
Abstract. Dietary lipids can modify the clinical behavior
and morphological features of experimental breast tumors.
We previously demonstrated that a high corn oil diet has a
tumor-enhancing effect in 7,12-dimethylbenz(α)anthracene
(DMBA)-induced rat mammary adenocarcinomas, whereas
a high olive oil diet acts as a negative modulator of
carcinogenesis. In this study, we investigated whether these
high fat diets modulate the expression of genes related to
differentiation. Rats were induced with DMBA and fed a low
fat diet, a high corn oil diet, a high olive oil diet, or both high
fat diets. The expression levels of the mammary differentiation
biomarkers α-casein, ß-casein and transferrin and of ß-actin
and its transporter zipcode binding protein 1 (ZBP1) were
analyzed by Northern and/or Western blot in the mammary
adenocarcinomas. The high fat diets did not induce changes
in the expression of caseins, while transferrin expression was
increased as a result of the high olive oil diet. ß-actin mRNA
levels were higher in the high fat diet groups, though no
changes in the protein levels were observed. The expression of
ZBP1, a protein reported as having a role in carcinogenesis,
was significantly increased by the high corn oil diet. These
results suggest that in this model caseins are not good
biomarkers of the changes in tumor morphological
differentiation conferred by the high fat diets. The modulation
of transferrin and ZBP1 expression by the high olive oil and
the high corn oil diets could be one of the mechanisms by
which such diets have a different influence on mammary
carcinogenesis.

Introduction

Breast cancer is one of the leading causes of mortatility in
women world wide (1), though the mechanisms underlying
mammary carcinogenesis are still largely unknown. Although
the risk of cancer is multifactorial, environmental factors are
a substantial contribution and diet plays a significant role (2).
Among the numerous dietary compounds that have been
related to cancer, dietary lipids have been revealed as
significant ones. Epidemiological and especially experimental
studies have established a relationship between dietary fat
and breast cancer (2,3). n-6 polyunsaturated fatty acids
(PUFA), particularly linoleic acid (18:2n-6), have shown a
stimulating effect on breast, colorectal and prostate cancers in
animal models. Saturated fat, mainly from animal origin has
demonstrated a tumor-enhancing effect. In contrast, high
levels of n-3 PUFA, conjugated linoleic acid and γ-linolenic
acid, have shown inhibitory effects on cancer (3-7). The role of
monounsaturated fatty acids, such as oleic acid (18:1n-9), in
cancer appears to be protective although some inconsistent
results have been reported. The Mediterranean diet, whose
hallmark is the high consumption of olive oil, has been
traditionally linked as having a protective effect on
cardiovascular disease and cancer (7,8).

We previously demonstrated the influence of dietary
lipids on the alteration of differentiation features in
experimental breast cancer. In rat mammary tumors induced
with 7,12-dimethylbenz(α)anthracene (DMBA), we observed
that a high corn oil diet, rich in n-6 PUFA, confers a clinical
behavior of higher malignancy and a lower degree of
histopathological differentiation to the tumors, in comparison
with a low fat diet. On the contrary, a high extra virgin olive
oil diet would act as a negative modulator of the mammary
carcinogenesis, conferring a lower degree of malignancy to
the tumors in comparison to the control and high corn oil diets
(7,9,10). These changes were accompanied by modifications
in the expression of genes that have been related to
proliferation and differentiation. Thus, our group reported
that the high n-6 diet and the high n-9 diet have different
effects on the gene expression of the ErbB family of
membrane receptors (7,11). In addition, they do not modify
the c-Ha-ras1 mRNA levels though they had different effects
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on Ras activity (7,12). Furthermore, we found that the high
corn oil diet down-regulated genes that have been associated
with differentiation, as submaxillary gland α-2u globulin,
VDUP1 and H19 (13) and the PCPH gene, a proto-oncogene
that acts synergistically with ras (14, unpublished data). PCPH
had a higher expression in the lactating mammary gland than
in the virgin gland and its expression was de-regulated in
benign and malignant tumors (14). Thus, the high corn oil diet
would induce modifications in the differentiation-related
genes in accordance with its tumor-promoting effect, whereas
the high olive oil diet induced changes on proliferation
pathways compatible with its protective effect. All these
previous results provided a rationale in studying the expression
of differentiation biomarkers in the mammary gland, in order
to further characterize the effects of the high fat diets on the
differentiation features of the adenocarcinomas.

