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p-catenin knockdown enhances the effects of fluorouracil
in the breast cancer cell line MDA-MB-468
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Abstract. Tumor proliferation, drug resistance and cell
stemness are major difficulties that are encountered during
breast cancer therapy and are often responsible for disease
progression and cancer-related mortality. S-catenin is
considered to be an invasion gene in breast cancer. However,
how f-catenin regulates breast cancer cell proliferation and
stemness remains unclear. In the present study, 5-catenin
knockdown by small interfering RNA in MDA-MB-468,
a highly metastatic breast cancer cell line, inhibited the
expression of f-catenin, Oct3/4 (stemness), survivin
(anti-apoptosis) and BCRP (drug resistance). Knockdown of
B-catenin enhanced the effects of fluorouracil (5-FU) chemo-
therapy on the proliferation of MDA-MB-468 cells. Thus,
these preliminary results indicate that 5-catenin knockdown
enhanced 5-FU-induced proliferation inhibition in the breast
cancer cell line MDA-MB-468, and indicate that combining
5-FU with gene silencing could be an advantageous option
for enhancing the curative effect of chemotherapy in breast
cancer and other malignancies.

Introduction

Tumor invasion, metastasis and drug-resistance of cancer
cells are considered to play a vital role in cancer-related
mortality (1-5). In addition, cancer cell stemness is a new
challenge for cancer therapy as conventional chemotherapy
is inefficient in killing the stem/progenitor cells. Signaling
pathways, including the Hedgehog, Wnt/B-catenin, Notch,
epidermal growth factor receptor (EGFR), phosphorylated
EGFR and KIT pathways, are involved in this process.

The Wnt/B-catenin signal transduction pathway is a major
pathway regulating cancer cell fate. As indicated in certain

Correspondence to: Dr Huixiang Li, Department of Pathology,
The First Affiliated Hospital of Zhengzhou University, 1 East
Jianshe Road, Zhengzhou, Henan 450052, P.R. China

E-mail: lihuixiang19@126.com

Key words: breast cancer, stem cell, RNA interference, gene
therapy, -catenin

studies (6-8), the activity of this pathway is necessary for the
maintenance of stem cell self-renewal and non-differentiation
in normal tissues, and promotes the amplification of stem
cells in tumors. -catenin, as the only component in the third
section of the pathway, may be an ideal therapeutic target.
However, the role of f-catenin signaling in breast cancer is
unclear.

The present study aimed to investigate whether impairing
fB-catenin expression could decrease proliferation and
drug-resistance of tumor stem cells. 3-catenin expression in
a highly metastatic breast cancer cell line (MDA-MB-468)
was repressed using small interfering RNA (siRNA). The
subsequent changes in stem/progenitor cells-related factors
and in the inhibition rates were monitored using siRNA and
chemotherapy, alone or in combination.

Materials and methods

Cell culture. The breast cancer cell line, MDA-MB-468,
was obtained from the Chinese-United Kingdom Medical
Laboratory (Basic Medical College, Zhengzhou University,
Zhengzhou, China). The cells were cultured at 37°C with
5% CO, in Dulbecco's modified Eagle's medium (HyClone,
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal calf serum (Hyclone, Thermo Fisher
Scientific, Inc.), 100 U/ml of penicillin G and 100 ug/ml of
streptomycin (Gibco-Invitrogen, Carlsbad, CA, USA).

RNA interference. Cell cultures were randomly assigned
to the scramble RNA or the siRNA groups. The scramble
RNA group was transfected with scramble siRNA and the
siRNA group was transfected with f3-catenin siRNA. The
siRNAs were obtained from Shanghai GenePharma Co., Ltd.,
(Shanghai, China) and Lipofectamine™ 2000 was obtained
from Invitrogen. Interference was performed in 6- and 96-well
culture plates, according to the manufacturer's instructions.
Protein and total RNA 24, 48 and 72 h after interference
were extracted from 6 plates to perform western blotting and
semi-quantitative reverse transcription-polymerase chain
reaction (RT-qPCR).

