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Abstract: For over 70 years, long chain fatty acids have been implicated in the development and progression of breast 

cancer. Although the exact role remains to be elucidated, dietary factors have been implicated in approximately 35% of 

cancer deaths. Currently, biomarker, animal and in vitro studies suggest that the individual fatty acids have differing roles 

in the promotion or prevention of breast cancer development and progression. The goal of this review is to assess 

epidemiological, animal and cellular studies with respect to the role of dietary long chain fatty acids in breast cancer risk. 

Subsequently we identify the common findings in these studies, discuss important factors that may influence human 

studies and evaluate the current dietary fat recommendations with respect to these findings. 
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INTRODUCTION 

 In 1981, Doll and Peto estimated that dietary factors 
could be attributed to 35% of cancer deaths, with a range of 
10% to 70% [1]. For breast cancer, dietary fat has remained a 
controversial, modifiable factor since Tannenbaum’s 
hallmark studies investigating the role of dietary fat on 
breast cancer development published in 1942 [2]. These 
studies were performed on rodents and demonstrated that a 
high fat diet increased susceptibility to mammary tumors. 
Then, 1976, Carroll showed the average fat intake of a 
country was correlated to the breast cancer mortality rate. 
Furthermore, he showed a positive correlation between 
breast cancer and fat intake derived from animal sources but 
no correlation for fat derived from vegetable sources [3]. 
Although the study did not control for cultural or 
geographical variables such as exercise, life span, or sun 
exposure, these results suggested the possibility that not only 
the amount of fat in the diet, but also the source of the fat 
may affect breast cancer development. Since then numerous 
epidemiology and clinical studies have produced conflicting 
results. Animal and cell culture studies, on the other hand, 
show that it is not only the amount of fat, but also the 
concentration of individual fatty acids that affect the 
development and growth of mammary tumors. The goal of 
this minireview is to summarize the key points in the field of 
dietary fat and breast cancer, with a specific focus on the 
long chain fatty acids, and to put them in the context of 
current dietary guidelines. 

Long Chain Fatty Acids 

 Long chain fatty acids are carboxylic acids composed of 
a carboxyl head group followed by a long hydrocarbon chain 
[4]. Saturated fatty acids such as palmitic acid or palmitate 
(C16:0) and stearic acid or stearate (C18:0) have no double  
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bonds along their hydrocarbon chains whereas unsaturated 
fatty acids have at least one double bond (Fig. 1). 
Unsaturated fatty acids are further characterized by the 
number and location of the double bonds - monounsaturated 
fatty acids have one double bond and polyunsaturated fatty 
acids have multiple double bonds. The final carbon on the 
hydrocarbon chain is known as the omega carbon. The 
number of carbons between the omega carbon and the first 
double bond determines the type of the unsaturated fatty 
acid. For example, the monounsaturated fatty acid oleate 
(C18:1) has its first double bond 9 carbons from the omega 
carbon and therefore is an omega-9 fatty acid. Linoleate 
(C18:2) is a polyunsaturated fatty acid whose first double 
bond is 6 carbons from the omega carbon and is therefore an 
omega-6 fatty acid [4]. See Table 1 for a summary of the 
characteristics of each long chain fatty acid. Dietary fatty 
acids contain fatty acids with both cis and trans double 
bonds. These trans fatty acids are largely produced by 
industry and in the US contribute about 2-3% of energy 
intake [5]. 

 In biological systems, fatty acids serve several major 
roles including being a major component of the 
phospholipids and glycolipids, precursors to eicosanoids 
(hormone-like lipid molecules), they can be esterified to 
form diacylglycerol, a 2

nd
 messenger signaling molecule, or 

triacylglycerols for energy stores used in times of famine and 
physiological stress, and they can affect protein function by 
covalently binding to the amino acid chain (acylation) [6]. 
Fatty acids are either made endogenously or consumed in 
food. Humans lack the ability to make two fatty acids 
essential to normal physiological functions – linoleate and 
linolenate (C18:3) – and therefore these must be consumed 
through the diet. 

 Serum fatty acid profiles in humans vary somewhat 
depending on the country in which the study was done. In 
healthy US adults, fasting serum non-esterified fatty acid 
concentration was determined to be ~750 μM [7]. Linoleate, 
oleate and palmitate are the most abundant in the plasma, 
followed by arachidonate and stearate. The approximate 
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abundance of these non-esterified serum fatty acids in the 
US population is as follows: linoleate, 26%, oleate, 24%, 
palmitate, 22%, arachidonate, 8% and stearate, 7% [8]. 
Linolenate concentrations are below 5 μM and arachidonate 
below 10 μM, regardless if the subjects fasted [9]. 

 Metabolism: In biological systems, fatty acids serve 
several major roles – they are a major component of the 

phospholipids and glycolipids, they are precursors to 
eicosanoids (hormone-like lipid molecules), they can be 
esterified to form diacylglycerol, a 2

nd
 messenger signaling 

molecule, or triacylglycerols, energy stores used in times of 
famine and physiological stress, and they can affect protein 
function by covalently binding to the amino acid chain 
(acylation) [6]. Fatty acids are either made endogenously or 

 

Fig. (1). Fatty Acid Nomenclature. A) Fatty acids are composed of a carboxyl head group followed by a hydrocarbon-like chain. The first 

carbon on the head group is known as the  carbon, whereas the second is the  carbon, etc. The final carbon is known as the  carbon. 

Unsaturated fatty acids are classified based on the position of the first double bond from the  carbon. B) Saturated fatty acids, such as 

stearate, have no double bonds. Monounsaturated fatty acids, such as oleate, have one double bond and polyunsaturated fatty acids like 

linoleate have more than one double bond. Oleate is an -9 because the double bond occurs 9 carbons from the omega carbon whereas 

linoleate is an -6 fatty acid. 

Table 1. Classification of Long Chain Fatty Acids 

 

Fatty Acid Common Name IUPAC Name Type Omega Class 

C16:0 Palmitate; Palmitic Acid hexadecanoic acid Saturated N/A 

C18:0 Stearate; Stearic Acid Octadecanoic acid Saturated N/A 

C18:1 Oleate; Oleic Acid cis-9-octadecenoic acid Monounsaturated Omega-9 

C18:2 -Linoleic Acid; Linoleic Acid; Linoleate cis, cis-9,12-octadecadienoic acid Polyunsaturated Omega-6 

C18:3  -Linolenic Acid; Linolenic Acid; Linolenate 9,12,15-octadecatrienoic acid Polyunsaturated Omega-3 

C20:4 Arachidonic Acid; Arachidonate 5,8,11,14-icosatetraenoic acid Polyunsaturated Omega-6 

C20:5 Eicosapentaenoic acid; EPA 5,8,11,14,17-icosapentaenoic acid Polyunsaturated Omega-3 

C22:6 Docosahexaenoic acid’ DHA 4,7,10,13,16,19-docosahexaenoic acid Polyunsaturated Omega-6 
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consumed in food. Humans lack the ability to make two fatty 
acids essential to normal physiological functions – linoleate 
and linolenate (C18:3) – and therefore must be consumed 
through the diet. 

 Synthesis of fatty acids occurs when carbohydrate levels 
are high and fatty acid levels are low. The process is 
controlled by two enzymes – acetyl CoA carboxylase (ACC) 
and fatty acid synthase (FAS). ACC converts acetyl CoA to 
malonyl CoA, one of the basic building blocks used by FAS 
to make fatty acids [10]. Approximately 80% of the fatty 
acids produced by FAS are palmitate, whereas stearate and 
myristate comprise 10% each [11]. On the other hand, 
degradation of fatty acids occurs in the mitochondria and is 
known as mitochondrial -oxidation. -oxidation takes fatty 
acids and breaks them down into acetyl-CoAs making it 
essentially the reverse of fatty acid synthesis. The carnitine 
palmitoyltransferase 1 (CPT1) is mitochondrial outer 
membrane protein that, along with CPT2 on the inner 
mitochondrial membrane, transports fatty acids into the 
mitochondrial lumen [12]. CPT1 is inhibited by malonyl 
CoA whereas ACC is inhibited by insulin ensuring that the 
synthesis and degradation processes do not occur at the same 
time [6]. 

