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ABSTRACT

Background: Globally, breast cancer stands as one of the primary causes of cancer-related deaths, with chemotherapy
as the primary treatment modality. However, drug resistance and the absence of effective treatment options for
aggressive subtypes, particularly triple-negative breast cancer (TNBC), necessitate the exploration of novel therapeutic
agents derived from natural sources. Oleuropein, a bioactive polyphenolic compound found in olive fruits and leaves,

has demonstrated potential anticancer properties.

Objective: This research is aimed to examine the effects of oleuropein in its isolated compound form (oleuropein
compound, OLC) and extract form (olive leaf extract, OLE), on two distinct breast cancer cell lines: estrogen, CF7 and
progesterone receptor-positive (HR+), TNBC MDA-MB231, cells. The focus of this research was to assess cytotoxicity,

apoptosis induction, inhibition of cell motility and spreading at low concentrations of oleuropein (1, 5, and 10 uM).

Methods: Oleuropein effects on the breast cancer cell lines were explored using flow cytometry, utilizing 7-
Aminoactinomycin D and Annexin V staining to measure cytotoxicity and apoptosis. Functional experiments were
performed to evaluate the effects of oleuropein on cell motility and spreading. Using ICso values that were determined

for both cell lines, the compound's antiproliferative effects were quantified
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Results: The ICso values for oleuropein were 16.99 + 3.4 uM for MCF7 and 27.62 £ 2.38 uM for MDA-MB231 cells,
indicating greater sensitivity in HR+ cells compared to TNBC cells. Using oleuropein significantly reduced cell growth and
induced apoptosis in both cell lines. Functional assays revealed that oleuropein impaired cell motility and reduced

spreading, suggesting its potential to suppress metastatic behavior.

Conclusion: This research offers new insights into the anticancer potential of oleuropein, a bioactive compound from
olive leaves and fruits. It demonstrates oleuropein's ability to induce apoptosis and inhibit cell motility in both hormone
receptor-positive (MCF7) and triple-negative (MDA- MB231) breast cancer cells. Unlike prior studies focusing solely on
oleuropein's cytotoxicity, this work emphasizes its dual role in reducing metastatic behavior and promoting cell death at
low concentrations, suggesting its promise as a functional food-derived therapeutic agent for breast cancer

management.
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Graphical Abstract: Oleuropein exhibits anticancer effects by inducing apoptosis and inhibiting cell motility in MCF7 and
MDA-MB231 breast cancer cells
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INTRODUCTION

Breast cancer remains one of the leading causes of
cancer-related deaths worldwide, posing a major public
health challenge despite advancements in diagnostic
tools and therapeutic strategies [1, 2]. This
heterogeneous disease comprises distinct molecular
subtypes characterized by unique biological behaviors
and treatment responses. Among the most studied
breast cancer cell lines, MCF7 and MDA-MB231 are
critical models for investigating cancer progression and
evaluating potential therapeutic interventions. MCF7
cells, representing the luminal A subtype, are defined by
the presence of estrogen receptor positivity (ER+),
progesterone receptor positivity (PR+), and the absence
of HER2 (HER2-), exhibiting an epithelial-like morphology
and a low-invasive phenotype. In contrast, MDA-MB231
cells represent triple-negative breast cancer (TNBC),
lacking the expression of ER, PR, and HER2. This subtype
is highly aggressive and mesenchymal-like, displaying
enhanced migratory and invasive properties. The stark
differences between these cell lines underscore their
importance in exploring the molecular mechanisms
underlying breast cancer and assessing the efficacy of
potential therapeutic agents [3, 4].

A major challenge in breast cancer treatment lies in
its clinical heterogeneity, largely driven by tumor-
initiating cells (TICs) and the tumor microenvironment
(TME). These factors contribute significantly to
therapeutic resistance, recurrence, and metastasis [5, 6].
Breast cancer is categorized into three main molecular
subtypes: hormone receptor-positive (HR+), HER2-
positive (HER2+), and TNBC. While early-stage, non-
metastatic breast cancer has a relatively high cure rate,
chemoresistance and metastatic progression remain
major barriers to effective and successful treatment [5,
7-9].

Cell adhesion, spreading, and migration on
extracellular matrix (ECM) substrates play pivotal roles in

cancer progression, particularly in invasion and
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metastasis. Spreading assays, which evaluate cell
adhesion and morphological changes over time, are
widely used to study these processes. MCF7 cells exhibit
slow spreading with a rounded morphology, while MDA-
MB231 cells spread rapidly, forming lamellipodia and
filopodia to enhance adhesion and migration [10-13].
The dynamic reorganization of the cytoskeleton,
including actin filaments and microtubules, orchestrates
these processes, regulated by key proteins involved in
actin dynamics and Rho-family GTPases. Recent studies
highlight the intricate coupling of microtubule-associated
processes with actin polymerization as a key mechanism
driving cell migration [14].

In recent years, natural compounds derived from
foods with evidence of clinically proven health benefits
beyond basic nutrition— have gained significant
attention for their potential in cancer prevention and
therapy. These compounds are valued for their low
toxicity and diverse biological activities [3, 15-21].
Among them, oleuropein, a bioactive polyphenolic
compound naturally present in olive leaves and oil, has
shown promising anticancer properties. Oleuropein
influences physiological processes and promotes health
outcomes through multiple mechanisms. Its anticancer
effects are mediated by inducing apoptosis, disrupting
mitochondrial function, modulating key signaling
pathways such as Wnt/B-Catenin, PI3K/Akt, and NF-kB,
inhibiting cell proliferation, suppressing angiogenesis,
and preventing metastasis [3, 22—-25].

The growing interest in natural compounds as
complementary or alternative cancer treatments
emphasizes the need for further exploration of
oleuropein's potential in breast cancer management.
While its general anticancer properties have been widely
studied, the specific effects of oleuropein on breast
cancer cell motility, spreading, and apoptosis remain
underexplored. This study aims to bridge this gap by
investigating the cytotoxic and apoptotic effects of

oleuropein, both in its compound form (oleuropein
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compound, OLC) and extract form (oleuropein extract,
OLE), on MCF7 and MDA-MB231 breast cancer cells. By
evaluating oleuropein’s ability to inhibit cell motility,
reduce spreading, and induce apoptosis, this research
seeks to elucidate its potential as a natural therapeutic
agent for overcoming the limitations of current breast
cancer treatments. Furthermore, the results may
contribute to the development of functional food-based
strategies for managing breast cancer, focusing on the

health-promoting effects of natural products.

