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Abstract 

Recent evidence suggests that selenium (Se) yeast may exhibit potential anti-cancer properties; 
whereas the precise mechanisms remain unknown. The present study was aimed at evaluating the 
effects of Se yeast on oxidative stress, growth inhibition, and apoptosis in human breast cancer 
cells. Treatments of ER-positive MCF-7 and triple-negative MDA-MB-231 cells with Se yeast (100, 
750, and 1500 ng Se/mL), methylseleninic acid (MSA, 1500 ng Se/mL), or methylselenocysteine 
(MSC, 1500 ng Se/mL) at a time course experiment (at 24, 48, 72, and 96 h) were analyzed. Se yeast 
inhibited the growth of these cancer cells in a dose- and time-dependent manner. Compared with 
the same level of MSA, cancer cells exposure to Se yeast exhibited a lower growth-inhibitory 
response. The latter has also lower superoxide production and reduced antioxidant enzyme ac-
tivities. Furthermore, MSA (1500 ng Se/mL)-exposed non-tumorigenic human mammary epithelial 
cells (HMEC) have a significant growth inhibitory effect, but not Se yeast and MSC. Compared with 
MSA, Se yeast resulted in a greater increase in the early apoptosis in MCF-7 cells as well as a lower 
proportion of early and late apoptosis in MDA-MB-231 cells. In addition, nuclear morphological 
changes and loss of mitochondrial membrane potential were observed. In conclusion, a dose of 
100 to 1500 ng Se/mL of Se yeast can increase oxidative stress, and stimulate growth inhibitory 
effects and apoptosis induction in breast cancer cell lines, but does not affect non-tumorigenic 
cells. 
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1. Introduction 
Breast cancer is a complex disease, and its 

prognosis depends on tumor heterogeneity and host 
characteristics. Several prognostic factors such as es-
trogen receptor (ER)-alpha, progesterone receptor 
(PR), and human epidermal growth factor receptor-2 
(HER-2) expression have been well identified as pre-
dictive and therapeutic criteria. Three major subtypes 
of breast cancers include positive expression of ER 
and PR, HER-2-positive expression, and tri-
ple-negative tumors (negative expression of ER, PR, 
and HER-2)[1]. Current treatment strategies, which 

combine treatments with surgery, radiotherapy, and 
anti-cancer drugs, have certainly improved survival 
rate, but many patients still develop metastatic dis-
eases [2]. Different from the conventional treatment 
strategies, nutritional supplement interventions have 
hold promises for cancer patients and have become 
the alternative treatments.  

Selenium (Se) is well-known as an essential trace 
mineral and an important component of antioxidant 
enzyme glutathione peroxidase (GPx), which is criti-
cal for scavenging reactive oxygen species (ROS) and 
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maintaining the oxidation-reduction (redox) balance 
[3]. Recent studies have shown that oxidative stress is 
related to unrepaired DNA damage, mutating tumor 
suppressor genes, carcinogenesis, and tumor’s angi-
ogenesis [4], whereas oncogene-induced oxidative 
stress activates the tumor suppressor pathway, and in 
turn contributes to elimination of tumor cells [5]. There 
was new evidence indicating the protective effects of 
Se on oxidative damage and its anti-cancer properties 
[6]. However, the possible mechanisms of Se involved 
in anti-cancer activity remain unknown. 

Zhao et al [7] have indicated that nutritional 
levels of Se supplementation can maintain the balance 
of anti-oxidants and pro-oxidants system; whereas the 
anti-cancer action of Se may require supra-nutritional 
levels. Recently, the facts that oral Se supplementation 
(400 µg elemental Se per day) in healthy adults and 
cancer patients received supplements consisting of 
1600-3200 µg Se have been documented, and their 
plasma Se concentrations reached over 1000 ng/mL 
[8]. Furthermore, several forms of Se compounds have 
been proved to stimulate apoptosis in some types of 
tumor cells. For example, inorganic selenite induces 
pro-oxidative apoptotic death of tumor cells [9]; 
whereas selenite is also toxic to normal cells at high 
dose levels. Organic Se compounds such as methylse-
leninic acid (MSA) and methyl-selenocysteine (MSC) 
induced apoptosis of cultured tumor cells; whereas 
the oxidative capacity of metabolites was found 
[10,11]. As shown from the studies, it appears that the 
potential pro-oxidant effect of these Se compounds 
may be the mechanism that induces apoptotic death 
of tumor cells. Additionally, Se yeast is often em-
ployed in nutritional supplements and there is no 
direct evidence of toxicity [12]. As shown in an earlier 
study, supplementation with Se yeast alone or in 
combination with chemotherapeutic drugs could in-
duce apoptosis in certain tumor cell lines [13]. How-
ever, there is limited information regarding the redox 
potentials of Se yeast in breast tumor cells.  

