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Effects of sulindac sulfide on proliferation and
apoptosis of human breast cancer cell
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Abstract. The present study aimed to observe the effects of
sulindac sulfide on the proliferation and apoptosis of human
breast cancer cells MCF-7, and to explore the potential
underlying molecular mechanism. The inhibitory ratio was
detected using a cell counting kit-8 assay. The changes in
cell cycle distribution were assessed using flow cytometry
(FCM). Furthermore, the changes in cell apoptosis rates were
detected by Hoechst 33258 staining and FCM coupled with
Annexin V-FITC/propidium iodide (PI) staining. In addition,
the protein expression was detected using western blotting.
Sulindac sulfide was able to inhibit the proliferation of breast
cancer in a dose- and time-dependent manner. In addition,
sulindac sulfide altered the cell cycle of breast cancer cells.
The results of Hoechst 33258 staining and FCM coupled with
Annexin V-FITC/PI staining demonstrated that sulindac
sulfide could significantly induce the apoptosis of MCF-7 cells
in a dose-dependent, and time-dependent manner. The western
blot analysis demonstrated the protein expression of Bcl-2 was
downregulated, and Bax and cleaved caspase-3 were upregu-
lated. The results of the present study suggest that sulindac
sulfide can inhibit the proliferation and induce the apoptosis
of MCF-7 cells.

Introduction

Breast cancer is a type of malignant tumor that occurs in the
epithelial tissue of the mammary gland, its incidence and
mortality rates are one of the highest among malignant tumors
in females worldwide (1). In China, the incidence of breast
cancer is increasing and occurs at younger ages compared with
previously (2). The causal factors and mechanisms of breast
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cancer involve numerous factors, the proliferation and apop-
tosis of breast cancer cells has become a hotspot for correlative
research (3.4).

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a
chemically diverse drug type commonly used to treat inflam-
matory conditions and pain. The long-term use of NSAIDs has
been investigated to reduce the risk of mortality from certain
types of cancer (5). In addition, sulindac is widely used in
clinical anti-infection medicine. Previously, a large number of
studies have demonstrated that sulindac sulfide can effectively
inhibit the proliferation and induce the apoptosis of various
cancer cells (6-8). Although its use for patients with malignant
disease has not been well investigated, numerous evidence
suggests that it has potent cancer chemopreventive efficacy:
Several publications have reported that sulindac sulfide can
inhibit the invasion of colorectal, gastric and pancreatic cancer
cells (9-12), but the mechanism remains unclear. In the present
study, the effects of sulindac sulfide on the proliferation and
apoptosis of human breast cancer cells MCF-7 treated with
different concentrations, and durations were investigated. In
addition, its potential molecular mechanism was explored. The
current study may provide the experimental basis for clinical
rational administration of sulindac sulfide.

Materials and methods

Materials. The human breast cancer MCF-7 cell line was
purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Sulindac sulfide with
98% purity was obtained from Sigma-Aldrich (Merck KGaA,
Darmstadt, Germany), which was dissolved in DMSO at
80 umol/l and stored at -20°C. The cell counting kit (CCK)-8
and Hoechst 33258 kits were obtained from Beyotime
Institute of Biotechnology (Shanghai, China). The annexin
V-FITC/propidium (PI) apoptosis kit was obtained from BD
Biosciences (Franklin Lakes, NJ, USA). Antibodies directed
against apoptosis regulator Bax (Bax; cat. no., 5023; dilution
1:1,000), apoptosis regulator Bcl-2 (Bcl-2; cat. no., 2870;
dilution 1:1,000) and caspase-3 (cat. no., 9665; dilution
1:1,000) were purchased from Cell Signaling Technology, Inc.
(Danvers, MA, USA). Secondary rabbit (cat. no., DC20L; dilu-
tion 1:5,000), mouse (cat. no., 074-1809; dilution 1:5,000) and
actin antibodies were obtained from Sigma-Aldrich (Merck
KGaA). An automatic microplate reader was obtained from
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Thermo Fisher Scientific, Inc. (Waltham, MA, USA). A flow
cytometer was purchase from (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Cell culture. Human breast cancer MCF-7 cells were cultured
in RPMI-1640 medium containing 10% fetal bovine serum
(Invitrogen; Thermo Fisher Scientific, Inc.), non-essential
amino acids, 100 pg/ml streptomycin and 100 U/ml penicillin
and maintained at 37°C in a humidified incubator with 5%
CO,. Cells were collected in the growth phase for subsequent
experiments.

