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Elaeagnus angustifolia (EA) is used as an alternative medicine in the Middle East to
manage numerous human diseases. We recently reported that EA flower extract inhibits
cell proliferation and invasion of human oral and HER2-positive breast cancer cells.
Nevertheless, the outcome of EA extract on triple-negative breast cancer (TNBC) cells
has not been explored yet. We herein investigate the effect of the aqueous EA extract
(100 and 200 µl/ml) on two TNBC cell lines (MDA-MB-231 and MDA-MB-436) for
48 h and explore its underlying molecular pathways. Our data revealed that EA extract
suppresses cell proliferation by approximately 50% and alters cell-cycle progression of
these two cancer cell lines. Additionally, EA extract induces cell apoptosis by 40–50%,
accompanied by the upregulation of pro-apoptotic markers (Bax and cleaved caspase-
8) and downregulation of the anti-apoptotic marker, Bcl-2. Moreover, EA extract inhibits
colony formation compared to their matched control. More significantly, the molecular
pathway analysis of EA-treated cells revealed that EA extract enhances p53 expression,
while inhibiting the expression of total and phosphorylated Signal Transducer and
Activator Of Transcription 3 (STAT3) in both cell lines, suggesting p53 and STAT3 are
the main key players behind the biological events provoked by the extract in TNBC
cells. Our findings implicate that EA flower extract may possess an important potential
as an anticancer drug against TNBC.

Keywords: Elaeagnus angustifolia, triple-negative breast cancer, apoptosis, stat3, p53

INTRODUCTION

Breast cancer (BC) is the most prevalent cancer worldwide and is a commonly diagnosed
malignancy in females comprising approximately one-third of all malignancies in women
(1). Several genetic alterations, morphological characteristics, clinical outcome, and therapeutic
interventions make BC a highly heterogeneous disease. BC is classified into four subtypes (Luminal
A, Luminal B, HER-2 positive and triple-negative) to provide clinical utility along with sufficient
prognostic and predictive power (2). Of the four subtypes, the triple-negative breast cancer (TNBC)
lacks expression of estrogen and progesterone receptors (ER, PR) along with the absence or faint
expression of the human epidermal growth factor receptor-2 (HER-2). TNBC accounts for around

Frontiers in Nutrition | www.frontiersin.org 1 March 2022 | Volume 9 | Article 871667

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.871667
http://creativecommons.org/licenses/by/4.0/
mailto:ala-eddin.almoustafa@mcgill.ca
mailto:aalmoustafa@qu.edu.qa
https://doi.org/10.3389/fnut.2022.871667
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.871667&domain=pdf&date_stamp=2022-03-18
https://www.frontiersin.org/articles/10.3389/fnut.2022.871667/full
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-871667 March 14, 2022 Time: 15:25 # 2

Fouzat et al. Elaeagnus angustifolia and TNBC Cells

12–20% of all breast cancer cases (3, 4); the incidence increases
among pre-menopausal females and is more frequent in young
women (4, 5). TN tumors are characterized by aggressive
behavior with early metastasis to the central nervous system,
bone, lung, and liver, along with a short response period to
available therapies, poor prognosis and survival as compared
to the other BC subtypes (6–8). Unlike ER and HER-2
positive BC, TNBCs are highly resistant to current therapies
as they are insensitive to endocrine and molecular-targeted
therapies; currently, systemic chemotherapy and surgery are
the backbone of TNBC management (6, 9). In general, it is
difficult to develop and evaluate novel agents against TNBC
due to its extreme biologic heterogeneity. Nevertheless, triple-
negative tumors become resistant to therapeutic modalities and
can reoccur and develop metastatic abilities. Therefore, there
is an urgent need to identify and develop novel potential
therapeutic agents against TNBC which are effective with less
undesired side effects.

