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Abstract
The effects of the natural form of vitamin E; alpha tocopherol and two forms of selenium; sodium selenite
and selenomethionine on the in vitro growth of the
human mammary cancer cell line; MCF-7 were
investigated. Two experimental protocols were used. In
the first, each of the test chemicals was included alone at
various concentrations. In the second, one of the two
selenium compounds was added at concentrations
ranging from 1.0 x 10 – 8 M and 1.0 x 10 – 4 M in the
presence of a fixed concentration of alpha - tocopherol
(1.0 x 10 – 9 M, 1.0 x 10 M - 8 M, or 1.0 x 10 -7 M). In the
individual treatment, high concentrations of all
compounds caused statistically significant, and
concentration – dependent decreases in cell viability.
These depressions were in the following order: alpha tochopherol › sodium selenite › selenomethionine. A
combined dose of alpha – tocopherol and each selenium
form maintained the same antiproliferative effects that
were elicited by higher independent concentrations. In
both protocols, a relatively higher inhibitory potency of
sodium selenite over selenomethionine was obvious.
Although the mechanisms of action are not well
understood, several ones are discussed.

هﺪﻓﺖ هﺬﻩ اﻟﺪراﺳﺔ اﻟﻰ اﻟﺒﺤﺚ ﻓﻲ ﺗﺎﺛﻴﺮات اﺛﻨﻴﻦ ﻣﻦ اﺷﻜﺎل اﻟﺴﻴﻠﻴﻨﻴﻮم
()ﺳﻴﻠﻴﻨﺎﻳﺖ اﻟﺼﻮدﻳﻮم و اﻟﺴﻴﻠﻴﻨﻮ ﻣﺜﻴﻮﻧﻴﻦ( و اﻟﺸﻜﻞ اﻟﻄﺒﻴﻌﻲ ﻟﻠﻔﻴﺘﺎﻣﻴﻦ )ﻩ
و هﻮ اﻟﻔﺎ ﺗﻮآﻮﻓﻴﺮول ﻓﻲ ﻧﻤﻮ اﺣﺪ ﺳﻼﻻت ﺧﻼ ﻳﺎ اﻟﻐﺪد اﻟﻠﺒﻨﻴﺔ اﻟﺒﺸﺮﻳﺔ
 ﺗﻢ ﺗﻨﻔﻴﺬ ﻧﻮﻋﻴﻦ ﻣﻦ اﻟﺘﺠﺎرب؛ اﻻول، و ﻟﻬﺬا اﻟﻐﺮض. اﻟﺴﺮﻃﺎﻧﻴﺔ
زرﻋﺖ ﻓﻴﻪ اﻟﺨﻼﻳﺎ ﻟﻤﺪة ﺳﺘﺔ اﻳﺎم ﺑﻮﺟﻮد آﻞ ﻣﺎدة آﻴﻤﺎوﻳﺔ ﺑﻤﻔﺮدهﺎ
 ﻓﻘﺪ اﺣﺘﻮى اﻟﻮﺳﻂ اﻟﻐﺬاﺋﻲ ﻣﺴﺘﻮﻳﺎت، اﻣﺎ ﻓﻲ اﻟﺜﺎﻧﻲ.ﺑﺘﺮآﻴﺰات ﻣﺨﺘﻠﻔﺔ
 اﺿﺎﻓﺔ اﻟﻰ ﺗﺮآﻴﺰ ﻣﺤﺪد ﻣﻦ اﻟﺘﻮآﻮ،ﻣﺘﻔﺎوﺗﺔ ﻣﻦ اﺣﺪ ﺷﻜﻠﻲ اﻟﺴﻴﻠﻴﻨﻴﻮم
 ان اﻟﺘﺮاآﻴﺰ اﻟﻌﺎﻟﻴﺔ ﻣﻦ اﻟﻤﻮاد اﻟﺜﻼث ﺳﺒﺒﺖ، وﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ.ﻓﻴﺮول
 و ﻳﻤﻜﻦ.ﺗﻨﺎﻗﺼﺎ ذ ا دﻻﻟﺔ اﺣﺼﺎﺋﻴﺔ ﻗﻲ ﻧﺴﺒﺔ اﻟﺨﻼ ﻳﺎ اﻟﺘﻲ ﺑﻘﻴﺖ ﺣﻴﺔ
ﺗﺮﺗﻴﺐ هﺬا اﻻ ﺛﺮ ﻓﻲ اﻟﺘﻨﺎﻗﺺ ﻣﻦ اﻟﻌﺎﻟﻲ اﻟﻰ اﻟﻤﻨﺨﻔﺾ ﻋﻠﻰ اﻟﻨﺤﻮ
 وﻋﻨﺪ اﺿﺎﻓﺔ اﺣﺪ. اﻟﺴﻴﻠﻴﻨﻮ ﻣﺜﻴﻮﻧﻴﻦ، اﻟﺴﻴﻠﻴﻨﺎﻳﺖ، اﻟﻔﺎ ﺗﻮآﻮﻓﻴﺮول:اﻵﺗﻲ
 ﻇﻬﺮت زﻳﺎدة واﺿﺤﺔ ﻓﻲ ﻣﻘﺪرة،ﻣﺮآﺒﻲ اﻟﺴﻴﻤﻴﻨﻴﻮم و اﻟﻔﻴﺘﺎ ﻣﻴﻦ ﻣﻌﺎ
 ﻣﺎ زاﻟﺖ هﻨﺎك ﺣﺎﺟﺔ ﻻﺟﺮاء ﻣﺰﻳﺪ.اي ﻣﻨﻬﻤﺎ ﻓﻲ ﻗﺘﻞ اﻟﺨﻼﻳﺎ اﻟﺴﺮﻃﺎﻧﻴﺔ
ﻣﻦ اﻟﺒﺤﻮث ﻟﻠﻜﺸﻒ ﻋﻦ ﻃﺒﻴﻌﺔ هﺬﻩ اﻟﺘﺎ ﺛﻴﺮات و اﻣﻜﺎﻧﻴﺔ اﻻﻓﺎدة ﻣﻨﻬﺎ ﻓﻲ
ﻣﻜﺎﻓﺤﺔ ﺳﺮﻃﺎن اﻟﺜﺪي

