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Emodin induces apoptosis of human breast cancer cells by
modulating the expression of apoptosis-related genes
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Abstract. The aim of this study was to investigate the effects
of emodin on the proliferation of human breast cancer cells
Bcap-37 and ZR-75-30. Cell viability following emodin
treatment was assessed by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. The effects
of emodin on apoptosis were determined by flow cytometry
using Annexin V-fluorescein isothiocyanate and propidium
iodide staining. Quantitative polymerase chain reaction and
western blot analysis were used to determine changes in the
expression of apoptotic genes and protein, respectively. The
effect of emodin on the invasiveness of breast cancer cells
was evaluated by Matrigel invasion assay. Treatment of breast
cancer cells Bcap-37 and ZR-75-30 with emodin was observed
to inhibit the growth and induced apoptosis in a time- and
dose-dependent manner. Emodin reduced the level of Bcl-2
and increased levels of cleaved caspase-3, PARP, p53 and Bax.
These findings indicate that emodin induces growth inhibition
and apoptosis in human breast cancer cells. Emodin may be a
potential therapeutic agent for the treatment of breast cancer.

Introduction
Breast cancer is a common malignant tumor and accounts for

the majority of cancer mortality in females (1). Breast cancer
has an estimated incidence of 1,676,633 and had an estimated
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mortality rate of 521,817 in 2012 worldwide (2). In China, there
has been an increasing incidence of breast cancer in recent
decades (3). In 2012, it was estimated that ~48,000 females
would succumb to breast cancer. To date, chemotherapy
has been the mainstay for the treatment of breast cancer.
However, the side effects and drug resistance associated with
chemotherapy have limited its effectiveness for the treatment
of breast cancer (4,5). A number of natural extractions have
demonstrated a wide range of biological activity and low
toxicity in animal models, and have been considered as an
alternative method of breast cancer treatment (6,7).

Emodin (1,3,8-trihydroxy-6-methylanthraquinone) is a
biologically active anthraquinone identified in the roots and
bark of a number of plants. Emodin is also observed naturally
in a number of widely used Chinese medicinal herbs, including
Rheum officinale (8) and Polygonam cuspidatummedicine (9).
It has been widely studied for its antibacterial, diuretic,
immunosuppressive, anti-inflammatory and vasorelaxant
effects. It has been reported that emodin induces apoptosis
of several types of human cancer cells (10-13) by modulating
various signaling pathways. However, the biological mecha-
nisms by which emodin induces cytotoxicity remain largely
unknown. Furthermore, the biological effects of emodin on
breast cancer cells remain to be determined.

In this study, the effects of emodin on the proliferation and
apoptosis of breast cancer cells were assessed. In addition, the
mechanism by which emodin mediates these biological effects
was elucidated. We demonstrated that emodin inhibited the
proliferation and induced apoptosis of Bcap-37 and ZR-75-30
breast cancer cells. These observations suggest that emodin
may be a potential agent in the treatment of breast cancer.

Materials and methods

Drugs and antibodies. Emodin was purchased from
Sigma-Aldrich (St. Louis, MO, USA). A stock solution of
emodin (10 mg/ml) was prepared in dimethyl sulfoxide
(DMSO) and further diluted in culture medium. DMSO
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(0.05%) was used as vehicle control in all experiments. The
antibodies used for western blot analysis were as follows:
anti-cleaved caspase-3 (#9661), anti-Bcl-2 (#2876), anti-Bax
(#2772), anti-PARP (#9532), anti-p53 (#2527) and anti-3-actin
(#4970). All antibodies were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA).

Cell culture. Human breast cancer cells Bcap-37 and ZR-75-30
were obtained from the Cell Resource Center of Shanghai Life
Science Research Institute, Chinese Academy of Sciences
and cultured in RPMI-1640 medium (Invitrogen Corporation,
Grand Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS; Thermo Scientific Hyclone, Logan, UT, USA),
100 pg/ml streptomycin and 100 U/ml penicillin at 37°C in a
humidified incubator in an atmosphere of 5% CO,.

