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Breast cancer constitutes a major health problem for women worldwide. However, its incidence varies
between populations and geographical locations. These variations could be diet-related, since there are
several carcinogenic compounds in the modern diet, while natural products contain various anti-cancer
elements. Several lines of evidence indicate that, in addition to their clear preventive effect, these com-
pounds could also be used as therapeutic agents. In the present report we have shown that oleuropein, a
pharmacologically safe natural product of olive leaf, has potent anti-breast cancer properties. Indeed,
oleuropein exhibits specific cytotoxicity against breast cancer cells, with higher effect on the basal-like
MDA-MB-231 cells than on the luminal MCF-7 cells. This effect is mediated through the induction of
apoptosis via the mitochondrial pathway. Moreover, oleuropein inhibits cell proliferation by delaying
the cell cycle at S phase and up-regulated the cyclin-dependent inhibitor p21. Furthermore, oleuropein
inhibited the anti-apoptosis and pro-proliferation protein NF-jB and its main oncogenic target cyclin
D1. This inhibition could explain the great effect of oleuropein on cell proliferation and cell death of
breast cancer cells. Therefore, oleuropein warrants further investigations to prove its utility in prevent-
ing/treating breast cancer, especially the less-responsive basal-like type.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Breast cancer is the most common cancer and leading cause of
cancer deaths among women worldwide (Jemal et al., 2011). The
breast cancer burden is increasing in developing countries, with
disproportionately high mortality (Saad, 2011). Furthermore, the
incidence of breast cancer is increasing all over the world due to
changes in the dietary habits (Key et al., 2004). Breast cancer is a
heterogeneous disease with distinct clinical behavior and molecu-
lar properties, in particular estrogen receptor (ER) positive and ER
negative cancers are the two most distinct subtypes (Rouzier et al.,
2005). Since ER plays a central role in the crosstalk between differ-
ent signaling pathways in breast cancer, the expression of this
receptor is important for the behavior of breast cancer cells and
is reflected in gene expression patterns of breast tumors. ER posi-
tive cells exhibit higher proliferative capacity and distinct drug
response than ER negative cells (Badve and Nakshatri, 2009; Shen
et al., 2012). Importantly, ER negative cancers are generally
more sensitive to chemotherapy, but associated with poor clinical
outcome (Andre et al., 2008). The mode of treatment of breast can-
ll rights reserved.

min).
cer depends on various genetics, molecular and histological factors.
However, breast-conserving surgery followed by whole-breast
irradiation, has become the standard of care in the treatment of
early-stage breast cancer (Fisher et al., 2002; Clarke et al., 2005).
The implementation of adjuvant therapy either hormonal or chem-
ical has made a major impact on disease-free survival and overall
survival in both premenopausal and postmenopausal women with
early-stage breast cancer. However, high proportion of treated
breast cancer patients suffer from recurrence (Clarke et al., 2005),
and the majority of these patients die of disseminated metastatic
disease, which supports the need for more efficient and less toxic
adjuvant therapeutic strategies.

The traditional Mediterranean diet is characterized by high
consumption of foods of plant origin, and frequent use of olive
(Oleaeuropaea) and its products. This diet is rich in bioactive com-
ponents, such as vitamins, flavonoids and polyphenols, which
could explain the low incidence of cancer in this region of the
world (Trichopoulou et al., 2000). In fact, the pharmacological
properties of olive oil, the olive fruit and its leaves have been
recognized since centuries (Visioli et al., 2002). Olive oil is rich of
three classes of polyphenols such as hydroxytyrosol (HT), secoirid-
oid such as oleuropein (OL) and lignans, which exhibit remarkable
antioxidant actions (Owen et al., 2000). Oleuropein is the most
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abundant of the phenolic compounds in olives (Han et al., 2009).
Several studies have shown that oleuropein possesses a wide range
of pharmacologic and health promoting properties including anti-
atherogenic (Carluccio et al., 2003), antiviral (Micol et al., 2005),
antimicrobial (Saija and Uccella, 2000), hypotensive (Khayyal
et al., 2002) and antidiabetic effects (Jemai et al., 2009). Many of
these properties have been described as resulting from the
antioxidant character of oleuropein (Visioli et al., 2002). Therefore,
oleuropein and its metabolite, hydroxytyrosol possess anti-cancer
properties. Indeed, high doses of oleuropein decreased cell viability
and inhibited cell proliferation in MCF-7 breast cancer cells (Han
et al., 2009) To further explore the anti-breast cancer properties
of oleuropein and determine the molecular mechanisms underly-
ing its effects we investigated the effects of oleuropein on basal-
like and luminal breast cancer cells and we have shown that this
molecule triggers mainly apoptosis through the mitochondrial
pathway and inhibits cell proliferation by delaying cell cycle at S
phase. Furthermore, oleuropein inhibits NF-jB and its major target
cyclin D1.
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Fig. 1. Cytotoxic effects of oleuropein on breast cancer cells. Exponentially growing
cells were cultured in 96-well plates and treated with the indicated oleuropein
concentrations for 24 h. Cell death was analyzed using the WST-1 assay. The arrows
indicate the LC50. Error bars represent standard deviations of at least three different
experiments.
2. Materials and methods

