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Morusin induces apoptosis by regulating expression
of Bax and Survivin in human breast cancer cells
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Abstract. Morusin which has been isolated from the root
bark of Morus alba L. (Moraceae) has previously demon-
strated anticancer activity in various types of cancer cells
such as hepatocellular carcinoma, glioma and prostate cancer.
However, the effect of morusin on breast cancer cells remains
unclear. In the present study, the potential of morusin as an
anti-cancer agent in breast cancer was investigated. The results
of the present study revealed that the treatment of morusin
induced cell death in various human breast cancer cell lines,
but exhibited little effect on normal human breast epithelial
cells. In Annexin V-propidium iodide double staining assays,
morusin significantly increased apoptosis in a dose-dependent
manner in human breast cancer cells. The apoptosis marker
proteins cleaved caspase 3 and 9 were consistently upregu-
lated following treatment of cells with morusin in a time- and
dose-dependent manner. Furthermore, morusin was demon-
strated to modulate the expression of the anti-apoptotic protein
Survivin and pro-apoptotic protein B-cell lymphoma 2-asso-
ciated-x protein (Bax) in human breast cancer cells. These
results indicate that morusin induces apoptosis by suppressing
Survivin and inducing Bax proteins, suggesting that morusin
is a potentially effective therapeutic agent for the treatment of
patients with breast cancer.
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Introduction

Morusin which has been isolated from the root bark of
Morus alba L. (Moraceae), known and read as SangBekPi
in Republic of Korea, possesses various biological activities
including antimicrobial, scavenging against superoxide anion
radical and anti-inflammatory activities (1-3). Previous studies
have indicated that morusin suppresses cancer cell growth,
and induces cell death in cervical cancer, hepatoma, glioma
and prostate cancer (4-9). The anticancer activity of morusin is
mediated by inhibiting signal transducer and activator of tran-
scription 3 (STAT3) and/or nuclear factor (NF)-kB pathways,
which results in apoptosis (5-7).

Breast cancer is the most common type of cancer, and the
third leading cause of cancer-associated mortality, in females
worldwide with >522,000 mortalities in 2012 (15% of female
mortalities) (10,11). Mortality rates for breast cancer are lowest
in Eastern Asia; however, the incidence of female breast cancer
has been continuously increasing in the Republic of Korea (12).
Although different types of treatment including surgery, radio-
therapy, chemotherapy, targeted therapy and hormonal therapy
are available for patients with primary breast cancer, there are
still numerous limitations in breast cancer treatment due to the
complex disease factors (13). Therefore, advances in scientific
knowledge and the underlying molecular mechanisms associ-
ated with breast cancer may help to reduce the incidence rate
of breast cancer.

Malignant tumors usually possess the capability to avoid
apoptosis and other death signals, which leads to therapeutic
resistance (14,15). The modulation of apoptosis-associated
proteins including Bcl-2-associated-x protein (Bax) and
Survivin in tumors is the most common strategy of evading
apoptosis. The pro-apoptotic protein Bax is classified as a
multi-domain protein of the B-cell lymphoma 2 (Bcl-2) family
that regulates mitochondrial signaling by mitochondrial
outer membrane permeabilization (MOMP). Bax requires
the heterodimer with Bcl-2 antagonist/killer 1 (Bak) in
order to be responsible for mitochondrial dysfunction and
MOMP (16). Inactivating mutations of Bax occur in numerous
types of human cancer, including breast cancer, leading to the
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uncontrolled growth of tumors (17-19). As an anti-apoptotic
protein, Survivin regulates apoptosis and the cell cycle.
Survivin has been demonstrated to increase the drug resistance
in cancers via caspase-dependent mechanisms. However, the
inhibition of Survivin in tumor cells induces apoptotic cell
death (20-23). The expression of Survivin is also modulated
in the majority of human cancer types including breast
cancer (20). Thus, induction of apoptosis through targeting
anti- and/or pro-apoptotic proteins has recently been regarded
as a potentially effective strategy for cancer treatment. In the
present study, the anti-cancer activity of morusin was investi-
gated in multiple human breast cancer cell lines.

