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ARTICLEINFO ABSTRACT
Article history: Olive oil is an integral ingredient of the “Mediterranean diet” and accumulating evidence
Received 16 August 2005 suggests that it may have a potential role in lowering risk of several cancers. We recently
Accepted 3 October 2005 hypothesized that the anti-cancer actions of olive oil may relate to its monounsaturated
Available online 6 January 2006 fatty acid (MUFA) oleic acid (OA; 18:1n — 9) content to specifically regulate oncogenes. In this
study, transient transfection experiments with human Her-2/neu promoter-driven lucifer-
Keywords: ase gene established the ability of OA to specifically repress the transcriptional activity of
Her-2/neu Her-2/neu gene. Gene repression was seen in tumour-derived cell lines with Her-2/neu gene
erbB-2 amplification and overexpression, including SK-Br3 (<56% reduction), SK-OV3 (<75% reduc-
PEA3 tion) and NCI-N87 (55% reduction) breast, ovarian and stomach cancer cell lines, respec-
Oleic acid tively. Also marginal decreases in promoter activity were observed in cancer cells
Olive oil expressing physiological levels of Her-2/neu (<20% reduction in MCF-7 breast cancer cells).
Mediterranean diet Remarkably, OA treatment in Her-2/neu-overexpressing cancer cells was found to induce
Cancer up-regulation of the Ets protein polyomavirus enhancer activator 3 (PEA3), a transcriptional

repressor of Her-2/neu promoter. Also, an intact PEA3 DNA-binding-site at endogenous Her-
2/neu gene promoter was essential for OA-induced repression of this gene. Moreover, OA
treatment failed to decrease Her-2/neu protein levels in MCF-7/Her2-18 transfectants, which
stably express full-length human Her-2/neu cDNA controlled by a SV40 viral promoter. OA-
induced transcriptional repression of Her-2/neu through the action of PEA3 protein at the
promoter level may represent a novel mechanism linking “Mediterranean diet” and cancer.

© 2005 Elsevier Ltd. All rights reserved.

* Corresponding author: Tel.: +1 224 364 7671/7672; fax: +1 847 570 8022.
E-mail address: r-lupu@northwestern.edu (R. Lupu).
0959-8049/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejca.2005.10.016


mailto:javiermenendez72@yahoo.com

2426

EUROPEAN JOURNAL OF CANCER 42 (2006) 2425-2432

1. Introduction

The relationship between olive oil intake and cancer risk has
become a controversial issue that could have very important
repercussions for human health. Different studies have
shown that the consumption of olive oil may have a potential
role in lowering the risk of malignant neoplasms, especially
breast and stomach cancer; and also in ovary, colon and
endometrium cancer [1-10]. However, the mechanisms by
which the effects of olive oil are mediated are not well under-
stood. One of the remaining concerns, before going for a cau-
sal interpretation of the inverse relation between olive oil
intake and cancer risk, is to establish definitely if olive oil-re-
lated anti-cancer effects can be explained by its monounsat-
urated fatty acid (MUFA) content (i.e., high levels of the -9
MUFA oleic acid) or the antioxidant components of the unsa-
ponifiable fraction [11].

Since cancer development and progression is believed to
be a multi-step process, we recently hypothesized that a no-
vel molecular explanation for the anti-cancer actions of olive
oil may relate to the ability of oleic acid (OA; 18:1n — 9) to spe-
cifically regulate key cancer-related oncogenes [12]. Support-
ing our hypothesis, exogenous supplementation of cultured
breast cancer cells with OA was found to significantly down-
regulate the expression of Her-2/neu [13], a well-characterized
oncogene (also called neu or erbB-2) that plays a key role in the
etiology, progression and chemosensitivity of various types of
human cancer [14-26]. These anti-Her-2/neu properties of OA
offered a previously unknown molecular mechanism by
which olive oil may regulate the malignant behavior of breast
cancer cells. These findings generated intense public interest,
since no toxicities have been reported or suspected with OA,
and suggested that supplementation with OA may represent
a promising dietary intervention for the prevention and/or
management of Her-2/neu-related breast carcinomas [27,28].
However, two major questions remained to be addressed: (1)
What is the molecular mechanism linking tumour cells’ re-
sponse to OA and Her-2/neu gene expression? and (2) Is the
ability of OA to down-regulate Her-2/neu a common mecha-
nism relevant to other types of cancer other than breast
cancer?

