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Abstract: Vitamin E δ-tocotrienol has been reported to possess anticancer activity both in vitro and in vivo. However, 
the underlying molecular mechanisms of δ-tocotrienol induced apoptosis in triple-negative breast cancer are not ful-
ly understood. Here, we reported that microRNA-429 (miR-429) is up-regulated in two TNBC cell lines (MDA-MB-231 
and MDA-MB-468), treated with δ-tocotrienol. Inhibition of miR-429 may partially rescue the apoptosis induced by 
δ-tocotrienol in MDA-MB-231 cells. We also showed that the forced expression of miR-429 was sufficient to lead to 
apoptosis in MDA-MB-231 cells. Furthermore, we identified X-linked inhibitor of apoptosis protein (XIAP) as one of 
miR-429’s target genes. These results suggest that the activation of miR-429 by δ-tocotrienol may be an effective 
approach for the prevention and treatment of triple-negative breast cancer.
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Introduction

Breast cancer is one of the most prevalent can-
cers, with over 1.6 million cases diagnosed 
worldwide in 2010 [1]. The large number of etio-
logical factors and the complexity of breast 
cancer pose challenges for prevention and 
treatment. Triple-negative breast cancer 
(TNBC) is histologically defined as an invasive 
carcinoma of the breast that lacks staining for 
estrogen receptor (ER), progesterone receptor 
(PgR), and human epidermal growth factor 
receptor-2 (HER2). TNBC is associated with 
high proliferative rates, early recurrence, and 
poor survival rates [2]. Much effort has been 
spent on the study of the biological behavior of 
TNBC cells to develop effective treatment 
strategies.

Vitamin E tocotrienols, including α, β, γ and 
δ-tocotrienol, are bioactive components of 
cereal foods such as oats, barley and palm. Γ 
and δ-tocotrienol have demonstrated antican-
cer and chemo-preventive activities in various 

cancer systems, including breast [3], lung [4], 
colon [5], and hepatocellular cancers [6]. 
Recently, we have shown that δ-tocotrienol 
(Figure 1A) is one of the most bioactive tocotri-
enols against pancreatic cancer, both in vitro 
and in vivo [7]. However, the molecular mecha-
nism of action of δ-tocotrienol in triple-negative 
cancer has not been fully elucidated.

MicroRNAs (miRNAs) are small, non-coding 
RNAs of 19-25 nucleotides in length that are 
endogenously expressed in mammalian cells. 
miRNAs post-transcriptionally regulate gene 
expression by pairing with complementary 
nucleotide sequences in the 3’-UTRs of specific 
target mRNAs [8, 9]. miRNAs are involved in bio-
logical and pathological processes, including 
cell differentiation, proliferation, apoptosis, and 
metabolism [10-12]. 

miR-429, a member of the miR-200 family of 
microRNAs, was reported to inhibit the expres-
sion of transcriptional repressors ZEB1/δEF1 
and SIP1/ZEB2 and regulate epithelial-mesen-
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chymal transition [13]. It is significantly down-
regulated in several cancers, including renal 
cell carcinoma [14] and gastric cancer [15]. 
Emerging evidence has shown that over-expres-
sion of miR-429 can inhibit proliferation and 
induce apoptosis in human osteosarcoma can-
cer cell lines [16]. However, the function of miR-
429 in triple-negative breast cancer remains 
unclear.

In this paper, we report that miR-429 was up-
regulated in TNBC cells treated with 
δ-tocotrienol. Inhibition of miR-429 may par-
tially rescue the apoptosis induced by 
δ-tocotrienol in MDA-MB-231 cells. We also 
showed that the forced expression of miR-429 
was sufficient to lead to apoptosis in MDA-
MB-231 cells. Furthermore, we identified 
X-linked inhibitor of apoptosis protein (XIAP) as 
one of miR-429’s target genes.

Materials and methods

Reagents and antibodies 

δ-Tocotrienols were kindly provided as a gift 
from Dr Malafa (H Lee Moffitt Cancer Center, 
FL, USA). XIAP and β-actin antibodies were pur-
chased from Santa Cruz Biotechnology (San 
Diego, CA, USA). miR-429 precursor, miR-429 
inhibitor and control miRNA were purchased 
from Applied Biosystems (Carlsbad, CA, USA). 
All chemicals were purchased from Sigma-
Aldrich (St Louis, MO, USA) unless otherwise 
specified.

Cell culture and treatment 

Human triple-negative breast cancer cell lines 
MDA-MB-231 and MDA-MB-468 were pur-
chased from the American Type Culture 
Collection (Manassas, VA, USA). MDA-MB-231 
and MDA-MB-468 cells were maintained in 
DMEM supplemented with 10% FBS, 100 U/ml 
penicillin and 100 μg/ml streptomycin. The 
cells were collected using 0.05% trypsin EDTA 
following the specified incubation period.

