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Introduction

A uterine myoma (myoma uteri) is a solid tumor made of 
fibrous tissue, often called a ‘fibroid’ tumor. Myomas vary 
in size and number, and are mostly slow-growing with no 
symptoms. Approximately 25% of myomas will cause symp-
toms and need medical treatment [1]. Myomas may grow as 
a single nodule or in clusters and range in size from 1 mm 
to over 20 cm in diameter. Myomas are the most frequently 
diagnosed tumor of the female pelvis and the most common 
reason for a hysterectomy. Although they are often referred 
to as tumors, they are not cancerous [2]. Treatment of leio-
myoma has mainly been surgical resection, although some 
medical therapies are available for women who want to pre-
serve uterus. Currently, management of leiomyoma relies on 
reducing the circulating levels of ovarian hormones by using 
gonadotropin-releasing hormone analogues, such as goserelin 

or leuprorelin acetate [3]. However, the use of these drugs is 
approved only for short-term therapy because they can result 
in loss of bone mass and cardiovascular changes [4,5]. There-
fore, there is a need for safer and more effective non-surgical 
treatments for women suffering from uterine leiomyoma. 
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Objective
The aim of this study was to investigate the anti-proliferative effect of the salinomycin in cell proliferation and 
apoptosis in primary cultured human uterine leiomyoma cells.

Methods
Cell viability was measured by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. Caspase-3 
activity assay and DNA fragmentation assay were performed to determine the effect of apoptosis. The expression of 
apoptosis regulatory-related proteins was evaluated by western blot.

Results
The cell viability and proliferation of uterine leiomyoma cells were significantly reduced by salinomycin treatment in a 
dose-dependent manner. DNA fragmentation assay results showed apoptotic cell death after salinomycin incubation. 
Salinomycin activated caspase-3, -8, and -9, causing apoptosis in uterine leiomyoma cells. Down-regulation of Bcl-2, 
XIAP, and FLIP with a concomitant increase in Bax, Fas, and DR5 were observed.

Conclusion
These results provided the first evidence that salinomycin induce both intrinsic and extrinsic apoptosis. Therefore, 
salinomycin may be a promising chemopreventive and therapeutic agent against human uterine leiomyoma.
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Salinomycin was originally used as anti-coccidial drug to kill 
bacteria, fungi, parasites and for efficient nutrient absorption 
in piggery [6-9]. It is a monocarboxylic polyether antibiotic iso-
lated from Streptomyces albus strain and acts as an ionophore 
[10]. As an ionophore with strict selection for alkali ions and a 
strong preference for potassium, it interferes with transmem-
brane potassium potential. Recently, in an automated high-
throughput screening test, salinomycin was found to be the 
most effective agent against cancer stem cells. Among the 
16,000 small molecule chemicals studied, salinomycin was 
100 times more effective than paclitaxel [11]. In addition, sa-
linomycin induced apoptosis in many human cancer cells, but 
not in normal cells, by multiple mechanisms [12].

Apoptosis is a programmed cell death, a distinct process 
from necrosis. It involves a series of biochemical events that 
lead to a characteristic cell morphology which includes mem-
brane blebbing, cell shrinkage, chromatin condensation, 
apoptotic body formation, DNA fragmentation, and eventual 
cell death [13]. There are two pathways that initiate apoptosis; 
the intrinsic signaling pathway associates non-receptor-medi-
ated interactions that produce intracellular signals that directly 
affect targets within leiomyoma cells. The extrinsic signaling 
pathway involves transmembrane receptor-mediated interac-
tions that involve death receptors in leiomyoma [14].

This study assessed the potential role of salinomycin as a 
novel chemotherapeutic agent in human uterine leiomyoma 
cells. To date, no study has been conducted in the evaluation 
of the growth inhibition effect of salinomycin on human uter-
ine leiomyoma. The author therefore hypothesized that salino-
mycin would be useful in treating human uterine leiomyoma 
cells. In this study, the effects of salinomycin on apoptosis are 
investigated via intrinsic and extrinsic pathways on survival sig-
naling pathways in human uterine leiomyoma cells.