Several complementary and alternative medicines (CAMs) in
addition to chemotherapy drugs are largely inspired by nature,
mainly plant based phytochemicals are used as a natural source
for medical treatments (10, 11). Dietary phytochemicals are
naturally occurring bioactive compounds that have the potential
to be a competitive alternative for cancer treatment due to
their efficacious and protective properties (10, 12). Elaeagnus
angustifolia (EA), is one such a medicinal plant that has been
used for centuries in folklore medicine in different parts of the
world, especially in the Middle East region (13–15). EA is a rich
source of vitamins, proteins, calcium, magnesium, potassium,
and iron; hence, different parts of EA, either fresh or dried
are consumed (16, 17). In fact, EA is used to treat multiple
diseases like asthma, osteoporosis, and rheumatoid arthritis
due to their antioxidant, anti-inflammatory, antimicrobial and
anticancer properties (16, 18). In this context, it is important
to highlight that the bioactive compounds in EA like flavonoid,
lignanoid and bezenoid can have anti-tumor properties (19–
21). However, data exploring the anti-cancer role of EA are
limited to a few studies. Our group previously reported that
EA extract suppresses cell invasion of human oral cancer
cells via the Erk1/Erk2 signaling pathways (22). Another study
revealed that hydroalcoholic EA flower extract significantly
represses angiogenesis, indicating its potential as an anti-
cancer drug (23). Our recent investigation on HER2-positive
human breast cancer cells pointed out that EA aqueous extract
significantly inhibits cell proliferation and provokes apoptosis
by suppressing both, HER2 and JNK activation (24). However,
there are no studies describing the outcome of EA extract against
TNBC and its underlying molecular mechanisms. Therefore,
we herein aimed to explore the potential therapeutic and anti-
tumor characteristics of EA flower extract on TNBC cells
and its mechanism.

In this investigation, we examined the effect of
EA extract on cell proliferation, cell-cycle progression,
apoptosis, and colony formation in two human TNBC cell
lines. Our study revealed that EA induced dramatic cell
apoptosis in TNBC cells, which occurs via p53 and Stat
signaling pathways.

MATERIALS AND METHODS

Plant Material Collection and Extraction
Elaeagnus angustifolia flowers were collected from Montreal,
Quebec, Canada in June, and the aqueous extract was prepared
as described previously by our group (24). Briefly, the flowers
were dried and stored in the dark at room temperature. For
extract preparation, 3 grams of dried EA flowers were boiled in
100 ml of autoclaved distilled water at 100◦C for 15 min and
stirred continuously. Following boiling, the EA flower extract
solution was filtered using a sterile filter unit (0.45 µm pore size)
and stored at 4◦C for future experimental use. Dilutions of EA
extracts were prepared in cell culture media and for each set of
experiments the extract was freshly prepared.

Cell Culture
Two different human TNBC cell lines (MDA-MB-231 and MDA-
MB-436) and the non-tumorigenic epithelial cell line (MCF 10A)
were commercially obtained from the American Type Culture
Collection (ATCC) (Rockville, MD, United States). The cell
lines were cultured in Dulbecco’s Modified Eagle’s Media-high
glucose (DMEM, Sigma-Aldrich, St. Louis, MO, United States)
supplemented with 10% fetal bovine serum (FBS, Gibco, Life
Technologies, Massachusetts, MA, United States), 10 mM non-
essential amino acids (Gibco, Life Technologies, Massachusetts,
MA, United States), 0.5 mM sodium pyruvate (Gibco, Life
Technologies, Massachusetts, MA, United States), 2.5 mM
L-glutamine (Gibco, Life Technologies, Massachusetts, MA,
United States), 1% antibiotic (penicillin-streptomycin, Gibco,
Life Technologies, Massachusetts, MA, United States) at 37oC
with 5% CO2 and 85% humidity. All experiments were carried
out when the cells had attained 70–80% confluence.

Cell Viability
The TNBC cell lines (MDA-MB-231 and MDA-MB-436) and the
non-malignant breast epithelial cell line (MCF 10A) were seeded
in 96-well plates with a density of 1 × 104 cells per well. The
cells were grown in DMEM medium as described above. MDA-
MB-231, MDA-MB-436 and MCF 10A cells were treated with
different concentrations (25, 50, 75, 100, 150, and 200 µl/ml) of
EA extract solution for 48 h. Untreated cells were used as the
control and were cultured in 100 µl of media. AlamarBlueTM cell
viability assay (Invitrogen, Thermo Fisher Scientific, Waltham,
MA, United States) was used to determine the effect of EA
extract on cell proliferation according to the manufacturer’s
protocol. After incubating the cells for 4 h with the dye, the
shift in fluorescence was measured at two wavelengths, excitation
wavelength at 570 nm and emission wavelength at 590 nm using a
fluorescent plate reader (Infinite M200, Tecan, Grödig, Austria).
The percentage of cell viability was calculated based on the
fluorescence of treated cells to untreated cells.