Precursor miRNA or miRNA inhibitor transfec-
tion

Cells were seeded in 6-well plates at a concen-
tration of 2×104 and cultured in medium with-
out antibiotics for approximately 24 h before 
transfection. Cells were transiently transfected 
with miR-429 precursor or inhibitor and nega-

tive control miRNA at a final concentration of 
50 nM (precursor) or 100 nM (inhibitor) using 
Lipofectamine 2000 (Invitrogen, Carslbad, CA, 
USA) according to the manufacturer’s protocol.

Cell viability assay 

Cell viability was determined at 24 hours by a 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenylter-
trazolium bromide (MTT) assay. Cells (5×103 
cells per well) were grown overnight in 96-well 
plates. Fresh medium (200 μL) with different 
doses of δ-tocotrienol or ethanol was added 
and incubated at 37°C at 5% CO2 for 24 hours. 
After 24 hours of incubation, MDA-MB-231 and 
MDA-MB-468 cells were incubated for an addi-
tional 4 hours with 20 μL MTT (5 mg/mL). The 
supernatant was then removed, and 150 μL 
DMSO was added. The absorbance at 490 nm 
was measured with a microplate reader. 
Experiments were performed in triplicate.

Real-time PCR assay 

Total RNA was extracted from cultured cells 
usingTRIzol reagent (Invitrogen, Carslbad, CA, 
USA). cDNA was obtained by reverse transcrip-
tion of total RNA using a TaqManReverse 
Transcription Kit (Applied Biosystems, Carlsbad, 
CA, USA). The expression level of mature miR-
429 was measured using a TaqMan miRNA 
assay (Applied Biosystems, Carlsbad, CA, USA) 
according to the provided protocol and using 
U6 small nuclear RNA as an internal control. 

Western blot analysis 

The cells in each well, including dead cells float-
ing in the medium, were harvested and lysed in 
RIPA buffer. The protein concentrations of the 
lysates were determined using a bicinchoninic 
acid protein assay kit (Pierce Biotech, Rockford, 
IL, USA). An aliquot of the lysate containing 50 
μg proteins was subjected to sodium dodecyl 
sulfate polyacrylamide gel electrophoresis and 
then transferred to polyvinylidene fluoride 
membranes. The membranes were blocked 
with blocking buffer (TBST containing 5% non-
fat milk) for 1 h at room temperature and then 
incubated overnight at 4°C with the following 
specific primary antibodies: XIAP and β-actin. 
Subsequent incubation with the appropriate 
horseradish peroxidase-conjugated secondary 
antibodies was performed for 2 h at room tem-
perature. Signals were detected using 
enhanced chemiluminescence reagents (Ther- 
mo, Carlsbad, CA, USA).
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Luciferase reporter assay 

To evaluate the function of miR-429, the 3’-UTR 
of XIAP with a miR-429 targeting sequence was 
cloned into the pMIR-REPORT luciferase report-
er vector (Ambion, Carlsbad, CA, USA). The 
sequences used to amplify the XIAP 3’-UTR 
were 5’-GCTGATTTAAAGGCTTAG-3’ (forward) 
and 5’-CAAATGTAGGTAGAGGA-3’ (reverse). A 
mutant XIAP 3’-UTR bearing a substitution of 
three nucleotides (TAT to CCC) in the miR-429 
target sequence was generated using a Site-
Directed Mutagenesis Kit (Agilent Technologies, 
Santa Clara, CA, USA). Cells were co-transfect-
ed with luciferase reporter plasmids and miR-
429 precursor (or control miRNA), along with 
Renilla Luciferase phRG-TK (Promega, Madison, 
WI, USA) as an internal control, using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA). Luciferase activity was measured 24 h 
after transfection using the Dual-Luciferase 
Reporter Assay System (Promega, Madison, WI, 
USA). All experiments were performed in 
triplicate.

Annexin V-FITC/propidium iodide (PI) staining 
assay

The annexin V-FITC/PI assay was performed 
using a commercial kit (BD Bioscience, San 
Jose, CA, USA). Briefly, cells were washed twice 
with PBS and incubated in 500 μL binding buf-
fer containing annexin V-FITC and PI in the dark 
for 10 min at room temperature. The stained 
samples were then analyzed on a FACSort flow 
cytometer, as instructed by the manufacturer.

Caspase-3 activity assay 

Caspase-3 activity was determined by using a 
fluorometric assay kit as described by the man-
ufacturer (Roche, Indianapolis, IN, USA). Cleav- 
age of the fluorogenic substrate, Ac-DEVD-AFC 
(7-amino-4-trifluoromethylcoumarin, N-acetyl-L- 
aspartyl-Lglutamyl-L-valyl-L-aspartic acid ami- 
de) by caspase-3 was measured at an excita-
tion wavelength of 380 nm and an emission 
wavelength of 490 nm. The increase in cas-
pase-3 activity was determined by comparing 
results with control. Experiments were per-
formed in triplicate.