Materials and methods

Cell culture and reagents. Human breast cancer MCF-7,
MDA-MB-231, MDA-MB-157 and MDA-MB-453 cell
lines and a human normal mammary epithelial MCF10A
cell line were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). MDA-MB-231
cells were cultured in Dulbecco's modified Eagle's medium
and the other breast cancer cell lines were cultured in
RPMI-1640 supplemented with 10% fetal bovine serum
(HyClone; GE HealthCare Life Sciences, Logan, UT, USA)
and 1% antibiotic-antimycotic solution containing peni-
cillin G (10,000 U/ml), streptomycin sulfate (10 mg/ml) and
amphotericin B (25 pg/ml; cat. no. 30-004-CI; Mediatech;
Corning, Tewksbury, MA, USA). MCF10A cells were cultured
in Mammary Epithelial Basal medium with the supple-
ments provided in the MEGM™ BulletKit™ (Lonza, Basel,
Switzerland) according to the ATTC culture method (24). All
cells were cultured in a humidified incubator with 5% CO, at
37°C and the viability of cultured cells was monitored using
a LUNA-FL Automated cell counter (Logos Biosystems,
Inc., Anyang, Republic of Korea). Morusin was purchased
from Biopurify Phytochemicals Ltd. (Chengdu, China) and
dissolved in dimethylsulfoxide. MTT was purchased from
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany).

Cell viability assays. Cells (3-5x10° cells/well) were seeded
into 96-well plates 1 day prior to treatment. Following treat-
ment for the indicated time periods (24, 28 and 72 h) with
5-30 uM morusin, cell viability was evaluated using MTT
assays as previously described (25). Cell viability values are
presented as a percentage as compared with the mock-treated
control.

Western blot analysis. Whole cell lysates were prepared
using cell lysis buffer (cat. no. 9803) from Cell Signaling
Technology, Inc. (Danvers, MA, USA), and western blotting
was performed as previously described (25). Subsequent
to performing the SDS-PAGE and transfer, the membranes
were incubated in 5% skim milk in PBST (PBS with 0.1%
Tween-20 (Sigma-Aldrich; Merck KGaA) at room temperature
for 1 h for blocking, and then incubated with each primary
antibody in 5% skim milk or 5% bovine serum albumin in
PBST with gentle agitation overnight at 4°C. Incubations with
the secondary antibodies were performed in 5% skim milk
in PBST at room temperature for 1 h. Primary antibodies
directed against Bax (SC-493), Bcl-2 (SC-492), Bcl-extra large
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(Bcl-xL) (SC-7195), cleaved caspase-3 (cs9661s), Survivin
(SC-17779), poly ADP-ribose polymerase (PARP) (cs9546)
(all dilution, 1:1,000), and cleaved caspase-8 (cs9496) and
9 (SC-22182) (both dilution, 1:3,000) were purchased from
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA) or Cell
Signaling Technology, Inc. (Danvers, MA, USA) and f3-actin
(A5441) (dilution, 1:10,000) from Sigma-Aldrich (Merck
KGaA), and horseradish peroxidase-conjugated anti-mouse
Immunoglobulin G (IgG) (cs7076) or anti-rabbit IgG (cs7074)
secondary antibodies (dilution, 1:5,000) from Cell Signaling
Technology, Inc. were used for immunoblotting. Subsequently,
the membranes were detected using a chemiluminescence
system (Daeil Lab Service Co., Ltd., Seoul, Korea). 3-actin
was used as an internal control.

Apoptosis analysis. Cells (1-2x10° cells/well) in 6-well plates
were treated with morusin at 37°C for 2 days. Apoptosis was
observed using staining with Annexin V-FITC and propidium
iodide (PI; BioVision, Inc., Milpitas, CA, USA) and compared
with the mock-treated control group. The cells were subse-
quently analyzed using a BD FACSCalibur™ flow cytometer
and BD CellQuest™ (BD Biosciences, Franklin Lakes, NJ,
USA) as described (25).