Measurement of cell proliferation. Growth phase MCF-7
cells were seeded into 96-well plates at a density of
1x10° cells/200 pl/well in triplicates. Cells were incubated
with different concentrations of sulindac sulfide (20, 40 or
80 ymol/l) and the control group was incubated in complete
RPMI-1640 medium without sulindac sulfide. Following incu-
bation times of 24, 48 and 72 h, 20 ul CCK-8 agent was added
to each well and incubated in a humidified incubator at 37°C
for 1 h. The optical density (OD) value was detected using an
automatic microplate reader at 450 nm. Three independent
experiments were performed. The ratio of proliferation was
calculated as follows: (1-OD/control OD) x100%.

Cell cycle analysis. Analysis of the cell cycle was performed
as described previously (13). Growth phase MCF-7 cells were
seeded into 24-well plates at 1x10° cells/800 ul/well. These
cells were incubated with different concentrations of sulindac
sulfide for 48 h, collected and fixed with 70% ethanol over-
night at 4°C. Prior to measuring, cells were rinsed thoroughly
with PBS liquid centrifugal cast fixation fluid, and 1 ml
100 mg/l RNA enzyme was added to each tube for cellular
staining for 30 min at 37°C. Then, PI tag was added to each
tube and cells were incubated at room temperature in the dark
for 30 min, followed by flow cytometry. Three independent
experiments were performed. Experience data were analyzed
using FlowJo ModFit 3.2. (Tree Star, Inc., Ashland, OR, USA).

Hoechst 33258 staining. Growth phase MCF-7 cells were
seeded into 24-well plates at a density of 1x10° cells 200 pl/well
in triplicates. The cells incubated with different concentrations
of sulindac sulfide (20, 40 or 80 xmol/l) and the control group
was incubated in RPMI-1640 complete medium. Following the
incubation for 24, 48 or 72 h, 10 ul Hoechst 33258 was added
to each sample. Samples were then fixed with 4% paraformal-
dehyde for 25 min at room temperature, washed twice with PBS
with 0.1% of Triton X-100. Images of samples of ~200 cell were
captured using a fluorescent microscope at magnification, x400.

Apoptosis analysis. Apoptosis was measured using the
Annexin V-FITC apoptosis detection kit according to the
manufacturer's protocol (14). Growth phase MCF-7 cells
were seeded into 6-well plates. The cells were incubated with
different concentrations of sulindac sulfide for 72 h, collected,
washed twice in cold PBS, and incubated with 10 u1 of Annexin
V-FITC and PI for 30 min. Samples were measured using flow
cytometry. Three independent experiments were performed.
Experimental data were analyzed using ModFit LT (version
3.2; Verity Software House, Inc., Topsham, ME, USA).
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Table I. Growth-inhibiting effects of sulindac sulfide on
MCEF-7 cells (n=3).

Time, h
Group 24 48 72
Control 2.83+1.2 507+£3.8 8.25+2 4
20 pmol/l 6.41+£3.3 10.55+1.7 15.37£2.0
40 pmol/l 1524425 22.96+1.9 30.01+£3.2%°
80 ymol/l 56.72+2.8* 65.01+3.1° 73.54+1.3°

“P<0.05, compared with control at the same time point; "P<0.05,
compared with 24 h of the same group (n=3).

Table II. Effects of sulindac sulfide on cell cycle of MCF-7
cells using flow cytometry (n=3).

Cell cycle, %

Group Gy/G, S G,/ M

Control 23.1+2.7 46.1+1.2 30.8+£3.6
20 pmol/l 422429 35.0+1.2 11.9+1.6
40 umol/l 68.5+1.9* 21.2+1.2* 10.3+1.0*
80 ymol/l 71.6x1.2* 19.4+1.7* 9.0+0.6*

“P<0.05, compared with control group (n=3).
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Figure 1. Sulindac sulfide function was monitored using a cell counting
kit-8 assay. MCF-7 cells were incubated for different duration with various
concentrations of sulindac sulfide (20, 40 or 80 ymol/l). Sulindac sulfide was
demonstrated to significantly inhibit cell proliferation compared with the
untreated control group. 'P<0.05, compared with control at the same time
point; “P<0.05, compared with 24 h of the same group (n=3).

