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Abstract. The present study aimed to investigate the anti-
cancer effects of cisplatin (DDP) combined with salinomycin 
(SAL) on the gastric cancer cell line SGC‑7901, as well as to 
explore the mechanisms underlying their actions. An MTT 
assay was used to evaluate the inhibitory effects of SAL, DDP 
and their combination on gastric cancer cell proliferation. 
Morphological alterations of cancer cells following treatment 
were observed under an inverted phase‑contrast microscope 
and a fluorescence microscope. Cell cycle progression and 
apoptosis were analyzed using flow cytometry. The expression 
of nuclear factor (NF)‑κB p65 and Fas protein ligand (L) in 
cancer cells was assessed using immunocytochemistry. The 
present results demonstrated that the combination of SAL 
and DDP significantly inhibited the proliferation (P<0.05) 
and altered the morphological characteristics of SGC‑7901 
cells, thus suggesting that SAL may enhance the susceptibility 
of gastric cancer cells to DDP. In addition, treatment with a 
combination of SAL and DDP resulted in S phase‑arrest and 
increased the apoptotic rate of SGC‑7901 cells. Furthermore, 
marked FasL upregulation and NF‑κB p65 downregulation 
were observed in cancer cells treated with the combination of 
SAL and DDP. The results of the present study demonstrated 
that the combination of SAL and DDP induced the apoptosis 
of human gastric cancer cells, and suggested that the under-
lying mechanism may involve the upregulation of FasL and 
downregulation of NF‑κB p65.

Introduction

Gastric carcinoma is one of the most common gastrointestinal 
malignancies worldwide, and is developed mainly in gastric 
endothelial tissue. It is characterized by high incidence and 

mortality rates, and it was the second most common type of 
cancer in China in 2009, thus posing a serious threat for global 
health (1). Cisplatin (DDP) has significant anticancer effects on 
gastric carcinoma; however, its use is limited due to its severe 
side effects (2). In addition, DDP has been associated with the 
development of drug resistance, which may result in failure 
of anticancer treatment (3‑5). Therefore, the development of 
novel therapeutic strategies, as well as novel drug combina-
tions, characterized by high efficiency and low toxicity, is of 
great clinical significance for the treatment of patients with 
gastric cancer.

Several polyether ionophores have demonstrated anti-
cancer activity against the proliferation of various cell types, 
such as leukemia, colon carcinoma and prostate cancer cells, 
and cancer stem cells, including tumors that exhibit multi‑drug 
resistance (6). Salinomycin (SAL) is a carboxyl polyether, first 
extracted from Streptomyces albus in 1974 (7). Due to its 
cation‑neutralizing properties it can potently inhibit the growth 
of most Gram‑positive bacteria and various Coccidia (8‑10). 
Gupta et al reported that the inhibitory effects of SAL on breast 
cancer stem cell proliferation were ~100 times more potent 
than the chemotherapeutic agent paclitaxel  (11). Previous 
studies have demonstrated that SAL exhibited anticancer 
effects in various types of cancer and may have potential as a 
novel anticancer agent (8,12‑18).

It has previously been reported that nuclear factor (NF)‑κB 
may be implicated in the development of tumor drug resis-
tance  (19), whereas SAL was demonstrated to effectively 
inhibit the proliferation of cancer stem cells with high drug 
resistance  (20‑21). Therefore, it may be hypothesized that 
SAL can inhibit the activation of NF‑κB, and thus increase 
the susceptibility of gastric cancer cells to DDP. In the present 
study, the anticancer effects of SAL, DDP and their combina-
tion were evaluated in the SGC‑7901 gastric cancer cell line. 
In addition, the mechanisms underlying their actions in the 
induction of cancer cell apoptosis were investigated.

Materials and methods

Reagents. SAL was purchased from Shunbo Biological 
Technology and Engineering Co., Ltd. (Shanghai, China). DDP 
was obtained from Jiangsu Hansoh Pharmaceutical Group 
Co., Ltd. (Jiangsu, China). MTT solution was purchased from 
Merck KGaA (Darmstadt, Germany). RPMI‑1640 medium 
was purchased from Thermo Fisher Scientific, Inc. (Waltham, 
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MA, USA). Fetal bovine serum (FBS) was purchased from 
Hangzhou Sijiqing Biological Engineering Materials Co., Ltd. 
(Hangzhou, China). Propidium iodide (PI) was purchased 
from Merck KGaA. Acridine orange (AO) was obtained from 
Amresco, LLC (Solon, OH, USA). Annexin V‑fluorescein 
isothiocyanate (FITC)/PI apoptosis detection kit was 
purchased from BD Biosciences (Franklin Lakes, NJ, USA). 
The rabbit anti‑human NF‑κB p65 polyclonal antibody (cat. 
no. A00224) was obtained from GenScript (Nanjing) Co., 
Ltd. (Nanjing, China). The 3,3'‑diaminobenzidine (DAB) 
color developing kit, rabbit anti‑human Fas protein ligand 
(L) polyclonal antibody (cat. no. BA0049) and biotin‑labeled 
secondary antibody (cat. no. BA1003) were purchased from 
Wuhan Boster Biological Technology, Ltd. (Wuhan, China).