Cell viability assay. Cells were trypsinized and seeded into
96-well plates (Corning, Tewksbury, MA, USA) at a density of
1x10* cells per well and incubated overnight. The cells were
replenished with fresh medium containing various concentra-
tions (0, 10, 20, 40 and 80 yM) of emodin for 24, 48 and 72 h.
At each time point, 10 ml of 5 mg/ml 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich)
solution was added into each well and incubated for an addi-
tional 4 h at 37°C. The culture medium was then removed,
and 100 x1 DMSO was added into each well. The absorbance
was recorded at 490 nm on a microplate reader (BioTek,
Winooski, VT, USA). The results represent the average values
of three experiments. Each experiment was performed at least
three times.

Apoptosis analysis. Apoptosis was evaluated by
Annexin V-fluorescein isothiocyanate (Annexin V-FITC;
KeyGEN Biotech, Nanjing, China). Cells were treated with
emodin (0, 10 and 40 M) for 24 h. Then, 5x10° cells were
collected, resuspended in 500 ml binding buffer containing an
additional 5 ul Annexin V-FITC and 5 ul propidium iodide,
and incubated for 15 mins at room temperature without
direct sunlight. Samples were analyzed by flow cytometry
(BD Pharmingen, San Diego, CA, USA). Experiments were
performed at least three times.

Quantitative polymerase chain reaction (qPCR). Breast cancer
cells were treated with emodin (0, 10 and 40 yM) for 24 h.
Total RNA was extracted by the RNAiso Plus kit (Takara,
Dalian, China). First-strand complementary DNA (cDNA) was
synthesized using the PrimeScript RT reagent kit (Takara)
according to the instructions. Amplification of the cDNA for
PCR was performed in a reaction volume of 20 yl which
included 2 ul cDNA. The primer sequences used were as
follows: p53 (forward, ATCCTCACCATCATCACACTGG;
reverse, ACAAACACGCACCTCAAAGC); Bcl-2 (forward,
CAAATGCTGGACTGAAAAATTGTA,; reverse, TATTTT
CTAAGGACGGCATGATCT); Bax (forward, GACACC
TGAGCTGACCTTGG; reverse: AGGAAGTCCAGTGTCC
AGC); p-actin (forward, CTGGGACGACATGGAGAAAA,
reverse: AAGGAAGGCTGGAAGAGTGC). The PCR cycling
conditions were as follows: 95°C for 30 sec followed by
40 cycles at 95°C for 5 sec, and annealing at 60°C for 30 sec.
Each experiment was repeated three times. 3-actin was used
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as an internal reference gene to normalize gene expression.
Relative gene expression was analyzed by the comparative
threshold cycle (Ct) method. The value was used to plot the
expression of apoptotic genes by 2744,

Matrigel invasion assay. Transwell chambers (Corning) were
used to assess the invasiveness of breast cancer cells. Two
chambers were separated by Matrigel-coated polycarbonate
membrane (6.5-mm diameter inserts with an 8-uym pore
size). Cells were treated with FBS-free medium for 24 h,
and 5x10° cells/ml with various concentrations of emodin
(0, 10 and 40 xM) in a total volume of 200 ul were placed
in the upper chamber. A total of 500 ul RPMI-1640 medium
and 10% FBS were added to the lower chamber. After 24 h,
the cells remaining on the upper surface of the filter were
removed with a cotton swab. The membrane was fixed with
methanol and then stained with crystal violet. Cell migration
was measured by a cell staining count in five separate areas
using a light microscope (Olympus BX41; Olympus Inc.,
Center Valley, PA, USA). Each experiment was performed at
least three times.

Western blot analysis. Western blot analysis was used to
detect the levels of apoptotic protein. Breast cancer cells
were treated with various concentrations of emodin (0, 10
and 40 uM) for 24 h. Cells were harvested and lysed in lysis
buffer (Beyotime Biotech, Shanghai, China). The total protein
concentration of the cell was determined by the bicinchoninic
acid assay (KeyGEN Biotech). Forty micrograms of protein
were separated by electrophoresis on 10% sodium dodecyl
sulphate-polyacrylamide gel. The gel was then transferred to
polyvinylidene fluoride membranes, and then blocked for 2 h
with Tris-buffered saline and Tween-20 containing 5% non-fat
milk. Next, the membranes were incubated with the primary
antibodies at 4°C overnight. This was followed by incubation
at room temperature with the appropriate horseradish perox-
idase-conjugated secondary antibodies for 2 h. The results
were detected using an electrochemiluminesence kit (Pierce,
Rockford, IL, USA).

