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Abstract
Scope—We previously demonstrated that lifelong feeding of diets enriched in n-3 fatty acids
such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) significantly inhibits
HER-2/neu-mediated mammary tumorigenesis in mice. Of interest is whether dietary n-3 fatty
acids exert effects at early stages of mammary carcinogenesis.

Methods and results—Female 7 week old MMTV-HER-2/neu transgenic mice were
randomized to AIN-based semipurified diets containing either fish or corn oil at 25% energy. Mice
were evaluated at 25, 30 and 35 weeks with analysis of mammary glands for atypical ductal
hyperplasia (hematoxylin and eosin), cell proliferation (Ki67 immunostaining), and fatty acid
synthase and cyclooxygenase-2 gene expression (qRT-PCR). Tissue fatty acid profiles were
quantitated by gas chromatography.

Atypia grade decreased significantly in mice fed fish oil (P=0.002). Mammary epithelial cells in
mammary glands from mice fed fish oil also had an 8 fold lower percentage of Ki67 expression.
COX-2 expression in mammary fat pads significantly decreased in mice fed fish versus corn oil
enriched diets.

Conclusions—Dietary fish oil inhibits atypical ductal hyperplasia at early stages of HER-2/neu-
mediated mammary carcinogenesis relative to corn oil diets. This histologic change is associated
with suppression of mammary epithelial cell proliferation and decreased COX-2 expression in
mammary tissue.
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Introduction
The human epidermal growth factor receptor 2 (HER-2/neu), also known as ErbB2, is a 185
kD transmembrane receptor tyrosine kinase that is involved in human mammary
oncogenesis, amplified and overexpressed in 15–40% of invasive breast cancers [1]. HER-2/
neu overexpression in breast cancer correlates with poor clinical outcome, as measured by
disease recurrence, progression, and survival [2, 3]. Aberrant expression of HER-2/neu has
also been observed in 50–60% of carcinoma in situ of the breast, at greater prevalence than
in invasive disease, and thus may have a role in the earliest stages of mammary
carcinogenesis [4–6].

In transgenic mice overexpressing the HER-2/neu protooncogene under the control of the
mouse mammary tumor virus (MMTV) promoter, mammary epithelial-specific expression
of this protooncogene leads to the induction of focal mammary tumors at 4 months with a
median incidence of 205 days [7]. Mammary epithelium progresses through hyperplasia,
atypical hyperplasia and carcinoma in situ to invasive tumors with a long latency and
asynchronous appearance, mirroring features in human breast cancer. The histologic features
of human lobular atypical hyperplasia and carcinoma resemble those arising in these HER-2/
neu transgenic mice [8]. The tumors overexpress HER-2/neu and are negative for estrogen
receptor (ER) and progesterone receptor (PR) expression. Transgenic mice carrying the
unactivated HER-2/neu proto-oncogene under MMTV control thus represent a well-
characterized model of mammary carcinogenesis that allows us to investigate the effects of
putative preventive or therapeutic interventions on the development of pre-invasive disease.

Using this HER-2/neu transgenic model, we previously demonstrated the suppressive effects
of fish oil versus corn oil enriched diets when fed over a lifetime on HER-2/neu mammary
tumorigenesis, with increased tumor latency and decreased tumor multiplicity [9].
Mammary glands were also notable for increased atypia in corn oil fed mice. As HER-2/neu
signaling appears critical during early mammary carcinogenesis, we conducted the current
study to define the impact of n-3 and n-6 PUFAs on the development of pre-invasive disease
and biomarkers of progression, prior to the appearance of clinically overt tumors. This effort
may provide insight into strategies for women with premalignant conditions and/or other
factors predisposing to breast cancer.

In this study, female MMTV-HER-2/neu transgenic mice were randomized to diets enriched
with n-3 or n-6 PUFAs at 7 weeks of age and examined at 25, 30, or 35 weeks of age to
investigate the effects of dietary fat content on pre-invasive stages of HER-2/neu-mediated
mammary carcinogenesis.