© 2009 Jordan Journal of Biological Sciences. All rights reserved

Keywords: Mammary Carcinoma; MCF-7 Cell Line; Selenium; Vitamin E.

1. Introduction

*

Specific nutrients and dietary constituents are known to
be important players in cancer prevention and treatment
(Go et al., 2003; Kritchevsky, 2003; Bingham and Riboli,
2004; Menach et al., 2004). It is becoming increasingly
clear that treatment of aggressive cancers that have
metastasized to distant secondary sites is a daunting task,
and expectations that a single agent will eliminate such
cancers are not realistic. Furthermore, a chemopreventive
agent should ideally be synthetic or natural component of
the diet, and must be non-toxic to the host. Breast cancer
has become the second cause of death in women, after
lung cancer, and the leading cause of death for women
between 35 and 54 (Kamangar et al., 2006). Worldwide,
every year approximately one million women are newly
*
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diagnosed with breast cancer. Selenium (Se) and vitamin
E (VE), both naturally occurring, are antioxidants. They
are capable of neutralizing toxins known as free radicals
that otherwise damage the genetic material of the cell and
impair the immune system and possibly lead to cancer
(Ambrosone, 1999; Thomson et al., 2007). Free radicals,
specifically hydroxyl radicals, have been implicated in
spread (metastasis) of breast cancer (Brown and Arthur,
2001). Researchers have determined that women with
metastasized breast cancer exhibit twice as much as free
radical damage to the breast tissue DNA than women with
localized cancer do (Malins et al., 1996).
Accumulating evidence indicates that Se compounds
possess anticancer properties (Beisel, 1982; Medina, 1986;
Letavayova et al., 2006). Blood levels of selenium have
been reported to be low in patients with prostate cancer
(Willett et al., 1983). In preliminary reports, people with
the lowest blood levels of Se had between 3.8 and 5.8
times the risk of dying from cancer compared with those
who had the highest selenium levels (Salonen et al., 1985;
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Fex et al., 1987). In cultured tumor cells, supplementation
with Se inhibited tumor growth and stimulated apoptosis
(programmed cell death) (Ip and Dong, 2001). Selenite, an
inorganic Se compound, was reported to induce DNA
damage, particularly DNA strand breaks and base damage
(Letavayova et al., 2006).
Relatively high blood levels of VE have been
associated with relatively low levels of hormones linked to
prostate cancer (Hartman et al., 1999). While a
relationship between higher blood levels of VE and a
reduced risk of prostate cancer has been reported only
inconsistently (Hartman et al., 1998; Eicholzer et al.,
1999), supplemental use of VE (Chan et al., 1999) has
been associated with a reduced risk of prostate cancer in
smokers. In a double-blind trial studying smokers, VE
supplementation (50 IU of VE per day for an average of
six years) led to a 32% decrease in prostate cancer
incidence and a 41% decrease in prostate cancer deaths
(Heinonen et al., 1998). Both findings were statistically
significant (Heinonen et al., 1998). In the latter study,
however, VE, in vitro, has been shown to enhance the
cytotoxic effect of several anticancer drugs.
The goal of this study is to test the validity of the
synergistic hypothesis of VE (in the form of natural
source; alpha- tocopherol; α-TOH) with inorganic
(selenite) and organic (selenomethionine; SeMet)
selenium, on the inhibition of the in vitro growth of the
MCF-7 human epithelial mammary cancer cell line. The
remarkable capacity of mammary epithelium to undergo
development and differentiation provides a research model
in which the factors that influence growth, proliferation,
morphologic patterning, and differentiation can readily be
explored.
2. Materials and Methods

(penicillin and streptomycin, Gibco BRL) and 1 ml of
antimycotics (fungizone, Squibb) per one liter of DMEM.
Untreated cells were grown in monolayer in T-75
plastic culture flasks. Treated cells were grown in
monolayer in 6-well polystyrene plates (dia. 33 mm). All
cultures were kept in an atmosphere of 5% CO2 at 37 ºC.
Untreated cells were fed with fresh supplemented DMEM
medium on average of every three days.
2.3. Treatment
The treated cells were plated into 6-well plates with 2.5
ml of supplemented DMEM at initial density of 2.5 x 10 4
viable cells per well. One day after plating (to allow cells
to attach to the surface of the well), solutions of α-TOH, or
selenite or SeMet or various combinations, freshly
prepared as mentioned above, were added to the wells in
2.5 ml aliquots of supplemented DMEM. α-TOH was
7
administered alone at 1.0 x 10 -5, 1.0 x 10 -6, 1.0 x10 ֿ , 1.0
8
x 10 ֿ , and 1.0 x 10 –9 M. Selenite and SeMet were
administered individually at 1.0 x 10 ֿ 4, 1.0 x 10 -5, 1.0 x
10 -6, 1.0 x 10 -7, and 1.0 x 10-8 M. Combinations of αTOH and Se were performed by keeping concentrations of
α-TOH constant and varying those of the Se forms. α-TOH
was administered to all cultures at 1.0 x 10-7 M and selenite
or SeMet added in varying amounts of 1.0 x 10 -5, 1.0 x 10
-6
, 1.0 x 10 -7, and 1.0 x 10 -8 M. The same was repeated
with α-TOH being kept at 1.0 x 10 -8 M in all the wells and
then again at 1.0 x 10 - 9 M, and the Se compounds were
given at the various concentrations indicated above. The
control wells were plated at the same time as the treated
ones with 2.5 ml of supplemented DMEM and incubated
for one day. An additional 2.5 ml of supplemented DMEM
containing 0.1% EtOH were added to the control wells
when the other wells were treated with 2.5 ml of treated
supplemented DMEM.
2.4. Cell Harvesting