2.1. Cell lines, chemicals and cell culture

MCF-10A, MDA-MB-231 and MCF-7 were obtained from ATCC and were cul-
tured following the instructions of the company. MCF-7 and MDA-MB231 were
maintained in RPMI-1640 (GIBCO, USA), L-glutamin 1%, 10% fetal bovine serum
(FBS), 1% antibiotic/anti-myotic (penicillin/streptomycin) (Sigma Aldrich, USA).
MCF10A cells were cultured in universal medium: (1:1 mixture of Dublecos Modi-
fied Eagles Medium (DMEM) and Ham’s F12 medium (GIBCO) supplemented with
5% FBS, 1% antibiotic antimycotic, 20 ng/ml epidermal growth factor (EGF),
100 ng/ml choleratoxin, 10 lg/ml insulin, and 500 ng/ml hydrocortisone). Cells
were maintained at 37 �C in humidified incubator with 5% CO2.

2.2. Cytotoxicity assay

Cytotoxicity was measured by the tetrazolium salt WST-1 colorimetric assay, as
recommended by the manufacturer (Roche Diagnostics GmbH, Mannheim,
Germany) (Liu et al., 1995; Takenouchi and Munekata, 1995). Briefly, cells were
seeded into 96-well plates at 0.5–1.104/well and incubated overnight. The medium
was replaced with fresh one containing the desired concentrations of the drug. After
20 h, 10 ll of the WST-1 reagent was added to each well and the plates were incu-
bated for 4 h at 37 �C. The amount of cleaved tetrazolium salts to formazan, which
directly correlates to the number of metabolically active cells in the culture, was
quantified using enzyme-linked immunosorbent assay (ELISA) reader at 450 nm
of absorbance.

2.3. Cell proliferation assay

Cells were seeded into 96-well plates at 0.5–1.104/well and incubated over-
night. The medium was replaced with fresh one containing 200 lM of oleuropein
and incubated for different time intervals (0, 24, 48, and 72 h). WST-1 reagent
was added to each well. Except for the 0 h, the plates were then incubated for 4 h
at 37 �C. The amount of formazan was quantified using ELISA reader at 450 nm of
absorbance.

2.4. Cellular lysate preparation

Cells were washed with phosphate-buffered saline (PBS) and then scraped in
RIPA buffer (150 mM of NaCl, 1 mM of EDTA, 1%Nonidet P-40, 0.5% sodium deoxy-
colate, 0.1% SDS, 50 mM of Tris–HCl (pH 7.5), supplemented with protease inhibi-
tors. Lysates were homogenized and then centrifuged at 14,000 rpm at 4 �C for
15 min in an Eppendorf microcentrifuge. The supernatant was removed, aliquoted,
and stored at �80 �C.