MATERIALS AND METHODS

Plant Material and Phenolic Compounds Extraction: This
study utilized olive leaves from Olea europaea L., a
Tunisian species. The extraction process followed
previously established methods [26]. The purity of the
oleuropein (OLE) fraction was assessed using high-
performance liquid chromatography (HPLC). The purified
OLE was subsequently used to treat MCF7 and MDA-
MB231 cell cultures.

HPLC Analysis of Phenolic Compounds: Phenolic
compounds in the aqueous extract of Olea europaea L.
were analyzed using the method described by Goupy et
al. [27]. The analysis used an HPLC system (Agilent 1100,
Germany) equipped with a variable wavelength detector,
autosampler, quaternary pump, degasser, and column
compartment. A reverse-phase stainless-steel column
C18 (BDS 5 um, Labio, Czech Republic) measuring 4 x 250
mm was utilized for compound separation. Peak
identification was conducted by comparing retention
times and UV spectra with reference standards. After
purification using a silica gel column, oleuropein (OLE)

yield was determined per gram of dry leaf weight.

Cells Lines and Culture: The MCF7 (ATCC® HTB-22™) and
MDA-MB231 (ATCC® HTB-26™) cancer cell lines used in
this study were obtained from the American Type Culture
Collection (ATCC). Both cancer cell lines were maintained

in DMEM supplemented with 4.5 g/L D-glucose, 10% fetal
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bovine serum (FBS), 2 mM L-glutamine, and 1%
penicillin/streptomycin. Cells were incubated at 37 °C in
a humidified atmosphere with 5% CO: and passaged
every 2-3 days upon reaching 80-90% confluency. For
passaging, cells were trypsinized, diluted, and replated.
The OLC and OLE extracts were prepared as stock
solutions in DMSO and diluted in culture medium to the
desired concentrations prior to treatment. Control cells
were treated with medium containing 0.1% DMSO [28,
29].

Cell Proliferation Assay: The inhibitory effect of
oleuropein extract (OLE) was assessed using the MTT
(methylthiazolyldiphenyl-tetrazolium bromide) assay,
with oleuropein compound (OLC) used as the positive
control. MCF7 and MDA-MB231 cells were seeded at a
density of 5x10° cells per well in a 96-well plate and
allowed to adhere for 24 hours. Following attachment,
the cells were exposed to different concentrations of OLC
and OLE and incubated for an additional 24 hours. After
treatment, 20 pL of MTT solution (5 mg/mL) was added
to each well, and the plates were incubated for 4 hours
to allow the formation of purple formazan crystals. The
crystals were then dissolved by adding 100 L of dimethyl
sulfoxide (DMSO) to each well, and the absorbance was
measured at 570 nm using a multimode microplate
reader (Biotek Synergy H1, BioTek Instruments, Agilent,
Winooski, VT, USA). The ICso values, representing the
concentrations required to inhibit cell growth by 50%,,

were determined from the MTT viability curve.

Cell Protrusion Quantification: MCF7 and MDA-MB231
cells were cultured, fixed, and stained following the
standard protocols described previously. The number of
protrusions per cell was manually counted for 100 cells in
each condition. Protrusions were defined as observable
membrane projections.

Scratch Wound Migration Assay: A total of 5x10° MCF7
and MDA-MB231 cells per well were plated in 6-well

plates and subjected to serum starvation for 24 hours. A
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single scratch wound was created in each well using a P10
pipette tip, and wound closure was monitored over 24
hours using an inverted microscope (Leica Microsystems,
Germany). Imaging was captured with a Hamamatsu CCD
camera (Hamamatsu Corporation, Bridgewater, NJ, USA)
attached to the inverted microscope (Leica
Microsystems, Germany) with a 10x objective lens.

The wound area was analyzed using Image J Analysis
Software (Version 1.54g, NIH, USA), measuring the total
wound area across three fields per condition at time
points 0 and 24 hours. Mean wound areas were
calculated by averaging measurements from each
location. The percentage of wound closure at each time
point was determined by subtracting the remaining

wound area from 100% of the original wound area,

Assessment of Apoptosis Using Flow Cytometry: MCF7
and MDA-MB231 cells were seeded at 5 x 10° cells per
well in 6-well plates and allowed to adhere overnight. The
cells were treated with oleuropein compound (OLC) and
oleuropein extract (OLE) at concentrations of 0, 1, and 5
uM. After 48 hours of treatment, the cells were
harvested, washed twice with DPBS, and resuspended in
500 pL of 1X Annexin V binding buffer. To distinguish
between live, apoptotic, and necrotic cells, the samples
were stained with 5 pL each of PE-Annexin V
(Phycoerythrin-Annexin V) and 7-AAD (7-
Aminoactinomycin D) (BD Pharmingen™, Catalog number
559763, BD Biosciences, USA). The stained cells were
analyzed within 10 minutes using a FACSCalibur flow
cytometer (BD Biosciences, San Jose, CA, USA). Control
cells were incubated with medium supplemented with

0.1% DMSO.

Statistical Analysis: Data was collected from a minimum
of three independent experiments. Results are presented
as mean * standard error of the mean (SEM). Statistical
analyses were performed using GraphPad Prism 9
software, employing Student’s t-test and two-way
ANOVA. Significance levels are denoted as follows: *p <

0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001
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compared to the DMSO-treated control, with "ns

indicating no significant difference.