Materials and methods

1. Primary uterine leiomyoma cell cultures
Tissue was washed twice in cold phosphate buffered saline 
before being minced into 5 mm pieces in a sterile culture dish. 
The minced pieces were transferred into 50 mL conical tubes 
containing Hanks’ balanced salts (Sigma-Aldrich, St Louis, 
MO, USA), supplemented with 25 mM HEPES, 100 units/mL 
antibiotics, 1.5 mg/mL collagenase IV (Sigma-Aldrich) and 0.2 
mg/mL of DNase I (Roche Diagnostics, Mannheim, Germany). 
All the tubes were kept at 37°C in a water bath with gentle 

agitation for 3 hours. Undigested tissue was filtered and the 
cells were centrifuged at 1,000 rpm for 5 minutes. The pellet 
was rinsed once with Hanks’ balanced salts and dispersed in 
complete medium composed of DMEM/F12 with 10% fetal 
bovine serum, 1% penicillin/streptomycin. The culture me-
dium was changed every two days.

2. Cell viability assay
The number of viable cells was evaluated by colorimetric 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. Initially, cells were seeded at a density of 1×105 
cells/mL in 24-well plate, and then cultured to allow their adhe-
sion to the plate. After this pre-incubation, the culture medium 
was changed to experimental medium supplemented with 
salinomycin 1, 5, 10, and 20 µM or DMSO (control) for 24 
hours. MTT reagent was added and incubated for an additional 
3 hours at 37°C. The intensity of the purple color formed in 
this assay is proportional to the number of viable cells. Optical 
density (OD) was measured at 540 nm. Cell survival was calcu-
lated by subtracting the background OD of media alone and 
then normalized by dividing the OD of test wells by the OD of 
control (untreated) wells. The mean value and their standard 
deviation were calculated from triplicate experiments.

3. Protein extraction and western blot analysis
Salinomycin treated cells were harvested in 1×RIPA buffer 
(Thermo Scientific, Rockford, IL, USA) containing protease and 
phosphatase inhibitors with EDTA (Thermo Scientific). Protein 
concentrations were measured using Protein Assay Reagent 
(Bio-Rad, Hercules, CA, USA) following the manufacturer’s 
protocol. Aliquots of protein were separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and trans-
ferred to nitrocellulose membrane by Semi-Dry Transfer Cell 
(Bio-Rad). The membrane was blocked with Tris-buffered sa-
line containing 5% skim milk. After washing, the membranes 
were incubated with primary antibodies to Akt, pAkt, cleaved 
caspase-3, cleaved caspase-8, cleaved caspase-9 and c-PARP 
(Cell Signaling, Beverly, MA, USA), Bcl-2, Fas, and DR4 (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA), DR5 (Koma Bio-
tech, Seoul, Korea), Bax and XIAP (BD Pharmingen, Franklin 
Lakes, NJ, USA), FLICE-like inhibitory protein (c-FLIP; Enzo Life 
Science International, Farmingdale, NY, USA) and β-actin 
(Santa Cruz Biotechnology). After reaction with horserad-
ish peroxidase-conjugated secondary antibodies (Santa Cruz 
Biotechnology), bands on the membranes were visualized by 
an enhanced chemiluminescence (ECL) system (Thermo Sci-
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entific). The density of respective bands was analyzed by the 
Chemi-doc XRS imaging system (Bio-Rad).

4. Colorimetric assay of caspase-3 activity
After drug treatment, cells were centrifuged at 2,000 rpm for 
5 minutes to harvest. Cells (5×106) were then lysed in 50 µL 
of lysis buffer on ice for 30 minutes and centrifuged at 14,000 
rpm for 5 minutes at 4°C and the supernatant was collected. 
Supernatant (50 µL) was added to an equal volume of 2×reac-
tion/DTT Mix supplemented with DEVD-pNA (50 µM) and in-
cubated at 37°C for 2 hours. Caspase-3 activity was measured 
as the absorbance at 405 nm of the cleaved substrate pNA 
followed by ApoAlert Caspase Colorimetric Assay kits user 
manual (Clontech Laboratories, Palo Alto, CA, USA). 