 Fig. (2) is an example schematic of the fatty acid 
metabolism of stearate, a long chain dietary saturated fatty 
acid. When stearate enters the cell (or is synthesized) it 
encounters an enzyme known as acyl-CoA synthetase (ACS) 
[13]. ACS converts hydrophobic fatty acids into their 
hydrophilic Co-A derivatives. These hydrophilic molecules 
are the basic building blocks of phospholipids, 
phosphatidylinositides, acylglycerols, and sphingomyelins. 
This occurs through the formation of precursors such as 
lysophatidate (lysophatidic acid) and phosphatidate 
(phosphatidic acid). The omega-3 and omega-6 fatty acids 
follow a metabolism similar to that of stearate (Fig. 2). 
However, they can also be used to synthesize eicosanoids, as 
depicted in Fig. (3) [14]. 

DIETARY FAT RECOMMENDATIONS OF THE 
AMERICAN DIETETICS ASSOCIATION (ADA) AND 

THE DIETICIANS OF CANADA (DC) 

 According to the ADA and DC, total fat intake should 
range between 20 and 35% of total energy intake. Within 
this recommendation, 3 to 10% of total fat should come from 
the omega-6 polyunsaturated fatty acids and 0.6 to 1.2% 
from omega-3 polyunsaturated fatty acids. Saturated fatty 
acids should be consumed as little as possible and make up 
for no more than 10% of total fat, with recommendations as 
low as 3%. Monounsaturated fatty acids should be consumed 
to make up for the dietary fat percents not met by the other 
fatty acids [15]. 

 In recent years, numerous dietary studies and 
recommendations have shown that a high omega-6/omega-3 
ratio promotes increases in viscosity of the blood, 
vasoconstriction of the blood vessels, and platelet 
aggregation. There is also a correlation between increased 
omega-6/omega-3 ratios and the risk of diabetes [16]. These 
negative health effects are often attributed to competition of 
linolenate and linoleate for the enzymes that lead to the 
formation of the eicosanoid precursors, eicosapentaenoic 
acid (EPA) and arachidonate, respectively. Many of the 
omega-3 derived eicosanoids are thought to have anti-
inflammatory and anti-thrombotic effects whereas those 
derived from omega-6 fatty acids have pro-inflammatory, 
pro-thrombotic and carcinogenic effects [14]. Furthermore, 
as the intake of omega-3 fatty acids increases, they have 
been shown to displace the omega-6 fatty acids in terms of 
not just eicosanoids, but also other lipid by-products such as 
phospholipids, and vice versa [17]. 

 The current ADA recommendations state that the lower 
limit of the omega6/omega3 ratio is 3/1 and the upper limit 
is 16/1. In 2000, the National Institutes of Health hosted The 
Workshop on the Essentiality of and Recommended Dietary 
Intakes (RDIs) for omega-6 and omega-3 Fatty Acids. 
During this workshop, the attendees concluded humans 

 

Fig. (2). Metabolism of stearate. 
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should consume 2-3% energy from linolenate, an omega-3 
fatty acid, daily, 1% from linoleate, an omega-6 fatty acid, 
and at least 0.3% docosahexaenoic acid (DHA) and EPA 
[18]. The recommended omega 6/omega 3 ratio based on 
these fat intakes ranges from 1.2/1 to 2.3/1. The ratio 
recommended by the workshop has been suggested by others 
to be the most beneficial in terms of human health [17]. 

EPIDEMIOLOGY 

 Since the publication of Carroll’s initial correlative 
studies, many case-controlled and cohort studies have been 
performed, analyzing the effects of total fat, saturated fat, 
monounsaturated fat, and polyunsaturated fat on breast 
cancer risk. Many of these studies have been summarized in 
four meta-analyses and have spawned four multi-centered, 
large scaled cohort studies. These studies, which are 
discussed below, are controversial, and reveal conflicting 
results. 

Meta-Analyses of Dietary Fat Research 

 To date, four meta-analyses analyzing multiple cohort 
and case-controlled studies have been published examining 
the effect of dietary fat on breast cancer. Two of these 
analyses found no effect of dietary fat on breast cancer 
development - a meta-analysis of 21 cohort and case-
controlled studies and a meta-analysis of 8 cohort studies 
[19, 20]. A meta-analysis of 12 case-controlled studies found 
a positive association of total fat, saturated fat, and 
monounsaturated fat and breast cancer risk in post-
menopausal women [21]. A more recent analysis of 14 
cohort and 31 case-controlled studies found similar results, 
with a positive association seen with total fat and saturated 
fat intake and breast cancer risk [22]. The latter analysis 
included a total of over 25,000 cases of breast cancer in 20 
countries. Overall the meta-analyses are suggestive of an 
effect of total fat and saturated fat on breast cancer risk but 
are not conclusive. 

Large Multi-Center Cohort Studies 

 Several large scale studies have been arranged in recent 
years to investigate the role of dietary fat on breast cancer 

risk. Unlike the case-controlled studies that often centered 
around one region, these studies were either national or 
continental studies. Such a large population may be more 
representative of society than the smaller scale studies. These 
include the European Prospective Investigation into 
Nutrition and Cancer (EPIC) as well as three interventional 
studies - United States’ Women’s Health Initiative (WHI) 
that measured the risk of breast cancer following a reduction 
in dietary fat, the Women’s Intervention Nutrition Study 
(WINS) and Women’s Healthy Eating and Living (WHEL) 
in the United States which measured the effect of dietary fat 
on relapse and survival in patients previously diagnosed with 
breast cancer. The results of these studies that relate to breast 
cancer and fat intake are explained below. 

EPIC 

 The EPIC study began in 1993 with data being collected 
from 23 centers in 10 European countries. The study 
consisted of 521,468 participants, 366,521 of whom were 
women. During the duration of the study, several papers 
were published examining the role of various nutrients on 
breast cancer development. Of 319,826 women analyzed, 
7119 developed breast cancer. Within the subgroup of those 
who developed breast cancer, no association was seen 
between cancer risk and total fat intake when comparing the 
highest and lowest quartiles of fat intake (HR = 1.02; 95% 
CI = 0.90 – 1.17; p for trend = 0.601), although a weak 
positive association was observed with saturated fat intake 
(HR = 1.13; 95% CI = 1.00-1.27; p for trend = 0.038) but not 
monounsaturated (HR = 1.05; 95% CI = 0.92-1.20; p for 
trend = 0.254) or polyunsaturated fatty acids (HR = 0.97; 
95% CI = 0.88-1.07; p for trend = 0.372) [23]. 

 Consistent with no effect of polyunsaturated fatty acids, 
one study examined the fish consumption of 310,671 
women, 4776 of whom developed invasive breast cancer. No 
association was found between total fish, lean fish, or fatty 
fish and breast cancer development. [24]. Interestingly, 
analysis of individual centers had different effects in terms 
of individual fatty acids and breast cancer risk. Data from the 
Cambridge center found no association between saturated fat 
and breast cancer risk when comparing the results of the 

 

Fig. (3). Omega-6 and Omega-3 Fatty Acid Metabolism. Omega-3 and omega-6 fatty acids are converted into EPA and arachidonate, 

respectively. They are then converted to various eicosanoids, including prostaglandins, leukotrienes, and thromboxanes, among others. 
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food-frequency questionnaire (HR = 1.10; 95% CI = 0.94-
1.29; p=0.23) although women who consumed 
approximately 35 grams of fat a day from dairy had twice 
the risk of developing breast cancer than those who 
consumed 10 grams or less from dairy (HR = 1.22; 95% CI = 
1.06-1.40; p=0.005) [25]. On the other hand, data collected 
from 15,351 German women at the Potsdam location 
suggested the 137 cases of invasive breast cancer that 
developed were positively associated with total fat intake. 
Additionally, the breast cancer cases were positively 
correlated with saturated fat, monounsaturated fat, and 
polyunsaturated fat (both omega-3 and omega-6; p<0.0001 
for all groups). It is worth noting, however, that dietary 
assessments were only performed at the beginning of the 
study. Therefore, the study does not account for any dietary 
changes that occurred between the beginning of the study 
and the time of diagnosis [26]. 