Materials and methods
Mouse Experimental Procedure

Animal care and use were in accord with institution guidelines and approved by the
Institutional Animal Care and Use Committee of The Ohio State University (OSU protocol
2001A0123). Virgin female FVB/N-TgN(MMTVneu)202Mul transgenic mice [7] were
obtained from Jackson Laboratory (Bar Harbor, ME) and housed in groups of up to 5 in
plastic shoebox cages with autoclaved bedding and filtered air, with 12 hours of darkness
daily and an ambient air temperature of 22 ± 2°C. Mice had free access to diet and water.
Mice were individually tagged and randomly distributed into treatment groups. Diets were
replaced daily to limit oxidation of fatty acid species, with daily monitoring of food
consumption. The health of the mice was monitored daily, and mice were weighed weekly.
Animals were euthanized at 25 (n=61), 30 (n=72) or 35 (n=67) weeks of age (total n=200).
Mammary glands were fixed in 10% buffered formalin for paraffin-embedding for
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hematoxylin and eosin staining and histopathologic evaluation, with a portion also snap-
frozen in liquid nitrogen and stored at −80°C.

H&E-stained sections of mammary glands, without knowledge of diet groups, were
evaluated for mammary gland proliferative lesions based on the consensus report from the
1999 Annapolis meeting on mammary gland pathology of genetically engineered mice [10].
Mammary gland atypical ductal hyperplasia was graded on a scale of normal, mild,
moderate and severe based on the percentage of the mammary gland affected, thickness of
the proliferating ductular epithelium, and cellular atypia (high nuclear to cytoplasmic ratio,
cytoplasmic basophilia, cytomegaly, karyomegaly, and cellular and nuclear pleomorphism).
Heterogeneity in glands was characterized as focal or multifocal features of the next higher
grade, ranging from 0 (normal) to 12 (severe). Eight mammary glands were assessed per
mouse.

Diets
AIN-93G-based diets[11] were prepared by Research Diets, Inc. (New Brunswick, NJ) with
either 24.75 kcal% corn oil or 22.50 kcal% menhaden (fish) oil with 2.25 kcal% corn oil. 25
kcal% fat was selected for a diet of moderate fat content without significant imbalance in
carbohydrate and protein content relative to chow diets, with corn oil as a source of n-6
PUFAs and fish oil as a source of n-3 PUFAs [9]. Diets were designed to contain 21.4%
protein, 57.8% carbohydrate, and 11.6% fat by weight with 0.023 gram/kg t-
butylhydroquinone (TBHQ) for stabilization of the oils. Per 950 g, the menhaden oil diets
contained 9.5 g (2.1 kcal%) linoleic acid (LA), 14.2 g (32 kcal%) eicosapentaenoic acid
(EPA), and 10.3 g (23.2 kcal%) docosahexaenoic acid (DHA). The corn oil diets contained
66.1 g LA/950 g (14.9 kcal%). Fish oil diets prepared for this study contained 0.0042% t-
butylhydroquinone (TBHQ), as a deviation from the formulation of 0.0023% to match the
corn oil diets (personal communication, Michael Pellizon, Research Diets). Diets were
handled under low light conditions and stored at −20°C.

Fatty acid analysis
The fatty acid composition of mammary fat pad samples was determined by a two-step
procedure as described previously [12]. Total lipids (both neutral and phospholipids) were
analyzed. Total n-3:n-6 fatty acid ratios were calculated as the sum of (18:3n3, 20:4n3,
20:5n3, 22:5n3, 22:6n3)/sum of (18:2n6, 18:3n6, 20:2n6, 20:3n6, 20:4n6, 22:2n6, 22:4n6).

Immunohistochemical analyses
4 micron thick tissue sections of mammary glands (fourth or eighth/inguinal glands) were
immunostained using primary antibody to Ki67 (Mib-1) as previously described [13].

