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ABSTRACT
Breast cancer cell growth can be inhibited in vivo by retinoid X receptor (RXR) specific retinoids. In both animal and
cell culture studies, omega-3 fatty acids share growth regulatory effects similar to those of RXR specific retinoids (rexinoids). One synthetic rexinoid, bexarotene (LCD 1069, Targretin), is used clinically to treat cancer patients. Of concern is that some patients are unable to tolerate high doses of such treatment drugs. We hypothesized that n-3 fatty acids and bexarotene may work synergistically to slow breast cancer cell growth. To test our hypothesis, we used MCF-7
human mammary carcinoma cells and an in vitro cell culture model. We investigated the relationship between the
omega-3 fatty acids docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) alone and in conjunction with bexarotene in slowing MCF-7 cell growth. Following a 72 hr incubation with the respective treatments, bexarotene enhanced cell growth (p < 0.05) while DHA showed a strong growth inhibitory effect which was not enhanced by the addition of bexarotene (p < 0.05). EPA alone was not effective in altering cell growth (p < 0.05). Interestingly, when combined with bexarotene, EPA was more effective at slowing cell growth than when cells received EPA alone. Thus, select
omega-3 fatty acids alone are more effective than bexarotene in slowing MCF-7 cell progression. However, the use of
the RXR-selective retinoids may enhance the growth regulatory mechanisms of the fatty acid EPA.
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1. Introduction
Breast cancer is the leading cause of cancer death in women between the ages of 20 and 59 [1]. The high prevalence of breast cancer in the western world suggests a
strong association with environmental factors including
diet. Specifically, breast cancer risk is linked to high total
dietary fat intake, particularly saturated fat [2]. In fact,
there is a positive correlation between monounsaturated
fats (MUFAs) and increased breast cancer risk [3]. High
consumption of omega-6 (n-6) polyunsaturated fatty acids (PUFAs), such as those found in vegetable oils, are
also positively correlated with breast cancer risk [3-5].
Conversely, omega 3 (n-3) PUFAs and retinoids exert
protective effects and are negatively correlated with
breast cancer [5-8]. Of interest is the similar effect of
retinoids and n-3 fatty acids in slowing cancer progression in mammary cells. Investigation of such chemotherapeutic and chemopreventative nutrients may produce alternative or supplemental options to current chemotherapeutic treatments. Thus, combining nutrients
with prescriptive therapies may allow women to better
Copyright © 2011 SciRes.

tolerate their treatments by consuming lower doses of
drugs that typically cause adverse side effects.
Epidemiological data supports the notion that a diet
high in fish oil may reduce the risk of breast cancer [9].
Long chain n-3 fatty acids such as docosahexaenoic acid
(DHA), found abundantly in fatty fish, have been shown
to induce apoptosis in the human mammary carcinoma
MCF-7 cell line in both in vitro and in vivo rat models
[10]. In particular, DHA may increase reactive oxygen
species (ROS) and induce death in cancer cells [10]. Of
importance to note is that therapeutic levels of DHA (1.8
g) administered in phase II clinical trials improved both
time to progression and overall survival in breast cancer
patients undergoing chemotherapy without producing
adverse toxicity effects [11].
A much larger body of research indicates that retinoids
are effective at slowing the development of breast cancer.
In vitro studies reveal an inverse relationship between
retinoid status or concentration and cancer cell growth
[12-14]. In fact, retinoids are effective in treating certain
types of cancer in vivo [7,8]. In clinical trials, premenopausal women with breast cancer respond positively to
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retinoid treatment [8,15]. An even greater reduction of
cancer cell growth is observed when retinoids such as
all-trans retinoic acid (tRA) are combined with n-3 fatty
acids [16]. Thus, a synergistic effect may be occurring
between the retinoids and n-3 fatty acid in delaying cancer progression. One mechanism underlying the growth
inhibitory action of retinoids on cancer cells includes reduced progression and proliferation by an increase in
cellular differentiation and apoptosis [8,12,14,17-20].
DHA is a ligand for peroxisome proliferator-activated
receptor  (PPAR) [21]. This receptor is part of the nuclear hormone receptor family that heterodimerizes with
retinoid X receptors (RXR) [22]. Certain retinoids, such
as the RXR-selective retinoid bexarotene (LGD1069,
Targretin), are ligands for this receptor [23]. It has also
been shown that ligands of RXR and PPAR trigger an
apoptotic response in MCF-7 cells [24].
Though bexarotene’s growth-inhibitory effects are not
strongly established in the MCF-7 cell line [25], it is
possible that retinoid attenuation of n-3 fatty acid effects
may be seen when DHA or other n-3 fatty acids and bexarotene are administered to MCF-7s in combination. Our
study will further investigate the relationship between
n-3s and the RXR agonist, bexarotene on the effect of
growth in a cell culture model using MCF-7 cells. Results of this experiment could have dietary implications
for chemotherapy with complimentary retinoid treatment
for cancer patients.