Although overexpression of Her-2/neu both in tumours and
in derived cell lines was originally attributed solely to ampli-
fication of the erbB-2 gene (usually 2- to 10-fold), an elevation
in Her-2/neu mRNA levels per gene copy is also observed in all
the cell lines examined exhibiting gene amplification [29].
This indicates that overexpression of the gene precedes and
increases the likelihood of gene amplification. Indeed, an in-
crease in transcription rate sufficient to account for the de-
gree of overexpression has been shown in a number of Her-
2/neu-overexpressing cancer cell lines [30]. Our current exper-
iments sought to characterize the effects of OA treatment on
the transcription rate of Her-2/neu gene. We have also ad-
dressed if the ability of OA to down-regulate Her-2/neu is a
common mechanism of OA action towards tumour types re-
ported to exhibit Her-2/neu overexpression, including breast,
ovarian and gastric carcinomas. We report that OA promoted
the up-regulation of the potent trans-repressor of the human
Her-2/neu gene promoter PEA3 and could account in part the
ability of OA to suppress Her-2/neu overexpression in cancer

cells. These findings represent a novel genomic explanation
linking “Mediterranean diet” and cancer, as OA-induced tran-
scriptional repression of Her-2/neu gene seems to equally
operate in various types of human malignancies previously
shown to be influenced by olive oil consumption such as
breast, ovarian and stomach carcinomas.

2. Materials and methods

2.1. Materials

Phenol red-containing improved minimal essential medium
(IMEM) was from Biofluids (Rockville, MD, USA). Oleic acid
(18:1n — 9) was purchased from Sigma Chemical Co. (St. Louis,
Missouri, USA). The cultures were supplemented, where indi-
cated, with fatty acid-free bovine serum albumin (FA-free
BSA; 0.1 mg/ml) complexed with a specific concentration of
OA. A BSA-OA concentrated (100x) solution was formed by
mixing 1 ml BSA (10 mg/ml) with various volumes (1-10 pl)
of OA (200 mg/ml) in ethanol. The concentrate was mixed
for 30 min at room temperature before addition to cultures.
Control cultures contained uncomplexed BSA.

The primary antibody for Her-2/neu immunoblotting was
anti-p185"2"eU mouse monoclonal antibody from Oncogene
Research Products (Clone Ab-3; San Diego, California, USA).
Anti-PEA3 mouse monoclonal (sc-113) and anti-p-actin goat
polyclonal antibodies were from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

2.2. Cell lines and culture conditions

SK-Br3 (breast cancer), MDA-MB-231 (breast cancer), SK-OV3
(ovarian cancer), and NCI-N87 (gastrointestinal cancer) cell
lines were obtained from the American Type Culture Collec-
tion (ATCC). MCF-7 cells stably overexpressing Her-2/neu
oncogene (MCF-7/Her2-18) were kindly provided by Dr.
Mien-Chie Hung (The University of Texas, M.D. Anderson
Cancer Center, Houston, TX, USA). Cells were routinely grown
in IMEM containing 5% (v/v) heat-inactivated fetal bovine ser-
um (FBS) and 2 mM L-glutamine. Cells were maintained at
37°C in a humidified atmosphere of 95% air/5% CO,. Cells
were screened periodically for Mycoplasma contamination.

2.3.  Her-2/neu promoter activity assays

Using FuGENE 6 transfection reagent (Roche Biochemicals,
Indianapolis, IN) as directed by the manufacturer, overnight-
serum starved cancer cells seeded into 24-well plates
(~5x10* cells/well) were transfected in low-serum (0.1%
FBS) media with 1.5 pg/well of the pGL2-luciferase (Promega,
Madison, WI) construct containing a luciferase reporter gene
driven by either an intact (Her-2/neu wild-type PEA3-binding
site-luciferase) or by a mutated (Her-2/neu mutated PEA3-
binding site-luciferase) Her-2/neu promoter fragment (as pre-
viously described by Xing et al. [35]) along with 150 ng/well of
the internal control plasmid pRL-CMV, which was used to cor-
rect for transfection efficiency. After 18 h, the transfected
cells were washed and the incubated with either ethanol (v/
v) or 20 yM OA in 0.1% FBS. Approximately, 24 h after treat-
ments, luciferase activity from cell extracts was detected with
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a luciferase Assay System following manufacturer’s instruc-
tions (Promega, Madison, W1, USA) using a Victor*™ Multilabel
Counter (Perkin-Elmer Life Sciences).