Statistical analysis. Statistical analysis was performed
using Excel 2013 (Microsoft, Redmond, WA, USA) and
SigmaPlot v.13 (Systat Software, Inc., San Jose, CA, USA).
Data are presented as the mean + standard error of the mean
from =3 independent experiments performed in triplicate
or more and analyzed for statistical significance using the
unpaired Student's #-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Morusin suppresses cell viability in human breast cancer
cells. In order to investigate the possible therapeutic effect
of morusin in breast cancer, the effects of morusin on the
viability of human breast cancer cells was evaluated. Human
breast cancer cell lines MCF-7, MDA-MB-157, MDA-MB-231
and MDA-MB-453, and a normal immortalized breast epithe-
lial cell line MCF10A were treated with morusin for 24, 48
and 72 h, and cell viability was measured using MTT assays.
As illustrated in Fig. 1, morusin significantly suppressed cell
viability in a dose- or/and a time-dependent manner in all
breast cancer cell lines treated with 20 M morusin. However,
notably morusin exhibited a lesser effect on normal mammary
epithelial MCF10A cells, which was not significant until 48 h
of treatment. Furthermore, ICs, values indicated that morusin
is a more potent cytotoxic reagent in breast cancer cells
compared with that in normal cells (Table I). These results
suggested that morusin is a potentially effective therapeutic
agent for breast cancer.

Morusin induces apoptosis in human breast cancer cells. To
investigate whether a decrease in cell viability by morusin
is due to the induction of apoptosis, the effect of morusin on
apoptosis in human breast cancer MCF-7 and MDA-MB-231
cells was evaluated using Annexin V/propidium iodide (PI)
double staining. As illustrated in Fig. 2, 10 uM morusin
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Table I. ICs, values for morusin in different breast cancer cell
lines.

ICso (M)
Cell line 24 h 48 h 72h
MCF10A 117244324  4551+4.60  33.05+1.38
MCF-7 40.46+0.67 1698+1.82  13.53+0.15
MDA-MB-157 4422+144  2440+0.77  23.79+0.95
MDA-MB-231 18.89+1.16  10.79+0.29  10.84+1.61
MDA-MB-453 26574032  14.23+0.11 11.99+0.92

Data are presented as the mean + standard error of the mean; ICs,,
concentration required for 50% inhibition.

>

CJ24h C3J48h EA72h

100 = B h
804
60 4
401

204

Cell viability (%)

oY)

1004 /A
801
60 4
40
201

* e

s

Cell viability (%)

—T

1004 =
801
601
401
201

1009 /=
801
601
401
201

Cell viability (%)

_9'1 ‘
*
H
3
1
H

1009 A/
801
601
401
201

Cell viability (%)

*
&( H
*
1
H
3
*
S

T T T

5 10 20
Morusin (uM)

gy S gy S Jygy ==, gy SSS———)
—:"’*—Tﬂ—*
—':"

Figure 1. Effects of morusin on breast cancer cell viability. (A) MCF10A,
(B) MCF-7, (C) MDA-MB-157, (D) MDA-MB-231 and (E) MDA-MB-453
cells were treated with morusin for 24, 48 and 72 h. Survival rate was deter-
mined using MTT assays. Data are presented as the mean + standard error of
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the mean. "P<0.05; “'P<0.01; and ““P<0.001 vs. mock-treated control.
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Figure 2. Effects of morusin on apoptosis induction in human breast cancer
cells. MDA-MB-231 and MCF-7 cells were treated with morusin for 48 h as
indicated. The cells were analyzed using flow cytometry following staining
with Annexin V and propidium iodide. (A) Representative plots of apoptosis
analysis. (B) Percentage of apoptotic cell population. Data are presented as the

Fres

mean =+ standard error of the mean. "P<0.05; and “"P<0.001 vs. mock-treated
control. PI, propidium iodide; FL1-H, relative intensity of green fluorescence;
FL2-H, relative intensity of yellow fluorescence.

significantly increased the Annexin V-positive cell popula-
tion in a dose-dependent manner in MDA-MB-231 and
MCF-7 cells, which is indicative of apoptosis. Furthermore,
it was consistently demonstrated that morusin increased the
expression of apoptotic marker proteins, cleaved caspase 9,
cleaved caspase 3 and PARP cleavage, in a dose- (Fig. 3A) and
time- (Fig. 3B) dependent manner. Together these results indi-
cate that morusin induces apoptosis in human breast cancer
cells.