RESULTS

Chemical Characterization of Oleuropein Leaf Extract:
Oleuropein constitutes the primary phenolic compound
in olive leaf extract (OLE), with a concentration of 20% *
0.1 in the dry extract [30]. Additionally, the OLE detected
a minor hydroxytyrosol peak (Figure 1A). The molecular
structure of oleuropein consists of elagic acid, 3,4-
dihydroxyphenylethanol  (hydroxytyrosol), and a
glycosidic bond attached to an ester group (Figure 1A).
Hydroxytyrosol's smaller size and higher bioavailability
allow it to penetrate cell membranes more effectively,

contributing to its therapeutic potential.

Antiproliferative and Cytotoxic Effects of Oleuropein in
MCF7 and MDA-MB231 Cells: To explore the anticancer
properties of oleuropein, we assessed its cytotoxic and
antiproliferative effects on two breast cancer cell lines:
MCF7 and MDA-MB-231. Both oleuropein extract (OLE)
and oleuropein compound (OLC) were tested at
concentrations ranging from 0 to 20 uM over a 48-hour
treatment period.

Using the MTT assay, we confirmed the
antiproliferative effects of OLE and OLC over 48 hours. At
20 pM, OLC reduced live cell percentages to 28.95% +
1.87 in MCF7 and 54.5% + 3.5 in MDA-MB231, while OLE
resulted in 43.67% + 2.38 live cells in MCF7 and 72.87% +
11.8 in MDA-MB231 (Figures 1B, 1E). This dose-
dependent inhibition highlights the higher sensitivity of
MCF7 cells to oleuropein compared to MDA-MB231,
suggesting subtype-specific mechanisms of action.

The dose-response curves revealed that MCF7 cells
were approximately twice as sensitive to OLE and OLC
compared to MDA-MB-231 cells. The IC50 values for
MDA-MB-231 were 22.85 + 1.86 uM (OLC) and 27.62 +
2.38 uM (OLE), while for MCF7, they were 14.17 + 3.5 uM
(OLC) and 16.99 + 3.4 uM (OLE) (Figures 1C-D, 1F-G).
Significant cytotoxicity (p < 0.0001) was observed at 20
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UM in both cell lines, with a notable reduction in findings indicate that oleuropein effectively inhibits cell
MCF7 cell viability even at 10 uM (p < 0.01). These proliferation, particularly in MCF7 cells.
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Figure 1. Proliferation and cytotoxicity assay of oleuropein in (B-D) The dose-response inhibitory cytoxicity curve for (C)
MCF7 shows IC50 values 14.17 + 3.5 uM and 16.99 + 3.4 uM for OLC and OLE, respectively (D) MDA-MB-231 shows IC50
values 0f 22.85 +1.86 uM and 27.62 + 2.38 uM for OLC and OLE, respectively. The data points represent the mean * standard
error of the mean (SEM) from three independent experiments, with n=12. Two-way analysis of variance (ANOVA) was
applied to determine the significance of differences between the DMSO-treated control and experimental cells. Significance
was indicated as ** p < 0.01 and **** p < 0.0001, while ns denotes nonsignificant differences. MCF7 and (E-G) MDA-MB-
231 Cells. (A) HPLC profile of the olive leaves extract. (B) The MCF7 and (E) MDA-MB-231 triple-negative breast cancer
(TNBC) cell lines were plated in 96-well plates and treated for 48 hours with concentrations of oleuropein ranging from 0,
0.1, 1, 5,10 and 20 uM. Cell viability was expressed as a percentage of survival compared to the DMSO-treated control cells.

Preferential Sensitivity of Breast Cancer Cells to was used to monitor 100 cells per condition over 24 hours
Oleuropein: To investigate the preferential sensitivity of following exposure to 1, 5, 10, and 20 M concentrations
breast cancer cells to oleuropein (OLC and OLE), we of OLC and OLE. Each experiment was repeated twice for
analyzed the effects of treatment on cell remodeling reproducibility (Figure 2A). Protrusion formation assays

dynamics in MCF7 and MDA-MB231 cells. Microscopy revealed dose-dependent reductions in protrusion
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formation in both cell lines after treatment (Figures 2A’,
2B). Notably, at 20 uM, OLC and OLE significantly
impaired protrusion formation and reduced adherence to
well surfaces in all analyzed cells.

Cell spreading was assessed at 60, 120, and 180
Untreated cells exhibited

minutes post-seeding.

progressive spreading with the development of
lamellipodia and filopodia by 120 minutes, while treated
cells showed delayed spreading and incomplete
protrusions throughout the observation period (Figures
2A’, 2C). By 180 minutes, untreated cells demonstrated
extensive cytoskeletal organization, whereas treated

cells maintained rounded shapes with reduced adhesion
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and lacked robust lamellipodia and filopodia formation.
Cells treated with oleuropein displayed typical
apoptotic characteristics, such as reduced cell size,
rounded mitotic morphology, and multilobed nuclei,
suggesting impaired cytokinesis. (Figure 2A’). While some
cells progressed through growth and division, they failed
to complete cytokinesis, leading to enlarged nuclei. These
disruptions were observed across all treated cells,
resulting in decreased adhesion, increased floating, and
eventual apoptosis. Both MCF7 and MDA-MB231 cells
transitioned to rounded shapes by 180 minutes post-
seeding, highlighting the compound's ability to inhibit cell

spreading and induce apoptosis.
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Figure 2. Oleuropein inhibits cell polarization and spreading in MCF7 and MDA-MB-231 Cells. (A-A’) Spreading cells were
analyzed using the microscopy to measure cell shape at different time points after 24 hours post-seeding for following treatment with 1