2.5. Immunoblotting

SDS–PAGE was performed using 12% separating minigels and equal amounts of
protein extract (50 lg) were loaded. After protein migration and transfer onto poly-
vinylidene difluroide membrane (PVDF), the membrane was incubated overnight
with the appropriate antibodies: Cyclin D1 (2922S), Survivin (71G4B7), Cleaved
caspase-3 (ASP 175) from Cell signaling, USA. NF-jB (F-6), Bcl2 (100), Bax (B-9),
GAPDH (FL-335), a-tubulin (TU-02) from Santa Cruz, CA, USA.
2.6. Apoptosis analysis by Annexin V

Confluent cells were either treated with DMSO and used as control or
challenged with different agents, whereupon cells were incubated in medium with
supplements. Detached and adherent cells were harvested 72 h later, centrifuged
and resuspended in 1 ml of PBS. Cells were then stained by propidium iodide (PI)
and Alexa Fluor 488 Annexin. V, using Vibrant Apoptosis Assay kit #2 (Molecular
probe, Eugene, OR). Stained cells were analyzed by flow cytometry. The percentage
of cells was determined by the FACS cadibur apparatus and the Cell Quest Pro soft-
ware from Becton Dickinson (San Jose, CA). For each cell culture three independent
experiments were performed.
2.7. Cell cycle analysis by flow cytometry

Cells were treated with DMSO or oleuropein, and then harvested and
resuspended in 1 ml of PBS before being fixed by drop wise addition of 3 ml of
100% methanol. Fixed cells were centrifuged, resuspended in 50 ll of RNase
(1 mg/ml) and incubated for 30 min at room temperature, followed by addition of
1 ml of 0.1 mg/ml of PI. Cells were analyzed for DNA content by flow cytometry
(Becton Dickinson). The percentage of cells in various cell-cycle phases was
determined by using Cell Quest software (Becton Dickinson).
3. Results

3.1. Oleuropein has cytotoxic effects on breast cancer cells

The main feature of anti-cancer agents is their ability to trigger
cell death specifically in cancer cells avoiding normal ones. There-
fore, we investigated the cytotoxic effect of oleuropein on normal
and different breast cancer cell lines using the WST-1 assay. Cells
were seeded in triplicates into microtiter plates and treated with
increasing concentrations of oleuropein for 24 h, and then the
cytotoxic effect was measured. Fig. 1 shows dose-dependent effect
of oleuropein on breast cancer (MDA-MB-231 and MCF-7) and the
‘normal’ MCF-10A cells. While MCF-10A showed only marginal
sensitivity even when challenged with high doses of oleuropein,
both breast cancer cell lines exhibited significant sensitivity
(Fig. 1). The median lethal concentrations (LC50) for MCF-7 and
MDA-MB-231 cells were 110 and 160 lM, respectively. However,
at 200 lM of oleuropein, MDA-MB-231 showed much higher sen-
sitivity than MCF-7 (Fig. 1). Indeed, the proportion of survived cells
dropped to 3% for MDA-MB-231 cells while it remained close to
35% for MCF-7, showing a 10-fold difference in survival between
both cell lines (Fig. 1). Interestingly, the killing effect of the drug
increased only slightly in response to concentrations higher than
200 lM for both cell lines (Fig. 1).
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3.2. Oleuropein triggers apoptosis through the mitochondrial pathway
in breast cancer cells

To confirm the cytotoxic nature of oleuropein and to identify
the death pathway that this agent triggers in breast cancer cells,
the Annexin V/propidium iodide (PI) staining technique followed
by flow cytometry was used. Sixty percent confluent cells were
treated with different concentrations of oleuropein for 3 days,
and then were stained and sorted. Fig. 2A shows four groups of
cells, viable cells that excluded both Annexin V and PI (Annexin
V�/PI�), bottom left; early apoptotic cells that were only stained
with Annexin V (Annexin V+/PI�), bottom right; late apoptotic
cells that were stained with both Annexin V and PI (Annexin V+/
P+), top right and necrotic cells that were only stained with PI (An-
nexin V�/PI+), top left. The proportion of apoptosis was considered
as the sum of both early and late apoptosis after deduction of the
proportion of spontaneous apoptosis. Fig. 2A confirms the cytotox-
icity of oleuropein against breast cancer cells with minimal effect
on normal cells. Importantly, oleuropein triggered both apoptosis
and necrosis in both cell lines MCF-7 and MDA-MB-231. This effect
increased in a dose-dependent manner with a higher effect against
MDA-MB-231 than MCF-7 cells (Fig. 2B). Oleuropein (200 lM) trig-
gered apoptosis in more than 50% MDA-MB-231 cells, while less
than 5% of MCF-7 were apoptotic in response to the same dose
(Fig. 2B). This 10-fold difference parallels the cytotoxic result de-
picted in Fig. 1. The proportion of apoptotic cells reached 25% of
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Fig. 2. Oleuropein triggers apoptosis in breast cancer cells. Sub-confluent cells were eith
72 h and then cell death was analyzed using the Annexin V/PI flow cytometry assay. (
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least three different experiments. § and � indicate statistically significant differences as
MCF-7 cells when treated with 300 lM of oleuropein. Similarly,
the proportion of oleuroprin-related necrosis reached 20% in
MDA-MB-231 cells and was only 5% in MCF-7 cells (Fig. 2C). This
proportion reached 30% of MCF-7 cells in response to 300 lM of
oleuropein (Fig. 2C). This shows that oleuropein triggers cell death
in breast cancer cell lines, but with more potent effect on the basal-
like cells (MDA-MB-231) than on the luminal cells (MCF-7). Next,
MDA-MB-231 and MCF-7 cells were treated with 200 lM oleurop-
ein for different periods of time. The maximum proportions of cell
death were reached after 72 h of treatment for MDA-MB-231
(Fig. 2D). Oleuropein (200 lM) triggered apoptosis in more than
55% in MDA-MB-231 and less than 5% in MCF-7 cells after 72 h
of treatment (Fig. 2E). Similar dose shows around 12% and 5%
necrosis in MDA-MB-231 and MCF7 cells, respectively after 72 h
of treatment (Fig. 2F).

