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Abstract. The aim of the present study was to investigate
the effects and mechanisms of 17‑AAG combined with
salinomycin treatment on proliferation and apoptosis of the
SGC‑7901 gastric cancer cell line. An MTT assay was used
to detect the proliferation of SGC‑7901 cells. Morphological
alterations of cells were observed under inverted phase‑contrast
and fluorescence microscopes. Cell cycle and apoptosis were
assessed by flow cytometry analysis. The protein expression of
nuclear factor (NF)‑κ B p65 and Fas‑ligand (L) were evaluated
by immunocytochemistry. Salinomycin with a concentration
range of 1‑32 µmol/l was demonstrated to inhibit growth
of SGC‑7901 cells effectively, affect the morphology and
apoptosis rate of cells, and arrest SGC‑7901 cells in S phase.
Furthermore, salinomycin significantly increased the protein
expression of Fas‑L and decreased the protein expression of
NF‑κ B p65. The alterations in SGC‑7901 cells co‑treated with
salinomycin and 17‑AAG were more significant compared
with cells treated with one drug only. In conclusion, the individual use of salinomycin and combined use with 17‑AAG may
significantly inhibit SGC‑7901 gastric cancer cell proliferation
and induce cell apoptosis. The potential mechanisms may be
associated with upregulation of Fas‑L and downregulation of
NF‑κ B. These results provide a basis for the potential use of
salinomycin in gastric cancer treatment.
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Introduction
Gastric cancer is one of the most common malignancies
worldwide with a mortality rate of >70%. East Asia, Eastern
Europe and South America are considered to be areas with
high incidences (1). The incidence of gastric cancer ranks
second in China among malignant cancers (2,3). Furthermore,
the overall incidence and mortality of gastric cancer is markedly increased in rural areas compared with urban areas, and
gradually increases with age (4,5). Although the survival of
gastric cancer patients is prolonged by effective treatment, the
5‑year survival rate remains very low (~20 to 25%) (6). Radical
gastric tumor resection combined with standard chemotherapy
cannot remove the tumor completely, which has become a
major issue in current cancer therapy (7).
Salinomycin is a type of carboxy‑polyether type compound
first extracted from the white Streptomyces albus by Japanese
researchers in 1974 (8). Salinomycin is capable of neutralizing cations within cells, and exhibits good inhibitory and
destructive effects on most gram‑positive bacteria and all
types of coccidian (9‑11). Gupta et al (12) in 2009 revealed
that the toxicity of salinomycin on breast cancer stem cells
was 100 times that of the chemotherapeutic drug paclitaxel. In
previous years, numerous studies have suggested that salinomycin exhibits anti‑tumor effects; therefore, it may represent a
novel and effective anticancer agent (9,13‑19). However, high
doses of salinomycin has high neurotoxicity (20). 17‑allylamine‑17‑demathoxygeldanamycin (17‑AAG), an inhibitor
of heat shock protein (HSP) 90, shares an extremely similar
structure with geldanamycin. 17‑AAG exhibits a more effective toxicity profile (21,22). The anti‑tumor effects of 17‑AAG
have also been widely recognized (23).
In order to reduce salinomycin dose and the associated
toxicity, and to promote its use in cancer therapy, the present
study investigated the effects of salinomycin and 17‑AAG
combined treatment on gastric cancer cells, which have not
