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Berberine enhances the anti-tumor activity of tamoxifen in
drug-sensitive MCF-7 and drug-resistant MCF-7/TAM cells
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Abstract. Berberine, an isoquinoline alkaloid, has been previ-
ously demonstrated to possess anti-breast cancer properties.
Tamoxifen is widely used in the prevention and treatment of
estrogen receptor-positive breast cancer. Thus, the aim of the
present study was to assess whether berberine enhanced the
anticancer effect of tamoxifen, and the underlying mecha-
nism involved in this combined effect in tamoxifen-sensitive
(MCF-7) and tamoxifen-resistant (MCF-7/TAM) cells using
MTS, flow cytometry and western blot assays. The results indi-
cated that berberine demonstrated dose- and time-dependent
anti-proliferative activity in MCF-7 and MCF-7/TAM cells.
Furthermore, the combination of berberine and tamoxifen
induced cell growth inhibition more effectively than tamoxifen
alone. The present study also demonstrated that combinational
treatment is more effective in inducing G1 phase arrest and
activating apoptosis compared tamoxifen alone, which may be
due to upregulation of P21 expression and downregulation of
the B-cell CLL/lymphoma 2(Bcl-2)/Bcl-2 associated X protein
ratio. The results of the present study suggested that berberine
may potentially be useful as an adjuvant agent in cancer
chemotherapy to enhance the effect of tamoxifen, which will
be useful for anti-tumor therapy and further research.

Introduction

Breast cancer is the most common type of cancer and leading
cause of cancer-related mortality in females with an estimated
1.7 million cases and 521,900 related fatalities in 2012 (1).
Breast cancer is the most common type of cancer and was
the leading cause of cancer mortality in women in 2008,
and it is estimated that breast cancer will affect five million
women worldwide over the subsequent decade (1). Over 60%
of breast cancers are estrogen receptor (ER)-positive, and their
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development can be stimulated by estrogen and inhibited by
ER antagonists, including tamoxifen.

Tamoxifen, broadly used in ER-positive breast cancer
prevention and treatment, was approved as the first line
anti-estrogen therapy in 1999 by the US Food and Drug
Administration (2). Endocrine therapy with tamoxifen
for five years has resulted in a 9.2% absolute reduction in
mortality at 15 years, with a 34% reduction in the breast
cancer mortality rate per year (3). However, the emergence of
resistant cancer cells limits its therapeutic effectiveness (4,5).
Thus, tamoxifen is typically administered in combination with
other drugs, reducing the incidence of the development of drug
resistance (6,7).

Previously, researchers have taken an increasing interest in
combination therapy by associating anti-cancer herbal medi-
cine with chemotherapeutic agents, and have demonstrated
significant successes (8-10). Berberine, an isoquinoline plant
alkaloid isolated from Coptidis rhizome, regulates multiple
targets and may be a promising natural agent with chemo-
therapeutic potential based on its effect on the expression of
various proteins (11-14). Berberine has previously been used
to enhance cancer therapy sensitization and to assist chemo-
therapy by modulating multiple pathways (15-17). These
molecular targets of berberine are also involved in growth
maintenance and resistance acquisition in tamoxifen-resistant
breast cancer. Thus, a combination of berberine with tamoxifen
may be an interesting option in the treatment of patients with
ER-positive breast cancer.

The current study evaluated the individual and combined
effects of berberine and tamoxifen in breast cancer MCF-7
and tamoxifen-resistant MCF-7/TAM cells. The results of the
present study demonstrated that berberine does not abolish the
anti-tumor effects of tamoxifen, and it induces cell G1 arrest,
apoptosis, and significantly enhances the growth inhibition
effect of tamoxifen in these cells. The mechanisms underlying
these effects involve the regulation of important cell cycle and
apoptosis-associated proteins.