Cell Morphology Analysis
The two TNBC cell lines (MDA-MB-231 and MDA-MB-436) and
MCF 10A cells were seeded in 6-well plates (2.5 × 105 cells/well)
for 24 h. The old medium was then discarded, and cells were
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treated with the half-maximal inhibitory concentration (IC50) of
EA extract (100 and 200 µl/ml) for 48 h. Cell morphology was
examined using a light microscope with 10X magnification after
24 and 48 h. The changes of cell morphology under the effect of
EA treatment were analyzed by capturing images of the cells with
the Leica DFC550 digital camera (Leica Microsystems, Wetzlar,
Germany) at 12.5 Megapixel resolution.

Cell Cycle Analysis
For cell cycle analysis, a total of 1 × 106 cells of the TNBC cells
were seeded in 100 mm Petri dishes for 24 h. To synchronize the
cells into the G0 phase, seeded cells were starved overnight with
serum-free DMEM medium. Synchronized cells were treated
with EA aqueous extract (100 and 200 µl/ml) for 48 h. Post
treatment, the cells were fixed with ice-cold 70% ethanol. The
DNA was then stained using the FXCycle PI/RNase staining
solution (Invitrogen, Thermo Fisher Scientific) at 50 µg/ml
according to the manufacturer’s recommendations. Cells in
the G0/G1, S, and G2/M phases were quantified using the
Flow Jo software.

Annexin V Apoptosis Assay
Cellular apoptosis was assessed by the ApoScreen R© Annexin V-
fluorescein isothiocyanate (FITC)/7-amino-actinomycin D (7-
AAD) Apoptosis Kit (SouthernBiotech, United States) as per
the manufacturer’s protocol. Briefly, TNBC cells were seeded
in 100 mm Petri dishes at a density of 1 × 106 cells/dish and
incubated overnight. The following day, cells were treated with

EA extract at a concentration of 100 and 200 µl/ml for 48 h.
Adherent and floating cells were harvested by trypsinization,
washed twice with cold PBS, and resuspended in Annexin
Binding Buffer, then stained with conjugated Annexin V-FITC,
PI or both stains for 15 min. After staining, samples were
analyzed by BD FACSAriaTM II Flow Cytometer and Flow Jo
software. The cell population, excluding debris, was gated with
forward scatter (FSC-A) and side scatter (SSC-A). Doublets were
excluded using FSC-height and FSC-Width plot and singlet cells
were then presented as dot plots of FITC-A (annexinV) against
PerCP-Cy5.5-A (7-AAD). Quad Gates were used to calculate
the percentage of viable cells (annexin V low, 7-AAD low),
early pro-apoptotic cells (annexin V high, 7-AAD low) and late
apoptosis/necrotic cells (annexin V high, 7-AAD high). Data
were presented as density plots of Annexin V-FITC and 7-
AAD staining.

Soft Agar Colony Formation Assay
To investigate the ability of TNBC cells to grow in an anchorage-
independent manner, soft agar colony formation assay was
performed as previously described by our group (25). Briefly,
TNBC cells were seeded in 6-well plates (1 × 104 cells/well)
with/without 100 and 200 µl/ml of EA extract (treated/control,
respectively) placed in DMEM medium containing 0.3% agar
and plated over a layer of DMEM medium with 10% FBS and
containing 0.4% agar. The growing colonies were examined every
2 days for a period of 3 weeks. Colonies in each well were
counted under a light microscope, Leica SP8 UV/Visible Laser

FIGURE 1 | The effect of EA flowers extract at different concentrations on cell viability of the TNBC cell lines (A) MDA-MB-231, (B) MDA-MB-436 and the (C)
non-tumorigenic cell line, MCF 10A after 48 h of treatment. Data shows an inverse relation between treatment concentrations and cell viability in both TNBC cell
lines, whereas MCF 10A cells’ viability was not affected. Data are expressed as a percent of growth relative to control (mean ± SEM; n = 3). One-way ANOVA
followed by Tukey’s post hoc test was used to compare the treatment groups and results were considered statistically significant when p < 0.05 in comparison with
the control. ***p < 0.001.
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confocal microscope (Leica Microsystems, Wetzlar, Germany), in
five predetermined fields.