2.1. Test Chemicals
α-TOH (from Sigma - Aldrech; Steinheim, Germany)
was dissolved in ethanol (EtOH), and then taken through
step-wise dilutions until the desired concentrations were
reached. The final dilution using media brought the final
concentration of EtOH to 0.1%, so that it does not affect
the cell growth. Selenite and SeMet (both from Sigma –
Aldrech) were dissolved step-wise in media until the
desired concentrations were reached. Enough EtOH was
added to the final Se solutions to bring the 0.1% EtOH.
2.2. Cells and Cell Culture
The human mammary epithelial cancer cell line, MCF7, is derived from a Caucasian woman with metastatic
breast cancer (no. 86012803, European Collection of Cell
Culture, Salisbury, UK). This cell line is fully
characterized, hormonally responsive and carries various
steroid hormone receptors, including estrogen receptors
(Marth et al., 1985). Cultures were made and maintained
according to Maras et al. (2006). Briefly, the cells were
cultured in standard growth medium (Dulbecco’s
minimum essential medium; DMEM, Gibco BRL, Life
Technologies, Paisley, Scotland) supplied with 2 mM
glutamine, 1 % nonessential amino acids, 15% heatinactivated fetal bovine serum (FBS, Gibco BRL), phenol
red as an indicator of pH, 1 ml of each antibiotic

Harvesting was always done before the untreated cells
become confluent or 6 days after treatment. The untreated
cells were always fed the day before harvesting to reduce
the trauma caused by the process. After the medium was
removed, the cells were washed twice with cool Hank'sbalanced salt solution (HBSS) to remove any residual
medium. Then, the cells were washed once with 0.1%
trypsin. After that, the cells were detached from the flasks
or the wells with trypsin and EDTA (0.04%) in a 2: 1 ratio,
while on a hot plate at 37 ºC. The detached cells were
quickly washed into centrifuge tubes with ambient
supplemented DMEM at quantities 10 times that of trypsin
in the flask and centrifuged at 1000 rpm for 5 min. The
cells were then re-suspended in fresh DMEM plus
antibiotics. A small portion of cells was aliquoted for
counting and the rest, if untreated, was re-plated at
appropriate concentrations.
2.5. Cell Counting/ Viability
The cells were counted using a hemocytometer. The
viability was checked by the trypan blue exclusion test.
2.6. Phase-contrast Light Microscopy
Black and white photographs of MCF-7 cells in culture
were taken using a camera attached to a phase-contrast
microscope.
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2.7. Scanning Electron Microscopy
The scanning electron micrographs were taken while
the cells were plated in Petri dishes containing circular
cover slips with diameters of 12 mm. After that, the
supplemented DMEM was removed very gently, and the
cells were fixed by very slowly adding glutaraldehyde.
After one day, the fixative was removed, and the cells
were dehydrated in increasing concentrations of anhydrous
EtOH (70%, 95% and 100%); two washings in each
concentration for a minimum of 5 min., each. Once the
cells were in 100% EtOH, EtOH was removed using CO2
Critical Point Drying. Then, the cover slips were mounted
onto the scanning electron microscope (SEM) stubs with
silver paints. After allowing the silver paints to dry, the
cover slips were gold coated and placed into the SEM for
observation and photography.
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an inhibition of 87 %. At this concentration, the viabilities
of the independently treated cells (Table 1 and Figure 4) as
well as in those treated in combination (data not shown in
table 1) were all approximately 90 %.