To assess the molecular differentiation of the mammary
gland, several milk proteins have been frequently used. Some
of the best known mammary differentiation biomarkers are
caseins. Casein synthesis is a characteristic of differentiated
mammary cells and their expression is decreased in adeno-
carcinomas (15). Transferrin has been considered as a
mammary gland differentiation marker and its expression is
greatly increased during pregnancy and lactation (16). The
expression of ß-casein and transferrin was down-regulated in
the mammary glands of DMBA-induced rats (17), as well as
underexpressed in mammary carcinomas induced with several
carcinogens, including DMBA, in comparison to the normal
tissue (18,19).

The cytoskeletal protein ß-actin has been used as an
indicator of cellular differentiation in some experimental
systems. The expression of ß-actin was studied in hepatocyte
cell lines, being inversely related to differentiation (20).
Although ß-actin is often used as a housekeeping gene to
normalize mRNA levels in expression analysis, there is
growing evidence that the expression of this gene is modulated
in different physiological and pathological conditions. The
expression of ß-actin in tumor cells has been related to tumor
invasive potential (21). The translation of ß-actin is a spatial
and temporal regulated process, which allows protein synthesis
at specific sites of the cell. Localization of ß-actin mRNA to
sites of active actin polymerization modulates cell migration,
thus playing a key role during embryogenesis, differentiation
and carcinogenesis (21). Such localization requires zipcode
binding protein 1 (ZBP1), a protein that binds to a conserved
54-nucleotide element in the 3'-untranslated region (UTR) of
the ß-actin mRNA and blocks the translation until ZBP1
releases the mRNA at the cell edge (22,23). ZBP1 levels are
high during fetal development, although they are low or
undetectable in normal adult tissues. Moreover, ZBP1 has
been suggested as a proto-oncogene, since its expression is
reactivated in certain human cancers, including 60% of human
breast cancers (24), therefore its de novo activation in tumors
may be associated with the process of carcinogenesis (25).

To elucidate if a high corn oil and a high extra virgin
olive oil diet changes the degree of molecular differentiation
of DMBA-induced mammary tumors, in this study we
examined the effect of such diets on the expression of known
mammary differentiation markers, α-casein, ß-casein and
transferrin. In addition, we investigated the mRNA and

protein expression of ß-actin, as well as the transporter protein
ZBP1.

Materials and methods

Animals and experimental design. All of the animals received
humane care under an institutionally approved experimental
animal protocol, following the legislation applicable in
Spain. Eighty virgin female Sprague-Dawley rats were
purchased from Iffa-Credo (Lyon, France) at 22-days of age.
Animals were housed four per cage and maintained in an
air-conditioned room with a 12-h light/dark cycle. Rats were
administered the control diet (containing 3% corn oil) and
water ad libitum until 53 days of age. At this age, animals
were induced with a single dose of 5 mg of 7,12-DMBA
(Sigma-Aldrich, St. Louis, MO, USA) by oral gavage.
Twenty-four hours after treatment, rats were randomly
distributed into four groups (n=20) depending on the diet
subministered: the low fat group (LF) was maintained on the
low fat control diet until the end of the study; the high fat
corn oil group (HF-C) was administered the high fat diet
containing 20% corn oil; the high fat olive oil group (HF-O)
was given the high fat diet containing 3% corn oil and 17%
extra virgin olive oil; and a forth group (HF-CO) in which rats
were given the high corn oil diet for 5 weeks and then changed
to the high olive oil diet until the end of the experiment
(Table I). The definition, preparation and suitability of the
experimental diets were previously described (9,26,27).
Animals were weighed, examined and palpated for mammary
tumors once a week. On day 208 after induction rats were
sacrificed by decapitation at the diestrus phase of the estral
cycle. Tumors were rapidly removed, measured and rinsed in
normal saline. Samples were flash-frozen in liquid nitrogen
and stored at -80˚C. Only confirmed mammary adeno-
carcinomas were included in this study.