Materials and methods

Materials. MCF-7 human breast cancer cells were provided
by the Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences (Shanghai, China). Berberine
(Sigma-Aldrich, St. Louis, MO, USA) and tamoxifen
(Sigma-Aldrich) were freshly dissolved in dimethyl sulfoxide
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and methanol, respectively, and stored in the dark at 4°C. The
final concentration of vehicle in the culture did not exceed
0.1% (v/v). RPMI 1640 medium and fetal bovine serum (FBS)
were purchased from Gibco (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). The 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
(MTS) assay reagent was purchased from Promega Corpo-
ration (Madison, WI, USA). Anti-P21 (goat-anti-rabbit
polyclonal; cat. no. 10355-1-AP), cyclin D1 (goat-anti-mouse
monoclonal; cat. no. 60186-1-Ig), B-cell CLL/lymphoma 2
(Bcl-2; goat-anti-rabbit polyclonal; cat. no. 12789-1-AP),
Bcl-2 associated X protein (Bax; goat-anti-rabbit polyclonal;
cat. no. 23931-1-AP), B-actin (goat-anti-mouse monoclonal;
cat. no. 60008-1-Ig) antibodies were purchased from Protein-
Tech Group, Inc. (Chicago, IL, USA). Anti-mouse and
anti-rabbit horseradish peroxidase (HRP)-conjugated (cat.
nos. A0428 and A0423, respectively) secondary antibodies
were purchased from Beyotime Institute of Biotechnology
(Haimen, China).

Establishment of MCF-7/TAM cells. To establish
tamoxifen-resistant MCF-7 cell resistant to tamoxifen, MCF-7
cells were exposed to 100 nM tamoxifen in culture. Following
6 months of continuous expose to tamoxifen, these cells exhib-
ited proliferation in medium plus tamoxifen comparable to
that of parental cells without tamoxifen, suggesting the devel-
opment of resistance to the proliferation-inhibitory properties
of tamoxifen.

Cell culture and treatment. MCF-7 and tamoxifen-resistant
MCF-7/TAM cells were cultured in RPMI 1640 medium
supplemented with penicillin (100 U/ml), streptomycin
(100 pg/ml) and 10% FBS. To maintain tamoxifen resistance,
MCF-7/TAM cells were cultured in a medium containing
100 nM of tamoxifen. All cells were maintained in humidified
37°C incubators with 5% CO,.

MTS assay of cell proliferation. The effects of berberine,
tamoxifen and their combination on MCF-7 and MCF-7/TAM
cell viability were determined by MTS assay. The cells were
seeded in 96-well plates at a density of 1x10* cells/well and
were cultured for 24 h. Cells were treated with increasing
doses of berberine (0, 20, 40, 80, 120 and 160 M) for 24,
48 and 72 h, respectively. MCF-7 cells were exposed to
different concentrations of tamoxifen (0.5, 1, 2, 4 and 8 M)
with or without 20 M berberine for 48 h and MCF-7/TAM
cells were exposed to different concentrations of tamoxifen
(1,2, 4,8 and 16 uM) with or without 20 uM berberine for
48 h. Subsequently, MCF-7 and MCF-7/TAM cells were then
exposed to different concentrations of tamoxifen with or
without 20 M berberine for 48 h. Subsequently, 20 1 MTS
was added to each well and incubated for 4 h at 37°C. The
absorbance was examined at 490 nm using an enzyme-linked
immunosorbent detector (BioTek Synergy?2; BioTek Instru-
ments, Inc., Winooski, VT, USA).

Flow cytometry analysis of cell cycle distribution. Cells were
plated in 6-well plates and cultured for 24 h. Then MCF-7
and MCF-7/TAM cells were treated with tamoxifen (1 yuM),
berberine (20 yM), their combination (20 #M berberine and
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1 uM tamoxifen) or vehicle. Following treatment for 48 h,
cells were collected, washed twice with phosphate-buffered
saline (PBS), fixed with ice cold 70% ethanol at -20°C over-
night, centrifuged and resuspended in 300 x1 PBS containing
0.5 mg/ml propidium iodide (PI; eBioscience, San Diego, CA,
USA) and 0.1 mg/ml of Rnase A (eBioscience, San Diego, CA,
USA). Subsequent to incubation for 30 min at 37°C, samples
were evaluated using the Cytomics FC 500 flow cytometer
(Beckman Coulter, Inc., Brea, CA, USA).