Western Blot Analysis
The immunoblotting analysis was performed as previously
described by our group (20, 25). Briefly, a total of 1 × 106 cells
of TNBC cells (MDA-MB-231 and MDA-MB-436) were seeded
in Petri dishes and treated with the aqueous extract of EA flowers
(100 and 200 µl/ml) for 48 h. Protein lysates were extracted from
the control and treated cells. Then, equal amounts of protein
were run on 10% polyacrylamide gels and transferred onto PVDF
membranes. The membranes were incubated with the following
primary antibodies overnight; mouse anti-Bax (ThermoFisher
Scientific: MA5-14003), mouse anti-Bcl-2 (Abcam: abID# ab692),
mouse anti-cleaved caspase-8 (Cell Signaling Technology, CST:
mAb #9748), rabbit anti-p53 (Cell Signaling Technology, CST:
mAb #2527), mouse anti-Signal Transducer and Activator Of
Transcription 3 (STAT3) (Cell Signaling Technology, CST: mAb
#9139) and rabbit anti-phosphorylated-STAT3 (Cell Signaling
Technology, CST: mAb #9131). To confirm the equal loading
of proteins, PVDF membranes were re-probed with rabbit
anti-GAPDH (Abcam: abID# ab9485). Post primary antibody
staining, membranes were probed with an anti-rabbit IgG-HRP

(Cell Signaling Technology, CST:7074S) or anti-mouse IgG-HRP
(Cell Signaling Technology, CST: 7076S) secondary antibody.

Chemiluminescence ECL-Western blotting substrate kit
(Pierce Biotechnology, Waltham, MA, United States) was used
to detect the immunoreactivity as described by the manufacturer.
Quantification was carried out by the ImageJ software and the
bands’ intensities was normalized to GAPDH to determine the
relative protein expression in each cell line.

Statistical Analysis
All experiments were analyzed using the IBM Statistical Package
for the Social Sciences (SPSS) version 27 software. One-way
ANOVA test was performed to analyze the difference between
EA treated and untreated cells, followed by Tukey’s multiple
comparisons test. The data was presented as mean ± S.E.M.
from three independent experiments (n = 3). P-values<0.05 were
considered significant.

RESULTS

To determine the anticancer activity of the aqueous extract of EA
flowers on the TNBC, two cell lines, MDA-MB-231 and MDA-
MB-436, were treated with EA extract at different concentrations

FIGURE 2 | Effect of EA extract on cell morphology of MDA-MB-231, MDA-MB-436 and MCF 10A. We note that treatment for 48 h with 100 and 200 µl/ml of EA
extract inhibits cell proliferation and induces death in both cell lines, in comparison with untreated (control) which show no cytotoxic effect and display a healthy
fibroblast-like phenotype cell. Images were taken at 10x magnification.
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(0, 25, 50, 75, 100, 150, and 200 µl/ml) for 48 h. Our data
showed that EA extract significantly inhibits the proliferation
of both cell lines in a dose-dependent manner (Figures 1A,B).
More specifically, treatment with 100 and 200 µl/ml inhibited the
proliferation of MDA-MB-231 cells by 30 and 55%, respectively,
while for MDA-MB-436 cells, proliferation was reduced by 40
and 50%, respectively. Notably, we found that 100 and 200 µl/ml
concentrations of the EA extract has no significant effect on cell
viability of the non-tumorigenic epithelial cell line, MCF 10A
(Figure 1C) and hence concentrations of 100 and 200 µl/ml were
selected for further investigations in both TNBC cell lines.

Next, we examined the cell morphology of MDA-MB-231,
MDA-MB-436 and MCF 10A under the effect of 100 and
200 µl/ml of EA extract, using phase-contrast microscopy. As
shown in Figure 2, untreated TNBC cells (control), MDA-MB-
231 and MDA-MB-436, were highly confluent and displayed
fibroblast-like phenotype. However, following treatment with
100 µl/ml of EA extract, TNBC cells started losing their
shape and underwent several morphological changes including
deformation, loss of membrane integrity, contact inhibition,
cell shrinkage, and formation of apoptotic bodies. At higher
concentration of EA (200 µl/ml), the morphological changes
become more evident with a profound increase in detaching
cells and reduction in the number of viable cells, indicating cell
death in TNBC. Contrary, this effect was not observed in the
non-tumorigenic cell line MCF 10A, as shown in Figure 2.