MM, 5 uM, 10 pM, and 20 uM concentrations of OLC and OLE, respectively with each experiment repeated twice per condition. Scales
bars 50 and 400 um (B) Quantitative analysis revealed differences in cell spreading between MCF7 and MDA-MB-231 cells. Values were
taken for untreated and OLC and OLE treatments of MCF7 cells at 24 hours for each experiment (mean £ s.e.m., n = 2 experiments, *p =
0.05, ***p = 0.0001 compared to DMSO-treated control). (C) Protrusion formation was observed at 60, 120, and 180 minutes post-
seeding for 100 cells per condition seeding (scale bar: 15 um). Quantification of protrusion numbers per cell during spreading showed

significant differences between conditions (mean % s.e.m., n = 100 cells, ****p = 0.0001 vs DMSO-treated control).
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Selective Inhibition of Breast Cancer Cell Motility by
Oleuropein: To evaluate the impact of oleuropein (OLC
and OLE) on breast cancer cell motility, we analyzed the
migratory dynamics of MCF7 and MDA-MB231 cells using
a scratch assay over 24 hours. Cells were treated with 1
UM and 5 uM concentrations of OLC and OLE, and their
responses were assessed via microscopy (Figure 3A-B).
Both compounds significantly impaired wound healing in
both cell lines, with a more pronounced delay in wound
closure observed at higher concentrations. Notably,
MDA-MB231 cells, which are highly motile, showed a
substantial reduction in migration, with fewer cells
invading the scratched area compared to untreated

controls (0.1% DMSO) (Figure 3C-D). This effect is

A MCF7
Ohr_ 24hrs

untreated

OLC 1 uM

OLC 5 uM

OLE 1M

OLE 5uM

(2]

untreated
2004 OLC 1uM
we OLE 1uM 3%+
—

MCF?7 relative wound area %

Oleuropein treatment

1
untreated et

FFHD Page 169 of 175

attributed to disruptions in cytoskeletal reorganization
and adhesion mechanisms. While MCF7 cells also
exhibited reduced migration, the effects were less
dramatic, consistent with their lower baseline
invasiveness. Morphological changes, including cell
shrinkage and rounding, were evident in treated cells,
impairing their ability to adhere and migrate effectively.
Increased apoptosis was further indicated by the
detachment and floating of treated cells in the culture
medium (Figure 3A-B). These findings demonstrate the
preferential sensitivity of MDA-MB231 cells to
oleuropein, underscoring its potential as a functional
food-derived therapeutic agent targeting aggressive

breast cancer subtypes.

B MDA-MB231
Ohr 24hrs

200
180 ==
160
140
120
100+
80

MDA-MB231 relative wound area %

Oleuropein treatment

Figure 3. Oleuropein Inhibits Cell Migration in MCF7 and MDA-MB-231 Cells. The inhibitory effects of oleuropein on cell migration
were evaluated using a scratch wound assay in MCF7 and MDA-MB-231 breast cancer cells. (A, B) The assay revealed distinct wound
healing rates between the two cell lines, with scale bars set at 400 um. (C, D) The percentage of wound closure relative to the initial
wound area was measured at specific time points for both MCF7 and MDA-MB-231 cells. Data are presented as mean + standard error
of the mean (s.e.m.), with n=2 replicates per cell line and four independent experiments. Statistical significance was denoted as *p < 0.05
compared to the DMSO-treated control and **p < 0.05 between different treatment conditions.
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Oleuropein-Induced Apoptosis in MCF7 and MDA-
MB231 Cells: To investigate the mechanisms underlying
the antiproliferative and pro-apoptotic potentials of OLC
and OLE on breast cancer cells, flow cytometry was used
to analyze apoptotic responses in MCF7 and MDA-MB231
cell lines treated with 1 uM and 5 uM concentrations of
OLC and OLE for 48 hours. Using the PE Annexin V
apoptosis detection kit with 7AAD, early apoptotic cells
were identified by PE Annexin V positivity and 7-AAD

negativity, while late apoptotic and dead cells were
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characterized by dual positivity. Results showed a dose-
dependent increase in apoptosis for both cell lines (p <
0.05 — p < 0.0001 ), with MCF7 cells exhibiting greater
sensitivity to OLE compared to OLC (Figures 4A-B, 4H-I).
Specifically, at 5 uM, OLE induced 68.5% + 4.7 late
apoptotic MCF7 cells versus 46.4% 12.1 for OLC,
highlighting OLE's superior efficacy. In MDA-MB231 cells,
OLE also outperformed OLC, inducing 56.06% + 5.7 late

+

apoptotic cells compared to 49.03% + 6.8 (Figures 4A-B,
4H-1).
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Figure 4. Apoptotic Effects of OLC and OLE in MCF7 and MDA-MB231 Cells. The apoptotic effects of OLC and OLE were evaluated
in (A—G) MCF7 and (H-N) MDA-MB231 cells. Cells were treated with OLC and OLE at concentrations of 1 and 5 uM for 48 hours, while
untreated control cells (0.1% DMSO) were incubated with experimental media alone. After treatment, cells were stained using an Annexin

V-FITC apoptosis detection kit combined with 7-AAD (7-aminoactinomycin D). The percentages of apoptotic and necrotic cells were

quantified using CellQuest software. The bar graphs represent the mean + SEM (standard error of the mean) of the combined early and

late apoptotic cell populations, derived from three independent experiments (n = 3 per experiment). Statistical analysis was performed

using two-way ANOVA to compare treated groups with DMSO-treated controls. Significance levels were denoted as *p < 0.05, **p < 0.01,
***p < 0.001, and ****p < 0.0001, while "ns" indicates nonsignificant differences. PE-A refers to PE Annexin V, and PerCP-Cy5-5A

corresponds to 7-AAD.
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Flow cytometric analysis further quantified total cell
death (Figures 5A, 5G). In MCF7 cells, OLE demonstrated
enhanced cytotoxicity over OLC, with dead cell
percentages increasing from 59.13% + 5.01 at 1 uM to

71.23% + 3.59 at 5 uM. For MDA-MB231 cells, OLE again
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surpassed OLC, inducing 51.83% + 7.59 and 59.00% * 8.33
dead cells at 1 uM and 5 uM, respectively. Overall, MCF7
cells exhibited higher sensitivity to both OLC and OLE,
particularly at 5 uM, while MDA-MB231 cells displayed a

more moderate response (Figures 5A, 5G).
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Figure 5. Oleuropein induces cell death in (A-F) MCF7 and (G-L) MDA-MB231 cells. MCF7 and MDA-MB231 cells were treated
with 1 pM and 5 pM concentrations of OLC and OLE for 48 hours, while untreated control (0.1% DMSO) cells were incubated with
experimental media only. Dead population cells were identified using a PE Annexin V and 7-AAD apoptotic markers. Flow cytometric

analysis quantified the percentages of late apoptotic cells (PE Annexin V-positive and 7-AAD-positive) and dead population cells across

treatments. Each bar in the graphs represents the mean percentage + SEM of late apoptotic and dead cells derived from three

independent experiments, each conducted in triplicate (n = 3). Statistical differences between DMSO-treated control and treatment

groups were assessed using two-way ANOVA. Significance was marked as *p < 0.05, **p <0.01, ***p <0.001, ****p <0.0001. ns indicates

no significant difference.
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These findings indicate that apoptosis is the primary
mode of cell death in both cell lines, with minimal
necrosis observed. The stronger apoptotic response in
MCF7 cells may stem from differences in receptor status
and intrinsic susceptibility to oleuropein-induced
signaling pathways. Conversely, the high sensitivity of
MDA-MB231 cells could be attributed to their altered
genomic profiles, which predispose them to apoptosis

upon treatment.

