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Sinomenine sensitizes human gastric cancer cells to cisplatin 
through negative regulation of PI3K/AKT/Wnt signaling 
pathway
Ying Liua, Changqing Liua, Ting Tana, Shang Lia, Shunyu Tanga and  
Xingyin Chenb  

Sinomenine (SIN) has been reported its antitumor 
effects on various types of human cancers, but there 
is no available information regarding the antitumor 
effects of SIN and cisplatin on gastric cancer. Here, we 
examined the antitumor effects of SIN combined with 
cisplatin on gastric cancer cells as well as the underlying 
biological mechanisms. CCK-8 assay and Calcusyn 2.0 
software analysis, Hoechst 33258 staining and flow 
cytometry, transwell assay showed that SIN and cisplatin 
synergistically inhibited growth, induced apoptosis, and 
suppressed invasion than did either drug alone in gastric 
cancer cells. Interestingly, no change in the AKT level 
was found, whereas SIN and cisplatin led to a dramatic 
decrease in p-AKT level compared with either alone 
treatment. SIN and cisplatin further decreased the Bcl-2, 
procaspase-3, and β-catenin, but increased Bax, cleaved 
dcaspase 3, MMP9, and MMP2 in combined group than in 
either alone group. Immunofluorescence staining showed 

again a significant decrease in nucleus β-catenin was 
found in combined group. These data suggested that SIN 
sensitizes human gastric cancer cells to cisplatin through 
negative regulation of PI3K/AKT/Wnt signaling pathway. In 
conclusion, SIN and cisplatin exerted synergistic antitumor 
effects in gastric cancer cells and might constitute a 
promising therapeutic approach for gastric cancer.  
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Introduction
Gastric cancer prevails as one of most common type 
of malignant tumors affecting humans worldwide [1]. 
Majority of patients with gastric cancer were usually 
diagnosed at advanced stage, which negates the surgical 
treatment [2]. Although the conventional chemotherapy 
has been commonly used in gastric cancer treatment for 
decades, the clinical outcomes were far from satisfactory 
due to drug resistance and cell toxicity [3,4]. Therefore, 
the application of efficient agents to improve the sensi-
tivity to conventional chemotherapy drugs has become a 
promising strategy for gastric cancer patients.

Sinomenine (SIN) is a bioactive constituent of sinome-
nium acutum, famous for its multiple biological activities 
including anti-inflammation, antiangiogenesids, antiarthri-
tis, and immunosuppression [5–7]. Recently, increasing 
studies suggested that SIN showed a potential antitumor 
effects in various types of cancers with low toxicity [8,9]. 
Aberrant hyperactivation of PI3K/AKT pathway is one 
of the most common tumor-related signaling pathways; 

interestingly, PI3k/AKT pathway has been reported to 
involve in the process of antitumor effects of SIN [10,11]. 
SIN might also, respectively, sensitize gastric cancer and 
colon cancer to 5-fluorouracil both in vitro and in vivo 
[12,13]. These research studies indicated the potentials of 
SIN in curing human cancers, and it seems to be as a new 
combination regimen with greater therapeutic effects.

Cisplatin is a well known chemotherapeutic drug for treat-
ment of numerous human cancers. Its molecular mecha-
nisms of action has been related to its ability of interfering 
with DNA repair mechanisms, causing DNA damage, 
and subsequently inducing apoptosis in cancer cells [14]. 
However, single cisplatin chemotherapy is not ideal for the 
treatment of cancer; drug resistance has been observed in 
many patients who have relapsed from cisplatin treatment. 
Hence, increasing research demonstrated its potentials of 
cisplatin-based combination therapy in treating ovarian 
cancer [15], gastric cancer [16], esophageal carcinoma [17], 
lung cancer [18], pancreatic cancer [19], and so on.

To date, there is no available information regarding the 
antitumor effects of SIN and cisplatin. Here, this study 
first assesses the antitumor effects of SIN combined with 
cisplatin on gastric cancer cell lines as well as the under-
lying biological mechanisms.
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Materials and methods
Cell culture, reagents, and antibodies
Three human gastric cancer cells (HGC-27, BGC-823, 
and SGC-7901) were obtained from the China Center 
for Type Culture Collection. The human normal gastric 
epithelial GES-1 cell lines were purchased from iCell 
Bioscience Inc. (China, Shanghai). The cells were main-
tained in DMEM/F-12 medium containing 10% fetal 
bovine serum plus 1% antibiotics (100 IU penicillin and 
100 µg/mL streptomycin) in a humidified incubator at 
37°C with 5% CO

2
 atmosphere.