The purpose of the present research was to 
evaluate the dose-response effects of su-
pra-supplementation of Se yeast on the redox regula-
tion and incidence of apoptosis in human breast tu-
mor cells. Furthermore, the impact of Se compounds 
(in the forms of Se yeast, MSC, and MSA) on the sur-
vival rate and redox potential of primary human 
mammary epithelial cells (HMEC) was also deter-
mined. 

2. Materials and Methods  
2.1. Cells and Reagents  

ER-positive MCF-7 and triple-negative 
MDA-MB-231 human breast cancer cell lines, and 

primary HMEC (derived from normal adult mam-
mary glands) were obtained from American Type 
Culture Collection (Rockville, MD) and Lonza Inc 
(Walkersville, MD, USA). The MSA (95%) and MSC 
(95%) were purchased from Sigma-Aldrich (Saint 
Louis, MO, USA). Se yeast was supplied by Do Well 
Laboratories Inc (Irvine, CA 92614, USA). All other 
chemicals were of the highest grade commercially 
available. 

Both MCF-7 and MDA-MB-231 cells were cul-
tured in Dulbecco’s modified eagle medium contain-
ing 10% fetal bovine serum, and the medium were 
supplemented with L-glutamine (2 mM), streptomy-
cin (100 µg/mL), penicillin (100 units/mL), and am-
photericin B (0.25 µg/mL). In addition, HMEC was 
cultured in mammary epithelial basal medium con-
taining growth factor. Cells were grown in 25 or 75 
cm2 flasks at an atmosphere of 5% CO2 and in humi-
fied 95% air, and the medium were changed every 
other day. Before each experiment, cells were seeded 
in 12-well or 96-well plates and 10 cm dishes in a 
humid incubator with 5% CO2. Further, MCF-7 cells 
were cultured with 17β-estradiol (E2; 10 nM) alone, or 
a combination of E2 (10 nM) and 4-hydroxy- tamoxi-
fen (Tam; 100 nM). Supplemental Se includes Se yeast 
(100, 750, and 1500 ng Se/mL), MSA (1500 ng Se/mL), 
and MSC (1500 ng Se/mL) were chosen. Cells without 
Se treatment served as controls (Ctrl). Finally, these 
cells were collected at different time points. All ex-
periments were repeated at least three times. 

2.2. Preparation of Selenium Yeast Extraction  
0.1 g of Se yeast powder was added to 1x phos-

phate buffered saline (PBS). Then, we disrupted the 
yeast cell wall using a bead milling and ul-
tra-sonication methods. After three minutes, the pan-
creatic enzymes (trypsin and α-chymotrypsin) were 
added to help with further digestion for 12h in a 37 °C 
water bath. Finally, the supernatant solution was col-
lected after eliminating the enzyme activity and cen-
trifugation. 

2.3. Determination of Se Contents 
Based on the protocols from our previous work 

[3], atomic absorption spectrophotometry (932AA, 
GBC, Melbourne, Australia) with the accessory hy-
dride generation system (HG 3000, GBC, Melbourne, 
Australia) was used for determining Se concentrations 
of Se yeast extraction and medium during the fol-
lowing experiments. In brief, samples were digested 
for a total of 10.5 h with an initial temperature of 60 °C 
for 1-1.5 h, followed by increasing temperatures by 20 
°C increments and finally heated up to 225 °C for 2 h 
in a mixture of 3.2 mL nitric acid (16N), and 0.8 mL 
concentrated perchloric acid. Accuracy of the meth-
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ods was confirmed by comparing with standard ref-
erence materials (SeronormTM level 2, NO0371, Ny-
comed, Oslo, Norway).  

2.4. Nuclear Morphological Observation  
Both MDA-MB-231 and MCF-7 cells were incu-

bated in a 3-cm dish at a density of 1 × 105 cells/well. 
After treatment with various forms of Se for 48 or 72 
h, the cells were washed with 1x PBS and fixed in 10% 
paraformaldehyde for 30 min at room temperature 
and then washed again with 1x PBS. Additionally, 0.2 
% of Triton X-100 was added to increase the permea-
bility of cells, and we used 1% bovine serum albumin 
to block the reaction. Nuclei staining with 
4’,6’-diamidino-2-phenylindole (DAPI) was then vis-
ualized with a fluorescence microscope (Zeizz Axio 
Observer Z1; Carl Zeiss Micro Imaging GmbH, Jena, 
Germany) for determination of nuclear morphological 
changes.  