2.4.  Immunoblot analysis of Her-2/neu and PEA3 proteins

Following treatments with OA, cells were washed twice with
PBS and then lysed in buffer [20 mM Tris (pH 7.5), 150 mM
NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM so-
dium pyrophosphate, 1mM p-glycerolphosphate, 1mM
Na3VOy, 1 pg/ml leupeptin, 1 mM phenylmethylsulfonylfluo-
ride] for 30 min on ice. The lysates were cleared by centrifuga-
tion in an eppendorff tube (15 min at 14000g at 4 °C). Protein
content was determined against a standardized control using
the Pierce protein assay kit (Rockford, IL). Equal amounts of
protein were heated in SDS sample buffer (Laemli) for

10 min at 70 °C, subjected to electrophoresis on either 3-8%
NuPAGE Tris-Acetate (p185"°"%"%) or 10% SDS-PAGE (PEA3)
and then transferred to nitrocellulose membranes. Non-spe-
cific binding on the nitrocellulose filter paper was minimized
by blocking for 1h at room temperature (RT) with TBS-T
[25 mM Tris-HCl (pH 7.5), 150 mM NacCl and 0.05% Tween-20]
containing 5% (w/v) non-fat dry milk. The treated filters were
washed in TBS-T and then incubated with primary antibodies
(1:200 for anti-p1857™"2"eu 1:100 for anti-PEA3 and 1:500 for
anti-p-actin) for 2 h at RT in TBS-T containing 5% (w/v) non-
fat dry milk. The membranes were washed in TBS-T, horse-
radish peroxidase-conjugated secondary antibodies in TBS-T
were added for 45 min, and immunoreactive bands were de-
tected by enhanced chemiluminiscence reagent (Pierce, Rock-
ford, IL). Blots were re-probed with an anti-p-actin goat
polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz,

wiPEA3-BS mutPEA3-BS
AGGAAG | Lusciferase |
‘Wild-type Her-2/neupromoter Mutant Her-2/7¢1; promoter
Cell line EtOH (vA?) OA (20 uM) EtOH (vA?) OA (20 pM)
SK-Br3 100 44 27 25
(95% Cl1=41t0 47) (95% Cl= 2510 29) (95% Cl =22t0 28)
SK-O0V3 100 25 15 16
(95% C1=20to 30) (95% Cl= 1010 20) (95% Cl=38to 24)
NCI-N87 100 45 20 17
(95% CI=41t0 46) (95% CI= 1410 26) (95% CI=10to 24)
MCF-7 100 88 68 66
(95% CI=80to 96) (95% CI=4910 81) (95% Cl=60to 72
MCF-7/Her2-18 100 78 73 64

(95% CI= 66 to 90)

(95% CI=57to 89)

(95% CI=51to0 77)

Fig. 1 - Luciferase activity in transiently transfected cells. Luciferase activity was assayed in cells that were transiently
transfected with a pGL2-Luc construct containing a luciferase reporter gene under the control of a Her-2/neu promoter
fragment containing a wild-type (top panel, left) or mutant (top panel, right) PEA3 binding site as described in Section 2. The
magnitude of activation in Her-2/neu promoter-luciferase-transfected cells was determined after normalization of the
luciferase activity obtained in cells co-transfected with equivalent amounts of the empty pGL2-luciferase vector lacking the
Her-2/neu promoter (@-luciferase) and the internal control plasmid pRL-CMV. This control value was used to calculate the
relative change in the transcriptional activities of Her-2/neu-promoter-luciferase-transfected cells in response to treatments
after normalization to pRL-CMV. The activity of the wild-type promoter in untreated control cells was defined as 100%. The
activity of the mutated promoter in untreated control cells was calculated relative to that found in untreated control cells
transfected with the intact (Her-2/neu wild-type PEA3-binding site-luciferase) Her-2/neu promoter (=100%). Data are the mean
and 95% confidence intervals (95% CI) of three experiments performed in triplicate. One-factor ANOVA was used to analyzed
differences in the percentages of luciferase activity between the various treatment groups.