DISCUSSION

Oleuropein, a bioactive polyphenolic compound
predominantly found in olive oil, has gained significant
attention for its potential role in cancer therapy [3, 31].
Our study highlights its ability to induce apoptosis, inhibit
cell migration, and disrupt cellular spreading in breast
cancer cells, particularly in MCF7 (ER+/PR+) and MDA-
MB231 (TNBC) subtypes. These findings underscore
oleuropein’s potential as a multi-targeted therapeutic
agent, addressing the heterogeneity of breast cancer and
the limitations of current treatments [32—34].

Our study demonstrates oleuropein's effectiveness
at low concentrations (1-10 uM), revealing its potential
as a safer therapeutic agent compared to high-dose
studies (>100 puM) [35, 36]. This is significant, as lower
doses typically offer better safety profiles while
maintaining efficacy. Treatment resulted in dose-
dependent reductions in cell viability, with ICso values of
16.99 uM and 27.62 uM for MCF7 and MDA-MB231 cells,
respectively (Figures 1D, 1G). MCF7 cells exhibited
greater sensitivity, likely due to differences in receptor
status and intrinsic signaling pathways [37]. Despite
MDA-MB231 resistance to conventional therapies,
oleuropein significantly impaired the spreading and
migratory capacities of MDA-MB231 cells, reducing
wound closure by over 65% (Figures 2B-C, 3D). This
highlights its potential to prevent metastasis in
aggressive subtypes.

The induction of apoptosis by oleuropein was

confirmed through flow cytometry, with late-apoptotic
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populations increasing by 35% in MCF7 cells and 50% in
MDA-MB231 cells after 48 hours of treatment (Figures
4A-B, 4H-). This suggests that oleuropein activates both
intrinsic and extrinsic apoptotic pathways, which could
explain its effectiveness against cancer cells that are
resistant to conventional therapies. Additionally,
oleuropein’s ability to modulate cyclin-dependent
kinases (CDKs) and inhibit cell cycle progression further
supports its role as a potent antiproliferative agent
[34,38-40].

Another notable finding is oleuropein’s impact on
cytoskeletal dynamics. In MCF7 cells, treatment with 10
UM oleuropein reduced cellular protrusions and
spreading by 70%, indicating its ability to disrupt
structures essential for cell motility and invasion (Figure
2C). While we did not directly analyze actin
polymerization or microtubule organization, the
observed inhibition of migration suggests that oleuropein
interferes with cytoskeletal remodeling [41,42]. In MDA-
MB231 cells, the suppression of migration and adherence
points to its potential to target proteins involved in actin
polymerization, such as guanine exchange factors (GEFs)
and RhoA pathway components. [43]. These effects may
also extend to the inhibition of matrix metalloproteinase
activity, further limiting cancer progression [44].

The implications of our findings are significant,
particularly in the context of functional foods and natural
therapeutics. Oleuropein’s dual potential of action—
inducing apoptosis and disrupting cytoskeletal
dynamics—positions it as a promising candidate for
complementary or alternative cancer therapies. Its
natural origin and efficacy at low concentrations make it
an attractive option for integration into dietary strategies
aimed at cancer prevention and management.

Our study demonstrates that oleuropein effectively
inhibits breast cancer cell proliferation, migration, and
spreading while inducing apoptosis through multiple
mechanisms. These findings highlight its potential as a
selective anticancer agent, particularly for aggressive

subtypes like TNBC. By integrating oleuropein into
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functional foods or developing it as a therapeutic agent,
we may offer new avenues for breast cancer prevention
and treatment, addressing the limitations of current

therapies and improving patient outcomes.

CONCLUSIONS

This study demonstrates that oleuropein, a natural
bioactive compound from olive oil, effectively inhibits
breast cancer cell growth, induces apoptosis, and reduces
migration, even at low concentrations. It showed
stronger effects on aggressive MDA-MB231 cells,
highlighting its potential for treating resistant subtypes.
With its low toxicity and multi-targeted action profile,
oleuropein is a promising candidate for complementary
cancer therapy.

Future research should explore its molecular
mechanismes, in vivo efficacy, and potential synergies with
existing treatments. Additionally, its presence in olive oil
suggests a role in cancer prevention through dietary
strategies. In summary, oleuropein offers significant
potential for breast cancer therapy and prevention,
warranting further investigation for clinical and

functional food applications.

Author Contributions: Conceptualization, YZH and DD;
methodology, YZH, NBH, IS, DD.; validation, YZH, NBH,
DD, EC.; formal analysis, YZH, NBM, MT, NBH, SC, NB, DD,
EC.; investigation, YZH, MT, NBH, SC, NB, DD, EC;
resources, YZH, MT, NBH, DD, EC, HH; data curation, YZH,
NBM, MT, NBH; writing—original draft preparation, YZH,
NBM, MT, NBH, DD; writing—review and editing, YZH,
NBM, MT, NBH, SC, NB, IS, EC, DD; visualization, YZH,
NBM, MT, NBH, EC, DD; supervision, YZH, NBM, MT, NBH,
DD; project administration, YZH.; funding acquisition,
YZH, DD. All authors have read and agreed to the

published version of the manuscript.