Interventional Studies 

WHI 

 The Women’s Health Initiative Dietary Modification 
Trial was the first large scale randomized trial to test the 
effects of a low fat diet on breast cancer risk. 48,835 
postmenopausal women were enrolled at 30 sites around the 
United States between 1993 and 1997. Of those enrolled, 
19,451 women were randomized into a dietary intervention 
group whereas 29,294 were in the comparison group. The 
women in the dietary intervention group were counseled to 
lower their fat consumption by 50% - from 40% of total 
energy intake to approximately 20% of total energy intake 
[27]. Women were then followed for 8.1 years and the 
incidences of various cancers and heart diseases were 
recorded [28]. The results for the WHI study were highly 
anticipated and, to the surprise of the research community, 
no effect was seen on the risk of invasive breast cancer 
between the dietary intervention and comparison groups [27-
29]. There was a 9% decrease in breast cancer incidence in 
the intervention group, but the results were not significantly 
different from the control group (HR = 0.91; 95% CI = 0.83-
1.01; unweighted p-value = 0.07) [28]. Perhaps even more 
surprising, the women who were in the highest quartile of 
basal fat intake saw a decreased risk for invasive breast 
cancer (HR = 0.78; 95% CI = 0.64-0.95; interaction p value 
= 0.04) [28]. Interestingly, an unexpected, significant 
decrease in ovarian cancer was seen in the cohort of women 
on the lower fat diet (HR = 0.83; 95% CI = 0.60-1.14; 
p=0.03 by weighted log rank test) [30]. 

 Since the release of the results, several issues have been 
raised about the study [31]. The study design called for a 
50% difference in fat intake between the intervention and 
control groups. In reality, the study saw a 25% difference 
after year one, 25% difference after year three and a 24% 
difference after year five. It is thought this inability to reach 
the targeted fat reduction may account for the unexpected 
results. Furthermore, the enrollment period needed to meet 
the participant goal of the study took longer than anticipated. 
As a result, the average follow-up period was 8.1 years as 
compared to the original goal of 9 years. Once again, this 
unanticipated decrease is thought to account for the lack of 
an effect of the low fat diet on breast cancer risk [27]. 

WINS 

 Unlike the WHI and EPIC studies, the WINS study was 
designed to determine the effect of a low fat diet on breast 
cancer reoccurrence in patients with early staged, surgically 
removed breast tumors [32]. 2,437 women aged 48 to 79 
were recruited at 39 sites around the United States to 
participate. Of those enrolled, 975 were assigned to the 
dietary intervention group that aimed to reduce dietary fat to 
15% of the diet where as 1462 were assigned to the control 
group and were not instructed to change their diet [33]. 

 After one year, those patients on the low fat, intervention 
diet decreased their total fat intake by approximately 10%, 
resulting in a decrease in saturated, monounsaturated, and 
polyunsaturated fat compared to their control counterparts 
[33]. This decrease remained significant for the ~5 years of 
the study [34]. In terms of breast cancer recurrence and 
survival, no difference was observed in overall survival 
between the control and dietary intervention groups (HR = 
0.89; 95% CI = 0.65-1.21; p=0.56). However, decreases in 
relapse-free survival events (defined as breast cancer 
reoccurrence at any site; HR = 0.76; 95% CI = 0.60-0.98; 
p=0.077 by stratified long rank test, p=0.034 by adjusted 
Cox model analysis), recurrence free-survival events 
(defined as breast cancer recurrence at any site excluding 
contra-lateral breast cancer HR = 0.71; 95% CI = 0.53-0.94; 
p=0.05 by stratified log rank test), and disease-free survival 
events (defined as a secondary invasive breast cancer, 
excluding basal and squamous skin cancers; HR = 0.81; 95% 
CI = 0.65-0.99; p=0.078 by stratified long rank test) were 
observed in the intervention groups compared to the control 
groups [35]. Interestingly, this beneficial effect of reduced 
dietary fat on relapse-free survival was greater in estrogen 
receptor negative breast cancer (HR = 0.58; 95% CI = 0.37-
0.91; p=0.018) than estrogen-receptor positive breast cancer 
(HR = 0.85; 95% CI = 0.63-1.14; p=0.277) [35]. This study 
was among one of the first large scale studies to show that 
modifications in dietary fat could affect survival in patients 
previously diagnosed with breast cancer, and suggested a 
potential treatment for patients with the often hard to treat 
estrogen receptor negative breast cancer [36]. 

WHEL 

 The Women’s Healthy Eating and Living Randomized 
Trial was designed in a manner similar to the WINS study. 
Participants were women aged 18 to 70 who had previously 
had a surgically removed primary breast tumor. They were 
enrolled at 7 sites around the United States between 1995 
and 2000. The 3088 participants were divided into a dietary 
intervention group (n=1537) or a control group (n=1551). 
Those in the dietary intervention group were advised to take 
a diet high in fruits and vegetables and low in fat – the fat 
intake goal was 15-20% of total caloric intake. Those in the 
control group were advised to follow the 5-a-day plan (5 
portions of fruit and vegetables per day). Those in the dietary 
intervention group had a significantly lower fat intake 
throughout the experiment compared to those in the control 
group – by year 4, a 13% decrease in fat intake was observed 
(p<0.001). Interestingly, no difference in breast cancer 
relapse (HR = 1.13; 95% CI = 0.81-1.58) or survival (HR = 
0.98; 95% CI = 0.64-1.49) was observed between the two 
groups [37]. 

 Summary: In the large cohort studies the EPIC study 
found a weak association between saturated fat and breast 
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cancer. Overall the interventional studies showed no 
significant effect from reducing dietary fat intake although 
the WHI study which looked at first occurrence of breast 
cancer was suggestive with a 9% non-significant decrease 
and the WINS study showed a significant beneficial effect in 
ER -negative breast cancer patients. 

 Thus epidemiological studies are suggestive that 
saturated fat is associated with breast cancer risk although an 
association for total fat remains inconclusive. 

ACCURACY OF DIETARY STUDIES 

 The variability observed in cohort and case controlled 
studies has often been attributed to methodological issues. 
Study design issues can include inaccurate dietary recall 
(breast cancer patients often report higher fat intake 
throughout life than controls), and lack of control for other 
health factors such as alcohol intake, body size, and 
menopausal status. Additionally, many have questioned the 
accuracy and validity of food frequency questionnaires used 
to assess dietary habits. Such questionnaires often ask people 
to recall dietary patterns for short periods of time in their life 
and may not accurately represent one’s lifetime dietary 
habits. Some questionnaires ask participants to assess dietary 
habits many years prior (i.e. middle aged women recalling 
adolescent dietary habits) and such reports may be largely 
inaccurate. For interventional studies the consistent inability 
of subjects/patients to achieve the targeted reductions in fat 
intake raise the question of how low their dietary fat intake 
can be reduced. Finally, questions have been raised in cohort 
studies about the duration of the follow-up period. It is 
possible that participants are not assessed long enough to see 
a true effect between dietary fat and cancer [38]. 