SK-Br3 SK-OV3 NCI-N87 MCF-7 MCF-7/Her2-18
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—
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Fig. 2 - Immunoblot analysis of Her-2/neu and PEA3 proteins in control- and OA-treated cancer cells. SK-Br3, SK-OV3, NCI-
N87, MCF-7/neo and MCF-7/Her2-18 cells were treated for 48 h with either ethanol (v/v) or OA (20 pM) and then subjected to
immunoblot analysis of Her-2/neu, PEA3 and p-actin (as control) as described in Section 2. Representative blots from three

independent experiments are shown.
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CA) to control for protein loading and transfer. Densitometric
values of protein bands were quantified using Scion Imaging
Software (Scion Corp., Frederick, MD).

2.5.  Statistical analysis

Data are the mean and 95% confidence intervals (95% CI) of
three independent experiments. A two-way ANOVA was used

to analyze differences in the percentage of luciferase activity
between the treatment and the control groups.

AP2: Breast cancer-specific re gulatory site

3. Results

3.1. Exogenous supplementation with OA inhibits Her-2/
neu gene promoter activity in breast, ovarian and stomach
cancer cells

We used reporter gene expression analysis to characterize the
effects of OA on Her-2/neu oncogene transcription. We per-
formed transient transfection experiments with a luciferase
reporter gene driven by the wild-type Her-2/neu promoter

ETS: “Uriversal” regulatory site

217 comar
4 L
EA @
CT6CAGGE

AITGG
e Enhanced transcription
G Repressed iranscription
ZONAB

' +13

@ 0
! |
“oan

®|

S

AT comr
[ 1
®

GCAGGC

Canstitutive high leveks of PEA3

A

ATTGG

Cancer cells expressing physiological levels of Her-2/nen oncogene

OA-independent PEA3 overexpression

Low transcriptinnal activity of Her-2/nex

Constitutive low levels of PEA3

0 mum

-y

PEAS3 hinding site-enhanced
transcriptinnal activity of Her-2/neu

OA-independent low
transcriptional activity of Her-2/nez

Cancer cells exhibiting Her-2/nen gene amplification

OA-induced up-regulation of PEA3 expression

%

PEA3-dependent trarscriptional repression of Her-2/neu



EUROPEAN JOURNAL OF CANCER 42 (2006) 2425-2432

2429

(p Nulit; Fig. 1, top panel). Exogenous supplementation with
OA (20 uM; 24 h) was found to profoundly repress the activity
of Her-2/neu gene promoter in SK-Br3 breast cancer cells (up
to 56% inhibition; Fig. 1; bottom panel). Accordingly, a signif-
icant reduction on the expression levels of Her-2/neu tran-
scripts (Her-2/neu mRNA) was observed in semi-quantitative
RT-PCR analyses of RNA isolated from OA-treated SK-Br3
cells (data not shown). Similar to SK-Br3 breast cancer cells,
Her-2/neu-overexpressing SK-OV3 ovarian and NCI-N87
stomach tumour-derived cell lines demonstrated a dramatic
reduction (up to 75% and 55% inhibition, respectively) on
Her-2/neu gene promoter activity upon OA treatment (Fig. 1;
bottom panel).