2.5. Analysis of Cell Viability  
5 x 103 cells were seeded in 96-well plates and the 

cells were treated with different concentrations of Se 
yeast (100, 750, and 1500 ng Se/mL), MSC (1500 ng 
Se/mL), or MSA (1500 ng Se/mL) for various periods 
(24, 48, 72 and 96 h). According to XTT Cell Viability 
Assay Protocol, XTT labeling mixture was added to 
each well at a final concentration of 0.5 mg/mL, and 
then the plate was further incubated for 4 h. 
XTT-containing media were removed, and a solution 
containing 10% sodium dodecyl sulfate plus 0.01 M 
HCl and 5% isobutyl alcohol was added to each well 
and mixed thoroughly to dissolve the formed crystal 
formazan. Following that the cells were incubated at 
37 °C for another 4 h, the light absorption of samples 
was measured at 590 nm. Viability was expressed as a 
percentage of absorbance values in treated cells rela-
tive to that in control cells. 

2.6. Early/Late Apoptosis Assay  
Cells were seeded in 12-well plates for 24 h, fol-

lowed by treating with different types of Se for 24, 48, 
72, and 96 h, respectively. After the exposure period, 
the harvested cells were washed with 1x PBS and then 
suspended in the binding buffer. An aliquot (100 µl) 
of the solution was then incubated with proper 
amounts of annexin V-fluorescein isothiocyanate 
(FITC) and propidium iodide (PI) in dark for 5 min at 
room temperature, and 400 µl of the binding buffer 
was added to each sample. Finally, the stained cells in 
each field were analyzed on the flow cytometer (Par-
tec CyFlow ML, Partec GmbH, Münster, Germany) 
within 0.5 h. The data revealed that intact cells were 
primarily negative for both annexin V-FITC and PI, 
and that early apoptotic cells were positive for an-

nexin V-FITC and late apoptotic cells or necrotic cells 
were positive to both annexin V-FITC and PI. 

2.7. Assessment of Mitochondrial Membrane 
Potential 

MDA-MB-231 cells (8 x 104) were seeded in 
12-well plates. After 24 h of incubation, cells were 
treated with different concentrations of Se yeast (100, 
750, and 1500 ng Se/mL), MSC (1500 ng Se/mL), and 
MSA (1500 ng Se/mL) for various periods (24, 48, 72, 
and 96 h), respectively. The harvested cells were in-
cubated with rhodamine 123 (Rh-123) for 30 min in 
dark at 37°C, and re-suspended in 1x PBS. Finally, the 
mitochondrial membrane potential was measured by 
determining Rh-123 fluorescence in the flow cytome-
try, and the fluorescence emission at 515 nm was 
quantified. 

2.8. Measurement of intracellular ROS  
Lucigenin (bis-N-methylacridinium ni-

trate)-amplified chemiluminescence is widely used to 
measure intracellular ROS production. Further, the 
light emission can be produced when lucigenin is 
excited by superoxide anion (O2-)[14]. Finally, the ad-
dition of antioxidant enzyme SOD to cells should 
prove that the chemiluminescent signal was derived 
from O2-. The cultured cells at a density of 1 × 106 cells 
were initially plated in 10-cm dish for 24 h. The cells 
were then pre-incubated with Se yeast, MSA or MSC 
(1500 ng Se), after 6, 12, 24, 48, 72, and 96 h, the cells 
were washed twice with 1x PBS. The treated cells 
were further incubated with 1 mL of Lucigenin solu-
tion for the quantification of the O2- status. Negative 
controls were also prepared by replacing cell suspen-
sion with 1x PBS. The chemiluminescence measure-
ments were subsequently monitored for 200 sec at 37 
°C using CLA-FSI Chemiluminescence Analyzing 
system (Tohoku Electronic Industrial Co., Ltd., Sen-
dal, Japan). Each assay was performed six times and 
data are expressed as chemilu- minescence counts per 
1x104 cells. 