been previously reported. This study focused on the inhibition of salinomycin on proliferation of the SGC‑7901 gastric
cancer cell line, and the pro‑apoptotic underlying mechanism
of salinolycin. The present study aimed to provide a basis for
the use of salinomycin in gastric cancer treatment, in addition
to experimental evidence for understanding the mechanism
underlying the anti‑tumor effects of salinomycin.
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Materials and methods
Reagents and instruments. Salinomycin was purchased from
Sigma‑Aldrich (Sigma‑Aldrich; Merck KGaA, Darmstadt,
Germany). 17‑AAG and MTT were purchased from
Sigma‑Aldrich (Merck KGaA). RPMI‑1640 medium was
purchased from Thermo Fisher Scientific, Inc. (Waltham,
MA, USA). Fetal bovine serum (FBS) was purchased from
Zhejiang Tianhang Biotechnology Co., Ltd. (Zhejiang, China).
Propidium iodide (PI) was purchased from Merck KGAa.
Acridine orange (AO) was purchased from Amresco, LLC
(Solon, OH, USA). An Annexin‑fluorescein isothiocyanate
(FITC)/PI Apoptosis kit was purchased from BD Biosciences
(Franklin Lakes, NJ, USA). A DAB chromogenic kit, rabbit
anti human nuclear factor (NF)‑κ B p65 polyclonal antibody
(A00224) and rabbit anti human Fas‑ligand (L) polyclonal
antibody (BA0049) were purchased from GenScript Co., Ltd.
(Nanjing, China), biotinylated goat anti rabbit IgG secondary
antibody and horseradish peroxidase‑labeled avidin secondary
antibody were purchased from Wuhan Boster Biological
Technology, Ltd. (Wuhan, China).
A carbon dioxide incubator was purchased from Sanyo
Electric, Co. (Moriguchi, Japan). Fluorescence and inverted
microscopes were purchased from Nikon Corporation (Tokyo,
Japan). A flow cytometer was purchased from BD Biosciences.
A microplate reader was purchased from Bio‑Rad Laboratories,
Inc. (Hercules, CA, USA).
Cell culture. The SGC‑7901 human gastric cancer cell
line was purchased from the Digestion Experimental
Research Center of Xi'an Jiaotong University (Xi'an,
China). Cells were cultured with RPMI 1640 medium
supplemented with 10% FBS and 100 U/ml penicillin and
streptomycin, and incubated in 5% CO2 at 37˚C with 95%
relative humidity.
MTT assay. SCG‑7901 cells in the logarithmic phase were
seeded into 96‑well plates at a density of 1x105/ml with
100 µl RPMI 1640 medium per well. Cells were divided into
four groups: Salinomycin treated (2, 4, 8, 16 and 32 µmol/l);
17‑AAG treated (0.625 µmol/l); salinomycin (4, 8 and 16
µmol/l) combined with 17‑AAG treated (0.625 µmol/l); and
the control (complete RPMI 1640 medium). The total volume
of each well was 100 µl and 5 duplicate wells were set for
each group. After incubation for 24, 48 or 72 h, the supernatant
was removed by centrifugation at 300 x g for 5 min at room
temperature, and 20 µl MTT was added. After a 4‑h incubation,
MTT was removed and 150 µl dimethyl sulfoxide was added.
The optical density at a wavelength of 495 nm was detected
using a microplate reader. The experiment was repeated three
times.
Morphology assay. SGC‑7901 cell suspension was seeded into
6‑well plates at a density of 2x105 per well. After incubation for
24 h, cells were treated with salionmycin (4, 8 or 16 µmol/l),
17‑AAG (0.625 µmol/l), or salinomycin (8 µmol/l) combined
with 17‑AAG (0.625 µmol/l). Untreated cells served as the
negative control. After a 48‑h incubation, cell morphology was
observed under an inverted phase contrast microscope. The
above step was repeated three times.

