast can-
cer and breast cancer stem cells: overexpression and therapeutic
implications. Asian Pac J Cancer Prev APJCP. 2016;17:445-53.

2. Nounou MI, ElAmrawy F, Ahmed N, Abdelraouf K, Goda S,
Syed-Sha-Qhattal H. Breast cancer: conventional diagnosis and
treatment modalities and recent patents and technologies. Breast
Cancer. 2015;9:BCBCR-S29420.

3. Kamiriska M, Ciszewski T, Lopacka-Szatan K, Miotta P,
Starostawska E. Breast cancer risk factors. Przeglad menopau-
zalny= Menopause Rev. 2015;14:196.

4. Wang Y, Li W, Patel SS, Cong J, Zhang N, Sabbatino F, Liu X, Qi
Y, Huang P, Lee H. Blocking the formation of radiation—induced
breast cancer stem cells. Oncotarget. 2014;5:3743.

5. Kern KM, Schroeder JR. Comparison of cantharidin toxicity in
breast cancer cells to two common chemotherapeutics. Int J Breast
Cancer. 2014;2014:423059.

6. Prentice RL. Postmenopausal hormone therapy and the risks of
coronary heart disease, breast cancer, and stroke. In Seminars in
reproductive medicine. 2014; 32. p. 419. (NIH Public Access)

7. Pavelic J. Editorial (thematic Issue: combined cancer therapy).
Curr Pharm Des. 2014;20:6511-2.

8. Lin CY, Barry-Holson KQ, Allison KH. Breast cancer stem
cells: are we ready to go from bench to bedside? Histopathology.
2016;68:119-37.

9. Michor F, Polyak K. The origins and implications of intratumor
heterogeneity. Cancer Prev Res. 2010;3:1361-4.

10. Louie E, Nik S, Chen J-S, Schmidt M, Song B, Pacson C, Chen
XF, Park S, Ju J, Chen EI. Identification of a stem-like cell
population by exposing metastatic breast cancer cell lines to

@ Springer

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

repetitive cycles of hypoxia and reoxygenation. Breast Cancer
Res. 2010;12:R94.

Idowu MO, Kmieciak M, Dumur C, Burton RS, Grimes MM,
Powers CN, Manjili MH. CD44+/CD24—/low cancer stem/pro-
genitor cells are more abundant in triple-negative invasive breast
carcinoma phenotype and are associated with poor outcome. Hum
Pathol. 2012;43:364-73.

Patel SA, Ndabahaliye A, Lim PK, Milton R, Rameshwar P. Chal-
lenges in the development of future treatments for breast cancer
stem cells. Breast Cancer. 2010;2:1.

Apontes P, Leontieva OV, Demidenko ZN, Li F, Blagosklonny
MV. Exploring long-term protection of normal human fibroblasts
and epithelial cells from chemotherapy in cell culture. Oncotarget.
2011;2:222.

Chen AC, Guo X, Derguini F, Gudas LJ. Human breast cancer
cells and normal mammary epithelial cells: retinol metabolism
and growth inhibition by the retinol metabolite 4-oxoretinol. Can-
cer Res. 1997;57:4642-51.

. Wang S, Konorev EA, Kotamraju S, Joseph J, Kalivendi S,

Kalyanaraman B. Doxorubicin induces apoptosis in normal
and tumor cells via distinctly different mechanisms interme-
diacy of H202-and p53-dependent pathways. J Biol Chem.
2004;279:25535-43.

Fleming T. PDR for herbal medicines. NJ: Medical Economics
Montvale; 2000.

Koochek M, Pipelzadeh M, Mardani H. The effectiveness of Viola
odorata in the prevention and treatment of formalin-induced lung
damage in the rat. ] Herbs Spices Med Plants. 2003;10:95-103.
Anca T, Philippe V, Ilioara O, Mircea T. Composition of essential
oils of Viola tricolor and V. arvensis from Romania. Chem Nat
Compd. 2009;45:91-2.

Siddiqi HS, Mehmood MH, Rehman NU, Gilani AH. Studies on
the antihypertensive and antidyslipidemic activities of Viola odo-
rata leaves extract. Lipids Health Dis. 2012;11:6.
Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Bahramian F,
Bekhradnia AR. Antioxidant and free radical scavenging activity
of H. officinalisL. var. angustifolius, V. odorata, B. hyrcana and
C. speciosum. Pak J Pharm Sci. 2010;23:29-34.