5. DNA fragmentation assay
Fragmented nucleosomal DNA was quantified by cell death 
detection enzyme-linked immunosorbent assay (ELISA) plus kit 
(Roche Diagnostics) as described in the manufacturer’s manual. 
Briefly, cells (4×105) were plated in 6 well plates in the presence 
of 10% fetal bovine serum with antibiotics (streptomycin and 
penicillin). The cells were exposed to 0, 5, 10 µM salinomycin 
for 24 hours. After careful removal of media, cells were pooled 
and lysed with 200 µL of lysis buffer for 30 minutes at room 
temperature. Lysates were transferred to 1.5 mL eppendorf 
tubes and centrifuged at 13,000 rpm for 10 minutes to obtain 
low molecular weight DNA from apoptotic cells. Supernatant 
(20 µL) was used to detect apoptosis with microplate reader 
(Tecan Sunrise, Durham, NC, USA) at 405 nm. Background 
values (incubation buffer alone) were subtracted and OD values 
representing nucleosomal DNA fragments in salinomycin treat-
ed samples were compared with those values obtained from 
control cells and expressed as percentage (%) of control.

6. Statistical Analysis
The data are presented as the mean±SD. Statistical analysis 
was conducted using one-way analysis of variance followed 
by Duncan’s multiple range test for post hoc comparison by 
SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). Statistical signifi-
cance was set at P<0.05.

Results

1. Decrease in cell viability following salinomycin treatment
Author used an MTT assay to analyze the effect of salinomy-

cin on the growth of uterine leiomyoma cells. As shown 
in Fig. 1, in contrast with the control, cells treated with sali-
nomycin showed decreased cell growth in a dose-dependent 
manner. The leiomyoma cell growth was decreased by about 
95%, 73%, 62%, and 30% in the treatment with salinomy-
cin 1, 5, 10, and 20 µM, respectively in contrast with the un-
treated control (Fig. 1).

2.  Role of salinomycin on intrinsic apoptotic signaling 
pathway

The induction of apoptotic cell death could be in part due to 
inactivation of important survival genes and therefore the ex-
pression of molecules transcriptionally regulated by Akt was 
also evaluated. The expression of pAkt proteins were decreased 
upon salinomycin treatment in uterine leiomyoma cells. Next, 
we investigated whether apoptosis induced by salinomycin 
occurs via intrinsic mitochondrial apoptosis pathway in uterine 

Fig. 1. Anti-proliferative effect of salinomycin in uterine leiomy-
oma cells. (A) Cell morphologic changes were observed by phase 
contrast microscopy. Cells were treated with DMSO (control) or sa-
linomycin (1, 5, 10, and 20 µM) for 24 hours. (B) Cell viability was 
measured using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide) assay. Values are ±SD of three measurements 
*P<0.05.
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leiomyoma cells. For that purpose, we measured the levels of 
Bcl-2 family proteins (Bcl-2 and Bax) and XIAP. There was no 
change in the expression of Bax but the antiapoptotic Bcl-2 
protein and XIAP found decreased. The caspase-3 and PARP 
protein cleavage were increased after treatment (Fig. 2). These 
results suggest that salinomycin induced cell growth inhibition 
and induction of apoptotic cell death results in part from the 
inhibition of survival factors, and inactivation of Akt pathway.

3.  Role of salinomycin on extrinsic apoptotic signaling 
pathway

In this step, we investigated whether salinomycin activated the 
extrinsic apoptosis pathway by measuring the expression of 
death receptor signaling-related proteins, such as DR4, DR5, 
Fas and caspase-8. The expression of DR5, Fas and cleaved 
caspase-8 proteins were significantly increased. In addition, 
we observed down-regulation of c-FLIP expression. There was 
no change in the expression of DR4 (Fig. 3). These results sug-
gest that salinomycin-induced apoptotic cell death involve the 

activation of DR and Fas mediated pathway.

4. Induction of apoptosis after salinomycin treatment
The apoptosis assay was performed to evaluate the mecha-
nism of the inhibition of using uterine leiomyoma cell growth 
using csapase-3 activity test and cell death detection kit. Ac-
tivity of caspase-3 was increased following salinomycin treat-
ment (Fig. 4A). ELISA showed significant increase of histone 
associated DNA fragments after 24 hours exposure to salino-
mycin (Fig. 4B).