2. Materials and Methods
2.1. Cells and Cell Culture
MCF-7 human mammary carcinoma cells were obtained
from American Type Culture Collection (Manassas, Virginia). Cells were cultured in 20 mL of Dulbecco’s Modified Eagle Media containing 10% fetal bovine serum
(FBS) and 1% antibiotic (50% penicillin and 50% streptomycin), and maintained at 37˚C with 5% CO2. All growth media materials were purchased from Fisher Scientific
(Pittsburg, Pennsylvania). MCF-7’s were cultured in T75 flasks and were between passage 5 and 15.

2.2. Retinoid
Bexarotene was obtained from Santa Cruz Biotechnologies (Santa Cruz, California) and handled under indirect
light to prevent photooxidation. Stock solutions were
prepared in 100% ethanol and diluted in growth media.
The final concentration of bexarotene added to the culture media was 2 µM, the approximate IC50 [26].

2.3. Fatty Acids
Docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) were obtained from Sigma-Aldrich (St. Louis Missouri). Stock solutions of fatty acids were prepared in
Copyright © 2011 SciRes.

100% ethanol. Immediately prior to experiments, final
stock solutions were prepared using a serial dilution first
in ethanol, then culture medium. Both DHA and EPA
were added to culture media at final concentrations (IC50)
of 20.2 µM and 54.7 µM, respectively [10].

2.4. Cell Counting
Once confluent, cells were trypsinized and centrifuged at
1800 RPM for 5 minutes. The supernatant was discarded
and the cells were resuspended by light vortexing in 1
mL fresh media. Cells were counted using the trypan blue
exclusion method on a Brightline hemacytometer to determine the number of viable cells present in 1 mL.

2.5. Cell Treatments
Cells were seeded in 96-well plates at a concentration of
5000 cells per well for proliferation assays. Cells were
incubated for 24 hours at 37˚C with 5% CO2 in regular
culture media containing 10% FBS to allow time for the
cells to adhere to the plate. Media was then removed and
replaced with fresh FBS-free media containing one of the
following treatments for an incubation period of 72 hours
(Table 1).

2.6. Cell Proliferation Assay
Cell proliferation was measured by fluorescence using
Cell Counting Kit-8 (CCK-8) from Dojindo (Rockville,
Maryland) according to the manufacturer’s protocol.
After 72 hours of incubation with treatment solutions, 10
µl of CCK-8 reagent was added to each well. Plates were
incubated for 2 hours, allowing time for production of a
water-soluble formazan dye in the presence of viable
cells.

2.7. Cell Proliferation Quantification
Production of formazan was measured using a Bio-Rad
550 Microplate Reader at an emission of 490 nm. Emission values were compared for treated and non-treated
cells to determine differences in viable cell concentration
as a marker of cell proliferation.
Table 1. Concentrations of cell treatment solutions.
Treatment Group

Treatment Concentration

Vehicle Control

0.1% ethanol

Bexarotene

2 µM

DHA

20.2 µM

EPA

54.7 µM

Bexarotene + DHA

2 µM + 20.2 µM

Bexarotene + EPA

2 µM + 54.7 µM
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2.8. Statistical Analysis
Collected data was organized using Microsoft Excel and
MiniTab was used to conduct an unbalanced ANOVA
test using a general linear regression to determine any
significant differences in growth rates among treatment
groups at p < 0.05.

3. Results
Treatment of MCF-7 cells with DHA alone and in combination with bexarotene, and EPA in combination with
bexarotene resulted in a significant decrease in proliferation following 72 hours of treatment. DHA reduced cell
growth by 72% compared to controls (p < 0.05). Overall,
DHA alone reduced the growth of MCF-7 cells more
than all other treatments except DHA + bexarotene, which
was not significantly different from DHA (p < 0.05,
Figure 1). Bexarotene alone resulted in an increased
growth rate in comparison to all other treatments and a
14% increase compared to the control (p < 0.05, Figures
1 and 2). Though the EPA growth rate did not differ from
the control, combined treatment of bexarotene and EPA
significantly slowed the growth by 16.1% when compared to either the control or EPA alone (p < 0.05, Figure 2).