2.8. Statistics.
Results are expressed as means ± SD of three
determinations. Using SPSS, values of control and
treatment cells were compared by applying ANOVA on
the whole treatments followed by two-sample Student’s t
test between control and each treatment group. The
statistical significance of difference (P ≤ 0.05) for the
treatment groups was determined relative to the control
group.
3. Results
The shape of the MCF-7 is density-dependent. When
plated at low density (1.0 x 10 4 cells/ cm²), MCF-7 form
islands of cells. The cells can migrate outward from a
group in an amebiod fashion (Figure 1). Migrating cells
appear thinner and more elongated producing a more
three-dimensional cell than when stationary. When
stationary, cells are provided with enough space and
flatten out producing a clear distinction between the
endoplasm and the ectoplasm (Figure 2). A degree of
polyploidy is evident, and the nucleus usually contains one
large dense nucleolus, but may contain as many as five and
the presence of two is not uncommon. The exterior of the
cells is covered with microvilli (Figure 3).

Figure1. Scanning electron micrograph of an MCF-7 human
mammary epithelial cancer cell in supplemented DMEM (1000
X). The cell was in the process of extending and retracting
pseudopodia to move itself across the cover slip on which it was
growing. The white speckles are microvilli, which are less
numerous as one goes towards the ends of pseudopodia. The dark
patch and breaks in the pseudopodia are artifacts incurred during
the drying process.

3.1. Independent Chemical Administration
The number of control MCF-7 cancer cells harvested at
the end of culture period (2.66 x 10 5 cells /well) is used as
a standard to 100 % proliferation of the cells. Figure (4)
presents the degree of potency between individual
treatments with α-TOH, selenite or SeMet. An increase in
the concentration of α-TOH from 1.0 x 10 -9 M to 1.0 x 10 5
M, as well as selenite and SeMet from 1.0 x 10 -8 M to
1.0x 10 -4 M resulted in clear progressive increases in the
inhibition of the proliferation of the MCF-7 cancer cells. In
general, there were statistically significant differences (p≤
0.05) between the higher concentrations used for each
compound relative to the negative control. Also, at all
concentrations used, except at 1.0 x 10 -9 M (α-TOH) and
the lowest two concentrations of selenium (1.0 x 10 -8 M
and 1.0 x 10 -7 M), which showed viability values slightly
above the control cell viabilities were far below those of
the negative control. At a concentration of 1.0 x 10 -6 M,
α-TOH showed an inhibition of 37 %, selenite
demonstrated an inhibition of 60 %, and SeMet produced

Figure2. A phase-contrast micrograph of live MCF-7 human
mammary epithelial cancer cells plated in monolayer in
supplemented DMEM (200 X). [a] cells moving across the flask
surface. These cells appear dark due to reduced transmitted light
through these thicker and more elongated cells than stationary
cells [b]. The latter cells have outer, lighter and homogenous
ectoplasm as opposed to the inner, darker and heterogeneous
endoplasm.
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from the significant lines-shift to the left of the combined
treatments towards lower concentrations for the same
percent proliferation of the control. Table (1) shows the
trends of the additive effects on inhibition of proliferation
produced by combined treatment and the relative higher
potency of selenite over SeMet.
When α-TOH was used alone at 1.0 x 10 -7 M, the cells
were inhibited to 55 % of the control. Selenite, alone, at
1.0 x 10 -6 M inhibited the cell growth to 60 % of the
control. Figure (5) shows that when α-TOH at 1.0 x 10 – 7
M and selenite at 1.0 x 10 -6 M were used together, much
lower percentages of viability relative to control were
observed. Similarly, α-TOH, at the same level, in the
presence of 1.0 x 10 -6 M SeMet decreased the number of
viable cells to 50 % of the control; which is again below
the values recorded for either of the individual treatment;
55 % and 87 % for α-TOH and SeMet, respectively ( Table
1 and Figure 6). A higher concentration of SeMet (1.0 x 10
-5
M) was needed to lower cell viability to 35 % (close to
the level [33%] produced with selenite at 1.0 x10 -6 M).
Similar differential inhibition patterns were exhibited
when α-TOH was applied at 1.0 x 10 -8 M (Table 1 and
figures 7 and 8) and at 1.0 x 10 -9 M (Table 1 and figures 9
and 10) with either forms of selenium.
Figure3. Scanning electron micrograph of a portion of the surface
of an MCF-7 human mammary epithelial cancer cell in
supplemented DMEM (10000 X). Note the presence of microvilli
displayed on the cell surface. The aggregation of microvilli near
the bottom of the picture is obviously some form of arrested
cellular-surface activity, the function of which is not clear. The
small darker holes are artifacts incurred during the drying process.