Western blot analysis. Analysis of western blotting was
performed as described previously (15). Cells (2x10°) were
seeded into 6-well plates at a density of 2,000 ul/well and were
treated with different concentrations of sulindac sulfide or the
control. Cells were washed with PBS, then total protein was
extracted using a Total protein extraction kit (Keygentec,
Inc., Nanjing, China). Proteins were quantified using a BCA
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Figure 2. Sulindac sulfide function was monitored using flow cytometry. (A) Percentage of MCF-7 cells in different cell cycle phases. (B) Quantification of
the percentage of cells in each cell cycle phase. "P<0.05, compared with control group (n=3). (C) Effect of sulindac sulfide on the apoptosis of MCF-7 cells,
cells were incubated for 72 h with various concentrations of sulindac sulfide. Percentage of cells in early (lower right box) and late (upper right box) apoptosis.
(D) Quantification of the percentage of cells in early and late apoptosis. "P<0.05, compared with control group (n=3).

assay. Samples (50 pug) were resolved using 10% SDS-PAGE
and transferred onto polyvinylidene difluoride (PVDF)
membranes. Membranes were blocked in 5% milk for 1 h at
room temperature, and subsequently stored overnight at 4°C
on a shaker with the desired primary antibodies. Membranes
were washed with TBS-Tween 20(T) and incubated for
1 h with the secondary antibody at room temperature.
Following several washes with TBST, membranes were visu-
alized using the Electro-Chemi-Luminescence reagent
(Keygentec, Inc.). Each PVDF membrane was reported
using (-actin as the loading control. The relative protein
concentration was analyzed using Quantity One software
(version 4.4.0; Bio-Rad Laboratories, Inc.).

Statistical analysis. Differences among groups were analyzed
using one-way analysis of variance followed by Fisher's
Least Significant Difference test. Results are presented as the
mean =+ standard deviation. P<0.05 was considered to indicate

Sulindac
sulfide 80 uM

Sulindac Sulindac
sulfide 20 uM  sulfide 40 uM

Control

Figure 3. Dose- and time-dependent effects of sulindac sulfide in human
breast cancer MCF-7 cells. Morphological changes in breast cancer MCF-7
cells induced by sulindac sulfide following incubation for different durations
and concentrations.
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Figure 4. Cells were treated for 24 h with sulindac sulfide at the indicated concentrations. (A,C and E) The effect of sulindac sulfide on the expression of
Bcl-2, Bax, Caspase-3 and cleaved Caspase-3 proteins. The expression of proteins was analyzed using western blotting. For each experiment, three assays
were performed and one representative gel is presented. (B,D and F) Quantifcation of the relative expression of Bcl-2, Bax, Caspase-3 and cleaved Caspase-3

proteins. The density of the band (normalized to -actin) presented as the mean

nated as 100%). "P<0.05 vs. control group (n=3). Bax, apoptosis regulator; Bcl-2,

a statistically significant difference. SPSS software (version
17.0; SPSS, Inc., Chicago, IL, USA) was used for statistical
analysis.

Results

Inhibition ratio of cell proliferation. The effect of sulindac
sulfide on MCF-7 cell proliferation was analyzed. The cells
were incubated with sulindac sulfide (20, 40 and 80 gmol/I) for
24,48 or 72 h. The data demonstrated that addition of varying
doses of sulindac sulfide produced dose- and time-dependent
increases in the inhibition ratio of cell proliferation (Fig. 1).
The absolute values of inhibiting ratio are presented in Table I.

Effects of sulindac sulfide on cell cycle progression. Flow
cytometric analysis demonstrated that there was no significant
statistical significance between the 20 gmol/l group and the
control in each cell cycle phase (Fig. 2A and B). However,
there was a significant increase in G,/G, phase cells with a
simultaneous decrease in S phase and G,/M phase cells in the
40, and 80 gmol/l groups compared with that of the control
group (Fig. 2A and B; P<0.05; Table II).

Effects of sulindac sulfide on the apoptosis of MCF-7 cells.
Annexin V-FITC/PI staining was used to measure the

+ standard deviation is relative to that of O ymol/I used as the control (desig-
apoptosis regulator Bcl-2.

percentage of apoptotic cells in response to sulindac sulfide
treatments. Following 72 h of exposure to 20, 40 or 80 ymol/l
sulindac sulfide, the apoptotic rates were 25.31+6.75,
36.7£12.71, and 64.7+10.61%, respectively, compared with
3.46+1.95% of control cells (Fig. 2C and D). These results
suggest that sulindac sulfide can induce the apoptosis of
MCF-7 cells in a dose-dependent.