4. Discussion
Though bexarotene is an effective growth inhibitor of
estrogen receptor positive (ER+) T47D cell types, this
effect has not been established in ER+ human mammary
carcinoma cells [25]. In the present study, bexarotene
enhanced the growth rate of MCF-7 cells. This appears to
be a novel effect that has not been demonstrated by other
studies.

Figure 1. Effects of DHA and bexarotene alone and in combination on MCF-7 cell growth. Bars represent standard
error of mean absorbance values for 5 trials. Cell viability
was assessed using the CCK-8 assay following 72 hours of
exposure to treatments. Cells not exposed to fatty acids or
bexarotene were treated with a vehicle control. Bars which
do not share letters are statistically different (p < 0.05)
compared to each other using a general linear regression.
Higher absorbance values indicate greater cell viability.
Copyright © 2011 SciRes.

Figure 2. Effects of EPA and bexarotene alone and in combination on MCF-7 cell growth. Bars represent standard
error of mean absorbance values for 5 trials. Bars which do
not share letters are statistically different (p < 0.05) compared to one another. Higher absorbance values indicate
greater cell viability.

Consistent with the literature [10], DHA reduced growth
of MCF-7 cells in the present study. Previous studies
demonstrate that tRA, which targets retinoic acid receptors (RARs), may amplify the effect of the -linolenic
acid (α-LA) and DHA in MCF-7 cells [16]. However, at
therapeutic doses these naturally occurring retinoids can
result in patient toxicity. More selective synthetic retinoids have been examined for their efficacy and toxicity
at lower doses and it has been shown that RXR-selective
retinoids (rexinoids) have lower toxicity effects than
RAR-selective retinoids (reviewed in [25]). In addition,
the apoptosis induced by the PPARγ ligand γ-LA is potentiated by the synthetic RXR-specific ligand AGN194204
[22]. Thus, since bexarotene and DHA may induce cytotoxic effects via similar mechanisms, we postulated that
in combined treatments, bexarotene may potentiate the
apoptotic effects of DHA.
Despite these findings, the combination of bexarotene
and DHA in the present study did not reduce growth of
MCF-7s more than DHA alone. RARs responsive to tRA
are found abundantly in ER+ cells such as MCF-7s [22].
However, Crowe et al. demonstrated that MCF-7 cells
have a low expression of RXR [22]. Thus, it is possible
that bexarotene’s lack of DHA-potentiating effect in
MCF-7s may be related to a relative lack of abundance of
the RXR targeted by bexarotene.
Contrarily, a combination of bexarotene and EPA appear to synergistically reduce the growth of MCF-7s despite a lack of inhibitory effect seen when these compounds are administered alone. Bexarotene + EPA’s effectiveness might be modulated by an entirely different
post translational mechanism via protein kinase inhibition. Protein kinases are important regulators of normal
cell division and apoptosis and their deregulation is a
characteristic of cancer (reviewed in [27]). EPA has been
JCT
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shown to be an effective inhibitor of some protein kinases involved in this process and is also effective in
restoring sensitivity to tamoxifen in tamoxifen-resistant
ER+ breast cancer cells [28]. This suggests further research should be done to assess whether bexarotene is
also implicated in protein kinase regulation as a possible
explanation for the synergistic effects seen in the present
study.
In summary, bexarotene is not effective at reducing
cell growth in MCF-7s, and stimulates growth. Among
the experimental treatments, DHA is most effective at
slowing cell growth in MCF-7 cells. Combined treatment
with bexarotene and DHA do not slow growth more than
DHA alone. Though EPA alone does not significantly
alter cell growth in MCF-7s, combined treatment with
bexarotene and EPA is effective at impeding cell growth.
Therefore, we conclude that EPA may be effective
when combined with drug treatments to slow cancer progression. However, bexarotene alone appears to be a
poor treatment drug for MCF-7 cell lines. Further experiments should be conducted on other breast cancer
cell lines such as T47D and MDA-MD-468 to explore
possible synergistic relationships between bexarotene
and long chain n-3 PUFAs.
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