Gerlach SL, Rathinakumar R, Chakravarty G, Goransson U, Wim-
ley WC, Darwin SP, Mondal D. Anticancer and chemosensitizing
abilities of cycloviolacin O2 from Viola odorata and psyle cyclo-
tides from Psychotria leptothyrsa. Pept Sci. 2010;94:617-25.
Lindholm P, Goéransson U, Johansson S, Claeson P, Gullbo J, Lars-
son R, Bohlin L, Backlund A. Cyclotides: a novel type of cyto-
toxic agents 1 PL and UG contributed equally to this manuscript.
Mol Cancer Ther. 2002;1:365-9.

Saether O, Craik DJ, Campbell ID, Sletten K, Juul J, Norman
DG. Elucidation of the primary and three-dimensional struc-
ture of the uterotonic polypeptide kalata B1. Biochemistry.
1995;34:4147-58.

Svangéard E, Burman R, Gunasekera S, Lovborg H, Gullbo J,
Goransson U. Mechanism of action of cytotoxic cyclotides: cyclo-
violacin O2 disrupts lipid membranes. J Nat Prod. 2007;70:643-7.
Duke JA. Handbook of medicinal herbs. Boca Raton: CRC Press;
2002.

Craik DJ. Host-defense activities of cyclotides. Toxins.
2012;4:139-56.

Hu E, Wang D, Chen J, Tao X. Novel cyclotides from Hedyotis
diffusa induce apoptosis and inhibit proliferation and migration
of prostate cancer cells. Int J Clin Exper Med. 2015;8:4059.
Yang R, Qi J, Zhang J, Wang F, Fan L. Effects of Paris polyphylla
saponin VII plus silica nano composite on ovarian cancer drug
resistance in vitro. Zhonghua yi xue za zhi. 2015;95:1859-61.
Zhang Y, Bao J, Wang K, Jia X, Zhang C, Huang B, Chen M,
Wan J-B, Su H, Wang Y. Pulsatilla saponin D inhibits autophagic
flux and synergistically enhances the anticancer activity of



Clinical and Translational Oncology (2020) 22:1619-1634

1633

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

chemotherapeutic agents against hela cells. Am J Chin Med.
2015;43:1657-70.

Zhao PJ, Song SC, Du LW, Zhou GH, Ma SL, Li JH, Feng JG,
Zhu XH, Jiang H. Paris Saponins enhance radiosensitivity in
a gefitinib-resistant lung adenocarcinoma cell line by induc-
ing apoptosis and G2/M cell cycle phase arrest. Mol Med Rep.
2016;13:2878-84.

Chen X-Y, Zhou J, Luo L-P, Han B, Li F, Chen J-Y, Zhu Y-F, Chen
W, Yu X-P. Black rice anthocyanins suppress metastasis of breast
cancer cells by targeting RAS/RAF/MAPK pathway. BioMed Res
Int. 2015;2015:414250.

Li D, Wang P, Luo Y, Zhao M, Chen F. Health benefits of antho-
cyanins and molecular mechanisms: update from recent decade.
Crit Rev Food Sci Nutr. 2017;57:1729-41.

MaR-J, Liu Z-H, Zi C-T, Gao W, Dong F-W, Yang L, Li J-Y, Zhou
J, Hu J-M. Oleanane-type triterpene saponins from Hydrocotyle
nepalensis. Fitoterapia. 2016;110:66-71.

Plan MRR, Saska I, Cagauan AG, Craik DJ. Backbone cyclised
peptides from plants show molluscicidal activity against the rice
pest Pomacea canaliculata (golden apple snail). J Agric Food
Chem. 2008;56:5237-41.

Chandra D, Kohli G, Prasad K, Bisht G, Punetha VD, Khetwal K,
Devrani MK, Pandey H. Phytochemical and ethnomedicinal uses
of family Violaceae. Curr Res Chem. 2015;7:44-52.
Ediriweera MK, Tennekoon KH, Samarakoon SR, Thabrew
I, Dilip De Silva E. A study of the potential anticancer activ-
ity of Mangifera zeylanica bark: evaluation of cytotoxic and
apoptotic effects of the hexane extract and bioassay-guided frac-
tionation to identify phytochemical constituents. Oncol Lett.
2016;11:1335-444.

Yousefnia S, Ghaedi K, Seyed Forootan F, Nasr Esfahani
MH. Characterization of the stemness potency of mammos-
pheres isolated from the breast cancer cell lines. Tumor Biol.
2019;41:1010428319869101.

Lombardo Y, de Giorgio A, Coombes CR, Stebbing J, Castellano
L. Mammosphere formation assay from human breast cancer tis-
sues and cell lines. J Vis Exp JoVE. 2015;97:¢52671.