Although the precise molecular mechanisms governing
Her-2/neu promoter activity in Her-2/neu-overexpressing can-
cer cells are far from being totally defined, two main groups
of transcription factors, namely the AP-2 and the Ets families
of transcription factors, have been shown to be required for
both maximal promoter activity and associated with overex-
pression of the gene in cancer [31]. Recent studies showed
that AP-2-regulated Her-2/neu promoter regions have differ-
ent roles in breast and non-breast cancer cells [31-34], while
the Ets sites appear to be non-tissue specific (“universal”)
regulators of Her-2/neu promoter activity [31,35,36]. In the
absence of exogenous supplementation with OA, Her-2/neu-
overexpressing SK-Br3, SK-OV3 and NCI-N87 cancer cells
did express low to undetectable levels of the DNA-binding
protein PEA3, a member of the Ets transcription factor fam-
ily. PEA3 specifically targets a DNA sequence on the Her-2/
neu promoter that suppresses Her-2/neu overexpression and
inhibits Her-2/neu-dependent tumourigenesis [35,36]. Inter-
estingly, a significant up-regulation of PEA3 protein expres-
sion, concomitantly with down-regulation of Her-2/neu
protein expression, occurred following OA treatment in SK-
Br3, SK-OV3 and NCI-N87 cancer cells (Fig. 2). Exogenous
supplementation with OA failed to modulate AP-2 expres-
sion levels in Her-2/neu-overexpressing cancer cells (data
not shown).

<

3.2. OA-induced transcriptional repression of Her-2/neu
gene requires an intact PEA3 binding site at the endogenous
Her-2/neu promoter

To examine whether the increased PEA3 levels might mediate
the inhibition of Her-2/neu transcription in OA-treated Her-2/
neu-overexpressing cancer cells, we examined the effects of
OA in transcription from a promoter bearing a mutated
PEA3 binding site (at —33 to —28) that is known to abolish
PEA3 binding [35]. For this analysis we used the same lucifer-
ase reporter gene construct described above but containing a
Her-2/neu promoter mutation at the PEA3 binding site (5'-
GAGGAA-3’ to 5-GAGCTC-3') (Fig. 1, top panel, right). When
the levels of wild-type and mutant promoter activities were
compared in the absence of OA treatment, the mutant pro-
moter was drastically less active than the wild-type promoter
in SK-Br3, SK-OV3 and NCI-N86 cells (up to 73%, 85% and 80%
reduction, respectively). These results support the notion that
a PEA3 binding site on the Her-2/neu promoter acts as a posi-
tive regulatory element necessary for elevated expression of
Her-2/neu oncogene in cancer cells [31,35,36]. Remarkably,
the luciferase reporter gene driven by the PEA3 site-mutated
sequence was not subject to negative regulation in OA-sup-
plemented SK-Br3, SK-OV3 and NCI-N87 cells (Fig. 1, bottom
panel).

The above findings strongly suggested that the formation
of inhibitory complexes “PEA3 protein-PEA3 DNA binding
site” at the endogenous Her-2/neu promoter could be required
for OA-induced transcriptional repression of Her-2/neu gene
in Her-2/neu-overexpressing cancer cells. This suggestion
was supported further when the effects of OA treatment on
Her-2/neu protein expression, Her-2/neu promoter activity
and PEA3 accumulation were characterized in MCF-7 breast
cancer cells, with naturally expressing physiological levels
of Her-2/neu; and MCF-7 cells engineered to overexpress
Her-2/neu under the transcriptional control of a different pro-
moter (i.e., MCF-7/Her2-18 stable transfectants expressing
full-length human Her-2/neu cDNA under SV40 promoter