Gene expression analyses
Portions of mammary tissue from the thoracic and inguinal glands were flash frozen in
liquid nitrogen at the time of necropsy and stored at −80°C until analysis. Expressions of
mRNA levels were analyzed by quantitative real-time PCR (Prism 7300 sequence detection
system, Applied Biosystems, Foster City, CA). Total RNA was isolated by use of an
RNeasy Lipid Tissue kit (Qiagen, Valencia, CA) and reversed transcribed with random
hexamers using MultiScribe reverse transcriptase (Applied Biosystems). After cDNA
synthesis, real-time PCR analysis was performed with predesigned primes and probes
supplied by Applied Biosystems (TaqMan Gene Expression Assays) for samples in
triplicate. Target gene expression was expressed as 2 –ΔΔC

T by the comparative CT method
and normalized to the expression of 18S ribosomal RNA, then to the corn oil group as the
control.
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Statistical analysis
Data for body weight and fatty acid composition are presented as mean values ± standard
deviations (SD), and differences between fatty acid means were analyzed using the
nonparametric Wilcoxon rank sum test. For these comparisons, Holm’s method of p-value
adjustment was used to control the overall Type I error rate. For the analysis of mammary
gland atypia, we fit a linear mixed effects model to assess the effects of diet on tumor grade.
The model included the age of the mouse, initial weight, batch, and gland as covariates;
there were no significant two-way interactions with diet. Relevant estimates from the model
were calculated with 95% confidence intervals (CI). Similarly, Ki67 expression in mammary
duct cells was assessed using a mixed effects logistic regression model to allow for
dependencies among glands from the same mouse. Differences in gene expression between
the fish oil and corn oil diets by qRT-PCR were assessed using linear mixed effects models
on the log-transformed fold change data, with mouse age considered as a covariate. From
the models, average differences in expression for each target between the two diets were
estimated, with 95% CI.

Results
Dietary treatment of HER-2/neu transgenic mice

The average daily food intake was 2.1 ± 0.6 grams of study diet per mouse calculated from
diet remaining/number of mice per cage, without significant difference between the diet
groups by Student’s t test (p=0.72). There were no differences in initial body weights
between mice in the two diet groups (p=0.071). Overall the mice gained slightly more
weight when fed fish oil vs. corn oil diets by the end of the treatment period (p=<0.001).
Terminal body weights for the combined age groups of 25, 30 and 35 weeks differed by 7%,
with average weights 26.7 ± 3.0 and 24.9 ± 3.0 in the fish and corn oil diet groups,
respectively. The weight difference was noted as early as 9 weeks following the initiation of
study diets with attenuation at 35 weeks (Figure 1). The body weight differences related at
least in part to greater abdominal and mammary fat pad adiposity in fish oil fed versus corn
oil fed mice (data not shown). Diet-associated toxicities were not observed.

Fatty acid analysis of mammary fat pads showed significantly increased DHA and EPA
content in mice fed fish oil (n=23) compared to the corn oil enriched diet (n= 24), with
increased total n-3 fatty acid composition (p<0.001, Table 1). Mammary fat pad content of
DHA and EPA was 17 and 33 fold higher, respectively, in fish oil compared to corn oil fed
mice.

Dietary fish oil inhibited HER-2/neu-mediated mammary gland atypia
The treatment periods of 25, 30 and 35 weeks of age were selected as time points during the
phase of pre-invasive mammary gland histopathology. Overall, 7% (14 of 200) of the mice
developed mammary tumors during the treatment period, with 4.1% (4/97) in the fish oil
group and 9.7% (10/103) in the corn oil group. 13 of the 14 tumors were detected at
necropsy at 25 weeks (n=1), 30 weeks (n=6) and 35 weeks (n=6). Only one tumor had been
detected during routine monitoring at 27 weeks, which was in a mouse randomized to the 30
week corn oil diet treatment.