DIETARY BIOMARKERS OF FATTY ACID INTAKE 

 Due to the issues associated with dietary recall studies, 
and other issues including variability of dietary fat 
absorption by the intestine and metabolism (i.e. 
bioavailability) many scientists are using biomarkers of fatty 
acid intake to draw conclusions concerning fat intake and 
breast cancer risk. Data obtained by actually measuring 
individual fatty acid composition of adipose tissue, 
erythrocyte membranes, serum and plasma provides 
quantitative measurements independent of energy intake that 
reflect post-absorptive, bioavailable amounts of fat 
consumed. This eliminates inadequacies of food frequency 
questionnaires, food composition tables, and nutrient 
databases. 

 These so-called biomarkers include the fatty acid 
composition of triglycerides, phospholipids and cholesterol 
esters in adipose tissue, serum/plasma, and erythrocytes. One 
meta-analysis was published of 13 studies that examined 
breast cancer risk in comparison to fatty acid content of 
adipose tissue in all studies except one which used serum 
fatty acids from phospholipids. In this meta-analysis, total 
saturated fat (RR = 1.26; 95% CI = 1.10-1.45) and total 
monounsaturated fat (RR = 2.20; 95% CI = 193-2.52) were 
associated with an increase in breast cancer risk in cohorts of 
postmenopausal women. On the other hand, total 
polyunsaturated fat, both omega 6 (RR = 0.67; 95% CI = 
0.59-0.75) and omega 3 (RR = 0.58; 95% CI = 0.58-0.64), 
were associated with a decrease in breast cancer risk in 

cohorts of postmenopausal women. As for individual fatty 
acids, palmitate (RR = 1.89; 95% CI = 1.0-2.10), oleate (RR 
= 1.45; 95% CI = 1.09-1.94), and linolenate (RR = 1.14; 
95% CI = 1.03-1.26) were associated with an increase in 
breast cancer risk whereas stearate (RR = 0.68; 95% CI = 
0.61-0.76), EPA (RR = 0.91; 95% CI = 0.86-0.95), DHA 
(RR = 0.66; 95% CI = 0.59-0.73), and linoleate (RR = 0.88; 
95% CI = 0.78-0.98) were associated with a decreased risk 
also in postmenopausal women cohort studies [39]. No 
significant differences were seen in the case control studies. 
However similar results were obtained from a subsequent 
case-controlled study measuring erythrocyte fatty acids 
relative to breast cancer risk based out of Shanghai, China. 
Palmitate concentration correlated to breast cancer risk (OR 
= 2.18; 95% CI = 1.14-4.15; p = 0.004) whereas no effect 
was observed with stearate (OR = 1.26; RR = 0.68 – 2.3; p = 
0.83), oleate (OR = 1.28; 95% CI = 0.72-2.27; p = 0.6), or 
linolenate (OR = 0.99; 95% CI = 0.54-1.82; p = 0.59) and a 
negative effect was observed with EPA (OR = 0.45; 95% CI 
= 0.26-0.77; p = 0.003), DHA (OR = 0.61; 95% CI = 0.36 – 
1.04; p = 0.09), and linoleate (OR = 0.67; 95% CI = 0.37 – 
1.21; p = 0.02) [40]. It should be kept in mind that these 
studies are relatively few in number compared to the 
epidemiology studies. However the cohort studies are 
preferable due to their prospective, longitudinal, and 
multiple measurement design lending credibility to the 
results. The results are interesting if one thinks of the 
suggestion of saturated fat being linked to breast cancer 
found by epidemiology studies compared to the biomarker 
marker studies. The later clearly show a risk for breast 
cancer associated with palmitate but a protective or neutral 
effect was shown with stearate. Thus the balance of 
palmitate to stearate may be an important indicator of breast 
cancer risk rather than total saturated fat. 

DIETARY FAT STUDIES IN RODENT MODELS 

 Although there are extensive studies on dietary fat and 
breast cancer risk there is only a suggestion of an effect of 
saturated fat. There are fewer biomarker studies however that 
support the epidemiological studies but suggest that 
individual saturated fatty acids differ dramatically in their 
effects. There are many animal studies that have investigated 
the effects of dietary fatty acids on breast cancer. These 
studies have clearly shown an effect of individual fatty acids 
on spontaneous tumor development, carcinogen induced 
carcinoma, and metastasis. 

Primary Tumor Studies 

 In 1942, Albert Tannenbaum published a study in which 
DBA mice were fed a high fat diet derived from 
hydrogenated cottonseed oil, which contains largely linoleic 
acid, developed more spontaneous tumors than their control 
counterparts. When the diets were initiated earlier, the effect 
was greater, indicating that the duration and/or timing of 
fatty acid exposure could affect tumorigenesis [2]. 
Unfortunately, the individual concentrations of fatty acids in 
the diets used by Tannenbaum were not reported. 
Nevertheless, this was the first study that suggested that not 
only the amount of fat in the diet but also the time of 
exposure could affect breast cancer risk. 

 Since the initial studies, over 100 dietary fat studies have 
been performed in rodent models. Many of these have shown 
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that the amount of fat in the diet correlates positively to 
breast cancer development. More specifically, fats derived 
from vegetable oils have been shown to increase cancer in 
spontaneous models, chemically induced models and 
metastasis models. Similar results were observed with 
natural saturated fatty acid sources such as beef tallow and 
lard. A threshold affect has been proposed in which 
increasing the concentration of fatty acid past a certain 
percentage does not subsequently increase tumor yield. More 
studies are necessary to determine if this is accurate [41]. 

 The amount of fat the animals are exposed to also 
dictates the number of carcinogen-induced tumors. When 
animals were fed either a 5% fat diet or a 20% fat diet 
derived from corn oil ad libitum and injected with NMU, 
more animals developed tumors on the 20% fat diet. When 
diets were restricted to 50-59 kilocalories/day, there was no 
difference in tumor incidence between the diets. This 
suggests that not only is the amount of food in the diet a 
factor in determining tumor incidence, but also the amount 
of energy available to the animals [42]. 

 Along with the amount of fat in the diet, the type of fat 
has also been implicated in the development of mammary 
cancer in animal studies. However, one of the major 
challenges in dietary studies is determining if the observed 
effect is due to an increase in one fatty acid or a decrease in 
another. To address this issue, Tinsley et al. analyzed the 
effect of 20 different diets composed of various 
concentrations of natural fats and oils to determine the effect 
of fat on spontaneous mammary tumor development in CH3 
mice. Using linear regression, the role of individual fatty 
acids on mammary cancer development was determined. 
Linoleate (C18:2) was the most significantly associated with 
an increase in tumor incidence and palmitate (C16:0) was 
also associated with increased incidence. Laurate (C12:0), 
myristate (C14:0), oleate (C18:1) and linolenate (C18:3) had 
little effect on tumor development. Finally, stearate (C18:0) 
was substantially associated with a decrease in tumor 
incidence [43]. 

 Animals fed a largely polyunsaturated diet (18.6% total 
fat – 59% linoleate, 27% oleate) before and after 7,12-
Dimethylbenz(a)anthracene (DMBA) administration had 
more tumors compared to animals fed a high saturated fat 
diet (18.6% total fat – 37% oleate, 28% palmitate, 19% 
stearate). Interestingly, if animals were placed on the 
polyunsaturated diet before DMBA administration and 
switched to the high saturate diet after administration, they 
developed fewer tumors than those animals placed on the 
polyunsaturated diet throughout. Furthermore, when animals 
were fed a saturated diet before and a polyunsaturated diet 
after DMBA administration, they developed more tumors 
than the animals fed the high saturated diet throughout. 
These results indicate that polyunsaturated fats affect the 
development of mammary tumors only when they are fed 
post-carcinogen injection, suggesting that polyunsaturated 
fatty acids effect the development of breast cancer during the 
promotion phase [44]. 