Flow cytometry analysis of apoptosis. Briefly, following the
described treatment with berberine and tamoxifen, floating and
adherent cells (detached using trypsin) were collected, washed
twice in cold PBS, and then suspended in binding buffer (BB
(BB, BD Pharmingen, San Diego, CA, USA). Cells (1x10° in
100 p1 BB) were then stained using 2.5 ul Annexin V-fluores-
cein isothiocyanate (FITC; BD Pharmingen) and 20 ul 25X PI
solution. Cells were incubated in the dark at room temperature
for 15 min, diluted using additional 400 x1 BB and analyzed
with Cytomics FC 500 flow cytometer (Beckman Coulter,
Inc.).

Western blot analysis. Cells were treated as described, then
placed on ice and washed twice with cold PBS. Cells were then
scraped into a radioimmunoprecipitation lysis buffer (Beyo-
time Institute of Biotechnology) supplemented with proteinase
inhibitor phenyl methyl sulfonyl fluoride (Beyotime Institute
of Biotechnology) and incubated for 30 min on ice. Following
centrifugation at 12,000 x g for 15 min, the supernatants were
used for protein concentration determination according to a
Pierce bicinchoninic acid protein assay kit (Thermo Fisher
Scientific, Inc.). Equal amounts of proteins (20 ug) were
fractionated on SDS-polyacrylamide gels (10%) and trans-
ferred electrophoretically onto polyvinylidene fluoride (EMD
Millipore, Billerica, MA, USA) membranes. Membranes were
blocked with blocking buffer at room temperature (Beyotime
Institute of Biotechnology) and probed overnight with primary
mouse anti-cyclin D1 (1:1,000), P21 (1:500), Bax (1:2,000),
Bcl-2 (1:1,000), and B-actin (1:1,000) antibodies at 4°C. Subse-
quently, membranes were incubated with the HRP-conjugated
secondary antibody (1:1,000) for 1 h at room temperature, and
the signal was detected using a quantitative chemiluminescent
WesternBright Quantum kit (Advansta, Inc., Menlo Park, CA,
USA).

Statistical analysis. Data analysis was performed with the
Student's #-test for paired comparison and one-way analysis
of variance followed by Tukey's test using GraphPad Prism 4
software (GraphPad Software, Inc., La Jolla, CA, USA). The
data are presented as the mean + standard deviation and are
representative of three individual experiments. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effects of berberine on the growth of MCF-7 and
MCF-7ITAM cells. To determine the concentration- and
time-dependent effects of berberine exposure, MCF-7
and tamoxifen-resistant MCF-7/TAM cells were treated
with increasing doses of berberine for 24, 48 and 72 h.
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Figure 1. Time- and dose-dependent growth inhibition effect of berberine and tamoxifen. (A) MCF-7 and (B) tamoxifen-resistant MCF-7/TAM cells were
treated with increasing doses of berberine for 24, 48 and 72 h. Effects of combined treatment of berberine with tamoxifen on the growth of (C) MCF-7 and
(D) MCF-7/TAM cells. Cells were treated with various concentrations of tamoxifen with or without berberine for 48 h. Cells viability was then determined by
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay. “P<0.05, “P<0.01 vs. 0 uM berberine group.