To confirm the induction of apoptosis by oleuropein in breast
cancer cells and determine the apoptotic route, MDA-MB-231 cells
were treated with 200 lM of oleuropein and harvested after differ-
ent time periods (0, 24, 48, and 72 h). Whole cell extracts were pre-
pared and 50 lg of extracted proteins were used to evaluate the
levels of pro- and anti-apoptotic proteins using the immunoblot-
ting technique and specific antibodies. GAPDH was used as internal
control. Interestingly, oleuropein up-regulated the active form of
caspase-3 to a level 14.8-fold higher after 72 h of treatment
(Fig. 3A), confirming the induction of apoptosis in these cells. To
investigate the possible involvement of the mitochondrial pathway
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in this process, we assessed the effect of the drug on the level of
Bax and Bcl-2 proteins. After 72 h of treatment, the level of the
pro-apoptotic Bax protein increased, while the level of the anti-
apoptosis Bcl-2 protein decreased (Fig. 3A). This led to a significant
increase in the Bax/Bcl-2 ratio to a level 7-fold higher (Fig. 3B),
which indicates the implication of the internal apoptosis pathway
in the oleuropein-dependent induction of apoptosis in breast can-
cer cells. Furthermore, we studied the effect of oleuropein on the
level of survivin, an anti-apoptosis protein (Karczmarek-Borowska
et al., 2005; Altieri, 2008). Thereby, treatment with 200 lM of
oleuropein led to high decrease in the survivin level after 72 h of
treatment, reaching a level 60% lower as compared to the basal le-
vel (Fig. 3A), which confirms the induction of apoptosis with
oleuropein.
3.3. Oleuropein inhibits breast cancer cell proliferation by delaying the
cell cycle at S phase

Since cancers are cell cycle/proliferation-related diseases, we
investigated the effect of oleuropein on breast cancer cell prolifer-
ation using the WST-1 cell proliferation assay. MDA-MB-231 and
MCF-7 cells were seeded in triplicates into microtiter plates at
0.5–1.104/well and were treated with oleuropein (200 lM) for
various periods of time, and then cellular proliferation was
measured by the WST-1 assay. Fig. 4A shows that while the control
non-treated cells continue proliferating in a time-dependent
manner, the number of oleuropein-treated MDA-MB-231 cells de-
creased sharply after only 24 h of treatment. However, oleuropein
was less effective on MCF-7 cells. Their proliferation was inhibited
during the first 24 h, then they resumed proliferating in a rate sim-
ilar to that of the non-treated cells (Fig. 4A). Therefore, like for
cytotoxicity, the effect of oleuropein was more pronounced on
MDA-MB-231 cells than on MCF-7 cells.