Northern blot analysis. Total RNA was extracted from
frozen mammary adenocarcinomas by the guanidinium
isothiocyanate method. mRNA relative abundance was
analyzed by chemiluminiscent Northern blot, as previously
described (28). Briefly, 20 μg of total RNA was electro-
phoresced on a formaldehyde-agarose gel, transferred onto
positively-charged nylon membranes and hybridized with the
specific probe labeled with digoxigenin by PCR (Roche
Diagnostics GmbH, Mannheim, Germany). Probes for α- and
ß-casein were obtained as cultures of E. coli DH10B
transformed with the correspondent I.M.A.G.E. Consortium
Collection insert (clone Rn.10744 for α-casein, clone
Rn.10745 for ß-casein) and amplified using the cDNA
Primer GF-200 (ResGen, Invitrogen Corporation, Carlsbad,
CA, USA). A 1150-bp mouse ß-actin cDNA was kindly
provided by Dr M. Buckingham (29) and a 756-bp rat p0
cDNA was kindly provided by Dr Y.L. Chan (30). Detection
was performed using an alkaline phosphatase-coupled anti-
digoxigenin antibody (1:25000 dilution) and CSPD as a
chemiluminescent substrate (Roche Diagnostics GmbH).
Blots were exposed to Hyperfilm (GE Healthcare,
Buckinghamshire, UK) and the autoradiograms were
analyzed using Quantity One software (Bio-Rad Laboratories,
Hercules, CA, USA). Ribosomal phosphoprotein P0 mRNA
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was used as an endogenous control to normalize each
sample and values were represented as mRNA relative
abundance.

Western blot analysis. Tumor-frozen tissues were homogenized
in a buffer containing 50 mM Tris-HCl pH 7.2, 250 mM
sucrose, 2 mM EDTA, 1 mM EGTA, 5 mM MgCl2, 50 μM
NaF, 100 μM Na3VO4, 10 μl/ml protease inhibitor cocktail
(Sigma-Aldrich), 10 mM ß-mercaptoethanol and 1% Triton
X-100. Protein concentration was determined by the Lowry
method. Samples were separated in two replicates, one for
Western blot analysis and the other for a later verification of
the quantity of protein loaded. Tumor extracts (15 μg) were
subjected to SDS-PAGE on a 10% acrylamide gel followed
by eletrophoretic blotting onto PVDF membranes (Hybond-P,
GE Healthcare). The membranes were initially incubated
for 10 min in Tris-buffered saline with Tween-20 (TBS-T:
20 mM Tris-HCl pH 7.6, 137 mM NaCl, 1% Tween-20) and
pre-incubated overnight with 5% nonfat dry milk to block
non-specific binding. Subsequently, the membranes were
incubated for 2 h at room temperature in the presence of the
specific antibody: ß-actin (clone AC-15, Sigma-Aldrich),
used at 1:15000 dilution; or ZBP1, kindly provided by Dr S.
Hüttelmaier (23), used at 1:5000 dilution. The membranes
were washed with TBS-T, incubated with horseradish
peroxidase-labeled secondary antibody (Sigma-Aldrich) for
1 h at room temperature and washed again with TBS-T.
Antibody binding sites were visualized on Hyperfilm using the
Amersham ECL™ Western blot detection system (GE
Healthcare) according to the manufacturer's instructions. We

used three replicates of a control sample in each Western blot
to compare the different blots. The specific densitometric
value of each sample was analyzed using Quantity One
software (Bio-Rad Laboratories) and values were first
normalized relative to μg of protein loaded and then relative
to the mean of the three replicates of the control sample.

Statistical methods. Statistical analyses were performed with
SPSS software. Since data did not follow a normal
distribution and variances were heterogeneous, quantitative
data were analyzed with the non-parametric Mann-Whitney
U test. mRNA expression values were also analyzed qualita-
tively calculating the percentage of tumors in each group
with a relative abundance higher than the median of the
control group. Qualitative data were analyzed through the χ2

test. Then, the non-parametric correlations were carried out
through Kendall's tau-b and Spearman's rho tests. The level of
significance was established at p<0.05.