Fig. 3 - Working model for OA-induced transcriptional repression of Her-2/neu oncogene in cancer cells. (a) Features of the
Her-2/neu promoter. The Her-2/neu promoter from —75 to +15 is represented, with an additional area illustrating sequences
upstream of —200. The major (+1 bp) and minor (—69 bp) transcription start sites are indicated with arrows and the positions
of the TATA (—22 to —26 bp) and CCAAT (—71 to —75 bp) boxes are marked. The relative positions of the main transcription
factor binding sites AP-2, Ets and ZONAB are indicated, with the sequences below each giving the core binding site defined for
each factor (modified from [31]). Mutation of the Ets binding site (EBS; GAGGAA), at —33 to —28, impairs reporter activity [35],
while it has also been reported that binding of Ets factors to the EBS induces a severe bend in the DNA [48]. At least 10
different Ets proteins have been found in cancer cells at varying levels but, of those, only PEA3 has so far been shown to
correlate in distribution with Her-2/neu overexpression. It is likely that if the EBS is occupied by PEA3 then the TATA-binding
protein will not be able to access the closely associated TATA box, thus repressing the Her-2/neu promoter. (b) Cancer cells
expressing physiological levels of Her-2/neu naturally exhibit high levels of the trans-repressor PEA3 and constitutive low
transcriptional activity of the Her-2/neu gene promoter. In this scenario, exogenous supplementation with OA does not
modulate PEA3 expression and, therefore, Her-2/neu gene promoter activity continues to be inhibited by PEA3. (c) Cancer cells
bearing Her-2/neu gene amplification naturally express low to undetectable levels of the trans-repressor PEA3 and, therefore,
a PEA3 binding site-enhanced transcriptional activity of the Her-2/neu gene promoter. Exogenous supplementation with OA
promotes accumulation of the trans-repressor PEA3 and, hence, occupation of the PEA3 binding site. OA-induced formation
of inhibitory “PEA3-PEA3 DNA binding site” complexes at the Her-2/neu gene promoter in Her-2/neu gene-amplified cancer
cells may represent a novel genomic explanation linking “Mediterranean diet” and cancer as it seems to equally operate in
various types of human malignancies in which olive oil has previously been shown to exert protective effects.
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control). MCF-7/Her2-18 cells are known to express 45-times
the level of Her-2/neu than parental MCF-7 cells or the MCF-
7/neo control sub-line expressing a neomycin phosphotrans-
ferase gene [37]. Her-2/neu and PEA3 protein levels in MCF-7/
neo cells were not significantly affected by exogenous supple-
mentation with OA, while the luciferase reporter activity of
the wild-type Her-2/neu promoter was slightly reduced by
either OA treatment (up to 12% reduction; Fig. 1, bottom pa-
nel) or mutation of the PEA3 binding sequence (up to 32%
reduction; Fig. 1, bottom panel). Equivalent results were found
in wild-type MCF-7 cells (data not shown). Importantly, there
were no important effects of OA supplementation on Her-2/
neu gene promoter activity (up to 22% reduction; Fig. 1, bottom
panel) and Her-2/neu-PEA3 protein levels in MCF-7/Her2-18
transfectants (Fig. 2).

4, Discussion

The observations reported in this study demonstrate that: (i)
the PEA3 binding motif on the Her-2/neu promoter functions
as a positive regulatory element for Her-2/neu gene transcrip-
tion solely in cancer cells naturally exhibiting both Her-2/neu
gene amplification and Her-2/neu protein overexpression
(Fig. 3a); (ii) There is an inverse correlation between PEA3
and Her-2/neu expression, with low PEA3 expression occur-
ring in Her-2/neu-overexpressing cancer cells and high PEA3
expression occurring in low-Her-2/neu-expressors, and (iii)
the ability of OA to down-regulate Her-2/neu promoter activity
and to suppress Her-2/neu protein overexpression, while con-
comitantly up-regulating PEA3 expression, is restricted to
cancer cells naturally exhibiting Her-2/neu gene amplification,
as OA exposure does not modulate Her-2/neu protein levels
when Her-2/neu gene is overexpressed under the control of
a viral promoter. Therefore, it is reasonable to suggest that
PEA3-induced down-regulation of Her-2/neu promoter activity
is a major molecular mechanism underlying the anti-Her-2/
neu effects observed upon exogenous supplementation with
OA of Her-2/neu gene-amplified cancer cells (Fig. 3(b) and (c)).

Overexpression of the Her-2/neu oncogene is a frequent
molecular event in multiple human cancers. Her-2/neu codes
for a transmembrane tyrosine kinase orphan receptor
p185ter2/meu that regulates biological functions as diverse as
cellular proliferation, differentiation, motility and apoptosis.
Therefore, modulation of Her-2/neu levels must be tightly reg-
ulated for normal cellular function. Accordingly, in vitro and
animal studies clearly demonstrate that deregulated Her-2/
neu expression plays a pivotal role in malignant transforma-
tion, tumourigenesis and metastasis. Patients with Her-2/
neu-overexpressing cancer are associated with unfavorable
prognosis, shorter relapse time, and low survival rate [14-26].