Apoptosis assay. SGC‑7901 cells were treated as described
above, washed twice with PBS after a 48‑h incubation, and then
stained in the dark using PI or AO. Cell apoptotic morphology
was observed using a fluorescent microscope.
In addition, cells were collected after trypsin digestion,
washed twice with PBS, collected in Eppendorf (EP) tubes
and stained with Annexin V‑FITC and PI for 10 min. The
cell apoptotic rate of each group was detected with a flow
cytometer.
Cell cycle assay. Cells were seeded into 6‑well plates and
cultured for 24 h, and then cultured in RPMI 1640 medium
supplemented with 0.5% FBS for synchronization. After
a continuous culture for 24 h, cells were treated as for the
morphology assay and cultured for 48 h. Cells were digested,
collected, fixed in 70% alcohol for 30 min, centrifuged at
300 x g for 5 min at room temperature to remove the supernatant, washed with PBS and collected into an EP tube. PI
(the working solution concentration was 50 µg/ml) staining
was performed at 4˚C for 30 min before a cell cycle assay was
performed by flow cytometry.
Immunocytochemistry assay. SGC‑7901 cells were treated as
those mentioned in the morphology assay, washed with PBS
three times after a 48‑h incubation, and fixed with 4% paraformaldehyde for 20 min. Cells were then fixed with neutral
balsam after drying, incubated with 0.3% Triton X‑100 for
15 min at room temperature, and incubated with trypsin at 37˚C
for 30 min and H2O2 for 20 min at room temperature after PBS
washing. Subsequently, cells were blocked with blocking reagent
for 30 min and incubated with a rabbit anti human NF‑кB
p65 polyclonal antibody (1:100) or a rabbit anti human Fas‑L
polyclonal antibody (1:100) at 4˚C overnight, followed by PBS
washing. Following this, cells were incubated with a biotinylated goat anti rabbit secondary antibody (1:100) for 2 h, washed
with TBS, incubated with a horseradish peroxidase‑labeled
avidin secondary antibody (1:100) for a further 30 min at room
temperature, and washed three times with TBS. DAB was used
for color development. Cells were re‑stained with hematoxylin,
differentiated with hydrochloric acid alcohol, dehydrated with
alcohol, cleared with xylene, and mounted with neutral balsam.
Cells were imaged under a Nikon E600 microscope and protein
expressions were analyzed using NIS‑Elements Documentation
(Version 3.0.455) (both from Nikon Corporation, Tokyo, Japan).
All the antibodies were diluted with PBS. Untreated cells incubated with PBS, instead of the primary antibodies, served as the
secondary antibody control.
Statistical analysis. SPSS software version 22.0 (IBM SPSS,
Armonk, NY, USA) was used for statistical analysis. All data
are presented as the mean ± standard deviation. Comparison
between groups was conducted by one‑way analysis of variance, followed by Fisher's least significant difference post hoc
test. P<0.05 was considered to indicate a significantly different
difference.
Results
Salinomycin and 17‑AAG alter SGC‑7901 cell morphology.
To determine the effect of salinomycin and 17‑AAG on cell
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Figure 1. Salinomycin and 17‑AAG alters SGC‑7901 cell morphology. To evaluate the effects of salinomycin and 17‑AAG on SGC‑7901 cell morphology,
an inverted microscope was used for morphological observation. Cells were untreated (control), treated with salinomycin (4, 8 and 16 µmol/l), 17‑AAG
(0.625 µmol/l) or a combination of 0.625 µmol/l 17‑AAG and 8 µmol/l salinomycin. Representative images of cell morphology are presented (magnification,
x100). The experiments were repeated in triplicate. 17‑AAG, 17‑allylamine‑17‑demathoxygeldanamycin.