Statistical analysis. All assays were performed independently
in triplicate. All values were expressed as mean + standard
deviation and analyzed by Student's t-test using SPSS 19.0 soft-
ware (IBM SPSS, Armonk, MY, USA). P<0.05 was considered
to indicate a statistically significant difference.

Results

Effects of emodin on the viability of breast cancer cells. The
effects of emodin on the growth of Becap-37 and ZR-75-30 cells
were measured by MTT assay. As shown in Fig. 1, emodin
significantly inhibited the growth of Bcap-37 and ZR-75-30
cells in a time- and dose-dependent manner. The highest rates
of decreased growth were observed using at least 10 zmol/l
emodin for 72 h (Fig. 1Aa and Ba; P<0.05). This result
suggests that emodin inhibited the proliferation of Bcap-37
and ZR-75-30 cells.

Effects of emodin on apoptosis. To determine whether the
growth inhibition by emodin is associated with apoptosis,
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Figure 1. Effects of emodin on cell viability of Bcap-37 and ZR-75-30 cells. (Aa and Ab) Inhibitory effect of emodin on proliferation of Bcap-37 cells.
(Ba and Bb) Inhibitory effect of emodin on proliferation of ZR-75-30 cells. "P<0.05 vs. control.
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Figure 2. Effects of emodin on apoptosis of Bcap-37 and ZR-75-30 cells. (A) Emodin-induced apoptosis analyzed by flow cytometry at doses of 0, 10 and
40 uM for 24 h. (B) Emodin-induced apoptosis rate shown by bar graph. "P<0.05 vs. control.

flow cytometry analysis was performed. Significant apoptosis

induced by emodin was observed in Bcap-37 and ZR-75-30

cells in a concentration-dependent manner (Fig. 2; P<0.05).

Apoptotic rates were highest when using emodin at 40 M.
These results indicate that emodin induced apoptosis of breast
cancer cells.
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Figure 3. Effects of emodin on apoptosis-related protein and mRNA in Bcap-37 and ZR-75-30 cells. (A) Alteration of cleaved caspase-3, PARP, p53, Bcl-2
and Bax protein following treatment with emodin (0, 10 and 40 M) for 24 h. (B) Relative mRNA expression level of p53, Bcl-2 and Bax. "P<0.05 vs. control.
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Figure 4. Effects of emodin on invasion of Beap-37 and ZR-75-30 cells. "P<0.05 vs. control.

Effects of emodin on caspase activation and Bcl-2 family
members. To investigate the effects of emodin on the molecular
mechanisms associated with apoptosis in breast cancer cells,
the expression of apoptosis-related proteins was analyzed by
western blot analysis. Emodin treatment downregulated Bcl-2
expression while increasing caspase-3 activation, PARP, p53
and Bax levels in breast cancer cells in a concentration-depen-
dent manner (Fig. 3A). Similar observations were made with
respect to the mRNA level by qPCR, with significant increases
in Bax levels, and decreases in p53 and Bcl-2 (Fig. 3B; P<0.05).
These observations provide further support that emodin
induces apoptosis of breast cancer cells.

Effects of emodin on cell invasion. The effects of emodin on
the invasiveness of breast cancer cells were assessed by the
Matrigel invasion assay. As shown in Fig. 4, emodin decreased
the number of Bcap-37 and ZR-75-30 cells invading through
the Matrigel at 24 h in a concentration-dependent manner.
Transwell assay demonstrated that the invasiveness of Bcap-37
and ZR-75-30 cells was suppressed by emodin.