Treatments that target Her-2/neu in cancer cells have been
shown to be useful strategies to significantly reverse the
malignancy induced by Her-2/neu overexpression. The
humanized anti-Her-2/neu antibody trastuzumab (Hercep-
tin™) has proven to be effective in clinical trials in patients
with metastatic breast cancer [38-42]. In addition, tyrosine ki-
nase inhibitors can also target the Her-2/neu oncogenic activ-
ity [43,44]. Alternatively, Her-2/neu overexpression can be
repressed by attenuating the promoter activity of the Her-2/
neu gene [31,36,45]. The rationale is that it will be more effi-

cient to reduce Her-2/neu levels by preventing the transcrip-
tion of 2-10 gene copies than trying to neutralize up to 10°
receptor molecules commonly found in overexpressing cells
[36]. Although this approach has mainly been used in vitro,
one strategy, based on the observation that overexpression
of the Ets factor PEA3 reduced Her-2/neu expression, has also
been examined in preclinical trials. Breast and ovarian tu-
mour-derived cell lines with either low expression or overex-
pression of Her-2/neu growing as xenografts in nude mice
were treated with daily injections of liposome-conjugated
PEA3 expression plasmid. Significant reductions in tumour
growth were observed in the Her-2/neu-overexpressing
groups, with some mice surviving over a year, whereas
growth of the tumours with low expression was unaffected
[35].

This report shows a proof of concept in which OA-pro-
moted accumulation of the potent trans-repressor of the hu-
man Her-2/neu promoter PEA3 is a key molecular feature
that may account, at least in part, for the down-regulatory ef-
fects of OA on the expression of Her-2/neu oncogene in cancer
cells. These findings do not prove, however, that exogenous
supplementation with OA exclusively suppresses Her-2/neu
overexpression via PEA3. It could be argue that other Her-2/
neu promoter interacting factors such as AP-2, a family of
highly homologous proteins all of which can activate the
Her-2/neu promoter [31-34], may explain the blockade of
Her-2/neu promoter activity observed upon OA exposure.
While recent studies suggest that AP-2 is not a major player
in the increased levels of Her-2/neu transcripts in colon and
ovary cancer cells, thus suggesting that the promoter regions
leading to Her-2/neu overexpression are different in breast
and non-breast cancer cells [34], we failed to demonstrate
any effects of OA on AP-2 levels in Her-2/neu-overexpressing
cancer cells (data not shown). Considering that OA exposure
similarly impaired Her-2/neu promoter activity and concomi-
tantly up-regulated PEA3 expression in all the Her-2/neu-over-
expressing cell models evaluated, our results favor the
hypothesis that PEA3 and its Ets binding site at the Her-2/
neu promoter are the main down-stream effectors explaining
OA-induced repression of Her-2/neu oncogene in breast, ovar-
ian and stomach cancer cells (Fig. 3).

Our earlier results established that the combined treat-
ment with OA and trastuzumab (Herceptin™), a monoclonal
antibody that targets the ECD of Her-2/neu, synergistically in-
creased the extent of apoptotic cell death in Her-2/neu overex-
pressors and strongly impaired the ability of Her-2/neu-
overexpressing cancer cells to grow under anchorage-inde-
pendent conditions [13]. Considering that OA appears to mit-
igate Her-2/neu overexpression via PEA3 binding to the Her-2/
neu promoter, this mechanism of action should not be af-
fected by the mechanisms of resistance described for trast-
uzumab-based anti-Her-2/neu immunotherapy [46,47].
Taking into account that systemic drugs or gene therapy vec-
tors to specifically repress Her-2/neu promoter activity are far
to be developed in the short term, it is reasonable to suggest
that OA-based dietary interventions might become a novel
strategy to improve our current management of Her-2/neu-
overexpressing tumours with poor prognosis. Nevertheless,
the ability of OA to promote the formation of inhibitory “Ets
transcription factor PEA3-PEA3 DNA binding site” complexes
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at the Her-2/neu gene promoter may represent a novel geno-
mic explanation linking “Mediterranean diet” and cancer.
The ability of OA to transcriptionally repress Her-2/neu over-
expression in a PEA3-dependent manner seems to equally
operate in various types of human malignancies previously
shown to be influenced by olive oil consumption including
breast, ovarian and stomach carcinomas.
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