Subsequently, the effect of EA on cell cycle progression of
TNBC cells was investigated using flow cytometric tool. As
shown in Figure 3, our data revealed that EA extract at 100 and
200 µl/ml concentrations induce a significant cell cycle arrest
at the S phase, with a notable decrease in G0/G1 and G2/M
phases of both TNBC cell lines, indicating inhibition of cell-cycle
progression under the effect of EA extract.

To further assess the effect of EA extract on cell apoptosis, we
performed Annexin V-FITC/7-AAD assay. Our data reveals that
EA extract significantly induces early and late apoptosis in a dose-
dependent manner in both TNBC cell lines (Figure 4).

Next, we explored the effect of EA extract (100 and 200 µl/ml
concentrations) on the colony formation of TNBC cell lines in
soft agar over a period of 4 weeks. Our data showed a significant
decrease in the number of colonies for both TNBC cell lines
under the effect of EA extract compared to the control, as shown
in Figure 5. EA extract inhibited colony formation of MDA-
MB-231 by 62 and 94% at 100 and 200 µl/ml of EA extract,
respectively. On the other hand, the number of colonies formed
in MDA-MB-436 cells was reduced by 96 and 99% at 100 and
200 µl/ml of EA extract, correspondingly, in comparison to the
control. These results prove loss of colony-forming ability in both
TNBC cell lines upon treatment with EA extract, which may
reflect the ability to inhibit tumorigenesis in vivo.

To further confirm the role of EA extract on apoptosis, we
examined the expression patterns of key markers of apoptosis

FIGURE 3 | Cell cycle flow cytometry analysis of the TNBC cell lines, (A) MDA-MB-231 and (B) MDA-MB-436. Cells were treated with 100 and 200 µl/ml of EA
extract for 48 h followed by staining with propidium iodide (PI). Representative DNA content histogram showing the phases of sub G0, G0\G1, S, and G2/M on
tested cell lines upon treatment with EA extract compared to their matched control. The cell cycle histogram results reveal that EA extract at these concentrations
induce a significant cell cycle arrest at the S phase, with a notable decrease in G0/G1 and G2/M phases. Quantification is represented as the mean ± SEM (n = 3).
One-way ANOVA followed by Tukey’s post hoc test was used to compare the treatment groups and statistical significance was indicated when p < 0.05. *p < 0.05,
**p < 0.01, and ***p < 0.001.
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FIGURE 4 | Induction of apoptosis by EA extract in (A) MDA-MB-231 and (B) MDA-MB-436 cells, as determined by Annexin V-FITC and 7-AAD apoptosis assay.
Cells were treated with 100 and 200 µl/ml of EA extract for 48 h. Data are presented as Mean ± SEM (N = 3). Results were analyzed using One-way ANOVA
followed by Dunnett’s post hoc test. p < 0.05 was considered for statistical significance. *p < 0.05 and **p < 0.01.

in TNBC cells (MDA-MB-231 and MDA-MB-436) following
48 h of treatment with 100 and 200 µl/ml of EA extract using
western blot analysis. Our data revealed a significant increase in
the expression of the pro-apoptotic markers (Bax and cleaved
caspase-8) in EA-treated cells compared to control, as shown in

Figure 6. On the other hand, the expression of the anti-apoptotic
protein (Bcl-2) was reduced in both cell lines. In parallel, Bax/Bcl-
2 ratio was profoundly increased in cells treated with EA extract,
as seen in Figure 6. Taken together, these findings provide
evidence that EA extract can induce apoptosis in TNBC cells,
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FIGURE 5 | The effect of EA extract on colony formation, in soft agar, in human TNBC cell lines (A) MDA-MB-231 and (B) MDA-MB-436. EA extract inhibits colony
formation of MDA-MB-231 and MDA-MB-436, in comparison with their matched control cells. Images were taken at 10x magnification. The colonies were counted
manually and expressed as percentage of treatment relative to the control (mean ± SEM; n = 3). ***p < 0.001.

which is associated with the deregulation of Bcl-2/Bax/caspase
signaling pathway.