morphology, cells were treated with salinomycin, 17‑AAG,
or salinomycin+17‑AAG, and cell morphology was observed
under an inverted microscope. As presented in Fig. 1,
untreated SGC‑7901 cells exhibited adherent and tight growth
with polygon or fusiform shapes, with a plump cytoplasm and
tight connections between cells. However, after a 48‑h treatment with salinomycin or 17‑AAG, cell volume decreased.
The cell membrane and nuclear membrane began to break and
shrink. Cells grew slowly with increased gaps, and connections disappeared. Furthermore, the higher the salinomycin
concentration, the more significant and severe alterations in
SGC‑7901 cell morphology, with reduced cell numbers. When
cells were treated with salinomycin and 17‑AAG together,
the cell number and volume were further reduced; the cell
cytoplasm condensed, and nuclei were further enriched and
broken compared with groups treated with salinomycin or
17‑AAG alone. These results indicated that salinomycin may
alter SGC‑7901 cell morphology when used alone or combined
with 17‑AAG.

time points (24, 48 and 72 h; Fig. 2B‑F; P<0.05). The results
indicated that salinomycin may inhibit SGC‑7901 cell proliferation in vitro, and enhance cell sensitivity to 17‑AAG.

Salinomycin and 17‑AAG inhibits SGC‑7901 cell prolif‑
eration in vitro. To evaluate the effects of salinomycin and
17‑AAG on SGC‑7902 cell proliferation, an MTT assay was
conducted. The results demonstrated salinomycin inhibited
SGC‑7901 cell proliferation significantly in a time‑dependent
manner (24, 48 and 72 h) within a concentration range from 1
to 32 µmol/l, when compared with the control group (Fig. 2A;
P<0.01). Furthermore, the cell proliferation inhibitory effects
in cells following salinomycin treatment with the indicated
concentrations (4, 8 and 16 µmol/l) were significantly increased
compared with the control, salinomycin and 17‑AAG groups
when combined with 17‑AAG (0.625 µmol/l) for indicated

Salinomycin and 17‑AAG induce SGC‑7901 cell apoptotic
morphology. To investigate the effects of salinomycin and
17‑AAG on SGC‑7901 cell apoptosis, PI and AO staining
were performed and fluorescent microscope was used for
detection (Fig. 4). As presented in Fig. 4A, cells in the control
group grew well with uniform size, regular nuclei shapes, neat
edges of nuclear membranes and regular chromatin distribution. Furthermore, cells exhibited typical red and green
fluorescence signals after PI and AO staining, respectively
(Fig. 4A). When treated with 17‑AAG (Fig. 4B) or salinomycin (Fig. 4D‑F) alone for 48 h, cell morphology altered
significantly, including slower growth, reduced cell numbers,

Salionomycin and 17‑AAG inhibition of SGC‑7901 cell cycle.
To determine the effects of salinomycin and 17‑AAG on
SGC‑7901 cell cycle, flow cytometry was performed (Fig. 3).
The results demonstrated that after a 48‑h treatment with salinomycin (4, 8 and 16 µmol/l) or 0.625 µmol/l 17‑AAG alone
(Fig. 3A and B; D‑H), numbers of cells in G0/G1 phase were
significantly decreased, whereas those in S phase were significantly increased compared with the control group (P<0.05).
Additionally, when treated with 8 µmol/l salinomycin and
0.625 µmol/l 17‑AAG, numbers of cells in S phase were
significantly increased compared with the control, salinomycin
and 17‑AAG groups (Fig. 3C and H; P<0.05). These results
suggested that salinomycin and 17‑AAG may arrest cells in
S phase, and that salinomycin combined with 17‑AAG may
enhance this effect on the cell cycle.

1066

ZHANG et al: SALINOMYCIN AND 17-AAG ON GASTRIC CANCER CELL PROLIFERATION

Figure 2. Survival rate of SGC‑7901 cells treated with salinomycin and 17‑AAG. To clarify the effects of salinomycin and 17‑AAG on SGC‑7901 cell
proliferation, MTT was performed. Survival rates of cells treated with (A) salinomycin only, (B) 0.625 µmol/l 17‑AAG or salinomycin, (C) 0.625 µmol/l
17‑AAG and salinomycin alone, or combined for 24 h, (D) 0.625 µmol/l 17‑AAG and salinomycin alone, or combined for 48 h, (E) 0.625 µmol/l 17‑AAG and
salinomycin alone or in combination for 72 h, (F) 0.625 µmol/l 17‑AAG in combination with 4, 8 and 16 µmol/l salinomycin for 24, 48 and 72 h. Data are
expressed as the mean ± standard deviation. P<0.05 vs. control group for the same time point. ★P<0.05 vs. previous salinomycin concentration. ●P<0.05 vs.
previous time point. ▲P<0.05 vs. group only treated with salinomycin or 17‑AAG. The experiments were repeated in triplicate. 17‑AAG, 17‑allylamine‑17‑de‑
mathoxygeldanamycin.