Western blotting. Cells were lyzed in Western and immu-
noprecipitation cell lysis solution (Beyotime Institute of
Biotechnology, Haimen, China). Protein concentrations were
determined using the Lowry method (9) in duplicate and
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Table I. Polymerase chain reaction primers.

Product Melting

Primer NCBI ID Primers sequence (5'-3") size, bp temperature, °C

B-catenin NM_001098209.1 Forward: CCCACTAATGTCCAGCGTTT 382 54.0
Reverse: AACCAAGCATTTTCACCAGG

Oct3/4 NM_002701.4 Forward: TTCAGCCAAACGACCATC 484 549
Reverse: GGAAAGGGACCGAGGAGTA

BCRP NM_004827.2 Forward: GCCATTCTCCCAGTCA 494 49.7
Reverse: GGGCGTCTATACACCAT

Survivin NM_001012271.1 Forward: CTTGCCAGAGCCACGAA 632 554
Reverse: GGAACCTCACCCATAGCC

p-actin NM_001101.3 Forward: GCCCTGAGGCACTCTTC 330 549

Reverse: GGCCGGACTCGTCATAC

NCBI, National Center for Biotechnology Information.

the results were averaged. Aliquots of the tissue samples
corresponding to 50 pg of total protein were heated at 100°C
for 10 min with an equivalent volume of 2X sample buffer
(containing 4% SDS and 10% mercaptoethanol) and loaded
onto 10% polyacrylamide gels. The proteins were electro-
transferred to polyvinylidene difluoride membranes (Bio-Rad,
Hercules, CA, USA) in Tris-glycine-methanol buffer. The
membranes were blocked for 1 h at room temperature in
a blocking solution containing 5% skimmed milk. The
membranes were subsequently incubated overnight at 4°C with
mouse monoclonal anti-human f-catenin antibodies (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), followed
by incubation with horseradish peroxidase-conjugated goat
anti-mouse immunoglobulin G. The proteins of interest were
visualized using the enhanced DAB western blotting detec-
tion reagents and analyzed using the Quantity One software
(Bio-Rad).

Semi-RT-qgPCR. Total RNA was extracted from cultured
cells using TRIzol (Qiagen, Venlo, Netherlands), according
to the manufacturer's instructions. Total RNA (1-5 pg) was
reverse-transcribed using the TIANScript RT kit [Tiangen
Biotech (Beijing) Co., Ltd., Beijing, China] and the provided
oligo(dT),s primers. The amount of cDNA was normalized to
the internal control, $-actin. All the primers and the annealing
temperature are listed in Table I. PCR analysis was performed
with the Golden Easy PCR system [Tiangen Biotech (Beijing)
Co., Ltd.].

Chemotherapy. In the fluorouracil (5-FU) group, the cells
were treated with 5-FU alone (1 pg/ml final concentration). In
the 5-FU/siRNA group, the cells were treated with (3-catenin
siRNA and subsequently with 5-FU (1 pg/ml final concentra-
tion) 24 h after siRNA.

Cell growth inhibition rate. The cells were inoculated in
96-well culture plates at 5,000 cells/well and treated according
to their specific group. The Cell Counting kit-8 (CCK-8) solu-
tion (Beyotime Institute of Biotechnology) was added at 24,

48 and 72 h in the siRNA group and at 24 h in the 5-FU and
5-FU/siRNA groups, prior to incubation for 2 h. Following
incubation, the absorbance (ABS) of each sample was
measured at 450 nm. Inhibition Rate (IR) = (ABS of experi-
mental group - ABS of scramble group)/ABS of scramble
group x 100%.