2.9. Measurement of Cytosolic SOD and GPx 
Activities  

The activity of superoxide dismutase (SOD) was 
determined using a commercial kit (Randox, San Di-
ego). In briefly, MCF-7 (1 x 106) or MDA-MB-231 (5 x 
105) cells were initially seeded in 10-cm dish for 24 h. 
The cells were then incubated with Se yeast, MSA or 
MSC (1500 ng Se). The harvested cells were washed 
with 1x PBS and sonicated on ice in a bath-type ul-
trasonicator. After centrifugation, the obtained su-
pernatants were then collected to determine the en-
zyme activity at 540 nm using ELISA microplate 
spectrophotometer Multiskan Ascent, Thermo Lab-
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systems).  
In addition, glutathione peroxidase (GPx) activ-

ity was performed with GPx assay kits (Cayman 
Chemical, Ann Arbor, Michigan, USA) as previously 
described [3], according to the manufacturer's in-
structions. Oxidized glutathione, produced upon re-
duction of an organic hydroperoxide by GPx, was 
recycled to its reduced state by glutathione reductase 
and NADPH. The oxidation of NADPH to NADP+ is 
accompanied by a decrease in absorbance at 340 nm; it 
was directly proportional to the GPx activity. Protein 
content was also determined using the Coomassie 
protein assay (Pierce, Rockford, IL, USA) with bovine 
serum albumin as the standard. 

2.10. Statistical Analysis  
Data were expressed as mean ± SEM. One-way 

ANOVA (analysis of variance) followed by post-hoc 
analysis with Duncan’s multiple-range tests was used 
to determine statistically significant difference (p < 
0.05). 

3. Results 
3.1. Effect of Growth Inhibition by Se 

Compared with the un-treated group, the SeY 
groups treated with different concentrations of 100, 
750, or 1500 ng Se/ml (in the form of Se yeast) signif-
icantly inhibited the growth of E2-incubated MCF-7 
cells treated with and without tamoxifen in a dose- 
and time-dependent manner (Figure 1, p < 0.05). The 
growth inhibitory effect of these MCF-7 cells was also 
observed in both MSA and MSC groups (1500 ng 
Se/mL) when cells were treated with Se for 24, 48, 72, 
and 96 h, respectively. Furthermore, the inhibitory 
effects of Se-treated groups were observed as follow: 
MSA 1500 > MSC 1500 > SeY 1500 > SeY 750 > SeY 
100. And, the E2+Tam group treated with tamoxifen 
exhibited growth-inhibitory effects in the MCF-7 cells 
under E2 stimulated condition; the combination of Se 
with tamoxifen would further increase the inhibitory 
effects of tamoxifen alone.  

 

 
Figure 1. Growth inhibition in (A)MCF-7 cells cultured with E2, (B)MCF-7 cells cultured with E2 and tamoxifen, (C)MDA-MB-231 cells, 
and (D)HEMC after 24, 48, 72, and 96 h incubation by Se yeast, MSC, and MSA. Results are expressed as relative reading (mean ± SD) at least 
from three independent experiments. Ctrl=controls; SeY 100=selenium yeast (100 ng Se/ml); SeY 750=selenium yeast (750 ng Se/ml); SeY 1500=selenium 
yeast (1500 ng Se/ml); MSC 1500=methylselenocysteine (1500 ng Se/ml); MSA 1500=methylseleninic acid (1500 ng Se/ml); E2=17β-estradiol; E2 + 
TAM=17β-estradiol and tamoxifen. 
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The growth-inhibitory properties of 
MDA-MB-231 cells after 24 h of incubation were ob-
served as follow: MSA 1500 > MSC 1500, SeY 1500 > 
CNL, SeY 100, and SeY 750. After 48 and 72 h of in-
cubation, SeY 750 group had increased inhibitory ef-
fects as compared with the SeY 100 and Ctrl groups. 
After 96 h of incubation, there was higher growth 
inhibitory in all groups treated with Se as compared 
with Ctrl group. 

Additionally, we observe the incubated HMEC 
cells of MSA 1500 group at above incubation periods 
have a significantly growth inhibition as compared 
with that value of MSC 1500 and SeY 1500 groups. 
Non-significant influence on the growth-inhibitory 
effects of cells on both MSC 1500 and SeY 1500 groups 
was observed. 