 Interestingly, despite evidence that saturated fats may 
induce tumor growth, a diet enriched with stearate has been 
shown to delay tumor development in A/St mice [45]. 
Similarly, a 17% stearate diet/ 3% safflower oil diet was 
shown to decrease tumor size in animals injected with MDA-

MB-435 cells into the mammary fat pad [46]. When Habib et 
al. injected stearate into NMU treated animals, they observed 
a decreased number of tumors, decreased latency period until 
first tumor development, and decreased tumor size [47]. 
These studies indicate that in addition to dietary 
modification, it may be possible to alter fatty acid 
concentrations in patient through injections of individual 
fatty acids. 

 Overall animal studies support biomarker studies in that 
they are consistent with stearate, and n-3 fatty acids having a 
protective effect and oleic acid have a positive association 
with breast cancer risk. However in contrast to the biomarker 
studies, animal studies indicated that linoleate had a positive 
association with breast cancer risk although this may depend 
on the timing of breast cancer initiation and fatty acid 
exposure. 

Metastasis Studies 

In addition to affecting the development and growth of 
primary mammary tumors, fatty acids also have an effect on 
metastases. The best studied are the omega-3 and omega-6 
fatty acids. 

 Linoleate has been shown to enhance breast cancer 
metastasis in several xenograft mouse models. This effect 
appears to be dose dependent, as BALB/c mice injected with 
the murine mammary cancer line 4526 and fed diets 
composed of 1, 2, 4, or 8% linoleate developed 62-73% 
fewer lung metastases than those fed 12% linoleate (p<0.02). 
Furthermore, as the concentration of linoleate increased in 
the diet, it also increased in the primary tumors [48]. 
Linoleate also enhances the metastasis of the MDA-MB-231 
and MDA-MB-435 human breast cancer cells from the 
mammary fat pad to the lungs of athymic nude mice, as 21% 
more mice fed 12% linoleate versus 2% linoleate developed 
lung metastases. The reasons behind this increase are not 
fully understood, although linoleate increases the invasion 
and type IV collagenase activity of these breast cancer cells 
in vitro [49]. As collagen IV is a major component of the 
basal lamina of the basement membrane, the ability of the 
breast cancer cells to adhere could play a role in survival and 
invasion. Additionally, treatment of the animals with the 
highest dose of the cyclooxygenase inhibitor indomethacin 
suppresses linoleate induced metastasis by 42%, suggesting 
that eicosanoids derived from linoleate may account for the 
increase in metastasis, perhaps through an increase in 
angiogenesis [50]. In support of this data, animals fed a diet 
of 20% safflower oil, which was enriched in linoleate had a 
marked increase in blood vessel areas in tumors compared to 
animals fed a 20% fish oil diet, which is enriched with 
omega 3 fatty acids (p<0.05) [51]. 

 In contrast to linoleate, the omega-3 fatty acids linole-
nate, eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) have been shown to decrease metastatic tumor 
burden. In this study mice were maintained on an 8% 
linoleate diet following injection of MDA-MB-435 cells into 
the mammary fat pad. Seven days before excision of the 
primary tumor, the animals either remained on the linoleate 
diet or were placed on a 2, 4, or 8% EPA or DHA diet. The 
EPA and DHA diets successfully decreased the incidence 
(p<0.02 and 0.01, respectively) number (p<0.01) and volume 
of macroscopic lesions (p<0.01) compared to the 8% 
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linoleate diet. Interestingly, when diets were changed after 
primary tumor removal, the 8% EPA and DHA diets still 
decreased the number of macrometastases in the lung 
(p<0.05 and p<0.01, respectively) and DHA decreased the 
metastatic tumor volume (p<0.05). [52] Feeding animals a 
diet composed of flaxseed oil, which was enriched in 
linolenate, resulted in decreased primary tumor size by 25% 
in the mammary fat pads of animals injected with MDA-
MB-435 cells and an approximately 4.5 fold decrease in the 
number of metastatic lesions per animal (p<0.05). 
Furthermore, the decrease in primary tumor size appeared to 
be due to a decrease in epidermal growth factor receptor 
(EGFR; p<0.01) and proliferation (as determined by Ki67 
staining; p<0.05). [53]. The exact reason for the decrease in 
metastases is unknown; however, there is some evidence that 
omega-3 fatty acids may inhibit angiogenesis [54]. 

 As with the omega-3 fatty acids, dietary stearate has been 
shown to decrease the size of mammary fat pad tumors 
formed from MDA-MB-435 cells injected into the fat pads 
of athymic nude mice by approximately 50% (p<0.021 for 
all other conditions tested). Additionally, stearate decreased 
the number of metastases to the lungs of these mice by 50% 
(p<0.024 for all other conditions tested), although the effect 
on metastasis appears to be independent of the primary 
tumor size. To date the mechanism underlying this decrease 
is unclear, although it may involve the induction of apoptosis 
in the cancer cells [46]. 

 Dietary fatty acids influence breast cancer metastasis in 
animal models. Dietary n-3 fatty acids and stearate appear to 
decrease metastatic tumor burden while linoleate promotes 
metastasis numbers and incidence. 

FATTY ACIDS AND CANCER CELLS IN VITRO 

 The major fatty acids found in the human plasma, and 
those well studied with breast cancer are profiled. These 
include palmitate, stearate, oleate, linoleate, arachidonate, 
linolenate, EPA and DHA. See Table 1 for a summary of the 
characteristics of each fatty acid. Approximate serum 
concentrations of individual fatty acids are based on a 
measured average fasting total non-esterified fatty acids of 
750 μM, as well as the percentage of each in the US 
population, and are provided to give perspective to the 
concentrations of individual fatty acids used for in vitro 
studies [7, 8]. 

Palmitate 

 Palmitate is the most abundant non-esterified or free 
saturated fatty acid in human serum at a fasting 
concentration of ~165μM and is also the most abundant 
saturated fatty acid in the diet. Palmitate can either be 
supplied exogenously or endogenously through activation of 
fatty acid synthase (FAS). When supplied exogenously, 
treatment of breast cancer cells with 150 μM palmitate 
inhibited epidermal growth factor (EGF)-induced 
proliferation by approximately 45% [55]. Furthermore, 100 
μM palmitate for 24 hours inhibits breast cancer cell growth 
by approximately 90% and treatment with bromo-palmitate 
did not affect cell growth indicating that palmitate must be 
metabolized to inhibit growth [56, 57]. The mechanisms 
underlying palmitate-induced breast cancer cell death are 
unknown although 100 μM palmitate decreased 

mitochondrial membrane potential, increased cytochrome C 
concentrations in the cytosol, and activated caspase-3 in a 
time dependent manner [57]. This suggests palmitate is 
inducing apoptosis through the intrinsic apoptotic cascade. 
Palmitate decreased the levels of cardiolipin, the 
phospholipid that sequesters cytochrome C in the 
mitochondria, indicating that palmitate can act directly on 
the mitochondria to induce apoptosis [57]. 

 Inhibition of acetyl-CoA carboxylase  (ACC ) and 
inhibition of FAS with siRNA resulted in decreased 
synthesis of palmitate and induced apoptosis of human breast 
cancer cells. When the cells lacking FAS or ACC  were 
treated with 100 μM palmitate, the decrease in cell viability 
was reversed by approximately 94%, once again stressing 
the importance of fatty acids, and in this instance, palmitate, 
on breast cancer survival [58]. 