Cell culture. The SGC‑7901 human gastric cancer cell line was 
purchased from Digestion Research Center of Xi'an Jiaotong 
University Health Science Center (Xi'an, China). Cells 
were cultured in RPMI‑1640 medium, supplemented with 
10% FBS, 100 U/ml penicillin and 100 U/ml streptomycin and 
maintained in a humidified 5% CO2 atmosphere at 37˚C.

MTT assay. SGC‑7901 cells at the logarithmic growth phase 
were seeded in 96‑well plates at a density of 1x104 cells/well, 
and incubated at 37˚C overnight to form a monolayer. Cells 
were divided into the following four groups: SAL group, where 
cells were treated with 4, 8 and 16 µmol/l SAL (dissolved in 
ethanol); DDP group, where cells were treated with 6 µmol/l 
DDP (dissolved in normal saline); combination group, where 
cells were treated with SAL (4, 8 and 16 µmol/l) and DDP 
(6 µmol/l); and control group, where cells did not receive drug 
treatment. Experiments were repeated 5 times for each group. 
Cells were incubated in a 95% humidified atmosphere at 37˚C 
and 5% CO2 for 24, 48 and 72 h. Following incubation, MTT 
solution (20 µl) was added and cells were incubated at 37˚C for 
an additional 4 h. Subsequently, the supernatants were removed 
and the crystals were dissolved with 150 µl DMSO. The absor-
bance at 490 nm was measured to assess cellular proliferation. 
Results were averaged from three independent measurements.

Cellular morphology. SGC‑7901 cells were seeded in a 6‑well 
plate at a density of 2x105 cells/well. Following incubation 
for 24 h, drugs were added. The cells were divided into four 
groups: SAL group (8 µmol/l), DDP group (6 µmol/l), combi-
nation group [SAL (8 µmol/l) and DDP (6 µmol/l)] and control 
group. Following incubation for 48 h, cellular morphology was 
observed under an inverted phase‑contrast microscope (Nikon 
Corporation, Tokyo, Japan). All experiments were repeated 
three times.

In another set of experiments, following drug treatment for 
48 h as aforementioned, cells were washed twice with PBS and 
fixed with 75% ice cold ethanol for 2 h at ‑20˚C. Subsequently, 
PI (50 µg/l) was added and incubated at 4˚C for 30 min in the 
dark; after which, AO (50 µg/ml) was added and incubated at 
4˚C for 10 min in the dark. Cellular morphology was observed 
under a fluorescence microscope (Nikon Corporation). All 
experiments were repeated three times.

Flow cytometry. SGC‑7901 cells were seeded in a 6‑well plate 
at a density of 2x105 cells/well. Following incubation for 24 h, 

fresh medium containing 0.5% FBS was added and cells were 
cultured for an additional 24 h to synchronize. Cells received 
treatment with different drugs as aforementioned and were 
incubated for 48 h. Subsequently, cells were digested with 
trypsin, collected and fixed with 75% ice‑cold ethanol for 2 h 
at ‑20˚C. The cell suspension was centrifuged at 350 x g for 
5 min at room temperature and the supernatant was discarded. 
Following washing with PBS, cells were incubated with RNase 
(20 µg/l) at 37˚C for 30 min. For cell cycle analysis, cells were 
fixed with 75% ice‑cold ethanol for 2 h at ‑20˚C and were then 
stained with PI (50 µg/l) for 30 min at 4˚C. Cell cycle analysis 
was performed using a Sysmex CyFlow® Cube 8 flow cytom-
eter (Sysmex Europe GmbH, Norderstedt, Germany) and data 
were analyzed using FCS Express Application V3 software 
(De Novo Software, Glendale, CA, US).