Funding: YZH is the recipient of the bilateral DGSR Tunisia
- NRF South Africa grant (2020-2024) from the MHESR,

Tunisia. NBH is the recipient of a MOBIDOC Post-Doctoral
fellowship from the National Agency for the Promotion of
the Research (ANPR) for the period of 2024-2026, and DD

receives funds from INSERM, France

FFHD Page 173 of 175

Acknowledgments: We want to acknowledge members
of Herbes de Tunisie for the oleuropein extract (El
Mansoura Kesra, Siliana, 6131, Tunisia) and all members
of the Laboratory of Physiopathology, Alimentation &
Biomolecules PAB, LR17ES03, Higher Institute of
Biotechnology Sidi Thabet, University of Manouba,

Tunisia.

Conflicts of Interest: The authors declare no conflicts of

interest.

REFERENCES
1.  Giaquinto A.N, Sung H, Newman L.A, Freedman R.A, Smith
R.A, Star J, Jemal A, Siegel R.L. Breast cancer statistics
2024.CA. Cancer J. Clin. 2024; 74(5): 477-495.
DOI: https://www.doi:10.3322/caac.21863.

2. Roberts E, Howell S, Evans D.G. Polygenic risk scores and
breast cancer risk prediction. The Breast. 2023; 67: 71-77.
DOI: https://www.doi:10.1016/j.breast.2023.01.003.

3. Rishmawi S, Haddad F, Dokmak G, Karaman R. A
comprehensive review on the anti-cancer effects of
oleuropein. Life. 2022; 12: 1140.

DOI: https://www.doi:10.3390/life12081140.

4.  Bierbauer W, Scholz U, Guth U, Tausch C, Elfgen C. Coping
with side effects: A daily diary study in women with breast
cancer living with adjuvant endocrine
therapy. Psychooncology. 2024; 33: e70006.

DOI: https://www.doi:10.1002/pon.70006.

5. Johnsson A, Fugl-Meyer K, Bordas P, Ahman J, Von
Wachenfeldt A. Side effects and its management in adjuvant
endocrine therapy for breast cancer: A matter of
communication and counseling. Breast Cancer Basic Clin.
Res. 2023; 17: 11782234221145440.

DOI: https://www.doi:10.1177/11782234221145440.

6. ChenT,Xiao Z, Liu X, Wang T, Wang Y, Ye F, SuJ, Yao X, Xiong
L, Yang D-H. Natural products for combating multidrug
resistance in cancer. Pharmacol. Res. 2024; 202: 107099.

DOI: https://www.doi:10.1016/i.phrs.2024.107099.

7.  Augimeri G, Gonzalez M.E, Paoli A, Eido A, Choi Y, Burman B,
Djomehri S, Karthikeyan S.K, Varambally S, Buschhaus J.M,
et al. A hybrid breast cancer/mesenchymal stem cell
population enhances chemoresistance and metastasis. JC/
Insight. 2023; 8: e164216.

DOI: https://www.doi:10.1172/jci.insight.164216.



http://www.ffhdj.com/
https://www.doi:10.3322/caac.21863
https://www.doi:10.1016/j.breast.2023.01.003
https://www.doi:10.3390/life12081140
https://www.doi:10.1002/pon.70006
https://www.doi:10.1177/11782234221145440
https://www.doi:10.1016/i.phrs.2024.107099
https://www.doi:10.1172/jci.insight.164216

Functional Foods in Health and Disease 2025; 15(3): 162-175

10.

11.

12.

13.

14.

15.

16.

17.

18.

Adinew G.M, Messeha S, Taka E, Soliman K.F.A. The
prognostic and therapeutic implications of the
chemoresistance gene BIRC5 in triple-negative breast
cancer. Cancers. 2022; 14: 5180.

DOI: https://www.doi:10.3390/cancers14215180.

Meng L, Zheng Y, Liu H, Fan D. The tumor microenvironment:
A key player in multidrug resistance in cancer. Oncologie.
2024; 26: 41-58.

DOI: https://www.doi:10.1515/oncologie-2023-0459.

Talia M, Cirillo F, Spinelli A, Zicarelli A, Scordamaglia D,
Muglia L, De Rosis S, Rigiracciolo D.C, Filippelli G, Perrotta
1.D, et al. The ephrin tyrosine kinase A3 (EphA3) is a novel
mediator of RAGE-prompted motility of breast cancer
cells.).  Exp. Clin. Cancer Res.2023; 42: 164.
DOI: https://www.doi:10.1186/s13046-023-02747-5.

Yang H, Wang Z, Hu S, Chen L, Li W, Yang Z. miRNA-874-3p
inhibits the migration, invasion and proliferation of breast
cancer cells by targeting VDAC1. Aging. 2023; 15: 705-717.
DOI: https://www.doi:10.18632/aging.204474.

Conner S.J, Guarin J.R, Le T.T, Fatherree J.P, Kelley C, Payne
S.L, Parker S.R, Bloomer H, Zhang C, Salhany K, et al. Cell
morphology best predicts tumorigenicity and metastasis in
vivo across multiple TNBC cell lines of different metastatic
potential. Breast Cancer Res. 2024; 26: 43.

DOI: https://www.doi:10.1186/513058-024-01796-8.

Ellis K, Wood R. The comparative invasiveness of
endometriotic cell lines to breast and endometrial cancer
cell lines. Biomolecules. 2023; 13: 1003.
DOI: https://www.doi:10.3390/biom13071003.

Hu Q, Lai J, Chen H, Cai Y, Yue Z, Lin H, Sun L. Reducing GEF-
H1 expression inhibits renal cyst formation, inflammation,
and fibrosis via RhoA signaling in nephronophthisis. Int. J.
Mol. Sci. 2023; 24: 3504.

DOI: https://www.doi:10.3390/ijms24043504.

Bal Y, Surmeli Y, Sanli-Mohamed G. Antiproliferative and
apoptotic effects of olive leaf extract microcapsules on MCF-
7 and A549 cancer cells. ACS Omega. 2023; 8: 28984-28993.
DOI: https://www.doi:10.1021/acsomega.3c01493.