Cioce M, Gherardi S, Viglietto G, Strano S, Blandino G, Muti
P, Ciliberto G. Mammosphere-forming cells from breast cancer
cell lines as a tool for the identification of CSC-like-and early
progenitor-targeting drugs. Cell Cycle. 2010;9:2950-9.

Wang R, Lv Q, Meng W, Tan Q, Zhang S, Mo X, Yang X. Com-
parison of mammosphere formation from breast cancer cell lines
and primary breast tumors. J Thorac Dis. 2014;6:829.
Sadeghnia HR, Ghorbani Hesari T, Mortazavian SM, Mousavi
SH, Tayarani-Najaran Z, Ghorbani A. Viola tricolor induces
apoptosis in cancer cells and exhibits antiangiogenic activity on
chicken chorioallantoic membrane. BioMed Res Int. 2014
Vishal A, Parveen K, Pooja S, Kannappan N, Kumar S. Diuretic,
laxative and toxicity Studies of Viola odorata aerial parts. Phar-
macol Online. 2009;1:739-48.

Meyer VR. Practical high-performance liquid chromatography.
New Jersey: Wiley; 2013.

Zhang LC, Jin X, Huang Z, Yan ZN, Li PB, Duan RF, Feng H,
Jiang JH, Peng H, Liu W. Protective effects of choline against
hypoxia-induced injuries of vessels and endothelial cells. Exp
Ther Med. 2017;13:2316-24.

Yang T, Zhai H, Yan R, Zhou Z, Gao L, Wang L. IncRNA CCAT1
promotes cell proliferation, migration, and invasion by down-reg-
ulation of miR-143 in FTC-133 thyroid carcinoma cell line. Braz
J Med Biol Res. 2018;51:€7046.

Horibata S, Vo TV, Subramanian V, Thompson PR, Coonrod
SA. Utilization of the soft agar colony formation assay to iden-
tify inhibitors of tumorigenicity in breast cancer cells. JoVE.
2015;99:e527217.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Tufan AC, Satiroglu-Tufan NL. The chick embryo chorioallantoic
membrane as a model system for the study of tumor angiogenesis,
invasion and development of anti-angiogenic agents. Curr Cancer
Drug Targets. 2005;5:249-66.

Wang C, Yan Q, Hu M, Qin D, Feng Z. Effect of AURKA gene
expression knockdown on angiogenesis and tumorigenesis of
human ovarian cancer cell lines. Target oncol. 2016;11:771-81.
Sys GM, Lapeire L, Stevens N, Favoreel H, Forsyth R, Bracke
M, De Wever O. The in ovo CAM-assay as a xenograft model for
sarcoma. J Vis Exp JoVE. 2013;77:e50522.

Lokman NA, Elder AS, Ricciardelli C, Oehler MK. Chick chorio-
allantoic membrane (CAM) assay as an in vivo model to study the
effect of newly identified molecules on ovarian cancer invasion
and metastasis. Int J Mol Sci. 2012;13:9959-70.

Chambers AF, Shafir R, Ling V. A model system for study-
ing metastasis using the embryonic chick. Cancer Res.
1982;42:4018-25.

Chang JHM, Lin CH, Shibu MA, Chou YC, Liu JY, Chou YH,
Shen CY, Yeh YL, Viswanadha VP, Huang CY. Cryptotanshinone
(Dsh-003) from Salvia miltiorrhiza Bunge inhibits prostaglandin
E2-induced survival and invasion effects in HA22T hepatocellular
carcinoma cells. Environ Toxicol. 2018;33:1254-60.

Peng K-T, Chiang Y-C, Ko H-H, Chi P-L, Tsai C-L, Ko M-I, Lee
M-H, Hsu L-F, Lee C-W. Mechanism of Lakoochin a inducing
apoptosis of A375. S2 melanoma cells through mitochondrial
ROS and MAPKs pathway. Int J Mol Sci. 2018;19:2649.

Lu MC, Li TY, Hsieh YC, Hsieh PC, Chu YL. Chemical evalu-
ation and cytotoxic mechanism investigation of Clinacanthus
nutans extract in lymphoma SUP-T1 cells. Environ Toxicol.
2018;33:1229-366.

Chang T-C, Chin Y-T, Nana AW, Wang S-H, Liao Y-M, Chen
Y-R, Shih Y-J, Changou CA, Yang Y-CS, Wang K. Enhancement
by nano-diamino-tetrac of antiproliferative action of Gefitinib on
colorectal cancer cells: mediation by EGFR sialylation and PI3K
activation. Horm Cancer. 2018;9:420-32.