Hematoxylin and eosin (H&E) stained tissue sections of mammary glands were scored for
atypical ductal hyperplasia ranging from 0 (normal) to 12 (severe). As shown in Figure 2,
mammary glands in the fish and corn oil fed groups had an average grade of 4.23 ± 0.66
(minimal with focal mild atypia) versus 5.39 ± 0.66 (minimal with multiple foci of mild
atypia), respectively, with an overall estimated difference of 1.0 (95% CI: −1.6, −0.3;
p=0.007). There were no significant differences between two replicate experiments
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(p=0.446), age groups of 25, 30, 35 weeks (overall p=0.345) or location of the gland on the
left or right side (p=0.723).

In addition, there was a significant decreasing linear trend in mammary gland atypia in a
cephalad to caudad direction, with breast tissue in the cervical location notable for the
highest grade of atypia (test for trend p-value < 0.001). The incidence of mammary tumors
or microscopic nodules did not follow this cephalad to caudad progression of atypical ductal
hyperplasia. Also, mice with greater initial body weight tended to have slightly lower atypia
grades of approximately −0.2 (95% CI: −0.4, −0.1; p=0.010).

Dietary fish oil inhibits mammary epithelial cell proliferation but not HER-2/neu expression
Ki67 protein is expressed by proliferating cells and serves as a biomarker of tumor cell
replication and progression and also response to therapy [14–16]. To test whether dietary
fish oil altered cell proliferation in MMTV-HER-2/neu mammary glands relative to corn oil
based diets, we performed Ki67 immunostaining of formalin fixed mammary glands and
assessed epithelial cell staining (Figure 3). Mammary glands from mice fed fish oil diets had
a lower percentage of Ki67 positive cells per duct relative to mammary glands from the corn
oil diet group with the odds of having Ki67 positive cells per duct area 8 times higher for
mice fed corn oil compared to fish oil (odds ratio (OR) = 7.97; 95% CI: 2.54, 24.96;
p=0.004). By immunostaining HER-2/neu expression did not differ significantly by intensity
or localization of staining between the diet groups (data not shown).

HER-2/neu mediated gene expression in mammary tissue
Downstream targets for HER-2/neu mediated signaling include fatty acid synthase (FASN)
and cyclooxygenase 2 (COX-2) [17, 18]. Dietary PUFAs and/or HER-2/neu have been
associated with modulation of adipoctyokine expression (adiponectin and leptin) as well as
peroxisome proliferator receptor gamma (PPARγ) [19–21]. For exploratory analyses of
potential dietary PUFA effects on HER-2/neu signal transduction, total RNA isolated from
mammary tissue samples from both diet groups was analyzed by qRT-PCR techniques.
COX-2 expression in mammary fat pad tissue was significantly higher in mice fed corn oil
relative to fish oil enriched diets without significant alteration of the other selected markers
(Table 2).

Discussion
The study data indicate that the diets enriched with n-3 relative to n-6 PUFAs inhibited early
stages of HER-2/neu-mediated mammary carcinogenesis, with decreased development of
mammary gland atypia as a histopathologic precursor to invasive cancer. We previously
demonstrated a 30% reduction in the incidence of invasive mammary cancers in MMTV-
HER-2/neu mice fed diets enriched in n-3 vs. n-6 PUFA lipids for their lifetime, along with
decreased tumor multiplicity and mammary gland histopathology [9]. As we consider future
human intervention trials of bioactive nutrients, women with premalignant conditions such
as atypical ductal hyperplasia or carcinoma in situ may preferentially benefit from such
preventive strategies. This murine study was designed to provide preclinical data on efficacy
and biomarker expression during early stages of HER-2/neu(+), ERPR(−) mammary
carcinogenesis prior to onset of invasive malignancy so as to guide our efforts to develop
dietary strategies of breast cancer prevention for high risk women.