Cell proliferation changes were evaluated by MTS assay.
As presented in Fig. 1A and B, berberine demonstrated
dose- and time-dependent anti-proliferative activity in
tamoxifen-sensitive MCF-7 and resistant MCF-7/TAM cells.
The IC4, values of berberine for MCF-7 and MCF-7/TAM cells
were approximately 130.3 and 99.7 uM, respectively.
MCEF-7/TAM cells were more sensitive to berberine compared
with MCF-7 cells. Collateral sensitivity is a phenomenon
that when a cell population is resistant to certain drugs, it is
more sensitive to others. In the subsequent combined studies,
20 uM berberine was used, which is also quite selective as
it was previously described to be much less cytotoxic against
a non-tumorigenic breast cancer cell (w). The results of the
present study indicate that berberine exerts potent anti-prolif-
eration activity in MCF-7 breast cancer cells, whether or not
they are resistant to tamoxifen.

Co-treatment of berberine and tamoxifen reduces cell viability
in MCF-7 and MCF-7ITAM cells. To determine whether
combined treatment of tamoxifen and berberine exerts an
enhanced anti-cancer effect on breast cancer cells, cell prolifera-
tion was determined by MTS assay in MCF-7 and MCF-7/TAM
cells treated with tamoxifen alone, or combined with berberine
for 48 h. As demonstrated in Fig. 1C and D, the combined
treatment of tamoxifen and berberine resulted in synergistic
inhibitory effects on MCF-7 and MCF-7/TAM cells. When used
alone, tamoxifen (1 M) induced a 0.87+0.24% inhibitory effect
on MCF-7 cell viability, whereas combined use with 20 yM
berberine resulted in an inhibitory effect of 29+3.25% (P<0.01).
Berberine also significantly enhanced 1 M tamoxifen-induced
cell proliferation inhibition from 1.87+1.24% to 17.87+2.05%

(P<0.01) in MCF-7/TAM cells. These results clearly demon-
strated that berberine increased the sensitivity of MCF-7 and
MCF-7/TAM cells to tamoxifen compared with tamoxifen alone.

Co-treatment of berberine and tamoxifen induces cell cycle
arrest in MCF-7 and MCF-7/TAM cells. To assess whether
combined treatment can induce cell cycle arrest in MCF-7
and MCF-7/TAM cells, the cell cycle distribution was exam-
ined by flow cytometry analysis. As demonstrated in Fig. 2A,
tamoxifen marginally increased the number of MCF-7 cells in
the G1 phase. Berberine alone or in combination with tamoxifen
significantly increased the number of MCF-7 cells in G1 phase
compared with control or tamoxifen alone, respectively (P<0.01).
Similar results were also observed in the MCF-7/TAM cells. As
demonstrated in Fig. 2B, 89.07+1.26% of the cells treated with
berberine and tamoxifen combined were in the G1 phase, which
was significantly higher compared with the corresponding
percentage of tamoxifen-treated cells (73.29%=1.14; P<0.01),
berberine-treated cells (83.93+2.60%; P<0.05) or vehicle control
treated cells (63.69+1.61%; P<0.01). The results suggested that
co-treatment of tamoxifen and berberine produced an increase
in the number of cells in Gl phase compared with tamoxifen
alone, clearly demonstrating an effect on Gl1 cell cycle arrest.

Co-treatment of berberine and tamoxifen induced cell
apoptosis in MCF-7 and MCF-7/TAM cells. To determine
whether the cell growth inhibition was mediated by apoptosis,
cells were stained with Annexin V-FITC/PI following treatment
with berberine and tamoxifen. As demonstrated in Fig. 3,
each compound treatment produced an observable increase
in the percentage of apoptotic cells. It was demonstrated that
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Figure 2. Effects of combined treatment with berberine and tamoxifen on cell cycle distribution. (A) MCF-7 and (B) tamoxifen-resistant MCF-7/TAM cells
were treated with 20 uM berberine, 1 yM tamoxifen alone or their combination for 48 h. The cell cycle of the samples was evaluated by flow cytometry.
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Figure 4. Effects of combined treatment of berberine with tamoxifen on P21
and cyclin D1 protein expression. (A) MCF-7 and (B) tamoxifen-resistant
MCEF-7/TAM cells were treated with 20 #M berberine, 1 M tamoxifen alone
or their combination for 48 h, then P21 and cyclin D1 protein expression was
detected by western blot analysis.

