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Plant-derived Omega-3 Fatty Acids Have
Anti-carcinogenic Effect in MCF-7 Breast Cancer Cells
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Plant-based omega-3 fatty acid, Alpha Linolenic Acid (ALA, 18: 3n-3) shows large potential for the
ingredient in functional foods. The aim of this study was to investigate if alpha linolenic acid (ALA)
has anti-carcinogenic effect in breast cancer cells (MCF-7). To test the effect of ALA in MCF-7 cells
was performed in two pronged analysis, involving the anti-proliferative pathway and the pro-apoptotic
pathway. The influence of ALA on the proliferation of MCF-7 cells was tested by MTT assay. ALA
exhibited cell growth inhibitory activity in a dose and time dependent manner. Secondly, the pro-apoptotic
pathway was assessed by flow cytometry, and showed a sub-G1 accumulation. Furthermore, western blot
studies showed that 48 hours of ALA treatment was associasted with an up-regulation of pro-apoptotic
Bax expression, and a down-regulation of anti-apoptotic Bcl-2 expression dose-dependently causing
decreases of Bcl-2/Bax ratio. We examined that anti-carcinogenic activities of ALA by induction of
apoptosis in breast cancer cells through modulation of Bcl-2/Bax ratio. In conclusion, this study suggests
that ALA has the potential as chemo-preventive agent by induction of apoptosis. (Cancer Prev Res 14,
28-33, 2009)
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and postprandial lipid profiles, and against cancer include
modulation. Omega-3 (or n-3) of which the parent essential
fatty acid is alpha-linolenic acid (ALA 18: 3n-3), is a abundant
plant source of n-3. The best dietary sources of ALA are green
leaves, seeds (flaxseed, canola, perilla) oil and nuts.7) It is
known that increased ALA intake resulted in decreased
cholesterol level and reduce cardiovascular risk. There are some
studies provide evidence that ALA may suppress carcinogeninduced tumorigenesis in the colon, mammary gland and
kidney.8)
Notably, ALA has potential inhibited proliferation of cell
and induced apoptosis. Apoptosis, or programmed cell death,
is basically cell suicide which in response to a variety of signal
and controlled and plays a central role in development, cancer,
normal ageing.9) It is induced via two main pathways involving

INTRODUCTION
Recent research reports Breast cancer Incidence has increased
exponentially. Currently, it is the highest female cancer diagnosed among women in South Korea.1) The epidemiological
evidence that dietary pattern or components intake increases
risk of breast cancer is quite strong. and another studies
showed particularly a positive association between dietary fat
intake and the incidence of breast cancer.2) Dietary polyunsaturated fatty acids (PUFA) are reported to mediate inhibition
of tumor cellular proliferation modulated by molecular events.
It showed that diets enriched with n-6 PUFAs stimulate tumor
growth,3,4) whereas n-3 PUFAs seem to inhibit this process.5,6)
Plant-derived Omega-3 PUFAs have various effects on fasting
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either directly targets mitochondria or activation of cell surface
10)
receptors. The exact mechanisms by which dietary PUFA
influence mammary carcinogenesis are not known. Therefore,
our study was undertaken to investigate the anti-carcinogenic
effect of ALA on apoptosis pathway in human breast cancer
cell line, MCF-7.

wells of a 6-well plate at a density of 3×10 cells/well. After
cultured for 24 hr the cells were treated with 0, 25, 50 75
100μM ALA and incubated for 24, 48 and 72 hr. The cellular
morphological changes were observed by an microscope with
phase contrast objectives (ZEISS, Axiovert S100).

MATERIALS AND METHODS

At treated time points, the cells were collected and then
washed with ice-cold PBS, followed by fixation of the cell pellet
in ice-cold 70% ethanol at 4°C for at least 30 mim. The cells
were incubated at room temperature in PBS containing RNase
A and Propidium iodide (PI) at a final concentration of 100μl
and 400μl, respectively. and the analysis was performed on a
FACscan flow cytometer (BD FACSVantage SE) equipped with
a 488 nm argon laser, using the CellQuest software (BD Biosciences, France). The subdiploid population was calculated and
recorded as percentage of apoptotic cells.