Figure 3. Salinomycin and 17‑AAG blocks SGC‑7901 cell cycle. Flow cytometry was conducted to detect the effects of salinomycin and 17‑AAG on SGC‑7901
cell cycle. (A) Control cells. Cells treated with (B) 0.625 µmol/l 17‑AAG for 48 h, (C) 0.625 µmol/l 17‑AAG and 8 µmol/l salinomycin for 48 h, (D) 4 µmol/l
salinomycin for 48 h, (E) 8 µmol/l salinomycin for 48 h and (F) 16 µmol/l salinomycin for 48 h. (G) Percentage of cell in S phase in control cells or cells treated
with salinomycin (4, 8 and 16 µmol/l). (H) Percentage of cell in S phase in control cells or cells treated with salinomycin (8 µmol/l), 17‑AAG (0.625 µmol/l) and
salinomycin+17‑AAG. Data are expressed as the mean ± standard deviation of three independent experiments. ★P<0.05 vs. control group. ▲P<0.05 vs. groups
treated with salinomycin or 17‑AAG alone. Sal, salinomycin; 17‑AAG, 17‑allylamine‑17‑demathoxygeldanamycin.
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Figure 4. Salinomycin and 17‑AAG induces apoptotic morphology in SGC‑7901 cells. PI and AO staining were performed to detect apoptosis, and cell
morphology was observed under an inverted microscope. PI staining is shown in red and AO staining is shown in green. Representative images of PI (red)
and AO (green) staining in (A) control cells, (B) cells treated with 0.625 µmol/l 17‑AAG only for 48 h, (C) cells treated with both 0.625 µmol/l 17‑AAG and
8 µmol/l salinomycin for 48 h, (D) cells treated with 4 µmol/l salinomycin for 48 h, (E) cells treated with 8 µmol/l salinomycin for 48 h, and (F) cells treated
with 16 µmol/l salinomycin for 48 h. The experiments were repeated in triplicate. PI, propidium iodide; 17‑AAG, 17‑allylamine‑17‑demathoxygeldanamycin;
AO, acridine orange.

nuclei condensation, DNA enrichment near the nuclear
membrane, apoptotic body formation, enhanced nuclear
refraction and dense fluorescence, which were more obvious
in groups treated with higher doses. Furthermore, when cells
were treated with salinomycin and 17‑AAG together for 48 h,
cell apoptotic morphology altered more clearly compared
with groups treated with salinomycin or 17‑AAG alone
(Fig. 4C). These results demonstrated that salinomycin and
17‑AAG may induce SGC‑7901 cell apoptotic morphology,
and that the apoptosis was more severe when salinomycin
and 17‑AAG were used together.
Salinomycin and 17‑AAG promotes SGC‑7901 cell apop‑
tosis. To identify whether salinomycin and 17‑AAG could
promote cell apoptosis in SGC‑7901 cells, flow cytometry
was performed. As presented in Fig. 5, compared with the
control group (Fig. 5A), 48‑h treatment with 0.625 µmol/l
17‑AAG (Fig. 5B) or 4, 8, 16 µmol/l salinomycin (Fig. 5D‑G)
significantly increased SGC‑7901 cell apoptosis (P<0.05).
Furthermore, the 48 h co‑treatment of 0.625 µmol/l 17‑AAG
and 8 µmol/l salinomycin significantly promoted cell apoptosis compared with the control and drug treatment alone
groups (Fig. 5C and H; P<0.05). These results implied that
both salinomycin and 17‑AAG could promote cell apoptosis
with a synergistic effect.
Salinomycin and 17‑AAG activates the Fas/Fas‑L signaling
pathway while inhibiting the NF‑ κ B pathway. To further
elucidate the pro‑apoptotic mechanism of salinomycin and
17‑AAG, immunocytochemistry was conducted to detect the
protein expression levels of NF‑κ B and Fas‑L in SGC‑7901