Atypia has emerged as a histological biomarker of higher breast cancer risk in women and
similarly as a predictive marker for carcinogenesis in the murine model. Dietary n-3 PUFAs
appear to exert effects on early events of HER-2/neu mammary carcinogenesis as the impact
on atypia scores was present at each study time point of 25, 30 and 35 weeks of age. The
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grade of atypia did not differ significantly with increasing age over this 10 week window,
consistent with the development of focal tumors sporadically over a long latent period in the
MMTV-HER-2/neu mouse model utilized for the study [7]. Indeed, atypical hyperplasia in
women represents a marker of increased risk of developing breast cancer over an extended
time frame and not necessarily at a specific site [22]. Only fourteen mice progressed to
mammary cancer during the treatment period as detected by monitoring and histopathologic
evaluation at necropsy, yet more than two thirds of the tumor-bearing mice (10/14) were
found in the corn oil-fed group. This result reinforces our previous demonstration of
significantly increased tumor latency in mice fed menhaden oil versus corn oil enriched diets
over an extended period to the point of palpable tumors or 15 months of age [9]. Thus, the
results of the present study suggest that the very earliest steps in mammary carcinogenesis
are sensitive to dietary lipid patterns.

Breast cancer is a heterogeneous disease of many subtypes, each of which may require
specific strategies for prevention. Derangement of HER-2/neu signal transduction by
epigenetic and genetic damage defines one particularly aggressive form of human breast
cancer. The decrease in atypical hyperplasia and cellular proliferation in MMTV-HER-2/neu
mammary glands under conditions of increased n-3 relative to n-6 PUFA content suggests a
particular sensitivity to dietary fatty acids. This effect did not directly influence expression
of the MMTV-driven HER-2/neu gene in mammary glands based on diet or age by
immunohistochemistry. The impact may be indirect, with exploratory qRT-PCR analyses
showing significantly decreased COX-2 expression in mammary fat pad tissue from mice
fed fish oil, a known downstream target of an activated HER-2/neu signaling pathway [18,
23, 24]. FASN is another gene under HER-2/neu regulation[17], but we did not see a
significant effect of dietary PUFAs on FASN expression by qRT-PCR analyses under
conditions of this study. FASN is expressed by both adipocytes and epithelial cells such that
differential effects on gene expression in these cell types would be detectable only by
methods using immunohistochemistry or microdissection for analysis of separate tissue
components. In view of prior studies linking COX-2 expression to breast cancer risk and
disease progression [25, 26], and suppression of MMTV-HER-2/neu mammary tumor
development by the selective COX-2 inhibitor celecoxib [27, 28], our results suggest that the
preventive effects of dietary n-3 PUFAs may involve modulation of COX-2 and bioactive
lipid metabolism at early stages of mammary carcinogenesis. Indeed, a small pilot trial of
n-3 fatty acid supplementation in prostate cancer patients (n=9) who underwent pre- and
post-treatment tumor biopsies demonstrated decreased COX-2 expression in 4 of 7 evaluable
subjects following the study intervention [29]. The predominance of adipose tissue in the
mammary fat pad suggests a likely effect on COX-2 expression in this stromal compartment,
and future investigations will evaluate the potential for differential inhibition of adipocyte/
stromal and epithelial COX-2 expression. Our current study suggests that COX-2 warrants
further exploration as a relevant biomarker in human studies of dietary fatty acid patterns
that modulate mammary tissue response during early stages of carcinogenesis, with
implications for women with premalignant conditions such as atypical ductal or lobular
hyperplasia in which COX-2 overexpression can occur [26].

Mice in our study were carefully monitored for energy intake and growth. Although
isocaloric diets were prepared, the MMTV-HER-2/neu mice fed fish oil were slightly
heavier by about 2 grams compared to those eating corn oil based diets. Food consumption
estimated by food disappearance from the feeding apparatus was similar for the two groups,
but we suspect that dispersal and wastage of food by mice might have masked slight
differences such that a difference in palatability led to slightly greater intake of the fish oil
diets. Given the role of energy intake in promoting mammary cancer [30], the inhibitory
effects of fish oil enriched diets might have been even more dramatic if food intake was
controlled to exacting levels. Interestingly, Cleary et al showed that diet induced obesity did
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not affect tumor latency, incidence, metastasis and burden in the FVB/N MMTV-HER-2/neu
transgenic mouse model, suggesting that the development of hormone receptor negative
breast cancer was not susceptible to this risk factor [31]. Thus, we conclude that the slightly
greater growth of the fish oil fed mice either reduced the benefits of dietary n-3 PUFAs or
had little effect.