20 uM berberine and 1 M tamoxifen increased apoptosis to
61.8+7.47% compared with 18.9+0.17% in tamoxifen only-treated
MCEF-7 cells (P<0.01). Furthermore, the number of apoptotic
MCF-7/TAM cells was increased in the berberine + tamoxifen
group (20.4%=+1.95) compared with the tamoxifen only
group (34.2%+0.32; P<0.01) after 48 h treatment. The results
demonstrated that co-treatment is more effective in activating
stimulating compared with tamoxifen alone.

Effects of berberine and tamoxifen on P21 and cyclin DI protein
expression. To assess the cell Gl arrest mechanism induced
by the combined treatment, western blot analysis of the cell
cycle-associated proteins, P21 and cyclin D1, was performed.
As demonstrated in Fig. 4, berberine treatment alone effi-
ciently induced the protein expression levels of P21 in MCF-7
and tamoxifen-resistant MCF-7/TAM cells compared with
control, whereas tamoxifen alone only marginally increased
the levels of P21 in the cell lines. Tamoxifen in combination
with berberine markedly increased the tamoxifen-induced
level of P21 in MCF-7 and MCF-7/TAM cells. No change was
observed in the protein expression level of cyclin D1 in any of
the treatment groups. These results suggested that upregula-
tion of P21 may be involved in cell cycle arrest by tamoxifen
and berberine in MCF-7 and MCF-7/TAM cells.

Effects of berberine and tamoxifen on Bax and Bcl-2 protein
expression. The apoptotic mechanism involved in the cell death
response to berberine and tamoxifen was further examined
by monitoring the expression levels of anti-apoptotic protein,
Bcl-2, and the pro-apoptotic protein, Bax, via western blot-
ting. As demonstrated in Fig. 5, combined treatment efficiently
inhibited the protein levels of Bcl-2 in MCF-7 and tamox-
ifen-resistant MCF-7/TAM cells compared with the control
and tamoxifen groups. Notably, a marked increase in Bax
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Figure 5. Effects of combined treatment of berberine with tamoxifen on
Bax and Bcl-2 protein expression. (A) MCF-7 and (B) tamoxifen-resistant
MCEF-7/TAM cells were treated with 20 zM berberine, 1 M tamoxifen alone
or their combination for 48 h, then Bax and Bcl-2 protein expression was
detected by western blot analysis. Bax, Bcl-2 associated X protein; Bcl-2,
B-cell CLL/lymphoma 2.

expression was observed in the MCF-7/TAM cells combined
treatment group, whereas no change in Bax protein expression
was observed in MCF-7 cells. Together, these results demon-
strated that tamoxifen + berberine-induced apoptosis in breast
cancer cells may be mediated by Bax/Bcl-2 upregulation.

Discussion

Breast cancer remains a worldwide public health concern,
and a major cause of morbidity and mortality among females.
Endocrine therapies have permitted important progress for
the treatment of ER-positive breast cancer. Despite of being
a powerful selective ER antagonist, innate or acquired
resistance to tamoxifen is a major problem for anti-estrogen
therapy (4,5). Thus, it is necessary to develop combined treat-
ments to enhance the efficacy of tamoxifen.