Regarding the underlying molecular pathways of EA extract
on cell viability, apoptosis and inhibition of colony formation
of TNBC cells, we postulate that p53 and STAT3, which are
commonly altered in TNBCs (26, 27), could play a vital role in the
regulation of these biological events under the effect of EA extract.
Thus, we evaluated the expression pattern of p53, STAT3 and
p-STAT-3 in MDA-MB-231 and MDA-MB-436 cell lines exposed
to EA extract in comparison with their matched (untreated cells)
controls. We found that treatment with EA extract stimulates
the expression pattern of p53 whereas, EA extract inhibits the
expression and phosphorylation of STAT3 in both cell lines in
comparison to their control cells.

DISCUSSION

Natural products have continuously proven to be an important
and rich source of therapies for a variety of human disorders,
including cancer (10, 11). In the present study, we investigated
for the first time the effect of EA flower extract in TNBC cell
lines (MDA-MB-231 and MDA-MB-436) with regards to cell
proliferation, morphological changes, cell cycle and apoptosis as
well as the underlying molecular pathways. We herein report
that EA extract can inhibit cell proliferation, alter the normal
morphology and deregulate cell cycle progression in addition to
the induction of cell apoptosis of TNBC cell lines while having a
minimal effect on the growth of non-tumorigenic epithelial cell
line, MCF 10A. Moreover, we noted that the aqueous extract of
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FIGURE 6 | Outcome of EA extract on the expression patterns of Bax, BCL-2, Caspase-8, P53 and STAT3 in (A) MDA-MB-231 and (B) MDA-MB-436 cell lines. We
note that EA extract induces an overexpression of the pro-apoptotic markers (Bax and Caspase-8) in comparison with their control, while anti-apoptotic marker
Bcl-2 is inhibited. Furthermore, EA plant extract enhances the expression of p53 while inhibits phosphorylation of STAT3. GAPDH served as a control in this assay.
Cells were treated with 100 and 200 µl/ml of EA extract for 48 h as explained in the materials and methods section. Values were corrected for the expression of the
housekeeping protein GAPDH and presented as fold change of control. Data were analyzed using One-way ANOVA followed by Dunnett’s post hoc test.
*P-value<0.05 was considered for statistical significance. *p < 0.05, **p < 0.01, and ***p < 0.001. Data are presented as a percentage of treatment relative to the
control (Mean ± SEM; n = 3).

EA flower can inhibit colony formation of TNBC cells, which
correlates with in vivo tumor inhibition. In our laboratory, we
also found that EA extract significantly enhanced the survival rate
of both, wild-type and K-RAS mutant Drosophila melanogaster
flies, which are prone to developing colorectal cancer. This in vivo
data show clearly that EA extract can block colorectal cancer
growth, indicating anti-cancer role of EA extract (in preparation).

Elaeagnus angustifolia plant is traditionally used for centuries
as an analgesic, antipyretic, anti-inflammatory, antioxidant,
and diuretic herbal medicine (13–15, 28). Moreover, several
bioactive compounds are identified in EA, such as phenolic
acids and flavonoids, which are thought to play a role in
preventing cancer development and progression (18, 20). Studies
have demonstrated that these compounds can regulate multiple
cellular processes such as DNA repair, cell cycle progression,

induction of apoptosis and cell signaling cascades (29, 30).
Recently, there has been considerable interest in their potential
therapeutic utility as chemo-preventive and/or anticancer agents.
Nevertheless, to the best of our knowledge, the effect of this
medicinal plant on TNBC has not been previously explored.
Therefore, in this study we evaluated the cytotoxic potential of EA
in TNBC. Particularly, EA flowers, which is commonly consumed
as tea beverage in several cultures and especially the middle east,
were extracted by decoction and tested on TNBC cell lines to
examine the outcome of EA flowers dietary intake on TNBC (31).