Our experience also indicates the need for critical monitoring of diets prepared by
commercial suppliers. The fish oil diets contained TBHQ at 0.0042% instead of 0.0023%
due to manufacturer error that was discovered only after the study concluded. TBHQ is an
additive to prevent oxidation of PUFAs during diet preparation, shipping, storage and
feeding [11]. We doubt that this difference affected the study outcomes as this amount of
TBHQ was several orders of magnitude lower than doses used in rodent studies evaluating
the chemopreventive and carcinogenic properties of TBHQ and its metabolites which
typically ranged from 0.4 to 1% [32, 33]. Gonzalez et al reported attenuation of the
suppressive effects of fish oil on mammary tumorigenesis by supplementation of fish oil
diets with 0.4% TBHQ and vitamin E [34]. Furthermore, our study findings at early stages
of mammary carcinogenesis are concordant with our prior demonstration of decreased
mammary gland atypia and tumorigenesis in mice fed diets prepared to exact specifications
[9].

Taken together, these findings support the hypothesis that dietary n-3 PUFAs elicit
anticancer effects at early premalignant stages and may provide a potent nutritional strategy
for the prevention of HER-2/neu(+), ERPR(−) breast cancer subtypes. As suggested by
emerging human studies, hormone insensitive disease may prove uniquely susceptible to
dietary interventions such as n-3 PUFAs. For example, a dietary pattern of higher intake of
fruits, vegetables, whole grains, low fat dairy products, fish and poultry appears associated
with lower risk for developing ER(−) cancer in postmenopausal women [35]. The Women’s
Intervention Nutrition Study (WINS) findings also indicate beneficial effects of a low fat
diet for the subset of survivors with ER(−) breast cancers [36]. A role for dietary modulation
of risk for breast cancer with HER-2/neu overexpression is supported by the ORDET study
of 8,984 women in Varese Province, Italy, which demonstrated that diets high in raw
vegetables and olive oil were protective against HER-2/neu(+) breast cancer at medium and
high levels of intake, with preventive benefit for the HER-2/neu(+) subtype with also
medium intake of cooked vegetables, rice, poultry, fish [37]. The present data provides
further evidence for potential dietary modulation of specific breast cancer subtypes and
warrants further investigation in prospective human trials of breast cancer prevention.
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Figure 1.
Body weights of HER-2/neu mice in corn and fish oil diet groups differed significantly at 25
weeks (p=0.0004) and 30 weeks (p=0.03) of age but not at 7 or 35 weeks. Error bars indicate
standard deviation.
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Figure 2.
A. Photomicrographs of representative H&E stained MMTV-HER-2/neu mammary glands
for different atypia grades of normal (A), minimal (B), mild (C), moderate (D) and marked
(E), taken at 40× magnification.
B. A greater proportion of the fish oil fed mice (n=65) had glands with lower atypia scores
compared to mammary glands from the corn oil diet group (n=70). Eight mammary glands
per mouse at 25 (n=40), 30 (n=50) and 35 (n=45) weeks of age were assessed for grade by
H&E histology.
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Figure 3.
Ki-67 expression in mammary glands of HER-2/neu mice. 4 micron thick sections of
mammary glands from HER-2/neu mice fed corn or fish oil diets at 25 (n=6), 30 (n=8) and
35 (n=7) weeks of age were immunostained for Ki67 and analyzed by quantitative image
analysis. The percent of Ki67 expression was calculated as the ratio of Ki67+ duct cell to
total duct cell area (n=10 corn oil fed mice with assessment of 138 ducts and n=11 fish oil
fed mice with 120 observations).
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Table 1

Fatty acid composition of mammary fat pads for corn oil and fish oil diet group

Fatty acid
Corn Oil

(n=24)
Fish Oil
(n=23)