To evaluate cellular apoptosis, SGC‑7901 cells were 
prepared as aforementioned in the Cellular morphology 
subsection. Following drug treatment for 48 h, cells were 
collected, washed twice with PBS, transferred to Eppendorf 
tubes and stained with Annexin V‑FITC and PI for 10 min at 
4˚C, according to the manufacturer's protocol. The apoptotic 
rate was assessed in all experimental groups using a Sysmex 
CyFlow® Cube 8 flow cytometer (Sysmex Europe GmbH) 
and data were analyzed using FCS Express Application V3 
software (De Novo Software).

Immunocytochemistry. SGC‑7901 cells were prepared as afore-
mentioned in the Cellular morphology subsection. Following 
incubation for 48 h, cells were washed with PBS three times 
and fixed with 4% paraformaldehyde for 20 min at room 
temperature. After air‑drying, cells were fixed to glass slides 
using neutral gum and permeabilized with 0.3% Triton X‑100 
for 15 min at room temperature. Following a wash with PBS, 
cells were incubated with trypsin at 37˚C for 30 min followed 
by 3% H2O2 for 20 min at 37˚C, the cells were then blocked 
with goat serum (Wuhan Boster Biological Technology, Ltd.) 
for 30 min at 37˚C. Subsequently, cells were incubated with 
anti‑NF‑κB p65 (dilution 1:100) and anti‑FasL primary anti-
bodies (dilution 1:100) at 4˚C overnight. Following a wash 
with PBS, cells were incubated with biotin‑labeled secondary 
antibodies (dilution 1:500) (cat. no. BA1003; Wuhan Boster 
Biological Technology, Ltd.) for 2 h at room temperature, and 
then stained with DAB in the dark for 5 min. The staining 
was monitored under a microscope and the slides were washed 
with water to terminate the reaction. Hematoxylin was used for 
counter‑staining at room temperature for 5 min. Hydrochloric 
acid alcohol (0.1%) was used to differentiate the staining, and 
sections were dehydrated with alcohol, cleared with xylene 
and sealed with neutral gum. Photomicrographs were captured 
with a Nikon E600 microscope (Nikon Corporation, Tokyo, 
Japan).

Statistical analysis. The statistical significance of the difference 
between groups was assessed by one‑way analysis of variance, 
followed by a post hoc least significant difference test. All 
experiments were repeated three times. Data are expressed 
as the mean ± standard deviation. P<0.05 was considered to 
indicate a statistically significant difference. The analysis was 
performed using IBM SPSS software version 22.0 (IBM SPSS, 
Armonk, NY, USA).
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Results

Effects of SAL and DDP on SGC‑7901 proliferation. To 
assess the inhibitory effects of SAL and DDP alone, as well 
as their combination, on cellular proliferation, the MTT assay 
was performed. Results revealed that SAL and DDP inhibited 
the proliferation of SGC‑7901 cells, and their inhibitory rate 
increased with the concentration used and the incubation 
time (Table I). The combination of SAL (4, 8 and 16 µmol/l) 
and DDP (6 µmol/l) exerted a significant inhibitory effect on 
cellular proliferation following 24, 48 and 72 h of incubation, 
compared with the control, DDP alone and SAL alone groups 

(P<0.05). These results suggested that SAL may be able to 
enhance the susceptibility of SGC‑7901 cells to DDP.

Alterations in cellular morphology following treatment with 
SAL and DDP. To assess the effects of SAL and DDP alone, as 
well as their combination, on cellular morphology, the shapes 
of SGC‑7901 cells were observed following treatment. In the 
control group, SGC‑7901 cells grew adherently, connected 
closely and tightly, and were characterized by a full cytoplasm 
and a polygonal or spindle shape (Fig. 1A). Following treat-
ment with SAL or DDP for 48 h, cells appeared to shrink, 
gaps between cells became larger, cell‑cell connections 

Table I. Inhibitory rate of SAL and DDP on SGC‑7901 cellular proliferation.