Statistical analysis. All the experiments were repeated five
times and the mean values were used for statistical analyses.
Statistical analysis was performed using SPSS 13.0 (SPSS,
Inc., Chicago, IL, USA). Comparisons between the groups at
each time interval were performed using one-way analysis of
variance. The associations between the factors were deter-
mined by two-sided Pearson correlation analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effect of f5-catenin interference on mRNA expression of
fB-catenin, Oct3/4, survivin and BCRP. 3-catenin, Oct3/4,
survivin and BCRP mRNA expression was decreased at 24,
48 and 72 h after interference in the siRNA group and the
inhibition rate at 24 h was the most evident (48%). The curves
for each mRNA were consistent (Fig. 1).

mRNA expression of [3-catenin, Oct3/4, survivin and BCRP
under chemotherapy. The above data showed that 3-catenin
interference was the most efficient at 24 h. Therefore, 24 h after
fB-catenin siRNA transfection, 5-FU (1 ug/ml) or saline was
added to the MDA-MB-468 cells. RT-qPCR results showed
that 5-FU inhibited the mRNA expression of f-catenin,
Oct3/4, survivin and BCRP. Furthermore, 3-catenin siRNA
transfection enhanced the inhibition rate of 5-FU on these
genes (Fig. 2). These results indicated that S-catenin siRNA
enhanced the inhibition of Oct3/4, survivin and BCRP gene
expression by 5-FU.

Cell growth inhibition rates. CCK-8 analyses were used to
assess the cell growth inhibition rate under different conditions.
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Figure 1. (A) mRNA expression of -catenin, Oct3/4, survivin and BCRP following f3-catenin small interfering RNA (siRNA) by semi-quantitative reverse
transcription-polymerase chain reaction. In every image, the upper section is the mRNA of interest and the lower section is the internal control, 5-actin.
Lanes 1,2, 3 and 4 represent PCR products at 0, 24, 48 and 72 h after transfection, respectively. M, marker (DL2000 for each mRNA, except 50-bp ladder for
BCRP). (B) mRNA expression curve of 3-catenin, Oct3/4, survivin and BCRP following f3-catenin siRNA treatment. Each dot represents the relative grayscale
value (ratio of corresponding mRNA to -actin). All the values decreased following transfection and the decline was most evident at 24 h.
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Figure 2. (A) mRNA expression of -catenin, Oct3/4, survivin and BCRP at 24 h after 5-FU treatment by reverse transcription-polymerase chain reaction.
In every image, the upper section is the mRNA of interest and the lower section is the internal control, 5-actin. Lane 2 is 24 h after chemotherapy in the
5-FU group, whereas lane 1 is the blank control group. (B) mRNA expression of 3-catenin, Oct3/4, survivin and BCRP 24 h after chemotherapy (48 h after
transfection) in the 5-FU/mRNA group. Lanes 1,2, 3,4 and 5 are 5-catenin, Oct3/4, BCRP, survivin and f-actin, respectively. M, DNA marker (left, 100-bp
ladder; right, DL2000). (C) Inhibition rate of 3-catenin, Oct3/4, survivin and BCRP. The inhibition rates were obtained from the relative grayscale value of
each mRNA in the three experimental groups divided by that of the control group. The inhibition rates of each mRNA were the most efficient in the small
interfering RNA (siRNA)/5-FU group.
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Figure 3. Cell growth inhibition rates. The cell growth inhibition rates were obtained using the Cell Counting kit-8 method. The small interfering RNA
(siRNA)/5-FU group showed higher cell growth inhibition compared to the 5-FU or siRNA groups. ABS, absorbance; IR, Inhibition Rate.
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In the 5-FU or siRNA groups, the cell growth inhibition rates
were 17 and 27%, respectively. In the 5-FU/siRNA group, the
cell growth inhibition rate was 46%, which was significantly
different compared to the other two groups (P<0.05). These
results indicated that S-catenin siRNA could enhance the
inhibition rate of 5-FU chemotherapy on cell growth (Fig. 3).

Discussion

Distant metastases and invasion are responsible for >90% of
cancer-related mortalities (10). The initial stage of metastatic
progression is essentially dependent upon important biological
events, including cell proliferation, epithelial-mesenchymal
transition, drug resistance and cancer cell stemness (11,12).