3.2. Changes of Se Levels in Medium 
 Compared with initial values, MCF-7, 

MDA-MB-231, or HMEC cells treated with MSA (1500 
ng Se/mL) exhibits an accelerated decline in medium 
Se concentrations (Figure 2). By contrast, there was 
non-significant sharp decrease in medium Se concen-
trations from 0 to 96 h at Se yeast or MSC (1500 ng 

Se/mL) treatments.  
A significant decrease in media concentrations of 

Se was found in MSA 1500 group and followed by 
SeY 1500 and MSC 1500 groups when MCF-7 cells 
incubation was under a combination with E2 and ta-
moxifen condition. In addition, the tamoxifen treat-
ment further reduced the Se concentrations in media 
of three different forms of Se groups. 

3.3. ROS production induced by Se 
Compared with the untreated MCF-7 cells, more 

superoxide product generated in all Se-treated groups 
was observed. Moreover, the SeY 1500 and the MSC 
1500 groups have lower concentrations of superoxide 
than the MSA 1500 group at any time point (Figure 3). 
The MDA-MB-231 cells in the MSC 1500 and the SeY 
1500 groups showed lower superoxide levels than 
those in the MSA 1500 group at the 6th, 12th, 24th, 48th, 
and 72th h. After 96 h of incubation, there were no 
significant differences in superoxide product among 
the different groups. For HMEC cells, Se yeast or MSC 
(1500 ng Se/mL) did not cause a significant increase 
in superoxide production; whereas MSA treatment 
induced cells to produce more superoxide radicals. 

 

 
Figure 2. The Se levels of media was quantified in (A)MCF-7 cells cultured with E2, (B)MCF-7 cells cultured with E2 and tamoxifen, 
(C)MDA-MB-231 cells, and (D)HEMC after 0, 6, 12, 24, 48, 72, or 96 h incubation. Results are expressed as relative reading (mean ± SD) at least 
from three independent experiments. SeY 1500=selenium yeast (1500 ng Se/ml); MSC 1500=methylselenocysteine (1500 ng Se/ml); MSA 
1500=methylseleninic acid (1500 ng Se/ml); E2=17β-estradiol; E2 + TAM=17β-estradiol and tamoxifen. 
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Figure 3. Superoxide generation in (A)MCF-7 cells cultured with E2, (B)MCF-7 cells cultured with E2 and tamoxifen, (C)MDA-MB-231 
cells, and (D)HEMC after 6, 12, 24, 48, 72, and 96 h incubation, as well as (E)MCF-7 cells and (F)MDA-MB-231 cells after incubation of 
48 h by Se yeast, MSC, and MSA. Results are expressed as relative reading (mean ± SD) at least from three independent experiments. SeY 
1500=selenium yeast (1500 ng Se/ml); MSC 1500=methylselenocysteine (1500 ng Se/ml); MSA 1500=methylseleninic acid (1500 ng Se/ml). 

 

3.4. Antioxidant Enzyme Activities of GPx and 
SOD 

Throughout the time course experiments, we 
further examined the activities of antioxidant en-
zymes. After 48 h of incubation, the MCF-7 cells in the 
MSA 1500 group showed a significantly higher SOD 
activity, as well as markedly higher GPx activity in 
both MSA 1500 and MSC 1500 groups than the SeY 
1500 group (Figure 3). For MDA-MB-231 cells, both 

SeY 1500 and MSC 1500 groups had lower activity of 
SOD and GPx as compared with MSA 1500 group. 

3.5. Early/Late Apoptosis Induction by Se  
For early apoptosis, three SeY groups showed a 

raised degree of the MCF-7 cell under E2 
with/without tamoxifen condition in a time- and 
dose-dependent manner. The SeY 1500 group has also 
significantly higher early apoptosis when compared 
with the MSA 1500 and MSC 1500 groups (Figure 4). 
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In contrast, higher late apoptosis of MCF-7 cells in 
both MSA and MSC groups than those by SeY groups 
were observed. 

On the other hand, MSA 1500 group induced 
higher early apoptosis of MDA-MB-231 cells at the 
incubation of 24, 48 h, and 72 h, respectively. There 
were no significant differences of early apoptosis 
between SeY 1500 and MSC 1500 groups. Treatment 
with SeY induced early apoptosis of MDA-MB-231 

cells in a dose-dependent manner at 72 h. After 96 h of 
incubation, SeY 1500 and MSC 1500 groups have the 
higher percentage of early apoptosis than MSA 1500 
group. For late apoptosis, MSA 1500 group induced 
higher values at all different time points. Further-
more, the late apoptosis were observed as follow: 
MSA 1500 > SeY 1500 > MSC 1500 > SeY 750 > SeY 
100.  