Stearate 

 Stearate is the second most abundant circulating non-
esterified saturated fatty acid in fasting human serum at ~53 
μM. However, little research has been done investigating the 
effect of this fatty acid on breast cancer development and 
progression. 150 μM stearate has been shown to inhibit 
EGF-induced Hs578t breast cancer cell proliferation by 
approximately 95% [55]. Furthermore, 10-25 μM stearate is 
known to induce translocation of Annexin II to detergent 
resistant membrane in the Hs578t cells, hypothetically 
affecting cellular signaling through modifications of lipid 
rafts and protein acylation, although the effect on the cancer 
cell phenotype is not known [59]. As with palmitate, 25-150 
μM stearate has been shown to preferentially inhibit growth 
and induce apoptosis of breast cancer cells, potentially 
through the induction of de novo diacyglycerol synthesis and 
activation of protein kinase C [46, 57,  60, 61]. Interestingly, 
the apoptotic effect of stearate appears to be cancer cell 
specific as treatment of non-transformed breast cells has no 
effect on cell survival [60, 61]. 

Oleate 

 Oleate is present in fasting serum at a concentration of 
~180 μM. In animal studies, the effect of oleate has been 
either a slight increase in tumor formation or no effect. 
However, epidemiological data from people on the so called 
high-olive oil Mediterranean diet, indicate they experience a 
decrease in breast cancer rates [62]. Because oleate is found 
in high concentrations in olive oil, it is hypothesized to be 
the major constituent associated with the results in the 
epidemiological studies. The effect of oleate on breast cancer 
cells in vitro, however, tells a story that is more closely 
related to the animal studies. 

 In 1990 Rose and Connolly found they could promote the 
growth of breast cancer cells with very low concentrations 
(0.9μM) of oleate whereas higher concentrations (3.5-8.9 
μM) inhibited growth [56]. When cells were treated with the 
chemotherapeutic doxorubicin, an oxidizing agent, and 
DHA, cell viability was greatly decreased, below that of 
doxorubicin alone. However, when cells were treated with 
oleate instead of DHA, the viability of the cancer cells was 
equivalent to doxorubicin, indicating oleate does not appear 
to have chemotherapeutic properties [63]. 
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 Extended survival studies have shown that oleate extends 
the lifespan of serum starved cells. The untreated cells began 
to die within 24 hours and were completely dead by day 6. 
On the other hand, 33-400 μM oleate had a protective effect 
and 100 μM decreases the caspase-3 activity induced by 
serum starving, thereby promoting survival. When a panel of 
breast cell lines was tested, 100 μM oleate promoted survival 
of the T-47D and MDA-MB-468 breast cancer cells in 
addition to MDA-MB-231 cells by approximately 1.5, 1.6, 
and 12.7 fold, respectively [64]. Interestingly no effect was 
observed in the MCF-7 breast cancer cells or the MCF-10A 
non-cancerous breast epithelial cells [64]. 

 Hardy et al. demonstrated that 250-500 μM oleate 
increased proliferation of the MDA-MB-231, ZR-75-1, and 
MCF-7 breast cancer cells but not the T-47D by 1.6 to 6.5 
fold as determined by tritated thymidine uptake. Oleate also 
reversed palmitate-induced apoptosis in the MDA-MB-231 
and T-47D cells. The ability of oleate to prevent palmitate 
induced apoptosis and promote survival appears to be due to 
the activation of phosphatidylinositol-3-kinase (PI3K) [57]. 
The reasons for the different responses between the cell lines 
in terms of survival studies and the proliferation study are 
unknown but may be due, at least in part, to differences in 
cell culture lines between laboratories. 

 As mentioned previously fatty acid synthase is crucial for 
breast cancer cell survival and inhibition of the FAS 
complex results in cell death. One of the common ways to 
inhibit FAS is to use the pharmacologic inhibitor cerulenin. 
Cerulenin decreased the viability of the SK-Br3 cells; 
however, when breast cancer cells were treated with oleate in 
addition to cerulenin, a decrease in cell toxicity was 
observed [65]. Once again, these results suggest oleate 
promotes cell survival [65]. 

 In addition to affecting proliferation and survival, oleate 
has been shown recently to promote cell migration. 
Treatment of MDA-MB-231 breast cancer cells with 100-
400 μM oleate promotes cell migration by approximately 2-
4.7 fold. Further molecular experiments revealed this 
migration was induced by oleate-mediated production of 
arachidonate, which in turn activated focal adhesion kinase 
(FAK) [66]. Furthermore, 500 μM oleate induced invasion of 
MDA-MB-231 cells through Matrigel by approximately 2 
fold [67]. 

 If oleate is associated with an increase in breast cancer 
cell survival, migration and invasion, why do people on the 
Mediterranean diet have a decreased risk for breast cancer? 
In addition to being rich in oleate, olive oil is also enriched 
with phenols that have been shown to have anti-cancer 
properties and therefore, the effects of olive oil may not be 
due to oleate [68]. This points out one of the primary 
problems with dietary studies using oils – they contain many 
compounds besides fatty acids that may be carcinogenic or 
anti-carcinogenic. In addition the Mediterranean diet also 
includes fish, a rich source of n-3 fatty acids, which also 
have anti-cancer properties. 

Linoleate 

 The fasting serum concentration of linoleate is ~195 μM. 
Many in vivo studies have been performed with corn oil and 
safflower oil, two oils enriched in linoleate that show a 
tumor promoting effect. Consistent with the animal data, in 

vitro experiments indicate 17.8 nM – 2.7μM linoleate can 
stimulate proliferation of breast cancer cells by 
approximately 1.5-5.2 fold in a dose dependent manner [69]. 
Treatment with the cyclooxygenase and 5-lipooxygenase 
inhibitor indomethacin reversed the pro-proliferation effect 
of 2.2 μM linoleate [56]. Treatment with the cyclooxygenase 
inhibitor piroxicam had no effect on linoleate-induced 
proliferation whereas the 5-lipooxygeanse inhibitors 
esculetin and nordihydroguaiaretic acid (NDGA) reversed 
the effect similar to indomethacin. These results suggest that 
the leukotrienes produced by 5-lipooxygenase and not the 
prostaglandins produced by cyclooxygenase are important in 
linoleate-induced proliferation and survival [56]. Consistent 
with this hypothesis linoleate was found to induce 
proliferation, activate phospholipase C, and protein kinase C 
with no effect on prostaglandin E2 (PGE2) secretion 
indicating that cyclooxygenase activity was not involved 
[70]. 

 Treatment with linoleate increased the number of cells in 
S-phase. Furthermore, microarray data indicated that 
linoleate could modulate expression of various proteins 
involved in cell cycle regulation and cell growth. For 
example, linoleate induced expression of the estrogen 
receptor which is known to be a growth stimulant when 
activated. On the other hand, linoleate decreased androgen 
receptor expression which is known to antagonize the effects 
of the estrogen receptor [71]. 

 The effects of linoleate are not just specific to breast 
cancer cells. Epithelial cells isolated from normal breast 
tissue showed maximal growth stimulation when cultured 
with insulin, EGF and linoleate. This growth could be 
inhibited with indomethacin and the inhibition could be 
reversed with the addition of PGE2. Interestingly, epithelial 
cells isolated from fibroadenomas were unresponsive to 
linoleate. The normal epithelial cells showed an increase of 
linoleate being shuttled into the arachidonate pathway to 
increase prostaglandin expression compared to the 
fibroadenoma epithelial cells [72]. Unlike Rose’s work with 
the breast cancer cell lines, these results indicate 
prostaglandins may play a role in at least some of the effects 
seen with linoleate. 

 Linoleate does not only affect proliferation, it can also 
stimulate breast cancer cell invasion. Treatment of the MDA-
MB-435 breast cancer cells with 0.89 μM and 1.7 μM 
linoleate resulted in an increase in cell invasion through 
Matrigel of approximately 35% and 55%, respectively, and 
an increase in type IV collagenase activity compared to 
untreated cells and these effects were inhibited by 
indomethacin [73, 74]. These results indicate that either 
prostaglandins or leukotrienes may be involved in linoleate-
induced invasion. Additionally, 500 μM of linoleate was 
sufficient to induce a 4 fold increase in cell invasion via a 
PAI1 dependent mechanism [67]. 