cells of each group; factors which serve important roles in
tumorigenesis and pro‑apoptosis, respectively.
Untreated cells incubated with PBS, in place of the primary
antibody, served as the secondary antibody control (Fig. 6A).
In untreated negative control cells, NF‑κ B expression was
primarily identified in the nucleus and cytoplasm in control
cells (Fig. 6B). In cells treated with 0.625 µmol/l 17‑AAG
(Fig. 6C) or salinomycin (4, 8 and 16 µmol/l; Fig. 6D‑F,
respectively), NF‑κ B expression was significantly decreased
in both in the nucleus and cytoplasm. Furthermore, in cells
treated with both 0.625 µmol/l 17‑AAG and 8 µmol/l salinomycin (Fig. 6G), the decrease of NF‑κ B signal was more
marked compared with the control, salinomycin and 17‑AAG
groups.
Fas‑L expression was also detected by immunocytochemistry. No Fas‑L expression was observed in the untreated
secondary antibody control cells (Fig. 7A). Fas‑L was expressed
in the cytoplasm and membrane of untreated negative control
cells (Fig. 7B). Fas‑L expression was increased in the cytoplasm and membrane of cells treated with 17‑AAG compared
with control cells (Fig. 7C). In cells treated with both 17‑AAG
and salinomycin, increased Fas‑L signals were observed both
in the cytoplasm and nucleus (Fig. 7D). In cells treated with 4,
8 and 16 µmol/l salinomycin (Fig. 7E‑G, respectively), Fas‑L
expression in the cytoplasm was increased, particularly in the
16 µmol/l salinomycin group (Fig. 7G), in which nuclear Fas‑L
signals were observed as well.
These results indicated that the pro‑apoptotic effects of
salinomycin and 17‑AAG on SGC‑7901 cells may be associated with activation of the Fas/Fas‑l signaling pathway, and
inhibition of the NF‑κ B signaling pathway.
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Figure 5. Salinomycin and 17‑AAG induces SGC‑7901 cell apoptosis. To verify the effects of salinomycin and 17‑AAG on SGC‑7901 cell apoptosis, flow
cytometry was performed. Representative images of cell apoptosis in (A) control cells, (B) cells treated with 0.625 µmol/l 17‑AAG for 48 h, (C) cells treated
with both 0.625 µmol/l 17‑AAG and 8 µmol/l salinomycin for 48 h, (D) cells treated with 4 µmol/l salinomycin for 48 h, (E) cells treated with 8 µmol/l
salinomycin for 48 h and (F) cells treated with 16 µmol/l salinomycin for 48 h. (G) Percentage of apoptotic cells in cells treated with (G) salinomycin alone and
(H) cells treated with salinomycin, 17‑AAG and Sal+17‑AAG. Data are presented as the mean ± standard deviation of three independent experiments. ★P<0.05
vs. control group. ▲P<0.05 vs. groups treated with salinomycin or 17‑AAG alone. 17‑AAG, 17‑allylamine‑17‑demathoxygeldanamycin; Sal, salinomycin.

Figure 6. Salinomycin and 17‑AAG reduces NF‑кB protein expression in SGC‑7901 cells. Representative immunocytochemistry images of NF‑κ B protein
expression in the (A) secondary antibody control (untreated cells with PBS as primary antibody), (B) untreated negative control cells, (C) 0.625 µmol/l 17‑AAG,
(D) both 0.625 µmol/l 17‑AAG and 8 µmol/l salinomycin, (E) 4 µmol/l salinomycin, (F) 8 µmol/l salinomycin and (G) 16 µmol/l salinomycin treatment groups.
Magnification, x100. The experiments were repeated in triplicate. NF‑κ B, nuclear factor‑κ B; 17‑AAG, 17‑allylamine‑17‑demathoxygeldanamycin.

Discussion
Gastric cancer is one of the most common types of malignant
tumor (24). As an ionophore type antibiotic, salinomycin
serves an important role in inhibiting tumor cell proliferation (9,13‑19). However, the strong neurotoxic effects of