Cell death ELISA assay 

Cell death as a result of apoptosis was quanti-
fied by measuring mono- and oligonucleosome 

release using the Cell Death Detection ELISA 
Kit (Roche, Indianapolis, IN, USA), following the 
manufacturer’s instructions. Briefly, cells were 
seeded in a six-well plate, treated with control-
miRNA, miR-429 precursor, and miR-429 inhib-
itor and grown either in the presence or 
absence of δ-tocotrienol for 24 h at 37°C. Cells 
were lysed in buffer for 30 min at 25°C, and the 
supernatant was diluted 1:10 with incubation 
buffer and transferred into the MP-modules. 
The conjugate solution and substrate solution 
were added following the protocol. The absor-
bance was read in a micro-plate reader at 405 
nm. Experiments were performed in triplicate.

Statistical analysis 

Statistical analysis was performed using one-
way ANOVA or Student’s t-test. Values of P<0.05 
were considered significant. Data were repre-
sented as the mean ± S.D. GraphPad Prism 5.0 
software was used for all data analysis.

Results

δ-tocotrienol inhibits cell proliferation and in-
duces apoptosis in TNBC cells

First, we evaluated the effects of δ-tocotrienol 
on exponentially growing TNBC cells. MDA-
MB-231 and MDA-MB-468 cells, also known as 
human triple negative breast cancer cells, were 
treated in the presence of various concentra-
tions (0-100 μM) of δ-tocotrienol for 24 hours, 
and the cell viability rate was measured using 
an MTT assay. Treatment with δ-tocotrienol 
inhibited the proliferation of MDA-MB-231 and 
MDA-MB-468 cells in a dose-dependent man-
ner (Figure 1B). Then, an annexin V/propidium 
iodide flow cytometry assay was performed to 
determine if the growth inhibition by 
δ-tocotrienol was associated with the induction 
of apoptosis. As expected, we determined the 
induction of apoptosis of MDA-MB-231 and 
MDA-MB-468 cells by δ-tocotrienol at 24 hours 
(Figure 1C).

miR-429 mediated induction of apoptosis in 
TNBC cells treated with δ-tocotrienol

To evaluate if miR-429 was involved in the 
δ-tocotrienol-induced apoptosis in TNBC cells, 
a real-time PCR assay was performed. 
Interesting, miR-429 was up-regulated in MDA-
MB-231 cells by δ-tocotrienol, but the expres-
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Figure 1. δ-tocotrienol inhibits cell proliferation and induces apoptosis in TNBC cells. A. Structure of δ-tocotrienol. B. The MTT assay was used to measure cell 
proliferation activity in MDA-MB-231 and MDA-MB-468 cells treated with δ-tocotrienol or vehicle. *P<0.05. C. Annexin V/PI assay was used to measure cell 
apoptosis in MDA-MB-231 and MDA-MB-468 cells treated with δ-tocotrienol or vehicle. *P < 0.05.
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sion was suppressed when treated with both 
δ-tocotrienol and miR-429 inhibitor (Figure 2A). 
Then, we tried to explore if the expression of 
miR-429 was required for the δ-tocotrienol-
induced apoptosis in MDA-MB-231 cells. We 
perform caspase-3 activity assay as well as cell 
death ELISA assay to detect apoptosis in MDA-
MB-231 cells which were transfected with 
either control miRNA or miR-429 inhibitor and 
grown either in the presence or absence of 
δ-tocotrienol (30 μM) for 24 hours. The 
δ-tocotrienol treatment resulted in a marked 
induction of caspase-3 activity and cell apopto-
sis in the control-transfected cells. On the other 
hand, the effect of δ-tocotrienol, although not 
completely extinguished, was significantly 
reduced in MDA-MB-231 cells transfected with 
the miR-429 inhibitor (Figure 2B and 2C).

Forced expression of miR-429 induces apopto-
sis in TNBC cells via suppressing XIAP

To evaluate if over-expression of miR-429 was 
enough to induce apoptosis in TNBC cells, we 
used a cell death ELISA assay to measure cell 
apoptosis in MDA-MB-231 cells treated with 
control miRNA or miR-429 precursor. We also 
determined the induction of apoptosis of MDA-
MB-231 cells by the forced expression of miR-
429 at 24 hours (Figure 3A). Our results indi-
cate that miR-429 plays a major role in the 
induction of apoptosis in TNBC cells. 