Alpha-linolenic acid (C:18n3-3) was obtained from Sigma
(St. Louis, MO, USA), and used as methyl esters (＞99%
purity). ALA were dissolved in 99% ethanol and stored in the
dark as stock solutions (1 g/ml) at −20°C. For experimental
use, ALA were freshly prepared from stock solutions and
diluted with growth medium. and cells were cultured with
ALA.
1. Cell culture

Human breast cancer MCF-7 cells were obtained from the
Korean Cell Line Bank (Seoul, Korea). MCF-7 breast cancer
cells were grown in RPMI 1,640 (GIBCO) medium
supplemented with 10% FBS (fetal bovin serum, Hyclon), 10%
penicillin streptomycin. Cells were incubated in a 37°C
incubator in an atmosphere of 10% CO2.
2. Cell viability assay : MTT assay

Cell viability was measured with a MTT assay. 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT;
Sigma) solution was freshly prepared by dissolving MTT in
filtered PBS at 5 mg/ml. Cells were plated at a density of
1×104 cells/well in 96-well plates in a final volume of 180μl
of medium and were allowed to attach overnight. The cells
were then treated once with varying doses (0, 50, 75, 100μM)
of ALA observed 24, 48 and 72 hr. after treatment, 1/10
volume of PBS-diluted MTT (5 mg/ml) was added to each
well, and then the plate was incubated for 3 hr, followed by
the addition of DMSO 100μl. The plate agitated to dissolve
the crystal product. And the absorbance at 570 nm was read
on multi-well plate reader.
3. Observation of morphological changes

Cells were evaluated for morphological changes consistent
with density and growth conditions comparable to treated and
untreated cancer cells. The MCF-7 cells were plated in the

4. Flow cytometric analysis

5. Western blot analysis

Cells were seeded at 5×104 cells/cm2, treated with various
concentrations (0, 50, 75 and 100μM) of ALA. After 48 hr,
cells were collected and they were washed in PBS and lysed
in RIPA buffer (150 mM NaCl 0.5%, TritonX-100, 20 mM
EGTA, 1 mM dithiothreitol, 25 mM NaF, 50 mM Tris-HCl
(pH 7.4), 1 mM (Na3VO4) for 15 min on ice fllowed by
centrifugation at 12,000 rpm for 20 min. Later 20μg of
proteins were resolved by 12% SDS-PAGE and were then
transferred to a PVDF membrane. Blots were blocked in 5%
skim milk diluted in PBS-T buffer (PBS containing 0.1%,
Tween 20) for 1 hr and then incubated over-night at 4°C with
polyclonal antibodies against anti-Bax or anti Bcl-2 (Cell Signaling Technology, New England Biolabs) according to the
manufacturer's instructions. Antibody binding was detected
with a goat anti-rabbit IgG secondary antibodies conjugated
to HRP (Cell Signaling Technology, New England Biolabs) and
visualized by ECL detection kit (Amersham).

RESULTS
We investigated the anti-carcinogenic effect of ALA on the
induction of cell death in MCF-7 human breast cancer cells. The
cells were treated with increasing doses of ALA (25-100μM)
for 24, 48 and 72 hr. Treatment of ALA with 75μM (30%
inhibition) significantly reduced the cell viability (p＜0.05) of
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Fig. 1. Cell viability in ALA-treated MCF-7 cells. Cells were
incubated with ALA at the indicated concentration (0, 50, 75,
100μM) for 24, 48 and 72 hr grow rate was assessed by MTT
assay. Data are expressed as percent growth rate of cells
cultured in presence of ALA, compared with untreated control
cells. All values are mean±S.D. * Significantly different at *p
＜0.05, **p＜0.01 and ***p＜0.001 by independent ANOVA.

MCF-7 cells. The results of our data demonstrated that ALA
treatment inhibited cell growth in a dose-time dependent
manner (Fig. 1).
This result was further supported with morphological change
of density and growth condition by optic microscope. ALA
treatment resulted in a concentration-dependent decrease in
MCF-7 cell number. The disappearance of large numbers of
cancer cells shown loss of cell viability involved cytotoxicity.
These results indicate that ALA treatment was effective in
killing the cancer cells. And associated with nuclear condensation and shrinkage, irregular shape and surface blebbing,
which were 48 hr of treatment with 75, 100μM determined
to be apoptotic events (Fig. 2).
We were further confirmed the effect of ALA induced
apoptotic cell death in MCF-7 cells examined by nuclear
morphological changes. Cell shrinkage, condensation and fragmented chromatin, associated with apoptotic cell death were
observed in cells treated for 48 hr fluorescence microscopy
using DAPI staining at different doses of 0, 50, 75, 100μM

Fig. 2. Phase-contrast micrographs of ALA-treated MCF-7 cells.
Cell treated with 0, 50, 75, 100
μM of ALA for 48 hr. Decrease
on the number of normal cells
with rise of cellular shrinkage
observed under the inverted optic microscope after ALA treatment. Bar represents 5μm (ma
gnification：400×).
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Fig. 3. Effect of ALA on MCF-7
cell nuclear morphology. Nuclear
morphology of MCF-7 cells treated
with ALA for 48 hr. After treatment,
cells were stained with DAPI staining and observed under a fluorescence microscope. Bar represents 5μm. (magnification：400×).