salinomycin have been previously reported (20,25). 17‑AAG
is an inhibitor of HSP; its anti‑tumor effect has already been
widely accepted (26,27), and it has fewer side effects (21,22).
The present study demonstrated that the combination of salinomycin and 17‑AAG exhibited improved anti‑tumor effects
compared with treatment of one alone.
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Figure 7. Combination of salinomycin and 17‑AAG increased Fas‑L protein expression in SGC‑7901 cells. Representative immunocytochemistry images
of Fas‑L protein expression in the (A) secondary antibody control (untreated cells with PBS as primary antibody), (B) untreated negative control cells,
(C) 0.625 µmol/l 17‑AAG, (D) both 0.625 µmol/l 17‑AAG and 8 µmol/l salinomycin, (E) 4 µmol/l salinomycin, (F) 8 µmol/l salinomycin and (G) 16 µmol/l
salinomycin treatment groups. Magnification, x100. The experiments were repeated in triplicate. 17‑AAG, 17‑allylamine‑17‑demathoxygeldanamycin; Fas‑L,
Fas‑ligand.

An et al (28) reported that salinomycin inhibits mammary
stem cell proliferation via an apoptosis‑independent pathway.
Zhi et al (29) additionally demonstrated that salinomycin could
selectively inhibit gastric cancer cells. The present study revealed
that salinomycin inhibits SGC‑7901 gastric cancer cell proliferation in a dose‑ and time‑dependent manner within a certain
concentration range, consistent with the previously mentioned
studies. These results imply that salinomycin may induce
apoptosis of gastric cancer cells. The present study additionally
demonstrated that combination with 17‑AAG could enhance the
cell proliferation inhibitory effects of salinomycin significantly,
and the sensitivity of SGC‑7901 cells to 17‑AAG. Notably, single
and combined treatment of salinomycin and 17‑AAG altered
SGC‑7901 cell morphology, particularly combined treatment. PI
and AO fluorescent staining and flow cytometry results indicated
that the apoptotic rate of cells treated with both salinomycin and
17‑AAG together was significantly increased compared with
cells treated with salinomycin or 17‑AAG alone, implying that
combination of these two agents could induce gastric cancer
cell apoptosis synergistically. These results were consistent with
a study by Liu et al (30), where salinomycin was identified to
promote Jurkat cell apoptosis when used alone or combined with
Vincristin. According to flow cytometry detection, salinomycin
alone altered the cell cycle and prolonged S phase, and this effect
was stronger when salinomycin was used together with 17‑AAG.
The potential mechanism may be the interference of DNA
synthesis and replication. However, Zhang et al (31) demonstrated that salinomycin arrested the cell cycle of nasopharyngeal
carcinoma cells at G2/M phase, while Parajuli et al (32) revealed
that salinomycin could arrest cisplatin‑resistant ovarian cancer
cells at G1 phase. Therefore, the effect of salinomycin on cancer
cell cycle requires further investigation.
The present study further investigated the mechanism
underlying the pro‑apoptotic effect of salinomycin and
17‑AAG. NF‑кB is an important nuclear transcription factor
with numerous biological activities, including inflammation,
viral infection, tumorigenesis and cancer progression (33,34).

Fas/Fas‑L are cell membrane molecules, and serve as pro‑apoptotic factors in the death receptor signaling pathway (35,36).
The specific binding of Fas/Fas‑L may initiate pro‑apoptitic
signaling (37,38). Due to the important roles of NF‑κ B and Fas
in apoptosis (39‑43), it was hypothesized that the anti‑tumor
effects of salinomyin may be associated with these proteins.
Parajuli et al (44) demonstrated that salinomycin could inhibit
nuclear transport of NF‑κ B. Consistently, immunocytochemistry results of the present study revealed that salinomycin
downregulated NF‑κ B protein expression, whereas upregulated Fas‑L protein expression in SGC‑7901 cells. Therefore,
the pro‑apoptotic effects of salinomycin and 17‑AAG may be
associated with inhibition of the NF‑κ B signaling pathway,
and activation of the Fas/Fas‑L signaling pathway.
In conclusion, the individual use of salinomycin and
combined use with 17‑AAG may significantly inhibit
SGC‑7901 gastric cancer cell proliferation and induce cell
apoptosis. The potential mechanisms may be associated with
upregulation of Fas‑L and downregulation of NF‑κ B. These
results provide a basis for the potential use of salinomycin in
gastric cancer treatment.
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