 

 
Figure 4. Se compounds induced early and late apoptosis in (A)(B)MCF-7 cells cultured with E2, (C)(D)MCF-7 cells cultured with E2 
and tamoxifen, and (E)(F) MDA-MB-231 cancer cells after 24, 48, 72, and 96 h incubation. Results are expressed as relative reading (mean ± 
SD) at least from three independent experiments. Ctrl=controls; SeY 100=selenium yeast (100 ng Se/ml); SeY 750=selenium yeast (750 ng Se/ml); SeY 
1500=selenium yeast (1500 ng Se/ml); MSC 1500=methylselenocysteine (1500 ng Se/ml); MSA 1500=methylseleninic acid (1500 ng Se/ml); 
E2=17β-estradiol; E2 + TAM=17β-estradiol and tamoxifen. 
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3.6. Morphology Changes by Se 
 Exposure to Se showed morphology changes in 

the MCF-7 cells. Se yeast-treated cells (1500 ng Se/ml) 
had karyorrhexis, nucleus condensed, and DNA 
fragments at the 48th h, as well as apoptotic bodies at 
the 72th and 96th h (Figure 5). After MSC treatment, 
only the increased condensed was found. The 
E2-incubated cells in MSA 1500 group showed con-
densed nucleus at the 72th h, and apoptotic bodies at 
the 96th h; whereas apoptotic bodies occurred at the 
72th h when incubated cells incubated with E2 and 
tamoxifen. On the other hand, three forms of Se 
treatment can show apoptotic bodies formation of 
MDA-MB-231 cells at the 48th h. Additionally, Se yeast 
and MSC-exposed cells have lower apoptotic bodies 
as compared with MSA. 

3.7. Mitochondrial Membrane Potential 
Changes by Se 

After incubation of 48 h, Se yeast treatment 
showed a decreased degree of normal mitochondrial 
membrane potential of the MDA-MB-231 cells in a 
dose-dependent manner. Furthermore, the SeY 1500 
group has lower percentage of normal mitochondrial 
membrane potential as compared with the MSC 1500 
group. The lowest percentages of normal mitochon-
drial membrane potential at the MSA 1500 group 
throughout the experimental period were observed 
(Figure 6).  

4. Discussion 
In the present preliminary study, Se yeast (100, 

750, and 1500 ng Se/ml; equivalent to 1.3, 9.5, and 19 
µM Se) can inhibit cell growth and induce apoptosis in 
a time- and dose-dependent manner in ER-positive 
MCF-7 and triple-negative MDA-MB-231 human 
breast cancer cells. Se yeast (19 µM Se) induce lower 
amounts of ROS that may be the important cause of 
triggering early apoptosis as compared with the same 
level of MSA. Se yeast had the minimal effects on the 
growth inhibition and the production of ROS of 
non-tumorigenic HMEC cells. In contrast, MSA ex-
posure led to excessive generation of ROS; the phe-
nomenon would help explain why MSA accelerate 
tumor cell growth-inhibitory effect and induction of 
late apoptosis. Additionally, MSA treatment to HMEC 
cells resulted in a dramatic increase in 
growth-inhibitory effect and ROS production. 

Growth inhibition by Se 
A number of studies have demonstrated that the 

anti-cancer potential of Se focused primarily on sev-
eral chemical forms include selenite, MSA and MSC, 
as well as their supra-nutritional levels [15,16]. Qi et al 

[17] pointed out that MSA (above 3.2 µM levels) could 
suppress the viability and induce the cell-cycle arrest 
of MDA-MB-231 cells. Moreover, the fact that growth 
inhibition of MCF-7 cells treatment with selenite 
(above 20 µM) or MSA (above 2 µM) was observed 
[18]. MSA (2.5 µM) exhibited a greater response on the 
proliferation inhibition effect and apoptosis in mouse 
mammary hyperplastic epithelial cell lines than that 
of MSC (25-50 µM)[19]. Obviously, MSC has lower 
anti-cancer effects as compared with MSA; the levels 
of the latter required for anti-cancer effects are above 
2 µM. 