Results

Gene expression of differentiation markers. The mRNA levels
for the mammary differentiation biomarkers α-casein, ß-casein
and transferrin were determined by Northern blot analyses
(Fig. 1A). In each case, the size of the mRNAs detected was
in accordance to those previously described. The expression
levels of α-casein were significantly higher than those of ß-
casein in the mammary adenocarcinomas from all the
experimental groups. The level of α-casein was slightly higher
in all high fat groups related to the low fat group, though the
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Figure 1. Effects of a high corn oil diet and a high olive oil diet on the expression of differentiation-associated genes in DMBA-induced mammary tumors.
(A) Northern blot analyses of α-casein, ß-casein, transferrin and the control transcript p0 in the mammary tumors of rats fed the control diet (LF), high corn oil
diet (HF-C), high olive oil diet (HF-O) and both high fat diets (HF-CO). (B) Relative mRNA expression of each gene. The box plot represents the
interquartile range (25-75th percentile) and the line within this box is the median value. Bottom and top bars of the whisker indicate the 10th and 90th
percentiles, respectively. Outlier values are also represented. Tumors analyzed: 17 (LF), 22 (HF-C), 17 (HF-O) and 14 (HF-CO). Significance outside the
brackets is related to the quantitative analysis; significance inside the brackets is related to the qualitative analysis.
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changes observed were not quantitatively significant; only the
difference between LF and HF-O was close to a statistical
significance (p<0.1). In addition, the percentage of tumors
with higher values than the median of the control group
(qualitative analysis) was close to significance in the HF-O
group (12/17, 70.6%, p<0.1) and statistically significant in
the HF-C group (16/21, 76.2%, p<0.05) (Fig. 1B). When we
analyzed the expression of ß-casein we found that not all
tumors have detectable levels of this transcript. We did not
find significant differences in the percentage of tumors
displaying ß-casein mRNA: 52.4% (11/21) in LF, 72.7%
(16/22) in HF-C, 58.8% (10/17) in HF-O, and 68.6% (11/16)
in HF-CO. In the adenocarcinomas with a detectable
expression of ß-casein, there were no differences in the
mRNA levels due to the experimental diets (Fig. 1B).

Transferrin mRNA expression was similar in groups LF
and HF-C, while the high olive oil groups had higher values
than the control and high corn oil groups (Fig. 1B). These
differences were quantitatively significant for group HF-CO.
In addition, the qualitative analysis showed a significant
percentage of tumors with higher values for transferrin than
the median of the control in HF-CO and close to a significance
in HF-O. Thus, 75.0% of the tumors from the HF-O group
and 100% of the tumors from the HF-CO group had higher
transferrin mRNA levels than the median expression of the
control group.

ß-actin mRNA and protein expression. The mRNA of ß-actin
was detected by Northern blot in each of the tumors analyzed.
The ß-actin relative expression levels were slightly higher in
the tumors from the animals fed the high fat diets (Fig. 2A),
showing the trend to be significant when LF and HF-O were
compared. The percentage of tumors with a higher expression
than the median of control was significantly high in the HF-C
group. Thus, we further analyzed the expression of ß-actin by
determination of the protein levels. Western blot analyses of
total extracts from tumor tissues did not show differences due
to the experimental diets (Fig. 2B). Moreover, when we
correlated the results obtained in each tumor, we observed
that the mRNA and protein levels of ß-actin did not have a
statistically significant correlation.

ZBP1 expression. Since we observed changes in the ß-actin
mRNA levels by effect of the diets, though such changes were
not accompanied by increases in the protein expression, we
analyzed the protein levels of ZBP1, the ß-actin mRNA
transporter. ZBP1 was analyzed by Western blot and the
levels of this protein were significantly higher in the HF-C
groups than in the control and HF-O groups (Fig. 3).

On the other hand, we found a significant positive
correlation between the protein levels of ß-actin and those of
ZBP1 in the control group (Kendall's tau-b R=0.410, P=0.05;
Spearman's rho R=0.588, p<0.05). However, this correlation
was not maintained in the three groups fed the high fat diets.
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Table I. Composition of experimental diets (g/kg).
–––––––––––––––––––––––––––––––––––––––––––––––––

Low fat High fat High fat 
corn oil olive oil

–––––––––––––––––––––––––––––––––––––––––––––––––
Proteins (casein) 180 230 230

Carbohydrates (dextrose) 679 459 459

Lipids
Corn oil 30 200 30
Extra virgin olive oil 0 0 170

Fiber (cellulose) 50 50 50

Salt mix 59 59 59

Vitamin mix 2.4 2.4 2.4
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Effects of the experimental diets on the expression of ß-actin in
DMBA-induced mammary tumors. (A) Northern blot analyses for ß-actin
showed an increase of the mRNA relative expression in the HF-C and
HF-O groups. (B) Western blot analyses of the protein ß-actin did not
show differences among the groups. Tumors analyzed: 18 (LF), 22 (HF-C),
17 (HF-O) and 16 (HF-CO). Significance inside the brackets is related to the
qualitative analysis.
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Discussion