Figure5. Dose - dependent effects on proliferation of MCF-7
cells by combined treatment of alpa-tocopherol (α-TOH) at
1.0 x 10 -7 M with varying concentrations of sodium selenite
(selenite). The effects of individual treatment of selenite are
plotted for comparison. The horizontal rectangle represents
the effects on proliferation of the constant concentration of
the α-TOH with the vertical component indicating standard
deviation. Other experimental conditions are as in legend of
Figure 4. Dose - dependent effects on proliferation of MCF-7 cells
by individual treatments. Each data point represents the mean of
readings from three wells and the vertical lines are the standard
deviations. The results are expressed as percents of the number of
cells in the control group (100 % being the control which
corresponds to 2.66 x 10 5 cells /33 mm. dia. Well). One day after
plating, the cells were independently treated with the indicated
concentrations for 6 days.

3.2. Combined Chemical Treatment
In the second protocol, addition of α-TOH with either
selenite or SeMet produced a synergistic increase in the
level of inhibition of the MCF-7 cells. This is obvious

figure. 4.

4. Discussion
This study has demonstrated that α-TOH, selenite, and
SeMet caused concentration- dependent decreases in the
number of cells harvested as evidenced by the reductions
in the cell viability. These decreases may be due to the
inhibition of cell proliferation rather than cytotoxicity of
the compounds used. The antiproliferative efficacy of the
three test chemicals was in the following decreasing order:
α-TOH, selenite, SeMet. Furthermore, synergism between
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α-TOH and both forms of selenium has been illustrated by
treating MCF-7 cells with a combined regimen of α-TOH
with a selenium compound. A combined dose of α-TOH
and selenium maintained the same antiproliferative effects
that were elicited from higher individual concentration. At
a certain level of α-TOH administration, higher
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concentrations of SeMet were needed to produce
equivalent inhibitions than those recorded under lower
concentrations of selenite.
In reviewing the literature to compare our findings, very few
published investigations were encountered. In the present

Table1. Inhibition of proliferation of the MCF-7 human epithelial mammary cancer cell line by α-tocopherol (TOH), sodium selenite
(Selenite) and selenomethionine (SeMet) administrated individually or in combination.

•

•

The percents in this column are the number of individually treated cells harvested as percentage of the number of control cells (cells
untreated supplemented DMEM plus 0.1 % ethanol) harvested. The number of control cells harvested is equal to 100 %. The MCF-7
cells were either treated with α-TOH, selenite, or SeMet.
The percents in these three columns are the number of cells harvested after combined treatments as a percentage of the number of
control cells harvested. The number of harvested cells is normalized to 100 %. The MCF-7 cells were treated with various
concentrations either selenite or SeMet in presence of a constant concentration of 1.0 x 10 -7 M, 1.0 x 10 -8 M, or 1.0 x 10 -9 M.

experiments, consistent changes in the cell shape and
appearance of MCF-7 cells were observed 6 days following
treatment with α-TOH and/or selenium. Similar results were
reported by Schwartz and Shklar (1992) who studied the cytotoxic
effects of α-TOH on the in vitro growth of breast and other human
tumor cell lines. Although not directly comparable, these findings
may explain the observed cellular changes.