Wnt/B-catenin signaling has been demonstrated to play
an important role in metastasis development (13). In the
study by DiMeo et al (14), the downstream target genes of
the Wnt/p-catenin pathway were found to be significantly
upregulated in early breast cancer metastatic cells in the lungs
of a mouse model. Another study revealed that f-catenin
is upregulated in human cancers and correlates with poor
prognosis (15). The accumulation of nuclear -catenin in the
invasive fronts of primary tumors further emphasizes the crit-
ical role of (-catenin in the metastatic process (16). Previous
studies have suggested that the f-catenin pathway may play a
pivotal role in cancer metastasis and invasion (14-16). In the
present study, it was shown that the B-catenin pathway affects
the expression of genes involved in cell proliferation, drug
resistance and cell stemness.

Following f3-catenin siRNA transfection, -catenin mRNA
expression showed a significant downregulation compared to
the scramble siRNA group, demonstrating the validity of the
transfection. In the present study, mRNA expression of the
stem/progenitor marker Oct3/4 decreased when fS-catenin
was repressed, indicating that decreasing f-catenin may be
an effective way for reducing the proportion of stem/progen-
itor cells. Simultaneously, the mRNA expression of the
anti-apoptosis factor survivin and the drug-resistance factor
BCRP decreased similarly, showing a positive association
between f3-catenin, Oct3/4, survivin and BCRP expression.
These results showed that stem/progenitor cells had inherent
anti-apoptosis and drug-resistant properties, consistent with
previous studies (5,17,18).

Oct3/4 encodes a transcription factor involved in
embryonic development, ensuring embryonic stem cell
pluripotency (19) and participating in stem cell renewal (20).
Oct3/4 is a stem/progenitor cell general marker and
represents the existence or quantity/functional changes in
stem/progenitor cells. BCRP is a member of the adenosine
triphosphate-binding cassette transporters superfamily
involved in multi-drug resistance of cancer stem cells (21-23).
Survivin encodes a negative regulatory protein that prevents
apoptotic cell death (17) and is associated with drug-resis-
tance of stem cells (5,18).

In the present study, Oct3/4, survivin and BCRP expres-
sion were significantly inhibited in the MDA-MB-468 cell
line due to the knockdown of -catenin. Oct3/4, survivin
and BCRP expression were associated with breast cancer cell
stemness, proliferation and drug resistance. However, there
was no detailed data that showed that 3-catenin knockdown
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could affect MDA-MB-468 cell stemness and drug resis-
tance. However, cell proliferation was inhibited significantly
following B-catenin knockdown. These results demonstrated
that B-catenin could be a potential candidate for breast cancer
therapy.

There are limited studies on the effects of decreasing
[-catenin expression to restrain cancer stem/progenitor cells.
Wang et al (24) silenced the expression of -catenin in the
esophageal cancer cell line, Eca-109, using little hairpin
RNA and found that the cell cycle was blocked in the G,/G,
stage, resulting from the decreased expression of cyclin D1. A
decrease in cell growth and colony formation rates were also
observed, which could be used as a surrogate for stem cells
quantity. These results are consistent with the aforementioned
previous studies.

The present study revealed that the [3-catenin inhibition
rate (for mRNA and protein) was higher 24 h after transfec-
tion. The inhibition rate in the siRNA/5-FU and 5-FU groups
was more evident compared to the siRNA group, possibly due
to the decreased capacity of anti-apoptosis and drug-resistance
resulting from decreased [3-catenin protein expression. The
data of the present study indicated that combining 5-FU with
gene silencing could be an advantageous option for enhancing
the curative effect of chemotherapy in breast cancer and other
malignancies.

In conclusion, these preliminary results indicate that
knockdown of -catenin enhanced 5-FU-induced proliferation
inhibition of the breast cancer cell line MDA-MB-468.
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