Martirosyan D, Lampert T, Lee M. A comprehensive review
on the role of food bioactive compounds in functional food
science. Funct. Food Sci. 2022; 2: 64.

DOI: https://www.doi:10.31989/ffs.v2i3.906.

Martirosyan D, Stratton S. Quantum and tempus theories of
function food science in practice. Funct. Food Sci. 2023; 3:

55. DOI: https://www.doi:10.31989/ffs.v3i5.1122.

Williams K, Oo T, Martirosyan D. Exploring the effectiveness

of Lactobacillus probiotics in weight management: A

19.

20.

21.

22.

23.

24,

25.

26.

FFHD Page 174 of 175

literature  review. Funct. Food  Sci. 2023; 3: 45.

DOI: https://www.doi:10.31989/ffs.v3i5.1115.

Galitsopoulou A, Salepi C, Karagianni F. Transforming olive
pits into functional foods: Evaluation of phenolic,
antioxidant, nutritional and microbiological
properties. Funct. Foods Health Dis. 2022; 12: 615.

DOI: https://www.doi:10.31989/ffhd.v12i10.

Sakaguchi T, Okuyama T, Kotsuka M, Yoshida T, Okumura T,
Nishizawa M, Kaibori M, Sekimoto M. Hepatoprotective and
anti-inflammatory  profile of sokeikakketsuto and
makyoyokukanto in primary cultured rat hepatocytes. Funct.
Foods Health Dis. 2022; 12: 81.

DOI: https://www.doi:10.31989/ffs.v3i5.1122.

Sakamoto R, Kumagai K, Odaka T, Okuyama T, Nishizawa M,
Kimura T. A standardized suppresses breast cancer cell
proliferation by regulating the expression of EphA2
antisense  RNA-mRNA axis independently of micro
RNA. Bioact. = Compd. Health Dis. 2019; 2: 191.
DOI: https://www.doi:10.31989/bchd.v2i9.642.

Moral R, Escrich E. Influence of olive oil and its components
on breast cancer: Molecular mechanisms. Molecules. 2022;
27:477.

DOI: https://www.doi:10.3390/molecules27020477.

Razali R.A, Lokanathan Y, Yazid M.D, Ansari A.S, Saim A.B, Hj
Idrus R.B. Modulation of epithelial to mesenchymal
transition signaling pathways by Olea Europaea and its
active compounds. Int. J. Mol. Sci.2019; 20: 3492.
DOI: https://www.doi:10.3390/ijms20143492.

Ercelik M, Tekin C, Tezcan G, Ak Aksoy S, Bekar A, Kocaeli H,
Taskapilioglu M.O, Eser P, Tunca B. Olea Europaea leaf
phenolics oleuropein, hydroxytyrosol, tyrosol, and rutin
induce apoptosis and additionally affect temozolomide
against glioblastoma: In particular, oleuropein inhibits
spheroid growth by attenuating stem-like cell
phenotype. Life. 2023; 13: 470.

DOI: https://www.doi:10.3390/Iife13020470.

Junkins K, Rodgers M, Phelan S.A. Oleuropein induces
cytotoxicity and peroxiredoxin over-expression in MCF-7
human breast cancer cells. Anticancer Res. 2023; 43: 4333-

4339. DOI: https://www.doi:10.21873/anticanres.16628.

Papadopoulou P, Polissidis A, Kythreoti G, Sagnou M,
Stefanatou A, Theoharides T.C. Anti-inflammatory and
neuroprotective polyphenols derived from the European
olive tree, Olea Europaea L., in long COVID and other
conditions involving cognitive impairment. Int. J. Mol.
Sci. 2024; 25: 11040.

DOI: https://www.doi:10.3390/ijms252011040.



http://www.ffhdj.com/
https://www.doi:10.3390/cancers14215180
https://www.doi:10.1515/oncologie-2023-0459
https://www.doi:10.1186/s13046-023-02747-5
https://www.doi:10.18632/aging.204474
https://www.doi:10.1186/s13058-024-01796-8
https://www.doi:10.3390/biom13071003
https://www.doi:10.3390/ijms24043504
https://www.doi:10.1021/acsomega.3c01493
https://www.doi:10.31989/ffs.v2i3.906
https://www.doi:10.31989/ffs.v3i5.1122
https://www.doi:10.31989/ffs.v3i5.1115
https://www.doi:10.31989/ffhd.v12i10
https://www.doi:10.31989/ffs.v3i5.1122
https://www.doi:10.31989/bchd.v2i9.642
https://www.doi:10.3390/molecules27020477
https://www.doi:10.3390/ijms20143492
https://www.doi:10.3390/life13020470
https://www.doi:10.21873/anticanres.16628
https://www.doi:10.3390/ijms252011040

Functional Foods in Health and Disease 2025; 15(3): 162-175

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

Goupy P, Hugues M, Boivin P, Amiot M.J. Antioxidant
composition and activity of barley (Hordeum Vulgare) and
malt extracts and of isolated phenolic compounds. J. Sci.
Food Agric. 1999; 79: 1625-1634.

DOI: https://www.doi:10.1002/(SIC1)1097-0010(199909)79:12

Haffani Y.Z, Louati K, Tilki E.K, Mami N.B, Mbarek S, Halim
N.B, Boudhrioua N, Ozturk Y, Chekir R.B.C, Dikmen M. Anti-
tumoral activity of Allium Roseum compounds on breast
cancer cells MCF7 and MDA-MB231. Adv. Tradit. Med. 2024;
24:323-333.

DOI: https://www.doi:10.1007/513596-023-00699-x.

Kazazian K, Haffani Y, Ng D, Lee C.M.M, Johnston W, Kim M,
Xu R, Pacholzyk K, Zih F.S-W, Tan J, et al. FAM46C/TENT5C
functions as a tumor suppressor through inhibition of Plk4
activity. Commun. Biol. 2020; 3: 448.

DOI: https://www.doi:10.1038/s42003-020-01161-3.