Morusin decreases Survivin and increases Bax in human
breast cancer cells. Previous studies have reported that morusin
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Figure 3. Effects of morusin on the induction of apoptosis marker proteins caspase-3, caspase-9 and PARP. (A) MDA-MB-231 and MCF-7 cells were treated
with the indicated concentration of morusin for 48 h. (B) MDA-MB-231 and MCF-7 cells were treated with 20 M of morusin. Whole cell lysates were
prepared and subjected to western blotting with the indicated antibodies. 3-Actin was used as an internal control. ¢, cleaved; CASP, caspase; PARP, poly

ADP-ribose polymerase.
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Figure 4. Effect of morusin on the expression of pro- and anti-apoptotic proteins Bax, Bcl-2, Bel-xL, and Survivin. (A) MDA-MB-231 and MCF-7 cells were
treated with morusin for 48 h as indicated. (B) MDA-MB-231 and MCF-7 cells were treated with 20 xM of morusin as indicated. Cell lysates were subjected
to western blotting with the indicated antibodies. B-Actin was used as an internal control. Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated-x protein.

induces apoptosis by modulating STAT3 and/or NF-kB in
various types of cancer cells, which are well-known transcrip-
tion factors that regulate various genes involved in cellular
proliferation, survival and apoptosis (5-7). Thus, the effect
of morusin on the regulation of apoptosis-associated protein
expression was determined in MDA-MB-231 and MCF-7
cells. As illustrated Fig. 4, morusin induced Bax and reduced
Survivin expression in a dose- (Fig. 4A) and time- (Fig. 4A)
dependent manner, while no effect on the expression of Bcl-2
and Bcl-xL was observed in human breast cancer cells. These
results indicate that morusin induces apoptosis by regulating
the pro-apoptotic protein Bax and the anti-apoptotic protein
Survivin in human breast cancer cells.

Discussion

Breast cancer is the most common type of cancer and the third
leading cause of cancer-associated mortality for women world-
wide with >522,000 mortalities in 2012 (11). In the Republic
of Korea, the incidence of breast cancer in women has been
continuously increasing (12). Various therapeutic strategies
for breast cancer have been developed to date. However, the
overall treatment efficiency for malignant and metastatic
breast cancer remains stagnant. Recent studies have identified
effective phytochemicals for the treatment of cancer, including
advanced stage breast cancer (26-28). Therefore, the poten-
tial of morusin as a therapeutic agent for breast cancer was

evaluated in the present study. Cytotoxicity assays were used to
verify whether morusin could be a therapeutic agent for breast
cancer, and revealed that morusin suppressed cell viability in
human breast cancer cells with an ICs, of 18-45 uM. However,
morusin exhibited little toxic effect in normal breast MCF10A
cells with an ICs, of >118 M following 24 h morusin treat-
ment, which demonstrated similar results following treatment
for 48 and 72 h. Although it was revealed that morusin induced
apoptosis in breast cancer cells, the apoptotic rate was lower
compared with the cytotoxicity rate for the same concentration
of morusin. These results indicate that morusin may induce
other types of cell death, including necrosis and autophagy in
breast cancer cells.

Apoptosis is an evolutionarily conserved essential process
for development and tissue homeostasis (29). However, an
analysis of the evidence suggests that the upregulation of
anti-apoptotic proteins in cancer is considered one of the
strategies of evading apoptosis (as reviewed in 30). For this
reason, scientists have developed anti-cancer drugs targeting
these apoptosis-associated proteins. In the present study, it was
demonstrated that morusin is a candidate for anti-cancer agent
to treat breast cancer by suppression of the anti-apoptotic
protein Survivin (Fig. 4). Furthermore, morusin increased
pro-apoptotic protein Bax expression in breast cancer cells,
indicating its ability at targeting anti- and pro-apoptotic
signals that may increase anticancer activity. Previous studies
have reported that morusin inhibits proliferation of cancer
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cell by suppressing STAT3 signal (5-7). Inhibition of STAT3
subsequently affects the expression of its downstream targets,
including Bax and Survivin (31,32). In the present study,
morusin was revealed to modulate the expression of Bax and
Survivin in human breast cancer cells, suggesting that STAT3
may be involved in this regulation.

In conclusion, the results of the present study indicate that
morusin can induce apoptosis by decreasing Survivin and
increasing Bax protein expression in human breast cancer
cells. These results indicate that morusin may be a potentially
effective anticancer agent for the treatment of patients with
breast cancer.
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