To explore the mechanism of miR-429 activity 
in MDA-MB-231 cells, we used TargetScan 6.2 
(http://www.targetscan.org) to search for the 
target gene of miR-429, especially for genes 
with potential roles in promoting tumor cell pro-
liferation. TargetScan6.2 predicted that XIAP 
was the common target gene of the miR-429 
(Figure 3B). The influence of miR-429 on the 
endogenous expression of XIAP proteins was 
examined. The expression of XIAP was down-
regulated in MDA-MB-231 cells transfected 
with miR-429 precursor (Figure 3C). To explore 
whether XIAP was the common target gene of 
miR-429, we constructed two luciferase report-
er plasmids with the putative XIAP 3’UTR target 
site for miR-429 (pMIR-XIAP-3’UTR-PUT) and a 
mutant XIAP 3’UTR target site for miR-429 
(pMIR-XIAP-3’UTR-MUT). Co-transfection with 
the miR-429 precursor was found to decrease 
wild type XIAP 3’-UTR reporter activity (P<0.05) 
compared with co-transfection with control 
miRNA in MDA-MB-231 cells. However, cotrans-

fection with the miR-429 precursor did not sig-
nificantly alter mutant XIAP 3’-UTR reporter 
activity (Figure 3D). These results demonstrate 
that miR-429 targets the predicted site within 
the 3’-UTRs of XIAP mRNA in the TNBC cell line.

Discussion

The recent discovery of a class of small non-
coding RNAs called microRNAs has received 
significant attention in cancer research [17, 
18]. The over-expression of tumor suppressor 
miRNAs may repress cancer cell proliferation 
and result in apoptosis, but the mechanisms by 
which miRNAs affect oncogenesis remain to be 
elucidated. 

It was reported that the reduced expression of 
the miR-200 family was involved in the epitheli-
al-to-mesenchymal (EMT) transition of tumor 
cells [19, 20], and overexpression of miR-429 
may induce mesenchymal-to-epithelial transi-
tion (MET) in metastatic ovarian cancer cells 
[21]. It was also reported that over-expression 
of miR-200b/c/429 was sufficient to induce 
apoptosis in breast cancer cells [22], but little 
is known about the role of miR-429 in the 
δ-tocotrienol-induced apoptosis of TNBC cells.

Vitamin E δ-tocotrienol, a major bioactive com-
pound found in cereal grains, oats, barley, 
annatto beans and palm, is one of eight natural 
lipid-soluble vitamin E compounds. Extensive in 
vitro and in vivo studies have indicated that 
δ-tocotrienol is a cancer-suppressing bioactive 
micronutrient that inhibits cell proliferation and 
induces tumor cell apoptosis, but the precise 
molecular mechanism by which it inhibits the 
proliferation of cancer cells remains unclear.

Multiple signaling pathways were reported to 
be involved in δ-tocotrienol’s anti-tumor activi-
ty, such as NF-κB, STAT3, and Ras [23-25]. We 
have shown in vitro as well as in vivo studies 
that δ-tocotrienol may activate EGR-1/Bax to 
exert its function in Miapaca-2 cells, a pancre-
atic cancer cell line [7], but little is known about 
its mechanism in TNBC cells.

In this study, we demonstrated that δ-tocotrienol 
exerted a significant cell growth inhibition in 
TNBC cells and resulted in apoptosis. miR-429 
was up-regulated in MDA-MB-231 cells, and 
inhibition of miR-429 may partially rescue the 
effect of δ-tocotrienol. We also determined that 
ectopic over-expression of miR-429 was 
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enough to induce apoptosis in MDA-MB-231 
cells. Moreover, we showed using a luciferase 
assay that the 3’-UTR of XIAP has a functional 
target of miR-429. 

XIAP is a member of the IAP family of proteins 
that contain baculovirus IAP repeat (BIR) 
domains [26], and it has been demonstrated 
that it is able to bind to caspase-3, 7 and 9 in 
vitro [27]. Up-regulation of XIAP is a frequent 
event in breast cancer, and XIAP positive nucle-
ar labeling is a sign of an unfavorable prognosis 
in breast invasive ductal carcinoma [28]. It was 
reported that XIAP knockdown by siRNA might 
inhibit proliferation and induce apoptosis in 
breast cancer cells [29]. Therefore, the identifi-
cation of XIAP as a miR-429 target gene may 
explain, at least in part, the molecular mecha-
nism of tumor suppression by miR-429 in TNBC 
cells. 

In summary, this is the first study to focus on 
the function of miR-429 and the effect of 
δ-tocotrienol in triple-negative breast cancer 
cells. Our data support that the up-regulation of 
miR-429 is required for δ-tocotrienol’s anti-
tumor activity in TNBC cells. Furthermore, we 
identified XIAP as one of miR-429’s target 
genes, which may partially explain the role of 
miR-429 in TNBC cells. On the basis of our 
results, δ-tocotrienol may be an effective anti-
cancer compound in triple-negative breast can-
cer, and the activation of miR-429 may be a 
potentially useful novel strategy for inhibiting 
TNBC growth.
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