Cancer is influenced by many environmental factors, which
can modify the promotion of tumors. In previous studies in vivo
we found that high fat diets had a clear effect on the
morphological differentiation and clinical degree of
malignancy of experimental tumors, which was accompanied
by modifications in genes related to proliferation and
differentiation. In this study, we are aiming to further
characterize the influence of different dietary lipids on the
expression of differentiation genes, including classic
biomarkers of mammary differentiation. Herein, we described
that the expression of the α- and ß-caseins was not related to
the degree of morphological differentiation nor to the clinical
behavior, which suggests that these genes were not good
biomarkers of the modifications that the experimental diets
conferred to the adenocarcinomas. On the contrary, a high
olive oil diet and a high corn oil diet induced different
modifications in the expression of transferrin as well as in the
ZBP1 protein, which can be related to the tumor-enhancing
effect of the high corn oil and the possible tumor-protective
effect of the high olive oil diet, which we described (7,9,31).
Moreover, these high fat diets may have an effect on the
translation of ß-actin from mRNA to protein, a process in
which ZBP1 has an important role.

We previously demonstrated that a diet rich in n-6
polyunsaturated fatty acids (high corn oil diet) clearly exerted
a stimulating effect on DMBA-induced breast cancer. In
contrast, a high extra virgin olive oil diet conferred to the
mammary tumors a less aggressive behavior and less
morphological dedifferentiation (7,9,31). To gain insight into
the molecular changes that are related to the tumor
phenotypes induced by the high fat diets, the mRNA
expression levels of differentiation-related genes were
analyzed in the adenocarcinomas from the different
experimental groups. The α- and ß-caseins are considered

markers of the differentiation of the mammary gland (32).
Caseins are down-regulated in rat mammary tumors induced
with several carcinogens, including DMBA, in comparison
with the normal mammary tissue (18,19,32). In the literature
there is little data regarding the effects of dietary lipids on the
expression of caseins. Linoleic and oleic acids modulated
casein accumulation in rat mammary epithelial cells in a
time-, hormone- and dose-dependent manner (33). In PhIP
mammary tumors, ß-casein expression was increased in the
animals which were fed a high linoleic acid diet (18). Such
results were postulated to be due to an increase in the serum
prolactin levels that the dietary lipid could be inducing.
However, increases in serum prolactin due to the effect of
high fat diets have been previously attributed to conditions of
ether stress (34). Nevertheless, the animals used in this study
were euthanized by troncular decapitation and did not undergo
an ether stress condition. Thus, despite the relationship that
we had found between the high fat diets and differentiation,
in our studies the lipids did not modify the expression of the
α- and ß-caseins, indicating that in DMBA-induced mammary
tumors, unlike the normal mammary gland, the expression of
these genes would not be a good indicator of the degree of
morphological differentiation.

Transferrin is the major iron binding protein in the rat
mammary gland, although this protein can have other
functions in growth regulation and differentiation in the gland
(16,35). It appears to play a role in the mechanisms through
which estrogens favor mammary-gland development in rats
(36). Transferrin expression decreases in chemically-induced
mammary carcinomas (18,19). This gene was of interest as it
has a different regulation from caseins, since it is relatively
insensitive in vitro to the lactogenic hormones that regulate
casein expression (16,35). In DMBA experimental tumors, we
found that the high corn oil diet did not modify the mRNA
content of this gene, while in the high olive oil fed groups,
particularly HF-CO, transferrin mRNA expression was
increased. Our results are in accordance with the less
aggressive behavior of the tumors due to the effect of the
high extra virgin olive oil diet previously reported (7,9,31).
In this way, some of the clinical parameters used to
characterize the behavior of the tumors were compatible with
a protective effect of the high olive oil diet. Thus, the group
of animals that were fed this diet had longer tumor latency
time and a lower total number of tumors, number of tumors per
animal and tumor volume than the low fat control group (9).