Natural compounds from plants are increasingly being consid-
ered as potential anti-cancer agents. Berberine, an isoquinoline
alkaloid, has previously been demonstrated to regulate multiple
targets and used to enhance targeted therapy sensitization for
cancer chemotherapy. For example, doxorubicin and cisplatin,
with the combination of berberine, exhibited a higher cytotoxic
effect compared with monotherapy in in vivo and in vitro
studies (8,15). Berberine has also previously been reported to
regulate the expression of cell cycle and apoptosis-associated
proteins, including cyclin D1, P21 and Bcl-2. These targets are
also understood to be involved in tamoxifen sensitivity and
resistance in breast cancer treatment (19-21). It is speculated that
berberine may potentially enhance the efficacy of tamoxifen.
The results of the current study demonstrated that berberine
exerted anti-proliferative effects on MCF-7 and MCF-7/TAM
cells, and the co-treatment with berberine and tamoxifen signifi-
cantly reduced the viability of MCF-7 and MCF-7/TAM cells
compared with the tamoxifen applied separately.
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The induction of cell cycle arrest is considered as one of
the potential mechanisms of inhibition of cancer development.
In order to determine the potential molecular mechanism
underlying the synergistic anti-cancer effects of berberine and
tamoxifen, the cell cycle distribution was analyzed. The results
of the current study indicated that co-treatment significantly
induced cell G1 phase arrest in MCF-7 and tamoxifen-resistant
MCEF-7/TAM cells. The cyclin-dependent kinase inhibitor P21
is involved in the growth and development of breast cancer. It
has previously been reported that berberine induced G1 phase
arrest by p53-dependent upregulation of P21 (20). P21 has
previously been implicated in mediating the sensitivity to
tamoxifen in MCF-7 breast cancer cells (22). A previous study
demonstrated that loss of P21 function increased tamoxifen
resistance (19). The results of the current study demonstrated
that berberine + tamoxifen increased the protein expression
level of p21 in MCF-7 and MCF-7/TAM cells compared with
tamoxifen alone, suggesting that there was functional inacti-
vation of p21 and thus, interference with the effectiveness of
tamoxifen.

Apoptosis is crucial in the response of cancer to chemo-
therapy. The Bcl-2/Bax ratio is important in determining
whether a cell will undergo apoptosis or survive (22). The
present study demonstrated that the induction of apop-
tosis in human breast cancer cells by co-treatment was
potentially mediated by upregulating the Bax/Bcl-2 ratio.
It was demonstrated that berberine significantly enhanced
tamoxifen-induced apoptosis. Bcl-2, an anti-apoptotic protein,
has previously been reported to be overexpressed in 28-80% of
patients with breast cancer (23,24). Therefore, the current study
determined whether combinational treatment could regulate
the ratio of Bax/Bcl-2. It has been reported that downregula-
tion of Bcl-2 is sufficient to enhance sensitivity to tamoxifen
in human breast cancer cells. It has been reported that the
downregulation of Bcl-2 is sufficient to enhance sensitivity to
tamoxifen in human breast cancer cells (25). These findings
suggested that Bax/Bcl-2 upregulation may function as a point
of convergence for inducing cell apoptosis. The present study
demonstrated that the induction of apoptosis in human breast
cancer cells by berberine and tamoxifen co-treatment was
potentially mediated by upregulating the Bax/Bcl-2 ratio.

In the present study, the combined effects of berberine and
tamoxifen on growth inhibition were evident. This finding
is based on the fact that co-treatment with berberine and
tamoxifen significantly reduced the viability of breast cancer
cells compared to the tamoxifen treatment alone, Additionally,
co-treatment induced cell cycle arrest and increased apop-
totic cell death in the current study. The tamoxifen-resistant
MCF-7/TAM breast cancer cells exhibited similar responses
to tamoxifen-sensitive MCF-7 cells, indicating that berberine
in combination with tamoxifen enhanced the growth inhibi-
tion of breast cancer cells independent of tamoxifen resistance.
These results demonstrated that berberine may be a powerful
adjuvant for anti-cancer therapy, particularly when combined
with tamoxifen for ER-positive breast cancer treatment. The
findings of the present study provide novel evidence for the
importance and the effectiveness of combinational drug treat-
ment in anti-cancer chemotherapy. However, in vivo study and
further mechanistic analyses are necessary to confirm the
effects of this combination.
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