The exact molecular mechanisms underlying the development
of breast cancer in general and estrogen-associated breast
carcinogenesis, in particular, are not completely understood. It is
generally believed that the initiation of breast cancer results from
uncontrolled cell proliferation, as a consequence of cumulative
genetic damages that lead to genetic alterations. In this regard,
several molecular defects in the BRCA1 and BRCA2 have been
associated with increased incidence in breast cancer (Bonadona et
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Figure 6. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -7 M with varying
concentrations of selenomethionine (SeMet). The effects of
individual treatment of SeMet are plotted for comparison. Other
experimental conditions are as in legends of figs. 4 and 5.
Figure 8. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -8 M with varying
concentrations of SeMet For details see legend of figure.6

Figure 7. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -8 M with varying
concentrations of selenite. For details see legend of figure.5.
al., 2005; Vasickova et al., 2007; Krajc et al., 2008). The
possibility that has been raised is that decreased lipid peroxidation
may be a mechanism responsible, at least in part, for the increased
risk associated with several hormonal and non-hormonal risk
factors for breast cancer (Ambrosone et al., 1999; GagoDominguez et al., 2005). Selenium has several anti-carcinogenic
properties, including protection against oxidation and enhancing
nucleotide excision repair. In non-dividing cultured human skin
fibroblasts, selenocystine induced significant levels of DNA repair
(Whiting et al., 1980). In addition, when women with BRCA1
mutation were given Se for three months, the number of
chromosome breaks (which can lead to breast cancer) was reduced
to normal level (Kowalska et al., 2005). The effects of selenium

Figure 9. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -9 M with varying
concentrations of selenite. For details see legend of figure.5.
compounds on the expression levels of growth arrest and DNA
damage-inducible (gadd) genes, and on selected cell death genes
were examined in mouse mammary MOD cells (Kaeck et al.,
1997). Selenium induced growth arrest and death of these cells.
They also induced specific patterns of expression of gadd genes
indicating that these genes may mediate some selenium-induced
cellular responses. The findings further imply that selenium
compounds may be effective chemopreventive agents for human
breast carcinogenesis, in which p53 mutations are frequent.
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Recently, evidence showing an association between Se, reduction
of DNA damage, and oxidative stress together with data showing
an effect of selenoprotein genotype on cancer risk implies that
selenoproteins are indeed implicated (Rayman, 2005).
The observations of this study, as well as those of others, are in
accord with previous reports indicating that Se may lead to cell
death, and hence delay in cell proliferation as a result of decreased
protein (Vernie, 1984) or RNA (Billard and Peets, 1974)
synthesis. Another possibility is that selenium, as an important
component of the antioxidant enzyme glutathione peroxidase
(GPX), inhibits cell proliferation; and in animal studies protects
against a variety of cancers (Ip, 1986) including rat mammary
tumors (Chidambaram and Baraclarajon, 1996). In another study
(Al-Jassabi and Khalil, 2007), selenium was able to protect mouse
liver from microcystin-induced oxidative damage. This was
evidenced from the favorable changes in the biochemical markers;
alanine transaminaes (ALT), liver glycogen content, thiobarbituric
acid (TBA), GPX and glutathione-s-transferase (GST).