After showing the inhibitory effect of oleuropein on cell prolif-
eration we sought to investigate the effect of this agent on the cell
cycle. To this end, MDA-MB-231 and MCF-7 cells were either
sham-treated or challenged with oleuropein (200 lM) for different
time intervals, and then cells were fixed, stained with PI, and cell
cycle was analyzed by flow cytometery. Fig. 4B shows oleurop-
ein-dependent accumulation of cells in the S phase of the cell cycle,
reaching a maximum level of more than 30% after 16 h of incuba-
tion. Interestingly, while this effect was sustained up to 24 h of
treatment for MDA-MB-231 cells, it disappeared in MCF-7 cells
(Fig. 4B), reflecting the effect on cell proliferation described in
Fig. 4A. This shows that oleuropein inhibits cell proliferation by
delaying the cell cycle during DNA replication phase.
3.4. Oleuropein down-regulates NF-kB and cyclin D1 but activates p21

After showing the effect of oleuropein on both cell death and
cell proliferation, we wanted to identify the molecular pathway
responsible for this dual effect. NF-jB is one of the most important
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Fig. 3. Oleuropein triggers apoptosis through the internal pathway. MDA-MB-231 cells were treated with oleuropein (200 lM) for the indicated periods of time, and then cell
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pro-carcinogenic molecules, which enhances cell proliferation and
inhibits cell death (Haffner et al., 2006). Therefore, we started by
assessing the effect of oleuropein on the expression of NF-jB.
MDA-MB-231cells were treated with oleuropein (200 lM) for
different periods of time (0–24 h), and then cellular lysates were
prepared and used for Western blot analysis using specific antibod-
ies and a-tubulin as internal control. Fig. 5A and B show that the
expression level of the NF-jB protein was reduced in a time-
dependent manner, reaching a level 10-fold lower after 24 h of
incubation. To confirm the inhibitory effect of oleuropein on NF-
jB, we studied the effect on the main NF-jB downstream effector
cyclin D1. Importantly, oleuropein decreased cyclin D1 level 5-fold
after 24 h of treatment (Fig. 5B). On the other hand, the level of the
versatile cyclin-dependent kinase inhibitor p21 increased 25-fold
after 8 h of treatment with oleuropein (Fig. 5A and B). This indi-
cates that while oleuropein inhibits oncogenes, it up-regulates
p21, one of the important tumor suppressor genes.

4. Discussion

The Mediterranean diet, rich in fruits, vegetables, and fish, has
been associated with a lower incidence of diseases and an overall
improvement in health. These findings were attributed to the high
consumption of olive oil and olive leaves (Oleaeuropaea L.
Oleaceae) (Kimura and Sumiyoshi, 2009). In the present report,
we present clear evidence that oleuropein, the major active ele-
ment in olive oil and leaf extracts, could constitute a potential ther-
apeutic agent for basal-like breast tumors for the following
reasons:

First, we have shown that oleuropein has only marginal cyto-
toxicity against ‘‘normal’’ epithelial cells in vitro (Figs. 1 and 2).
In fact, it has been previously shown that oleuropein has an out-
standing safety profile in rodents. Indeed, a single dose as high as
(100 mg/kg) of oleuropein was given to rats with no side effects
(Del Boccio et al., 2003). In another study, olive leaf extract
(1000 mg/kg) was administered orally twice daily for 30 weeks to
inhibit skin carcinogenesis and tumor growth in mice, and this
high dose was found to be safe and significantly effective (Kimura
and Sumiyoshi, 2009). In a recent study it has been shown that
oleuropein concentration in olives is highly variable. The authors
assumed a usual consumption of 20 olive fruits (Throuba Thassos,
which contains the highest quantities of oleuropein) per day,
corresponds to a daily intake of 25 mg (46.2 lM) of oleuropein
(Zoidou et al., 2010). This dose can be considered as safe for human
use, since it can be found in the usual diet. In our experiments
200 lM of oleuropein was used in the different experiments,
which corresponds to approximately 4 times the daily intake of
oleuropein (80 olive fruits).

Second, oleuropein triggers mainly apoptosis in breast
cancer cells through the mitochondrial pathway (Figs. 2 and 3).
Interestingly, this effect was more pronounced on ER-negative
breast cancer cells than ER-positive cells. Indeed, the pro-apoptotic
effect of oleuropein (200 lM) was more than 10 times higher against
MDA-MB-231 than against MCF-7 cells. This could suggest that
oleuropein is more effective in cells that do not express the estrogen
receptor. The other possibility is that MCF-7 cells are highly resistant
to oleuropein owing to the overexpression of the multidrug resis-
tance-related protein, P-glycoprotein (Wosikowski et al., 1995),
which may reduce the effect of oleuropein in these cells.