Discussion

The present study demonstrated that salinomycin inhibited 
the growth of human uterine leiomyoma cells. The growth-
inhibition effects of salinomycin and salinomycin-induced 
apoptosis in uterine leiomyoma cell was associated with Akt-
mediated cell death pathway.

Anticancer effects of salinomycin have been established in 
variety of preclinical studies, using many different cancer cell 
lines, including breast cancer [11], colorectal cancer [15], pros-
tate cancer [16], ovarian cancer [17], and chronic lymphocytic 
leukemia [18]. To date, this study successfully exhibited, the 

Fig. 2. Effect of salinomycin on intrinsic apoptotic pathway related 
protein expression in uterine leiomyoma cells. Twenty-four hours 
treated cell extracts were prepared and subjected for immunoblot-
ting analysis. Beta-actin was used as an internal loading control.

Fig. 3. Effect of salinomycin on extrinsic apoptotic pathway related 
protein expression in uterine leiomyoma cells. Twenty-four hours 
treated cell extracts were prepared and subjected for immunoblot-
ting analysis. Beta-actin was used as an internal loading control.
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anti-proliferative effects of salinomycin on the uterine leio-
myoma cells for the first time. 

Akt regulates essential cellular functions such as migration, 
proliferation, differentiation, apoptosis, and metabolism. Acti-
vated Akt (p-Akt) regulates many downstream effectors such 
as c-FLIP, HIF-1α, and NF-κB. FLIP is a caspase-8 homologue 
that inhibits the death receptor pathway of apoptosis. The 
expression of c-FLIP has been shown to be regulated by Akt 
pathway in several solid tumors [19]. In this study, the Akt 
phosphorylation and expression of c-FLIP in human uterine 
leiomyoma cells were decreased after exposure to salinomycin. 

This study demonstrated that salinomycin induced apoptosis 
through both intrinsic and extrinsic pathways in uterine leio-
myoma cells. The intrinsic pathway is called the mitochondria-
dependent pathway because it is induced by mitochondrial 
dysfunction and mitochondrial membrane potential dissipation 
[20]. In the present study, salinomycin reduced the expression 
of anti-apoptotic proteins (Bcl-2 and XIAP) and increased the 
pro-apptotic proteins (Bax) in the uterine leiomyoma cells. All 
of these results suggest that the salinomycin-induced apopto-
sis effect occurs via the intrinsic pathway and is regulated by 
Bcl-2 family proteins. This finding is consistent with a previous 
report which found that salinomycin downregulated the ex-
pression of Bcl-2 mRNA in endometrial cancer cells [21]. 

The extrinsic pathway is mediated by the death receptor 
located on the cell membrane [22]. DR4, DR5 and Fas are a 
death receptor involved in the extrinsic pathway. Although sa-

linomycin treatment did not increase DR4 expression, DR5 and 
Fas expression levels were significantly enhanced, and cas-
pase-8 was cleaved in salinomycin-treated uterine leiomyoma 
cells (Fig. 3), thereby suggesting that salinomycin also activates 
the extrinsic pathway. Salinomycin activated caspase-3, -8, 
and -9, causing apoptosis in uterine leiomyoma cells. Cas-
pase-9 is activated through the intrinsic pathway, which can 
be initiated by DNA damage and several extracellular stresses 
[23]. In contrast, caspase-8 is activated through the extrinsic 
pathway triggered by DR4, DR5 and Fas receptor [24]. Both 
pathways activate caspase-3, finally causing PARP cleavage 
and apoptosis.

The investigation of salinomycin influence on apoptosis 
and apoptosis associated protein expression suggests that 
salinomycin could be useful in treatment of human uterine 
leiomyoma cells. This result provided the first evidence that sa-
linomycin induces both intrinsic and extrinsic apoptosis. These 
data may provide a basis for salinomycin treatment of patients 
with uterine leiomyoma.
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Fig. 4. Induction of apoptosis after salinomycin treatment in uterine leiomyoma cells. As describe in methodology section cells were ex-
posed to DMSO (control) or salinomycin (5 and 10 µM) for 24 hours. Apoptosis was quantified by (A) caspase-3 activity and (B) enzyme-
linked immunosorbent assay. Values are ±SD of three measurements *P<0.05.
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