Discussion

Emodin is a natural anthraquinone and an inhibitor of tyrosine
kinase (14). Emodin is derived from rhubarb and numerous
other plants, and has demonstrated antibacterial, antiviral,
anti-inflammatory and anticancer effects (15). However,
previous studies have revealed that emodin inhibits cell
growth in several types of cancer cells by regulating genes
related to apoptosis, oncogenesis, proliferation and cancer
cell invasion and metastasis (10,16,17). Notably, emodin
inhibited epithelial-mesenchymal transition, suggesting that
emodin may have anticancer effects (18). Additionally, a
study demonstrated that emodin enhanced anticancer effects
when used in combination with gemcitabine (19). However,
little is known about the effects of emodin in breast cancer
cells. In this study, we assessed the effects of emodin on the
growth, apoptosis and invasiveness of Bcap-37 and ZR-75-30
breast cancer cells.

In this study, emodin induced apoptosis of Bcap-37
and ZR-75-30 cells in a dose- and time-dependent manner.
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Furthermore, flow cytometric analysis demonstrated a signifi-
cant increase in the number of Bcap-37 and ZR-75-30 cells in
the early and late apoptosis phase. Emodin also inhibited the
invasiveness of these cells, as demonstrated by the Matrigel
invasion assay. These findings suggest that emodin functions
by inhibiting the growth and invasion of tumor cells.

Cell apoptosis is an autonomous cell death process that
regulates the development and homeostasis of multicel-
lular organisms (20). A key strategy for drug development
is to induce apoptosis of cancer cells while minimizing the
damage to normal and healthy cells (21). The induction of
apoptosis in cancer cells has been described as a key mecha-
nism in anticancer therapy (22,23).

Apoptosis is regulated by the Fas and mitochondrial
signaling pathways (24). The tumor suppressor gene p53
plays a significant role in genomic stability, anticancer
activity, protection against malignant transformation, and
induction of apoptosis (25,26). p53 is a transcriptional
factor that upregulates the expression of downstream genes
involved in cell cycle arrest, senescence, autophagy and
apoptosis. The p53 protein is also involved in apoptosis,
partly by inducing Bax expression (27). Bcl-2 is an inhibitor
of the mitochondrial apoptotic pathway, which prevents the
release of cytochrome ¢ and caspase activation by blocking
the effects of pro-apoptotic proteins (28). Among the Bcl-2
gene family, the apoptosis-promoting protein Bax and the
anti-apoptotic protein Bcl-2 play a crucial role in regulating
cell apoptosis (29,30), which depends on the occurrence and
severity of apoptosis (30). In our study, a dose-dependent
decrease in Bcl-2 expression and an increase in Bax expres-
sion was observed following emodin treatment in Bcap-37
and ZR-75-30 cells. These observations demonstrate that
emodin-induced apoptosis of Bcap-37 and ZR-75-30 cells
was triggered by the downregulation of Bcl-2 and the upreg-
ulation of Bax. Previous studies have demonstrated that the
mitochondrial membrane potential stimulates the opening
of the mitochondrial membrane, resulting in the release of
cytochrome ¢ into the cytoplasm, caspase activation and
degradation of key intracellular proteins, which leads to
apoptosis (31,32).

Caspase-3 exists in the cytoplasm as an inactive zymogen.
When activated by the external apoptotic signals, caspase-3
induces the inactivation of a number of key proteases in the
cytoplasm, cell nucleus and cytoskeleton, which subsequently
induces apoptosis (33). The cleavage of apoptosis-related
proteins, caspase-9, caspase-3 and PARP is accompanied by
cytochrome c release. In this study, the cleavage of caspase-3
expression and the alteration of PARP were in accordance
with the tendency of cell apoptosis (34).

In summary, we have demonstrated in the present study
that emodin significantly inhibited the growth and invasive-
ness, and induced the apoptosis of human breast cancer cells
in a dose- and time-dependent manner. These processes were
also associated with caspase and PARP activation, increased
levels of p53 and Bax, and decreased levels of Bcl-2. Further
studies are needed in the future in order to elucidate the
biological and molecular mechanisms of emodin for the
treatment of breast cancer. Overall, this study suggests that
emodin is a potential therapeutic agent for the treatment of
breast cancer.
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