Arachidonate 

 Arachidonate is present in fasting serum at approximately 
the same concentration as stearate, ~60μM. When linoleate 
enters into a cell, it is converted to arachidonate through a 
three step process. Arachidonate is then converted to 
eicosanoids, including the 2-series prostanoids, 
prostaglandins and thromboxanes, lipoxins, and the 4-series 
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leukotrienes. As mentioned above, inhibition of 5-
lipooxygenase results in an inhibition of leukotriene 
formation, whereas inhibition of cyclooxygenase causes a 
decrease in prostaglandins and thromoxanes [14]. Since 
linoleate can be converted to arachidonate, much of the work 
studying arachidonate does so by studying its metabolism. 
However, this section, similar to previous sections on other 
fatty acids, will focus on the effects of arachidonate applied 
exogenously to breast cancer cells. 

 One of the most striking features of treatment of the 
MDA-MB-435 cells with 30 μM arachidonate is an increase 
in cell adhesion to type IV collagen by approximately 1.7 
fold. A large amount of work has been done investigating 
this adhesion phenomenon. Arachidonate induced activation 
of the MAP kinase p38. Activation of this enzyme was 
confirmed by phosphorylation of its downstream target MAP 
kinase-activated protein kinase 2 (MAPKAPK2). The 
activation of p38 was dependent on the dose of arachidonate 
and inhibition of p38 reversed arachidonate-induced cell 
adhesion [75]. Arachidonate-mediated cell adhesion was also 
dependent on the activation of PKCμ. Following activation, 
PKCμ was cleaved by calpain. When this cleavage was 
inhibited, the cells did not adhere to collagen IV. 
Interestingly, inhibition of p38 did not prevent 
PKCμ phosphorylation and vice versa. However, inhibition 
of p38 did partially prevent PKCμ cleavage by calpain [76]. 

 When arachidonate enters the cell, it is converted to 
15(S)-hydroxyeicosatetraenoic acid (15(S)-HETE) by 15-
lipooxygenase. When 15(S)-HETE was added directly to 
MDA-MB-435 cancer cells, it stimulated breast cancer cell 
adhesion in a dose dependent manner. Furthermore, 
treatment with 15(S)-HETE stimulated phosphorylation of 
p38, indicating that it is the major eicosanoid responsible for 
arachidonate mediated adhesion [77]. 

 Adhesion and migration involve the rearrangement of 
focal adhesion, induced by the activation of FAK. Treatment 
with 15 μM arachidonate for 48 hours significantly increased 
migration of the MDA-MB-231 cells by approximately 4 
fold and treatment for 10-20 minutes significantly activated 
FAK in the MDA-MB-231, MCF-7, and ZR-75 cells. No 
effect was observed in the MCF-10A breast epithelial cells. 
The activation of FAK could be prevented by pretreatment 
with the antioxidant nordihydroguaiaretic acid (NDGA) 
indicating a lipooxygenase product was responsible for FAK 
activation. In addition to activating FAK, arachidonate also 
activated src in the MDA-MB-231, MCF-7 and ZR-75 cells. 
Finally, inhibition of the lipooxygenases or src prevented the 
increase in migration due to arachidonate [66]. 

 In addition to affecting adhesion and migration, 
arachidonate has also been implicated in cell proliferation. 
Treatment of T-47D breast cancer cells with 8.2 μM 
arachidonate stimulated growth and induced expression of 
cyclin D1 which has previously been associated with an 
increase in cell proliferation [78]. On the other hand 
treatment of MDA-MB-231 and MCF-7 cells with 1-50 μM 
causes decreased cell viability in a dose dependent manner. 
In the MDA-MB-231 cells, this decrease was associated with 
the activation of caspase-9 and caspase-3 indicating the 
decrease in viability is due to activation of the intrinsic 
apoptotic cascade [79]. 

Linolenate 

 The concentration of linolenate in fasting serum is ~5μM. 
The effects of the essential omega-3 fatty acid alpha-
linolenate on breast cancer cells have not been well studied 
and characterized with in vitro models. Relatively few 
studies treated cells with linolenate – the majority of studies 
looking at the omega-3 fatty acids use DHA or EPA and 
these studies are discussed in the next section. Overall, 
however, linolenate appears to specifically inhibit breast 
cancer cell growth. Treatment of the MCF-7 cells with 6-30 
μM linolenate shows a dose dependent decrease in cell 
proliferation. Treatment of MCF-10A cells with 6-30 μM 
linolenate had largely no effect, although a decrease in 
viability was observed at the highest concentration. The 
effect was observed whether linolenate was supplied as a 
free fatty acid bound to albumin, or as a phospholipid 
enriched lysosome [80]. 25-100 μM linolenate also 
decreased the proliferation of the MDA-MB-231 breast 
cancer cells in a dose dependent manner [81]. Furthermore, 
treatment of MCF-7 cells with 75 and 100 μM linolenate for 
48 hours increased the number of apoptotic cells by 18 and 
16%, respectively [82]. 

Docosahexaenoic Acid (DHA) and Eicosapentaenoic Acid 
(EPA) 

 The concentrations of DHA and EPA in fasting serum are 
13 μM and 6 μM respectively. DHA and EPA are generally 
referred to as the omega-3 fish oils as they are found in high 
concentration in oily fish such as salmon. When linolenate 
enters into a cell, it is converted to EPA through the same 
pathway that converts linoleate to arachidonate. EPA can 
also be converted to DHA and vice versa. EPA is the 
precursor to the 3-series prostanoids, prostaglandins and 
thromboxanes, lipoxins, and the 5-series leukotrienes. 
Interestingly, these eicosanoids generally have the opposite 
effect as those derived from arachidonate, meaning they are 
generally anti-inflammatory and anti-carcinogenic [14]. 

 DHA and EPA have been shown to inhibit the growth of 
several different breast cancer cell lines at different 
concentrations. 100 μM EPA and DHA have been shown to 
decrease cell growth after 5 days treatment. In addition, there 
was a dose (1-100 μM) dependent inhibition of colony 
growth [83]. In another study, 40-160 μM DHA was found 
to inhibit MCF-7 growth in a dose dependent manner. A 
time dependent increase in apoptosis was observed 24, 48, 
and 72 hours post-treatment. Consistent with this finding, the 
Bax/Bcl-2 ratio increased 48 to 72 hours after treatment 
indicating a possible mechanism for the induction of 
apoptosis [84]. DHA (25 μM) also induced apoptosis in 
MDA-MB-231 cells through a mechanism dependent on 
ceramide formation [85]. 

 Multiple other mechanisms have been linked to the 
apoptotic effect of DHA. Treatment of MDA-MB-231 cells 
with 50 μM DHA caused an increase in the PPAR  
expression and a subsequent decrease in NF B activity. No 
effect was observed with EPA [86]. Furthermore, 30 μM 
DHA has been shown to activate PPAR  and induce caspase-
3 activity in MCF-7 cells. Once again, no effect was seen 
with EPA, indicating it does not play a role in activating 
PPAR  [87]. 
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 In addition to affecting proliferation and survival, DHA 
has also been shown to sensitize MCF-7 and MDA-MB-231 
cells when used with the chemotherapeutic agent 
doxorubicin [63, 88]. To date, the mechanisms underlying 
these effects are largely unknown. 

SUMMARY  

 In some ways, the in vitro data can be as difficult to 
interpret as the animal and epidemiological studies. Different 
results are observed in the same cell lines, concentrations are 
inconsistent, and in many cases, not physiological. The 
majority of the studies focus on one fatty acid, while in vivo 
multiple fatty acids are present. It will be important to verify 
the molecular mechanisms proposed from in vitro studies in 
vivo. Yet, despite these inconsistencies and unconfirmed 
mechanisms, many of the in vitro studies show results 
similar to the animal studies. 