	 Inhibitory rate (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 24 h	 48 h	 72 h

Control	 0	 0	 0
DDP (6 µmol/l)	 15.52±0.75a	 27.38±0.63a	 40.99±1.11a

SAL (4 µmol/l)	 17.63±1.48a	 31.56±1.34a	 42.48±1.24a

SAL (8 µmol/l)	 26.47±1.30a	 46.64±1.03a	 55.18±0.80a

SAL (16 µmol/l)	 33.75±1.46a	 58.23±1.09a	 70.91±1.82a

SAL (4 µmol/l) + DDP (6 µmol/l)	 25.63±1.03a,b	 41.73±1.35a,b	 51.74±1.02a,b

SAL (8 µmol/l) + DDP (6 µmol/l)	 38.54±1.14a,b	 57.36±1.17a,b	 69.98±1.08a,b

SAL (16 µmol/l) + DDP (6 µmol/l)	 57.44±0.73a,b	 72.35±0.86a,b	 89.76±1.25a,b

aP<0.05 compared with the control group at each time point; bP<0.05 compared with the SAL or DDP group at each time point. Data are 
expressed as the mean ± standard deviation of three independent measurements. DDP, cisplatin; SAL, salinomycin.

Figure 1. Morphological alterations of SGC‑7901 cells following treatment with SAL, DDP or a combination of SAL and DDP. (A) Control cells received no 
treatment. (B) Cells were treated with 6 µmol/l DDP for 48 h. (C) Cells were treated with 8 µmol/l SAL for 48 h. (D) Cells were treated with a combination of 
8 µmol/SAL and 6 µmol/l DDP for 48 h. Arrows indicate shrinkage of nuclear membranes. Magnification, x100. SAL, salinomycin; DDP, cisplatin.
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disappeared, nuclear membranes started to shrink and cellular 
volume decreased (Fig. 1B and C). When the combination of 
SAL and DDP was applied, cellular volumes appeared to be 
further reduced compared with the DDP alone and SAL alone 
groups, and cell numbers also decreased (Fig. 1D).

To determine the effects of SAL or DDP alone, as well 
as their combination, on SGC‑7901 apoptosis, the apoptotic 
morphology of cells was observed under a fluorescence 
microscope. SGC‑7901 cells in the control group grew well 
and exhibited homogeneous sizes, regular nuclei, smooth 
nuclear membranes and evenly‑distributed chromatin (Fig. 2). 
Following treatment with DDP or SAL, cellular morphology 
appeared altered. Cell numbers were reduced, and DNA 
appeared condensed and near the nuclear membrane. 
Apoptotic bodies were formed, and the cellular nuclei became 
more condensed. The combination of DDP and SAL produced 
more pronounced morphological alterations on SGC‑7901 
cells compared with the DDP alone and SAL alone groups 
(Fig. 2).

Effects of SAL and DDP on SGC‑701 cell cycle progression. 
To determine the effects of SAL or DDP alone, as well as 
their combination, on cell cycle distribution, flow cytometry 
was used. Following treatment with DDP or SAL for 48 h, 
the number of SGC‑7901 cells in G0/G1 phase decreased, 
whereas the number of cells in S phase increased (Fig. 3A‑D). 
SGC‑7901 cells in S phase accounted for 33.52 and 34.57% of 
total cells in the DDP‑ and SAL‑treated groups, respectively, 
which were significantly different compared with the control 
group (22.43%; P<0.05). These results suggested that SAL 
and DDP caused S phase arrest in SGC‑7901 cells. The cells 
in S phase in the SAL and DDP combined treatment group 
accounted for 57.45% of the population, which was signifi-
cantly higher compared with the control, DDP alone and SAL 
alone groups (P<0.05).

SAL and DDP induce cellular apoptosis. To determine the 
effects of SAL or DDP alone, as well as their combination, 
on SGC‑7901 cell apoptosis, apoptotic cells were detected 
using flow cytometry. Apoptotic rates of SGC‑7901 cells were 
9.76 and 14.69% following treatment with DDP and SAL 
respectively (Fig. 4), and were significantly higher compared 
with the control group (2.37%; P<0.05). The apoptotic rate 
of SGC‑7901 cells was 27.79% following treatment with the 
combination of DDP and SAL, which was significantly higher 
compared with the control, DDP alone and SAL alone groups 
(P<0.05). These results suggested that SAL and DDP alone, as 
well as their combination, were able to induce SGC‑7901 cell 
apoptosis, and the combined treatment produced more potent 
proapoptotic effects.

Effects of SAL and DDP on NF‑κB p65 and FasL expression. 
To investigate the mechanism underlying the proapoptotic 
effects of SAL and DDP, as well as their combination, immu-
nohistochemistry was performed to assess the expression 
of NF‑κB p65 and FasL following treatment. The present 
results demonstrated that NF‑κB p65 was expressed in control 
cells, as nuclei were stained dark brown (Fig. 5B). Following 
treatment with DDP or SAL, NF‑κB p65 expression was 
decreased, as the intensity of nuclear and cytosolic staining 

appeared reduced (Fig. 5C and D). The combination treatment 
group had much lower NF‑κB p65 expression than those in 
the control group and the DDP and SAL separate treatment 
groups. The cell nuclei exhibited decreased brown color and 
presented some blue color, and part of the cytosol showed light 
brown color (Fig. 5E).