C14:0 myristic acid 1.59 ± 0.39 6.05 ± 0.70

C16:0 palmitic acid 17.07 ±1.73 26.6 ± 1.89

C16:1n7 palmitoleic acid 6.05 ± 0.75 17.82 ± 1.93

C16:3n4 hexadecatrienoic acid 0.14 ± 0.02 0.78 ± 0.08

C18:0 stearic acid 1.51 ± 0.64 2.23 ± 0.47

C18:1n9 oleic acid 32.77 ± 0.92 26.83 ± 2.09

C18:1n7 vaccenic acid 1.22 ± 0.10 3.85 ± 0.27

C18:2n6 linoleic acid 38.17 ± 2.7 11.96 ± 1.49

C18:3n6 gamma linolenic acid 0.14 ± 0.04 0.24 ± 0.03

C18:3n3 alpha linolenic acid 0.27 ± 0.03 0.59 ± 0.16

c9t11 CLA conjugated linoleic acid 0.07 ± 0.01 0.15 ± 0.11

C20:0 arachidic acid 0.11 ± 0.03 0.1 ± 0.02

C20:1n9 cetoleic acid 0.38 ± 0.08 0.62 ± 0.1

C20:2n6 eicosadienoic acid 0.07 ± 0.01 0.09 ± 0.02

C20:3n6 dihomo-gamma-linolenic acid 0.04 ± 0.01 0.08 ± 0.02

C20:4n6 arachidonic acid 0.14 ± 0.09 0.18 ± 0.07

C20:4n3 eicosatetraenoic acid 0.08 ± 0.03 0.26 ± 0.09

C20:5n3 eicosapentaenoic acid 0.02 ± 0.02 0.70 ± 0.40

C22:4n6 adrenic acid 0.01 ± 0.01 0.02 ± 0.01

C22:5n3 docosapentaenoic acid 0.13 ± 0.05 0.29 ± 0.11

C22:6n3 docosahexaenoic acid 0.03 ± 0.03 0.57 ± 0.35

Total Saturated Fatty Acids (sum of %) 20.26 ± 2.67 34.98 ± 2.41

Total Monounsaturated Fatty Acids (sum of %) 40.42 ± 1.05 49.12 ± 2.11

Omega 3 Fatty Acids (sum of %) 0.54 ± 0.11 2.40 ± 0.87

Omega 6 Fatty Acids (sum of %) 38.7 ± 2.61 12.85 ± 1.55

n-3/n-6 ratio 0.014 ± 0.00 0.19 ± 0.07

Fatty acids are expressed as percentage of total fatty acids in mammary fat pad tissue (mean ± standard deviation). Statistical significance was
determined by the Wilcoxon rank sum test, with an adjusted p<0.001 for all corn oil versus fish oil diet group comparisons (using Holm’s method)
except arachidonic acid (p=0.005), conjugated linoleic acid (p=0.0.007), and arachidic and adrenic acids (p=0.431 for both).
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Table 2

Gene expression in mammary fat pads

Genes Fold change (Fish Oil vs. Corn Oil) 95% CI p-value

Adiponectin 1.06 (0.64, 1.4) 0.762

COX-2 0.49 (1.09, 3.83) 0.029

FASN 1.33 (0.4, 1.43) 0.353

Leptin 1.95 (0.26, 1.03) 0.058

PPAR 1.49 (0.35, 1.29) 0.205

Gene expression in mammary tissue samples from HER-2/neu mice fed corn and fish oil diets by qRT-PCR for adiponectin, cyclooxygenase 2
(COX-2), fatty acid synthase (FASN), leptin, and peroxisome proliferator activated receptor gamma (PPARγ). Triplicate samples of mammary fat
pad tissue from 65 mice fed corn oil (n=34) and fish oil (n=31 diets) at 25 (n=33), 30 (n=24) and 35 (n=8) weeks of age were evaluated for COX-2,
FASN, leptin, adiopnectin and PPARγ by qRT-PCR. As gene fold changes were almost identical after age adjustment, the table presents
univariable estimates without age adjustment.
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