of ALA. After the treatment, We observed apoptosis induced
morphological change in MCF-7 cells (Fig. 3).
To evaluate the effect on cell cycle progression, were examined flow cytometry after 48 hr exposure to ALA. A dose dependent increase of the cells in the sub-G1 population in ＞30%
after a 75, 100μM ALA treatment for 48 hr was observed.
Flow cytometric analysis indicated that the ALA treatment
increased accumulation of cells in the sub-G1 phase in a dose
dependent manner (Fig. 4).
The family of Bcl-2 proteins are key regulators of the
11)
apoptotic mechanism. It has also been demonstrated that the
gene products of Bcl-2 and Bax ratio recognized as a key factor
12∼15)
We characterized
in regulation of the apoptotic process.
the regulation of antiapoptotic (Bcl-2) and proapoptotic (Bax).
To investigate whether the effect of ALA is associated with
level of Bax and Bcl-2 or not for apoptotic cell death, cells
were incubated in the absence or in the presence of 0, 50, 75
100μM for 48 hr, respectively. Proteins were extracted from
the cells for Western blot analyses as described earlier. There
was a decrease in the expression of anti-apoptotic Bcl-2 in a
dose-dependent manner after 48 hr. The Bcl-2/Bax ratio was
then decreased in 75 and 100μM ALA. It was demonstrated
that the increase ALA induced apoptosis was associated with

an increase in level of Bax protein, which heterodimerizes with,
and thereby inhibits, Bcl-2 protein. Alteration in the ratio of
Bcl-2/Bax stimulates the release of cytochrome c from mito16)
chondria. Cytochrome c leads to the activation of caspase-3
and PARP. We indicated that the ALA may disturb the Bcl-2/
17)
Bax ratio and lead to apoptosis of MCF-7 cells (Fig. 5).

DISCUSSION AND CONCLUSION
Alpha-linolenic acid (ALA, 18:3n-3) is a plant-based
omega-3 PUFA that has beneficial effects on health. Also rich
sources of ALA was reported to slow growth of cancers of the
18)
breast and colon has suggested. However, the process of
exact mechanism to death of cancer cells have not yet been
reported. In the present study, we confirmed that ALA treatment inhibited cell growth, arrested the cell cycle, and induced
apoptosis in MCF-7 human breast cancer cells. The molecular
events required for apoptosis been reported to be divided into
three steps: 1) initiation by an apoptosis inducing compound,
2) activation of the caspases via a signal transduction cascade,
19)
and 3) proteolytic cleavage of cellular components. In our
study, ALA showed induction of apoptotic initiation in MCF-7
cells determined by a loss of cell viability, nuclear shrinkage,
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Fig. 4. ALA induced cell cycle arrest at sub-G1 phase in
MCF- 7 cells. (A) Flow cytometry analysis of ALA induced
apoptosis cells treated with different concentrations of ALA
(0, 50, 75, 100μM) for 48 hr. (B) Increase in the sub-G1
cell population as a result of the ALA treatment MCF-7. The
values are reported as means±S.D.

and apoptotic body formation, as confirmed by the MTT assay
and DAPI staining. Siegesbeckia glabrescens, also over-expressed
the levels of Bax protein, which heterodimerizes with, and
19)
thereby inhibited, Bcl-2 protein. Similar results were seen
with doxorubicin, which causes a decrease in Bcl-2 expression
20)
and increase in Bax expression. The result of our study, the
ALA-induced down-regulation of Bcl-2 may disturb the
Bcl-2/Bax ratio. It is associated with the intrinsic pathway of
apoptosis. Members of the Bcl-2 subfamily (Bcl-2, Bcl-xL,
Bcl-w) are localized on the outer mitochondrial membrane and
show anti-apoptotic activity. Bax subfamily (Bax, Bak, BAD)
act on Death promoters or proapoptotic. Their interactions and

relative frequency of occurrence appear to modulate the
21)
propensity of a cell to undergo apoptotic cell death. We concluded that anti-carcinogenic activities of ALA by induction of
apoptosis in breast cancer cells through modulation of Bcl-2/
Bax ratio. This suggests that ALA have potential breast cancer
treatment through acts on the expression of Bcl-2 family at
intrinsic pathway of apoptosis. So Further study is needed to
clarify the molecular mechanism for induction of mitochondrial
apoptosis pathway.
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Fig. 5. Effect of ALA in Bax and Bcl-2 expression in MCF-7 cells.
(A) Photographs of chemiluminescent detection of the blots,
which were representive of three independent experiments, are
shown. (B) ALA induced elebations of Bcl-2/Bax ratio in a
dose-dependent manner. Each bar represents mean ±SD.
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