The expression of FasL in control SGC‑7901 cells appeared 
low, as revealed by the low intensity of brown staining present 
in the cytosol and cell membrane (Fig. 6B). Following treat-
ment with DDP or SAL, the expression of FasL in the cytosol 
appeared to be increased, as the intensity of staining increased. 
SAL‑treated gastric cancer cells exhibited higher FasL expres-
sion compared with DDP‑treated cells, as suggested by the 
higher intensity of nuclear and cytosolic staining present in 
SAL‑treated cells (Fig. 6C and D). Cells treated with a combi-
nation of DDP and SAL exhibited increased FasL staining 
compared with the control, DDP alone and SAL alone groups, 
as the intensity of dark brown nuclear and cytosolic staining 
appeared markedly increased (Fig. 6E).

Discussion

Gastric cancer is one of the most common malignant tumors 
in the clinical setting. As an ionophore antibiotic, SAL 
may contribute to the inhibition of tumor cell proliferation. 
However, it has previously been reported that SAL may 
exhibit strong neurotoxic effects (22). DDP is a conventional 
chemotherapy drug used in clinical practice that exhibits 
significant antitumor effects. However, it has been reported 
to be prone to induce drug resistance during the treatment 
of gastric cancer, which may eventually lead to treatment 
failure (4,5). The results of the present study suggested that 
SAL may enhance the susceptibility of SCG‑7901 gastric 
cancer cells to DDP, and the mechanism underlying its 
effects may involve NF‑κB p65 downregulation and FasL 
upregulation.

NF‑κB is a nuclear transcription factor that has been 
implicated in various physiological and pathophysiological 
processes, such as embryonic development, tissue injury and 
repair, inflammation, viral infection, tumor development 
and progression, and in the regulation of apoptosis‑related 
gene expression  (23‑25). Under physiological conditions, 
NF‑κB remains in the cytosol in the form of inactive 
p65/p50/inhibitor of κB (IκB‑α) complexes, and thus its tran-
scriptional actions are suppressed (26). Following stimulation 
by cytokines, physical and chemical factors, such as X‑rays 
and chemotherapy drugs, and other activators, IκB‑α is phos-
phorylated and ubiquitinated. As a result, the conformation 
of the p65/p50/IκB‑α complex is altered, allowing NF‑κB to 
translocate into the nucleus and activate the transcription of 
target genes (27,28). Previous research has suggested that the 
suppression of NF‑κB may enhance apoptosis mediated by 
the Fas/FasL signaling pathway (29‑31). Fas and FasL are a 
pair of molecules located on cell membranes, which promote 
apoptosis via the death receptor pathway. Binding of FasL to 
Fas can initiate death signaling cascades, leading to cancer 
cell apoptosis (32‑34). Chen et al reported that the expres-
sion of Fas/FasL genes may be associated with NF‑κB (29). 
Travert et al indicated that NF‑κB activation may indirectly 
inhibit Fas, tumor necrosis factor (TNF) receptor 1 and 
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TNF‑related apoptosis‑inducing ligand, to ultimately promote 
cellular apoptosis (30). Therefore, since NF‑κB and FasL may 
serve a role in the promotion of tumor cell apoptosis (35‑39), 
the present study investigated the implication of NF‑κB and 

FasL in the mechanisms underlying the proapoptotic actions 
of SAL.

SAL has previously been reported to inhibit the proliferation 
of breast cancer stem‑like cells via an apoptosis‑independent 

Figure 3. Effects of SAL, DDP or their combination on cell cycle distribution of SGC‑7901 cells. Cells were treated with 6 µmol/l DDP, 8 µmol/l SAL, or 
8 µmol/l SAL combined with 6 µmol/l DDP for 48 h. Control cells received no treatment. Subsequently, flow cytometry was used for cell cycle analysis. 
Representative and quantitative results are presented. (A) Control cells. (B) Cells treated with 6 µmol/l DDP. (C) Cells treated with 8 µmol/l SAL. (D) Cells 
treated with a combination of 8 µmol/ SAL and 6 µmol/l DDP. (E) Percentage of cells in S phase. Data are expressed as the mean ± standard deviation. *P<0.05 
compared with the control group; #P<0.05 compared with the DDP or SAL groups. SAL, salinomycin; DDP, cisplatin.