Yao XJ, Lai H, Leung E, Liu L, Wang Y, Li Y, Jiang Z, Duan F,
Luo LX. Krukovine suppresses KRAS-mutated lung cancer cell
growth and proliferation by inhibiting the RAF-ERK pathway and
inactivating AKT. Front Pharmacol. 2018;9:958.
Alessandra-Perini J, Perini JA, Rodrigues-Baptista KC, de Moura
RS, Junior AP, dos Santos TA, Souza PIC, Nasciutti LE, Machado
DE. Euterpe oleracea extract inhibits tumorigenesis effect of the
chemical carcinogen DMBA in breast experimental cancer. BMC
Complement Altern Med. 2018;18:116.

Koh RY, Lim FP, Ling LSY, Ng CPL, Liew SF, Yew MY, Tiong
YL, Ling APK, Chye SM, Ng KY. Anticancer mechanisms of
Strobilanthes crispa Blume hexane extract on liver and breast
cancer cell lines. Oncol Lett. 2017;14:4957-64.

Yi X, ZuoJ, Tan C, Xian S, Luo C, Chen S, Yu L, Luo Y. Kaemp-
ferol, a flavonoid compound from Gynura medica induced apopto-
sis and growth inhibition in MCF-7 breast cancer cell. Afr J Tradit
Complement Altern Med. 2016;13:210-5.

Nguyen LT, Lee Y-H, Sharma AR, Park J-B, Jagga S, Sharma
G, Lee S-S, Nam J-S. Quercetin induces apoptosis and cell cycle
arrest in triple-negative breast cancer cells through modulation of
Foxo3a activity. Korean J Physiol Pharmacol. 2017;21:205-13.
Palko-Labuz A, Sroda-Pomianek K, Uryga A, Kostrzewa-Suslow
E, Michalak K. Anticancer activity of baicalein and luteolin stud-
ied in colorectal adenocarcinoma LoVo cells and in drug-resistant
LoVo/Dx cells. Biomed Pharmacother. 2017;88:232—41.

Talero E, Garcia-Maurifio S, Avila-Roméan J, Rodriguez-Luna
A, Alcaide A, Motilva V. Bioactive compounds isolated from
microalgae in chronic inflammation and cancer. Mar Drugs.
2015;13:6152-209.

@ Springer



1634

Clinical and Translational Oncology (2020) 22:1619-1634

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Jabeen A, Reeder B, Hisaindee S, Ashraf S, Al Darmaki N, Battah
S, Al-Zuhair S. Effect of enzymatic pre-treatment of microalgae
extracts on their anti-tumor activity. Biomed J. 2017;40:339-46.
Lee SY, Ju MK, Jeon HM, Jeong EK, Lee YJ, Kim CH, Park
HG, Han SI, Kang HS. Regulation of tumor progression by pro-
grammed necrosis. Oxid Med Cell Longev. 2018
Nikoletopoulou V, Markaki M, Palikaras K, Tavernarakis N.
Crosstalk between apoptosis, necrosis and autophagy. Biochimica
et Biophysica Acta (BBA). Mol Cell Res. 2013;1833:3448-599.
Wu T, Cui H, Xu Y, Du Q, Zhao E, Cao J, Nie L, Fu G, Ren A.
The effect of tubeimoside-1 on the proliferation, metastasis and
apoptosis of oral squamous cell carcinoma in vitro. OncoTargets
Ther. 2018;11:3989.

Kang HM, Park BS, Kang HK, Park HR, Yu SB, Kim IR. Delphi-
nidin induces apoptosis and inhibits epithelial-to-mesenchymal
transition via the ERK/p38 MAPK-signaling pathway in human
osteosarcoma cell lines. Environ Toxicol. 2018;33:640-9.

Zhou J, Zhu Y-F, Chen X-Y, Han B, Li F, Chen J-Y, Peng X-L, Luo
L-P, Chen W, Yu X-P. Black rice-derived anthocyanins inhibit
HER-2-positive breast cancer epithelial-mesenchymal transition-
mediated metastasis in vitro by suppressing FAK signaling. Int J
Mol Med. 2017;40:1649-56.

Li S, Yan T, Deng R, Jiang X, Xiong H, Wang Y, Yu Q, Wang X,
Chen C, Zhu Y. Low dose of kaempferol suppresses the migra-
tion and invasion of triple-negative breast cancer cells by down-
regulating the activities of RhoA and Racl. OncoTargets Ther.
2017;10:4809.

Qian Y, Han Q-H, Wang L-C, Guo Q, Wang X-D, Tu P-F, Zeng
K-W, Liang H. Total saponins of Albiziae Cortex show anti-
hepatoma carcinoma effects by inducing S phase arrest and
mitochondrial apoptosis pathway activation. J Ethnopharmacol.
2018;221:20-9.