Hoechst 33258 staining. The results of Hoechst 33258 staining
demonstrated that sulindac sulfide could markedly induce
the apoptosis of MCF-7 cells in a dose- and time-dependent
manner (Fig. 3).

Effects of sulindac sulfide on protein expression. Cells were
treated with different concentrations of sulindac sulfide or
the control for 24 h. The protein expression of Bcl-2 was
downregulated, caspase-3 exhibited no significant change, and
Bax and cleaved caspase-3 were increased with increasing
concentrations of sulindac sulfide (Fig. 4).

Discussion
Breast cancer is a malignant tumor that often occurs in

females, its incidence is one of the highest among the
female malignant tumor types. Therefore, early prevention,
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detection and treatment of breast cancer are of great value, and
significance (16). The imbalance between proliferation and
apoptosis of tumor cells is associated with tumor formation.
Furthermore, loss of cell cycle regulation can lead to excessive
cell proliferation and inhibition of cell apoptosis. Therefore,
inhibiting tumor cell proliferation and inducing its apoptosis is
an effective method for the treatment of tumors (17).

Sulindac sulfide can not only inhibit a variety of
carcinogenic substances, but can also inhibit the growth
of cancer cells and induce its apoptosis; however, the
underlying mechanism remains unclear (4,18-20). A
study performed by Kim ef al (21) demonstrated that the
combined treatment of sulindac and simvastatin augmented
their anti-apoptotic potential in lung cancer cells through
protein kinase B signaling-dependent downregulation of
survivin. Furthermore, Fink er al (22) suggested that sulindac
may be the most effective agent for colon cancer prevention
in humans with low 15-hydroxyprostaglandin dehydrogenase
levels, but may also be associated with inflammatory lesions
in the colon. The results from a study by Katoumas et al (23)
revealed that treatment with sulindac appears to delays the
progression of oral premalignant lesions to oral squamous
cell carcinoma, resulting in smaller and better differentiated
tumors. These in vivo antineoplastic effects may be associ-
ated with its ability to decrease cell proliferation and to
prevent survivin expression (23).

The results of the present study demonstrated that
sulindac sulfide can significantly inhibit the proliferation
of MCF-7 breast cancer cells, and the inhibitory effect was
observed to be concentration- and time-dependent. The
proliferation of cancer cells is regulated and controlled by
key check points G,/S and G,/M in the cell cycle (24). In each
cell cycle phase, along with the increasing concentrations
of sulindac sulfide, the proportion of G,/G, phase cells was
increased significantly, and the proportion of S and G,/M
phase cells was reduced, demonstrated that sulindac sulfide
inhibited the transition from G,/G, to S phase in breast
cancer cells. Apoptosis is influenced by multiple gene regula-
tory proteins, the caspase family serve an important role in
the process of apoptosis, among them caspase-3 is a primary
apoptosis-mediating protease, which serves an essential
role in the initiation of apoptosis through various factors.
Caspase-3 can cause a cascade reaction following activation
by upstream signaling factors Bax and Bcl-2, subsequently
leading to cell apoptosis. The present study demonstrated
that sulindac sulfide can activate the apoptosis-promoting
Bax gene and inhibit Bcl-2, triggering downstream cascade
activation of caspase-3, eventually leading to apoptosis. In
the current study, the expression of Bcl-2 was decreased
with increasing concentrations of sulindac sulfide, caspase-3
exhibited no significant change. In addition, the expression
of Bax and cleaved caspase-3 was increased following treat-
ment with sulindac sulfide, suggesting that sulindac sulfide
induces cell apoptosis.

The results of the present study demonstrated that sulindac
sulfide can inhibit the proliferation and induce the apoptosis
of MCF-7 cells, using a mechanism associated with alterations
to the cell cycle and inhibition of Bcl-2 expression, thus acti-
vating caspase-3. However, the specific mechanism of sulindac
sulfide remains unclear, as well as whether it can be effectively
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applied for the clinical treatment of breast cancer. The
concentration and time course of sulindac sulfide in inhibiting
proliferation, and inducing apoptosis of human breast cancer
warrants further investigation.
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