It is also possible that the fact MCF-7 does not express caspase-3
due to a deletion, which introduces a premature stop codon and
leads to a complete absence of caspase-3 protein and activity
(Jänicke et al., 1998), makes these cells relatively more resistant than
MDA-MB-231 cells. However, T47-D cells are caspase-3 proficient,
yet they showed high resistance to oleuropein (data not shown),
suggesting that the MCF-7 resistance may not be due to caspase-3
deficiency. Thereby, oleuropein could be used to consolidate the
adjuvant treatment of the clinically aggressive ER-negative breast
cancer patients, whose prognosis is still poor.

Third, oleuropein is a potent inhibitor of cell proliferation by
delaying the cell cycle at S phase. This effect was also more pro-
nounced on ER-negative breast cancer cells than ER-positive cells
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Fig. 5. Oleuropein down-regulates NF-jB and cyclin D1 but up-regulates p21. Oleuropein (200 lM) treated MDA-MB-231cells were incubated for the indicated periods of
time and proteins were extracted and used for immunoblot analysis using the indicated antibodies. (A) Immunoblots. (B) Histogram showing fold of change in expression
level as compared to basal level (time 0). Error bars represent standard deviations of at least three different experiments, §, # And � indicate statistically significant
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(Fig. 4). It has been previously shown that oleuropein inhibits cell
proliferation of MCF-7 breast cancer cells (Han et al., 2009).
However, the dose used in that study was 200 lg/ml, which corre-
sponds to 370 lM of oleuropein. Another study showed no growth
inhibition of MCF-7 cells treated with oleuropein at 100 lg/ml
(Bulotta et al., 2011).

Fourth, oleuropein down-regulated two major breast cancer-
related onco-proteins namely, NF-jB and cyclin D1 (Fig. 5).
NF-jB up-regulation is implicated not only in tumour growth
and progression, but also in the resistance to chemo- and radio-
therapies. Several studies have documented the elevated activity
of this protein in breast cancer cells (Cao and Karin, 2003; Haffner
et al., 2006), and a number of metastasis-promoting genes are
known to be under the control of NF-jB, which makes it an excel-
lent target for cancer therapy (Van Waes, 2007). One of the most
important targets of NF-jB is the cyclin D1, which plays important
roles in cell proliferation and survival (Ouyang et al., 2006; Liu
et al., 2008). However, the kinetic of action of oleuropein on cyclin
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D1 was different than that on NF-jB. Cyclin D1 expression
increased during the first 8 h of treatment while NF-jB level
decreased in a time-dependent manner (Fig. 5). It is possible that
cyclin D1 responds to a kind of oleuropein-induced stress that
up-regulates cyclin D1 before the negative action of NF-jB. Cyclin
D1 is an oncogene that is overexpressed in about 50% of all breast
cancer cases (Mulloy et al., 2003), and its down-regulation is an
important target in breast cancer therapy (Yang et al., 2006). There-
fore, oleuropein-related down-regulation of NF-jB and its common
downstream target cyclin D1 could have a great inhibitory effect on
breast cancer growth. Furthermore, oleuropein had a strong inhibi-
tory effect on the two major apoptosis inhibitor proteins Bcl-2 and
survivin (Fig 3), which are both related to breast cancer pathology
and therapeutic outcome (Tanaka et al., 2000; Callagy et al., 2006;
Altieri, 2008). Survivin is a potent anti-apoptosis protein that is
differentially expressed in cancer and therefore constitutes an
important anti-cancer target (Karczmarek-Borowska et al., 2005;
Li and Ling, 2006; Altieri, 2008). On the other hand, oleuropein up-
regulated p21 in a p53-independent manner, since this occurred in
MDA-MB-231 cells, which are p53-defective (Lacroix et al., 2006).
Together, these various effects could explain the oleuropein-
dependent suppression of cell proliferation and the induction of
apoptosis in breast cancer cells.

Collectively, these data show that oleuropein has potent
anti-breast cancer properties and thereby warrants further
investigations for its potential use as chemotherapeutic agent
against basal-like breast cancers.
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