Talhaoui N, Gomez-Caravaca A.M, Leodn L, De La Rosa R,
Segura-Carretero A, Fernandez-Gutiérrez A. Determination
of phenolic compounds of 'Sikitita' olive leaves by HPLC-
DAD-TOF-MS. Comparison with its parents 'Arbequina’ and
'Picual' olive leaves. LWT - Food Sci. Technol. 2014; 58: 28-
34. DOI: https://www.doi:10.1016/j.lwt.2014.03.014.

Moral R, Escrich E. Influence of olive oil and its components
on breast cancer: Molecular mechanisms. Molecules. 2022;
27:477.

DOI: https://www.doi:10.3390/molecules27020477.

Lim S.M, Kim E, Jung K.H, Kim S, Koo J.S, Kim S.I, Park S, Park
H.S, Park B.W, Cho Y.U, et al. Genomic landscape of
extraordinary responses in metastatic breast
cancer. Commun. Biol. 2021; 4: 449.

DOI: https://www.doi:10.1038/s42003-021-01973-x.

Hong R, Xu B. Breast cancer: An up-to-date review and future

perspectives. Cancer ~ Commun. 2022;  42:  913-936.

DOI: https://www.doi:10.1002/cac2.12358.

Park S.M, Kim D.Y, Lee K.H, Shin Y-I, Han S-C, Kwon S-M. Anti-
tumor efficacy of oleuropein-loaded ZnO/Au mesoporous
silica nanoparticle in 5-FU-resistant colorectal cancer
cells. Int. J. Nanomedicine. 2024; Volume 19: 2675-2690.
DOI: https://www.doi:10.2147/1JN.S439392.

Hassan Z.K, Elamin M.H, Omer S.A, Daghestani M.H, Al-
Olayan E.S, Elobeid M.A, Virk P. Oleuropein induces
apoptosis via the p53 pathway in breast cancer cells. Asian
6739-6742.

Pac. J. Cancer Prev. 2013; 14:

DOI: https://www.doi:10.7314/APJCP.2013.14.11.6739.

Messeha S.S, Zarmouh N.O, Asiri A, Soliman K.F.A. Gene
expression alterations associated with oleuropein-induced

antiproliferative effects and S-phase cell cycle arrest in

37.

38.

39.

40.

41.

42.

43.

44,

FFHD Page 175 of 175

triple-negative breast cancer cells. Nutrients. 2020; 12:

3755. DOI: https://www.doi:10.3390/nu12123755.

Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N,
Poortmans P, Ruddy K, Tsang J, Cardoso F. Breast
cancer. Nat. Rev. Dis. Primer. 2019; 5: 66.

DOI: https://www.d0i:10.1038/s41572-019-0111-2.

Yan C-M, Chai E-Q, Cai H-Y, Miao G-Y, Ma W. Oleuropein
induces apoptosis via activation of caspases and suppression
of phosphatidylinositol 3-kinase/protein kinase B pathway in
HepG2 human hepatoma cell line. Mol. Med. Rep. 2015; 11:
4617-4624.

DOI: https://www.doi:10.3892/mmr.2015.3266.

Ari M, Karul A, Sakarya S. Investigation of antiproliferative,
apoptotic and antioxidant effects of oleuropein and vitamin
D on breast cancer cell lines (MCF-7). In Proceedings of the
2nd International Cell Death Research Congress; MDPI,
December 6, 2018; p. 1534.

DOI: https://doi.org/10.3390/proceedings2251534.

Han J, Talorete T.P.N, Yamada P, Isoda H. Anti-proliferative
and apoptotic effects of oleuropein and hydroxytyrosol on
human breast cancer MCF-7 cells. Cytotechnology. 2009; 59:
45-53. DOI: https://www.doi:10.1007/s10616-009-9191-2.

Wu X-X, Yue G.G-L, Dong J-R, Lam C.W-K, Wong C-K, Qiu M-
H, Lau C.B-S. Actein inhibits the proliferation and adhesion
of human breast cancer cells and suppresses migration in
vivo. Front. Pharmacol. 2018; 9: 1466.

DOI: https://www.doi:10.3389/fphar.2018.01466.

Parekh A, Das D, Das S, Dhara S, Biswas K, Mandal M, Das S.
Bioimpedimetric analysis in conjunction with growth
dynamics to differentiate aggressiveness of cancer cells. Sci.
Rep. 2018; 8: 783.

DOI: https://www.doi:10.1038/s41598-017-18965-9.

Rosario C.O, Kazazian K, Zih F.S-W, Brashavitskaya O, Haffani
Y, Xu R.S.Z, George A, Dennis J.W, Swallow C.J. A novel role
for  Plk4 in

regulating  cell  spreading  and

motility. Oncogene. 2015; 34: 3441-3451.

DOI: https://www.doi:10.1038/0onc.2014.275.

Wiercinska E, Naber H.P.H, Pardali E, Van Der Pluijm G, Van
Dam H, Ten Dijke P. The TGF-B/Smad pathway induces
breast cancer cell invasion through the up-regulation of
matrix metalloproteinase 2 and 9 in a spheroid invasion
model system. Breast Cancer Res. Treat. 2011; 128: 657-666.
DOI: https://www.d0i:10.1007/s10549-010-1147-x.



http://www.ffhdj.com/
https://www.doi:10.1002/(SICI)1097-0010(199909)79:12
https://www.doi:10.1007/s13596-023-00699-x
https://www.doi:10.1038/s42003-020-01161-3
https://www.doi:10.1016/j.lwt.2014.03.014
https://www.doi:10.3390/molecules27020477
https://www.doi:10.1038/s42003-021-01973-x
https://www.doi:10.1002/cac2.12358
https://www.doi:10.2147/IJN.S439392
https://www.doi:10.7314/APJCP.2013.14.11.6739
https://www.doi:10.3390/nu12123755
https://www.doi:10.1038/s41572-019-0111-2
https://www.doi:10.3892/mmr.2015.3266
https://doi.org/10.3390/proceedings2251534
https://www.doi:10.1007/s10616-009-9191-2
https://www.doi:10.3389/fphar.2018.01466
https://www.doi:10.1038/s41598-017-18965-9
https://www.doi:10.1038/onc.2014.275
https://www.doi:10.1007/s10549-010-1147-x