 

 
Figure 5. Nuclear morphological changes induced by different Se 
compounds in (A)MDA-MB-231 cancer cells, as well as (B)MCF-7 
cells cultured with E2 for different time periods. DAPI staining 
shows apoptotic nuclei; human breast cancer cells were exposure to 
different Se compounds (1500 ng Se/ml); MSC=methyl- selenocysteine; 
MSA=methylseleninic acid. 
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Figure 6. (A)Depolarization of mitochondrial membrane potential in MDA-MB-231 cells treated with Se compounds after 48 h in-
cubation; (B)Mitochondrial membrane potential decrease caused by treated with Se compounds after 24, 48, 72 and 96 h incubation. 
Results are expressed as relative reading (mean ± SD) at least from three independent experiments. Ctrl=controls; SeY 100=selenium yeast (100 ng Se/ml); 
SeY 750=selenium yeast (750 ng Se/ml); SeY 1500=selenium yeast (1500 ng Se/ml); MSC 1500=methylselenocysteine (1500 ng Se/ml); MSA 
1500=methylseleninic acid (1500 ng Se/ml). 

 
Methylselenol, a major mono-methylated me-

tabolite of MSA and MSC, may contribute to the an-
ti-cancer activity of Se. Compared with MSA, an ad-
ditional enzyme cysteine conjugate β-lyase is required 
for the conversion of MSC to methylselenol. Recently, 
Se yeast is often employed in nutritional supplements, 
which provides highly levels of bioactive organic 
forms of Se including selenomethionine, selenocyste-
ine, MSC, and some peptides [20]. Likewise, the ex-
istence of methioninase and γ-lyase is necessary for 
selenomethionine to transform into methylselenol 
[11]. Thus, whether Se yeast can inhibit the growth of 
cancer cells similar to MSA or MSC, the matter will be 
further investigated.  

In the present investigation we had found lower 
level of Se yeast (100 ng Se/ml; equivalent to 1.3 µM 
Se) can inhibit the growth of breast cancer cells and 
suggested that inhibitory effects by Se yeast through 
other mechanisms when compared with MSA. Fur-
thermore, the comparison of the tumor 
growth-inhibitory effects by Se yeast and MSA (equal 
to 1500 ng Se/ml) were also determined. MSA expo-
sure exhibited higher growth inhibition in the MCF-7 
and MDA-MB-231 cells than Se yeast. The explanation 
for higher growth-inhibitory capacity may be partially 

related to higher Se uptake by these breast cancer 
cells. There was little information regarding the 
comparison of Se absorption among different Se 
compounds in vitro. The dose-response experiments 
were not available, which we consider to be a limita-
tion. On the other hand, the intracellular metabolites 
production from Se compounds may be helpful in 
explaining our present results that both MSC and Se 
yeast have lower growth-inhibitory action in the 
treated cancer cells than those with MSA. 

Oxidative stress by Se 
The mechanism of Se, that is responsible for an-

ti-cancer effects still remain largely unclear. It has 
been known for a long time that the diversely roles at 
Se-induced potential redox reaction are significantly 
linked to the risks and chemotherapy of cancers. MSA 
significantly decreased E2-induced ROS accumulation 
of T47D breast cancer cells [21]. Selenite also inhibited 
electromagnetic radiation-induced oxidative stress 
and reduced the mitochondrial dysfunction in 
MDA-MB-231 cells [22]. By contrast, some studies 
showed that selenite exposure induce the apoptosis of 
cancer cells by producing superoxide radicals [23,24]. 
The metabolites of selenite, Se nanoparticles, could 
induce oxidative stress that contributed to the cyto-
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toxicity in cancer cells [25,26]. The metabolites of Se 
compounds may directly affect mitochondrial mem-
branes and interfere with the redox status, which 
subsequently result in cell cycle arrest of cancer cells 
[23,26].  

Our present results also indicated that the 
MSA-exposed MCF-7, MDA-MB-231, and HMEC cells 
have showed a greatest superoxide production as 
compared to the same level of Se yeast (1500 ng 
Se/ml). MSA treatment also led to increases in the 
activities of antioxidant enzymes SOD and GPx in 
these breast cancer cells. It appeared that the signifi-
cant rise in ROS production may be attributed to Se 
metabolite formed quickly after MSA treatment. On 
the other hand, Trachootham et al [27] have previ-
ously demonstrated the existence of differential redox 
potential between normal and cancer cells. Relative to 
MCF-7 or MDA-MB-231 cells, the presence of high 
level of Se yeast or MSC did not increase superoxide 
production and reduce cellular growth that may be 
associated with the selenoprotein antioxidant protec-
tion in non-tumor HMEC cells. It will be necessary to 
further study the expression of selenoproteins in these 
cell lines, although the superoxide generation may be 
altered by culture conditions and the types of media. 