Figure 10. Dose - dependent effects on proliferation of MCF-7
cells by combined treatment of α-TOH at 1.0 x 10 -9 M with
varying concentrations of SeMet For details see legend of
figure.6.
With respect to VE, it was reported that women who did not
take this vitamin had a 3.8 times higher risk than did women who
were supplemented with VE (Ambrosone et al., 1999). A form of
VE called VE succinate (VES) has been shown to inhibit the
proliferation of estrogen receptor- negative human breast cancer
cell lines (Turley et al., 1997). This action, at least in part, is due
to induction of apoptosis (or cell death to cancer cells) by VES
(Zhao and Yu, 1997). In some experiments (King and McCay,
1983), VE also inhibited mammary tumors in rodents. Not only do
the tocopherols quench several of the oxygen free radicals, such as
peroxyl, singlet oxygen, and superoxide, but they appear to
neutralize some of the nitrogen species as well (Cooney et al.,
1993). Nitrogen dioxide, in biological systems, has been
recognized as a possible carcinogen that can deaminate DNA
bases, resulting in mutations (Christen et al., 1997). In a review of
seven case-control and three prospective studies, an inverse
association was found between vitamin E intake and breast cancer
incidence (Kimmick et al., 1997). Significant inverse relationship
between VE intake and pre-menopausal women with a family
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history of breast cancer was also reported (Ambrosone et al.,
1999).
In vitro, VES has been shown to be a potent inhibitor of
murine (Slack and Proulx, 1989) and human neuroblastoma
(Helson and Parasad, 1983), rat glioma cells (Rama and Prasad,
1983) murine B-16 melanoma cells (Prasad and Edwards-Prasad,
1982), human prostate carcinoma cells (Ripoll et al., 1986), avian
lymphoid cells (Kline et al., 1990a) and human promyelocytic
cells (Turley et al., 1997). In a more recent study, Al-Jassabi and
Khalil (2006) have shown that VE is capable of reducing
microcystin-induced damage if administered prior to toxin dose.
This effect was explained by VE radical scavenging potentials
through inhibition of 8-hydroxydeoxyguanosine, a biomarker for
oxidative damage, and generation in DNA. Vitamin E, including
the tocotrienols, possesses important cellular functions outside its
antioxidant activity, especially in the case of the malignant cell. It
was shown that RRR-alpha-tocopherol succinate demonstrated a
powerful ability to induce apoptosis in MDA-MB-435 human
breast cancer cells in culture (Yu et al., 1997a). At four days
following exposure, 74% of the cells were apoptotic. Utilizing
antibodies to block Tumor Growth Factor (TGF)-beta, it was
shown that the cytotoxic effect of VES could be completely
blocked, indicating that the apoptosis was induced by stimulating
TGF-beta production. In a further study, Yu and colleagues
exposed murine EL-4 T-lymphocytes to VES and found a 95%
apoptosis rate within 48 hours (Yu et al., 1997b). Analysis
demonstrated that the cells treated with VES were locked in G1
cell cycle phase, with decreased c-myc and increased bcl-2, c-fos,
and c-jun mRNAs. There was also an increase in the
transcriptional factor (activation protein1, AP-1) binding. The
exact cause of the induced apoptosis remains unknown and is not
entirely related to TGF-beta since VES can induce cell arrest in
non-TGF-beta-responsive human prostate cells. It is important to
note that cell arrest and cell growth inhibition affect only cancer
cells and not normal cells which makes VES a valuable adjunct in
the treatment of cancer. Another way VE affects cancer growth is
by stimulating the immune system. Vitamin E has been shown to
enhance both cellular and humoral immunity and to induce
macrophages to produce elevated levels of interleukin-1 (IL-1)
and/or down-regulate prostaglandin E2 (PGE2) synthesis
(Tengerdy and Brown, 1977; Kline et al., 1990b; Meydani et al.,
1990). Elevated PGE2 is known to suppress immunity. Vitamin E
has been shown to inhibit the activation of phospholipase A2 and
hence the initiation of the eicosanoid cascade (Douglas et al.,
1986).
In conclusion, selenium at both low and high concentrations
induced growth arrest and death of human breast cancer MCF-7
cells and enhanced rather than antagonized the anticancer effect of
α-TOH. The mechanism(s) of this enhanced interactive effect is
not clear yet, but may be related to their complementary action as
antioxidants. Although these results have been generated with an
in vitro system using a single cell line, they are encouraging and
provide some scientific justification for further research using
other mammary carcinoma cell lines as well as for clinical testing
in both pre- and post-menopausal breast cancer patients.
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