Figure 2. Morphological alterations of apoptotic SGC‑7901 cells treated with SAL, DDP or a combination of SAL and DDP were observed under a fluorescence 
microscope. Cells were treated with 6 µmol/l DDP, 8 µmol/l SAL, or 8 µmol/l SAL combined with 6 µmol/l DDP for 48 h. Control cells received no treatment. 
Subsequently, cells were stained with PI and AO. Arrows indicate condensed DNA and apoptotic bodies. Magnification, x100. SAL, salinomycin; DDP, 
cisplatin; PI, propidium iodide; AO, acridine orange.
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pathway (40). Zhi et al demonstrated that SAL selectively 
inhibited the proliferation of gastric cancer cells characterized 
by high aldehyde dehydrogenase activity, which are resistant 
to 5‑fluorouracil and DDP (21). In the present study, SAL was 
demonstrated to inhibit the proliferation of gastric cancer cells 
in a dose‑ and time‑dependent manner. These results are in 
accordance with the study by Zhi et al (21), as they demon-
strated the cytotoxic effects of SAL on gastric cancer cells. 
Furthermore, the present study suggested that the combina-
tion of SAL and DDP may possess more potent cytotoxic 
potential compared with treatment with SAL or DDP alone. 
The addition of SAL appeared to enhance the susceptibility 
of gastric cancer cells to DDP. Treatment with SAL or DDP 
alone, as well as their combination, was revealed to alter 
cellular morphology, and combined treatment exhibited 
stronger effects compared with separate treatments. PI and AO 
staining, and flow cytometry demonstrated that the apoptotic 
rate of cells treated with the combination of SAL and DDP 
was markedly higher compared with the control, DDP alone 
and SAL alone groups. These results suggested that SAL and 
DDP may be able to synergistically induce gastric cancer 
cell apoptosis. These results are consistent with the study by 
Liu et al, which reported that SAL alone and in combination 
with vincristine induced apoptosis of Jurkat cancer cells (41).

The present study demonstrated that SAL alone and in 
combination with DDP could alter cell cycle distribution 
and prolong the S phase, and combined treatment exhibited 
stronger effects compared with treatment with SAL or DDP 
alone. These results suggested that the mechanisms under-
lying the inhibitory effects of SAL and DDP may involve 
interference in DNA synthesis and replication in cancer 
cells. Immunocytochemistry was used to further investigate 
the mechanisms underlying the proapoptotic actions of SAL 
and DDP. The present results revealed that SAL and DDP 
inhibited the translocation of NF‑κB p65 into the nuclei of 
cancer cells. The combination of SAL and DDP markedly 
downregulated the expression of NF‑κB p65 and upregulated 
the expression of FasL. These results suggested that SAL 
and DDP may induce cancer cell apoptosis via inhibiting 
the activation of NF‑κB p65 and promoting the activation of 
Fas/FasL pathways, consistent with previous findings (29‑31). 
Combination of the drugs enhanced the proapoptotic actions 
of DDP on SGC‑7901 cells. In accordance with the present 
results, Parajuli et al reported that SAL inhibited the nuclear 
translocation of NF‑κB (42).

In conclusion, the present study demonstrated that 
the novel anticancer agent SAL inhibited gastric cancer 
cell proliferation, alone or in combination with DDP, and 

Figure 4. Apoptotic rates of SGC‑7901 cells following treatment with SAL, DDP or a combination of SAL and DDP. Cells were treated with 6 µmol/l DDP, 
8 µmol/l SAL, or 8 µmol/l SAL combined with 6 µmol/l DDP for 48 h. Control cells received no treatment. Subsequently, flow cytometry was used to assess 
cellular apoptosis. Representative and quantitative results are presented. (A) Control cells. (B) Cells treated with 6 µmol/l DDP. (C) Cells treated with 8 µmol/l 
SAL. (D) Cells treated with a combination of 8 µmol/ SAL and 6 µmol/l DDP. (E) Apoptotic rate of cells in the various treatment groups. Data are expressed as 
the mean ± standard deviation. *P<0.05 compared with the control group; #P<0.05 compared with the DDP or SAL groups. SAL, salinomycin; DDP, cisplatin; 
PI, propidium iodide.
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induced cellular apoptosis. The present results suggested 
that the mechanisms underlying its actions may involve 
upregulation of FasL and downregulation of NF‑κB p65 
expression.
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