Early/Late Apoptosis Induction 
An excessive amount of ROS may disturb 

NAD+/NADH redox balance and mitochondrial 
function, as well as affect the cell growth [28]. The fact 
that increasing NAD+/NADH ratio would attenuate 
metastatic activity and facilitate apoptosis in cancer 
cells [29]. Apoptosis is a stage-dependent process 
such as early and late apoptotic events, as well as 
apoptotic cells undergo changes in morphology and 
biochemical events. A number of studies have showed 
that the anti-cancer properties of Se may be attributa-
ble to ROS-induced cancer cells apoptosis [25]. Swede 
et al [30] have pointed out that MSA (2.5 and 10 µM) 
inhibited lung cancer cell growth and induced late 
apoptosis after 24 h of incubation. In addition, expo-
sure of 2.5 µM of MSA for 72 h induced the early 
apoptosis in other lung cancer lines [31].  

The present results showed that Se yeast (at 1.3, 
9.5, and 19 µM Se) or MSC exhibits higher early 
apoptosis, and that MSA (at 19 µM Se) induces higher 
late apoptosis of MCF-7 cells. It appeared that Se yeast 
caused moderate superoxide generation, which may 
initiate early apoptosis when compared with MSA; 
whereas MSA-induced more severe oxidative stress 
may significantly disrupt NAD+/NADH balance, 
which in turn led to early apoptotic cells become late 
apoptotic cells quickly. It is interesting to note that 
MCF-7 cells exposed to Se yeast, but not MSA, re-
sulted in a dose-dependent induction of early apop-

tosis.  
On the other hand, Se yeast caused a gradual 

increase in the time- and dose- dependent early/late 
apoptosis in the MDA-MB-231 cells. MSA (at 19 µM 
Se) treatment also induced markedly higher onset of 
both early and late apoptosis at a time course exper-
iment; whereas MSA had less early apoptotic events 
at the 96th h. That is, after exposure to MSA resulted in 
cytotoxicity may cause large numbers of cells directly 
convert into late-stage apoptotic cells. For future re-
search, the dose-response of MSA- induced apoptosis 
in differential breast cancer cells will be further con-
firmed. 

Mitochondrial Membrane Potential 
Proper mitochondrial membrane potential is 

critical for living cells. Se compounds such as selenite 
and selenomethionine can increase superoxide pro-
duction and induce mitochondrial membrane depo-
larization [32]. Selenite induced a rapid superoxide 
burst and p53 activation, leading to loss of mitochon-
drial membrane potential [33]. MSA could aggressive 
mitochondrial membrane dysfunction in 
MDA-MB-231 cells [17]. Heikal [34] indicated that 
increased mitochondrial ROS production along with 
reduced mitochondrial membrane potential and in-
tracellular NADH levels were observed during 
apoptosis process.  

For further analysis of apoptosis, we evaluated 
the effects of different Se compounds on mitochon-
drial potential. MDA-MB-231 cells exposed to Se yeast 
or MSC cause loss of mitochondrial membrane po-
tential that are less severe than that by same dose of 
MSA. All three forms of Se also altered mitochondrial 
membrane potential in a time-dependent manner. 
Additionally, cells exposed to Se yeast (9.5 µM Se) for 
48 h have higher mitochondrial potential damage 
compared with those exposed to MSC (19 µM Se). The 
other mechanisms may involve the loss of mitochon-
drial potential by Se yeast. Furthermore, the mor-
phological features that relate to apoptotic response in 
these breast cancer cells exposed to these Se com-
pounds were also observed.  

5. Conclusion 
The present findings contribute to the field’s 

understandings of Se yeast acting on human breast 
cancer cells in vitro. Se yeast (100, 750, and 1500 ng 
Se/mL) can induce apoptosis in human breast cancer 
cells. Exposure to Se yeast may cause Se metabolites in 
ER-positive MCF-7 and triple-negative MDA-MB-231 
cancer cells to increase, which induce the generation 
of moderate amounts of ROS. Furthermore, these ROS 
production would lead to loss of mitochondrial 
membrane potential and speed up the large amounts 
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of apoptotic cells in an early phase of apoptosis. And, 
less ROS production in HEMC cells by Se yeast may 
be eliminated by the synthesis of antioxidant seleno-
proteins. Therefore, exposure of Se yeast at the su-
pra-nutritional levels may be more safe and effective 
anti-cancer agent as compared with MSA. Future 
studies are still needed to determine the 
dose-response effects of Se on the toxicity and ear-
ly/late apoptosis in the breast cancer cells and 
HEMCs cells. More importantly, future studies are 
required to apply one design on animal model ex-
periments.  
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