 When breast cancer cells were treated with exogenous 
palmitate, the cells underwent apoptosis [57]. However, if 
FAS expression was decreased by siRNA and the cells were 
treated with palmitate, it increased survival [58]. Therefore, 
depending on FAS expression, palmitate can either induce or 
inhibit cytotoxicity. Stearate, on the other hand, shows 
consistent anti-cancer properties, including the inhibition of 
proliferation and induction of apoptosis. The omega-6 fatty 
acids linoleate and arachidonate appear to promote 
carcinogenesis by promoting both growth and invasion of 
cancer cells. Finally, the omega-3 fatty acids such as 
linolenate, DHA and EPA inhibit carcinogenesis by 
decreasing cell viability, proliferation, invasion, and 
increasing chemosensitivity. 

DISCUSSION 

 Despite hundreds of epidemiological, in vivo, and in vitro 
studies investigating the role of fatty acids on breast cancer, 
a definitive conclusion on fatty acids as a group remains 
elusive. Clearly the timing of dietary fat exposure is 
important as are the differences in metabolism and synthesis 
of fatty acids between individuals. Nevertheless the above 
epidemiological, biomarker, animal and cellular studies 
indicate that it is likely to be important to find the right 
balance of individual dietary fatty acids rather than groups of 
fatty acids such as saturated and unsaturated fatty acids. 

 Specifically, it is difficult to ignore the breast cancer 
promoting effects of linoleate and palmitate and the 
inhibiting effect of stearate, EPA and DHA. While 
increasing dietary EPA and DHA are reasonably well 
accepted as being beneficial to human health, increasing 
dietary stearate, a long chain saturated fatty acid, may seem 
like a risky proposition. However human studies indicate 
that dietary stearate lowers total cholesterol and low density 
lipoprotein cholesterol or so called “bad cholesterol” (LDLc) 
[89]. Also stearate is slowly metabolized and is 
preferentially incorporated into membrane phospholipids 
[90, 91]. In addition, other human studies indicate that 
increasing dietary stearate does not increase thrombosis or 
insulin resistance [92-94]. Furthermore, serum 
concentrations of stearate are approximately doubled in the 
Hong Kong population, which also has increased levels of 
EPA and DHA as well as reduced palmitate compared to the 
US population. In addition, women in Hong Kong have a 

lifetime risk of breast cancer that is approximately half that 
of US women [95]. While the reasons for the reduced risk of 
breast cancer are likely to be complex and multifactorial 
these studies in total point to the possibility of raising serum 
concentrations of stearate, EPA and DHA.  

 The Dietary Guidelines for Americans recommends the 
majority of dietary fats be composed of omega-3 and omega-
6 fatty acids (polyunsaturated fatty acids) and oleate 
(monounsaturated fatty acid) with limited intake of saturated 
fatty acids [96]. Fig. (4) depicts the current balance of fatty 
acid dietary recommendations as well as a potential neutral 
balance of individual fatty acids for breast cancer 
progression. We live in a fat-phobic society, especially in 
terms of saturated fatty acids. But as we decrease the intake 
of saturated fatty acids, we increase the consumption of other 
fatty acids and or carbohydrates which may promote breast 
cancer development and progression. 

 The relationship between dietary fat and breast cancer is 
a very complex one, confounded by many issues and 
caveats. So while it is worth noting that the current dietary 
guidelines may be inappropriate in terms of breast health, 
one cannot ignore the contributions of other factors to this 
issue, including the production of endogenous fatty acids, 
timing of dietary fat exposure, and caloric restriction. While 
an in depth discussion of each of these subjects is beyond the 
scope of this review, we highlight key points as follows. 

 Endogenous production of fatty acids: As described 
previously, FAS is responsible for the production of 
saturated fatty acids that can then be converted to other fatty 
acids, with the exception of the essential fatty acids. In 1994, 
an overexpressed, poor prognostic breast cancer marker was 
isolated, sequenced and identified as FAS [11]. FAS has 
since been found to be associated with a decrease in both 
disease free survival and overall survival [97]. For reasons 
that are not completely understood, it is thought that cancer 
cells require de novo synthesis of fatty acids, possibly for the 
generation of phospholipids and 2

nd
 messengers mentioned 

previously [11]. In addition to being an indicator of poor 
prognosis, many studies have been performed showing 
inhibition of FAS leads to death of cancer cells, indicating it 
may be a potential chemotherapeutic target [98]. To date, the 
differences between metabolism of endogenously produced 
fatty acids and those acquired from the diet are unknown. 

 Timing of Dietary Fat Exposure: Population based 
studies suggest that dietary fat has an effect on the risk for 
breast cancer depending on where the studies were 
performed. For example Asian American women are at low 
risk of breast cancer when born in Asia; however, Asian 
American women who are born in America are at higher risk 
which is comparable to that of American women. The delay 
of increased risk for breast cancer for a generation suggests 
the possibility of diet during pregnancy as an important 
factor. Clarke et al. have suggested that a high fat diet during 
pregnancy may increase breast cancer risk in response to 
carcinogen exposure later in life [99]. Specifically, they 
hypothesize that a high fat diet increases estrogen in utero 
which leads to reduced epithelial differentiation, reduced 
protein kinase C activity, and reduced estrogen receptors in 
the developing mammary gland which leads to increased 
susceptibility to transformation and an increased incidence 
of breast cancer in response to chemical carcinogens. Clarke 
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also points out that since ~60% of breast tumors are ER+ and 
a high fat diet may affect only this group of patients (indirect 
evidence) the power of cohort studies to detect an effect of a 
high fat diet on breast cancer risk may be adversely affected 
since a significant amount of breast tumors are ER- [99]. 

 Caloric Restriction: There is little doubt that total caloric 
intake is related to increased risk of breast cancer in animal 
models. In some cases a dramatic effect has been 
demonstrated. For example Boissonneault et al. have shown 
a 30% calorie reduction resulted in a 90% reduction in 
mammary cancer [100]. However in humans this is 
complicated by the relationship of caloric intake to physical 
exercise [101]. Caloric intake increases with physical 
exercise, which has a beneficial effect on cardiovascular 
disease [102]. The relationship of an excess caloric intake 
compared to output has opposite effects on women’s risk for 
breast cancer depending on menopausal status. 
Premenopausal women with excess calories have a reduced  
 

incidence of breast cancer while postmenopausal women 
have increased risk. These differences are likely to be related 
to estrogen levels. It has been proposed that the decreased 
risk in premenopausal women may be due to a lack of 
ovulation in some obese women while the increased risk in 
postmenopausal women may be due to increased conversion 
of androgens to estrogens [103-106]. 

CONCLUSIONS 

 Recognizing that not all dietary saturated fatty acids have 
negative effects on breast cancer while not all unsaturated 
fatty acids have positive effects is an important conceptual 
step to finding the “neutral” or optimal balance of individual 
dietary fatty acids for breast cancer risk. To obtain the 
optimal balance of dietary fatty acids for minimizing breast 
cancer risk it will be important to understand the mechanism 
of action of how individual fatty acids affect the various 
stages of cancer, from initiation and tumor growth to 
metastasis. 

 

Fig. (4). Balancing dietary fatty acids with respect to breast cancer risk: A current view of ADA recommended dietary fatty acids and 

the effect of individual fatty acids on breast cancer progression based on in vitro, in vivo and human dietary fat biomarker studies. Note that 

we are not recommending eliminating any of the fatty acids listed above but rather put forward the notion of shifting proportions of 

individual fatty acids to minimize breast cancer risk. 
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