We analyzed the expression of ß-actin, a cytoskeletal
protein that has long been used as a housekeeping gene.
However, the expression of this gene has been associated with
dedifferentiation and with motility capacity (20,21). ß-actin
mRNA and protein levels have also been observed to
increase during mammary gland involution and decrease
during lactation (37). Moreover, a hint for investigating if the
effects of high fat diets were associated to changes in ß-actin
came from our previous observations, where we found that
ß-actin could not be used as a control gene since its expression
greatly changed among the tumor samples. In this study, we
observed higher levels of ß-actin mRNA in the high fat groups,
close to significance, in accordance with previous studies
where the high corn oil diet significantly increased the
expression of that gene (unpublished data). On the contrary,
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Figure 3. Effects of the experimental diets on the expression of ZBP1 in
DMBA-induced mammary tumors. Western blot analyses of the transporter
ZBP1 indicated an increased expression of this protein in the high corn oil
group (HF-C). Tumors analyzed: 12 (LF), 17 (HF-C), 13 (HF-O) and 16
(HF-CO). Significance is related to the quantitative analysis.
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ß-actin protein levels were not modified in any experimental
condition. These results suggested that dietary lipids can be
affecting the translation from mRNA to protein. Such a
process has importance in tumor cells, as it has been observed
that the acquisition of metastatic potential is related to the
localization of ß-actin mRNA in the cellular edge before
being translated (21). In the literature, there is inconsistent
data regarding the effects of dietary lipids on ß-actin
expression. In isolated rat hepatocytes, the polyunsaturated
arachidonic acid (20:4 n-6) induced the up-regulation of ß-actin
mRNA, whereas monounsaturated eicosanoic acid (20:1 n-9)
had no effect (38). ß-actin mRNA was unchanged in the
jejunum of rats fed a diet rich in long-chain triacylglycerols
(39), while in the pancreas ß-actin expression decreased due
to the effect of 17.4% PUFA or saturated fatty acid diets in
comparison to a low fat diet (40). In hepatoma cells grown in
rats, linoleic acid- and linolenic acid-enriched diets induced a
decrease of ß-actin in the tumor cells (41). Thus, the disparity
of results reported in the bibliography suggests a tissue-specific
effect of dietary lipids.

To further investigate the effect that the high fat diets
may be exerting in the translational process of ß-actin, we
analyzed the ZBP1 protein. This protein binds specifically to
ß-actin mRNA and transports the transcript from the nucleus
to the periphery of the cell (22). We observed an increase in
ZBP1 in the high corn oil group related to the control and
high olive oil groups. When we studied the expression levels
of the ß-actin protein in relation to the ZBP1 protein, we
found a positive correlation in the control group, though not in
the high fat groups. Such results support the hypothesis that
the high fat diets can be affecting ß-actin mRNA transport
and translation. In this sense, some lipids are important in the
regulation of the function of the nuclear membrane. Changes
in the activity of nucleotide-triphosphatase due to the effect
of linoleic acid have been described, which can produce
alterations in the RNA flux from the nucleus to the cytoplasm
(42). Lipids can also affect the membrane fluidity and thus
the proteins with a role in the transduction pathways from the
membranes (42-44). Notably, a significant increase in ZBP1
protein levels has been observed in the tumors with the most
aggressive degree of malignancy, those of the group fed the
high corn oil diet. ZBP1, also known as CRD-BR or IMP1,
seems to be an oncofetal protein and has been linked to
carcinogenesis, including in human breast tumors (24). In
relation to this, transgenic mice overexpressing ZBP1
developed mammary tumors, which suggested that it is a
proto-oncogene (25). All this evidence suggests that the
increase in ZBP1 expression that was found can be related to
the higher degree of malignancy of the tumors from the
animals fed the HF-C diet. Those tumors appeared earlier and
were less differentiated, displaying a higher architectural and
nuclear degree and a high mitotic activity. Additionally, the
high corn oil diet induced more tumor-bearing animals, the
total number of tumors, the number of tumors per animal and
tumor volume, in relation to the control and high olive oil
diets (9). Furthermore, ZBP1 is a transporter of other RNAs,
such as the H19 non-coding RNA. H19 is an imprinted gene
with a controversial role, as tumor-suppressing or tumor-
promoting properties have been reported (45-47). Notably, we
previously found a significant down-modulation of H19 in

the HF-C group, though no changes in the groups fed the
high olive oil diets were observed (7,13).

In conclusion, our study revealed that the high olive oil and
the high corn oil diets induce different changes in the
expression of the differentiation-related genes transferrin and
ZBP1, compatible with the different modulatory effects of
these diets in experimental breast cancer (a tumor-enhancing
effect of the high corn oil diet and a protective effect of the
high extra virgin olive oil diet). These results suggest that
modifications in the mRNA and protein expression of these
kinds of genes can be one of the mechanisms by which the
lipids of the diet can be exerting these modulatory effects.
Moreover, caseins are not good biomarkers of differentiation in
this in vivo model, thus they do not reflect the changes in
differentiation features that these dietary lipids confer in the
mammary adenocarcinomas.
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