On the other hand, uncontrolled cell proliferation and
evasion of apoptosis are well-recognized hallmarks of cancer
and vital components of treatment resistance; hence, targeting
associated deregulated pathways is considered as the main cancer
therapeutics tool (32, 33). Our data reveals that EA plant
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extract inhibits cell proliferation of TNBC cells, meanwhile it
provokes cell apoptosis in our TNBC cell models, which is
accompanied by upregulation of proapoptotic proteins (Bax,
cleaved caspase-8) and downregulation of anti-apoptotic protein
(Bcl-2). Interestingly, our data of non-tumorigenic cells, show
that EA extract has a very minimal or no toxic effect in the control
cell line, MCF10, suggesting a selective cytotoxic activity in breast
cancer cells, which is a favorable property in the development of
anticancer agents. These findings are in concordance with our
recent reports on the anticancer potential of EA against human
oral and HER2 + breast cancer cells (22, 24). Interestingly, the
underlying molecular mechanisms preventing tumor progression
in oral and HER2 + cells targeted different pathways. In oral
cancer cells, EA inhibited angiogenesis and cell invasion via
Erk1/Erk2 signaling pathways (22). On the other hand, in
HER2 + cells, we found EA to inhibit epithelial-mesenchymal
transition and provoke apoptosis via HER2 inactivation and JNK
pathway (24).

Analysis of the underlying molecular pathway reveals that
EA extract provokes apoptosis, which might be at least
partially mediated through the upregulation of the tumor
suppressor gene, p53 and the accompanied suppression of
STAT3 signaling. P53 controls the transcription of proapoptotic
members of the Bcl-2 family, such as Bax, Bid, Noxa, and
Puma, resulting in apoptosis induction (34, 35). We thus
analyzed the expression of the tumor suppressor gene p53.
Notably, we observed that EA extract significantly upregulates
the expression of p53 and its downstream signaling (Bax).
On the other hand, STAT3 possesses oncogenic potential and
contributes to cancer cell proliferation, anti-apoptosis, migration,
invasion, immune suppression, stemness and resistance to
chemotherapy (26, 36, 37). Recent evidence has demonstrated
that STAT3 is overexpressed and constitutively activated in
TNBC, which is associated with the initiation, progression,
and metastasis of TNBC (26, 38). The oncogenic potential
of STAT3 is triggered by its phosphorylation on Tyr705,
which results in homo- or hetero-dimerization of STAT3
followed by nuclear translocation, binding STAT3 to specific
DNA response elements and activating target genes (39–41).
STAT3 regulates the expression of several proteins, including
proliferation regulatory proteins (cyclin D1 and survivin) and
anti-apoptotic proteins (Bcl-2 and Bcl-xl) (41–43). Interestingly,
our data demonstrate that EA extract inhibits the expression
of STAT3, phospho-STAT3, as well as their target genes,
including the anti-apoptotic protein Bcl-2. These findings
were correlated with increased apoptosis as indicated by the
accumulation of caspase-3 and caspase-8, leading to increased
numbers of apoptotic cells as evidenced by the Annexin-
V staining. Taken together, these results suggest that EA
extract induced apoptosis could be mediated through STAT3
dependent mechanism.

Interestingly, given that STAT3 and p53 have opposing roles,
where p53 promotes the apoptotic pathway and activation of
STAT3 upregulates survival signals; it has been shown that
p53 and STAT3 engage in an interplay where they negatively
regulate each other (44, 45). Several studies have shown that
blocking STAT3 activity in cancer cells promotes the expression

of p53, resulting in p53-mediated cell apoptosis (45, 46).
More specifically, Lin et al. reported that expression of wild-
type p53 but not mutant p53 significantly reduces tyrosine
phosphorylation of STAT3 and inhibits STAT3 DNA binding
in DU145 prostate cancer cell line (47). Moreover, several
studies have shown an association between STAT3 activation
and p53 mutations with therapy resistance in cancer (45, 48,
49). Therefore, dual targeting of p53 and STAT3 could be a
promising approach to overcome therapy resistance. Collectively,
our data reveal that EA could simultaneously upregulate p53
while downregulating STAT3 signaling, suggesting that it may
serve as a potential effective treatment in TNBC. Future work
includes extracting and analyzing the phytochemical components
of the EA extract and testing the anti-cancer efficacy of
these phytochemicals.

CONCLUSION

Our present study establishes for the first time the anticancer
potential of EA flower extract against TNBC and its molecular
signaling pathway. Moreover, we herein report EA extract
provokes cell apoptosis in TNBC cells; this is accompanied
by the deregulation of proapoptotic and anti-apoptotic genes.
Additionally, our data highlight the role of p53 and STAT3
pathways as a potential target for TNBC therapy via natural
products. Collectively, this study demonstrates the role of EA as a
promising therapeutic candidate for breast cancer management,
particularly the TNBC subtype.
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