Charepalli V, Reddivari L, Vadde R, Walia S, Radhakrishnan S,
Vanamala JK. Eugenia jambolana (Java plum) fruit extract exhib-
its anti-cancer activity against early stage human HCT-116 colon
cancer cells and colon cancer stem cells. Cancers. 2016;8:29.
Nair HK, Rao KV, Aalinkeel R, Mahajan S, Chawda R, Schwartz
SA. Inhibition of prostate cancer cell colony formation by the

@ Springer

73.

74.

75.

76.

7.

78.

79.

flavonoid quercetin correlates with modulation of specific regula-
tory genes. Clin Diagn Lab Immunol. 2004;11:63-9.

Abdal Dayem A, Choi HY, Yang G-M, Kim K, Saha SK, Cho S-G.
The anti-cancer effect of polyphenols against breast cancer and
cancer stem cells: molecular mechanisms. Nutrients. 2016;8:581.
Chen D, Pamu S, Cui Q, Chan TH, Dou QP. Novel epigallocat-
echin gallate (EGCG) analogs activate AMP-activated protein
kinase pathway and target cancer stem cells. Bioorg Med Chem.
2012;20:3031-7.

Dandawate PR, Subramaniam D, Jensen RA, Anant S. Target-
ing cancer stem cells and signaling pathways by phytochemicals:
novel approach for breast cancer therapy. In Seminars in cancer
biology. 2016; 40. pp. 192-208 (Elsevier).

Manupati K, Dhoke NR, Debnath T, Yeeravalli R, Guguloth K,
Saeidpour S, De UC, Debnath S, Das A. Inhibiting epidermal
growth factor receptor signalling potentiates mesenchymal—epi-
thelial transition of breast cancer stem cells and their responsive-
ness to anticancer drugs. FEBS J. 2017;284:1830-54.

Sandoval TA, Uruefia CP, Llano M, Gémez-Cadena A, Hernan-
dez JF, Sequeda LG, Loaiza AE, Barreto A, Li S, Fiorentino S.
Standardized extract from Caesalpinia spinosa is cytotoxic over
cancer stem cells and enhance anticancer activity of doxorubicin.
Am J Chin Med. 2016;44:1693-717.

Sotillo WS, Villagomez R, Smiljanic S, Huang X, Malakpour A,
Kempengren S, Rodrigo G, Almanza G, Sterner O, Oredsson S.
Anti-cancer stem cell activity of a sesquiterpene lactone isolated
from Ambrosia arborescens and of a synthetic derivative. PLoS
ONE. 2017;12:e0184304.

Woo Y, Oh J, Kim J-S. Suppression of Nrf2 activity by chestnut
leaf extract increases chemosensitivity of breast cancer stem cells
to paclitaxel. Nutrients. 2017;9:760.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Suppressive role of Viola odorata extract on malignant characters of mammosphere-derived breast cancer stem cells
	Abstract
	Background 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Method and material
	Culture of cell lines
	Mammosphere culture from cell lines
	Characterization of cancer stem cells derived from breast cancer cell lines
	Preparation of Viola odorata extract
	HPLC (high-performance liquid chromatography) for hydro-alcoholic extraction of Viola odorata
	Flow cytometry
	MTS assay
	Apoptosis assay
	Caspase 37 and caspase 8 activity assay
	Migration assay (scratch assay)
	Soft agar assay
	Invasion assay
	Chick chorioallantoic membrane (CAM) tumor formation assay
	Statistical analysis

	Results
	HPLC of hydro-alcoholic extraction of Viola odorata
	Detection of CD24 and CD44 in MCF7 and SKBR3 (2D), and their derived mammospheres (3D)
	Extract of Viola odorata induced cell death in MCF7, SKBR3 (2D) and their derived mammospheres (3D)
	Viola odorata extract induced apoptosis in MCF7, SKBR3 (2D) and their derived mammospheres (3D)
	Viola odorata extract induced apoptosis through caspase37 and 8 activity in MCF7, SKBR3 (2D) and their derived mammospheres (3D)
	Viola odorata extract inhibited migration of MCF7, SKBR3 (2D) and their derived mammospheres (3D)
	Viola odorata extract inhibited colony formation of MCF7, SKBR3 (2D) and their derived mammospheres (3D)
	Viola odorata extract inhibited invasion of MCF7, SKBR3 (2D) and their derived mammospheres (3D)
	Viola odorata extract inhibited tumorigenicity of MCF7, SKBR3 (2D) and their derived mammospheres (3D) in CAM of chicken embryo

	Discussion
	Conclusion
	Acknowledgements 
	References