SIN (C19H23NO4·0.3 CHCl3) (Fig.  1a) from Pubchem 
Compound) was purchased from Sigma (Sigma-Aldrich) 
and dissolved in 100% dimethylsulfoxide (DMSO) to pre-
pare a 100 mM stock solution for storage at −20°C. Cisplatin 
was obtained from Sigma and dissolved in normal saline, 
which was stored at −20°C at a concentration of 4 mg/mL.

Primary antibodies against AKT, p-AKT, Bax, Bcl-2, pro-
caspase3, cleaved caspase3 and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) were purchased from 
Cell Signaling Technology. Antibodies against β-catenin, 
MMP-2, and MMP-9 were purchased from Abcam. The 
effective working concentration for the above was 1:1000.
The secondary antibodies were from LI-COR from 
Selleckchem, diluted to 1:10 000.

Cell viability inhibition by sinomenine combined with 
cisplatin
Cell viability was assessed quantitatively using a Cell 
Counting Kit-8 (Beyotime) according to the manufactures’ 
instructions. Cells were seeded in 96-well micro plates at 
a density of 5 × 103/well, and the medium was replaced the 
next day by fresh medium containing SIN (0, 50, 100, 200, 
400, and 800 μM) and/or cisplatin (0, 0.5, 1, 2, 4, and 8 μg/
mL) diluted from the stock solution for 24 hours. Then, 
100 μL of the CCK-8 diluted to 1:10, was added to each 
well, and cells were next incubated for 2 hours. DMEM 
containing 10% CCK-8 was used as a control. The absorb-
ance at 450 nm was detected using a microplate reader.

Hoechst 33258 staining for apoptosis
Gastric cancer cells in logarithmic growth phase were 
placed at a final concentration of 5 × 105 cells per well in a 
six-well plate, which were treated with SIN and/or cispla-
tin for 24 hours. The cells were subsequently fixed, washed 
three times with PBS, and stained with Hoechst 33258 
(Beyotime). Apoptotic features were assessed by analyz-
ing chromatin condensation and by staining the fragments 
under an inverted fluorescent microscope (Olympus).

Annexin V/PI staining for apoptosis
PE Annexin V Apoptosis Detection Kit (Biosciences) was 
used to quantify the percentage of apoptotic cells by flow 
cytometry. Gastric cancer cells were cultured in the six-
plated and exposed to SIN and/or cisplatin for 24 hours 
as described above. According to the manufacturer’s 

instructions, adherent cells were harvested and co-stained 
with 5 μL Annexin V-PE and 5 μL 7-AAD prior to flow 
cytometric analysis. The density plots show cell popula-
tions (live, early apoptotic, necrotic, and late apoptotic or 
dead cells) according to their fluorescence characteristics.

Cell invasion assay
After treated with SIN and/or cisplatin for 24 hours, the 
gastric cancer cells were digested and suspended. A total 
of 100 μL of the cell suspension (8 × 103 cells cultured 
with serum-free medium) was seeded into the upper 
chamber of a Transwell insert (polycarbonate membranes 
with 8 mm pores; Corning) precoated with Matrigel (BD 
Biosciences) (1:8 diluent of 50 mg/L Matrigel plated in 
4°C for 2 hours).

Western blot analysis
HGC-27 cells were grown into a six-well plate for 24 hours, 
and treated with SIN and/or cisplatin as mentioned above. 
Total protein was extracted from cells line using radio 
immunoprecipitation assay buffer mixtured with protease 
inhibitor for 20 minutes on ice. A total of 40 μg proteins 
was resolved by 10% SDS-PAGE and then transferred to 
PVDF membranes (Millipore) using a wet transfer sys-
tem. Membranes were blocked with 5% nonfat in TBS 
containing 0.1% Tween-20 for 1 hour at room tempera-
ture, and then incubated with various primary antibodies 
(working concentration, 1: 1000) against AKT, p-AKT, 
Bcl-2, Bax, cleaved caspase3, procaspase3, β-catenin, 
MMP-9, MMP-2, and GAPDH overnight at 4°C. After 
washed with three times TBST, the membranes were 
incubated with secondary antibody for 1 hour at dark box. 
Immunoreactive protein bands were visualized with an 
Odyssey Infrared Imaging System (LI-COR Biosciences).

Immunofluorescence staining for β-catenin
HGC-27 cells were seeded on sterilized glass covers-
lips layed into six-well plate, and treated with SIN and/

Fig. 1

The structure of sinomenine (SIN) from Pubchem compound.
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or cisplatin for 24 hours. Cell samples were fixed, and 
then were incubated with primary antibodies against 
β-catenin (1:100) overnight at 4°C. After that, cells 
were incubation with the secondary antibody conju-
gated with rhodamine for 30 minutes, then mounted 
in medium containing DAPI for 10 minutes at room 
temperature. Images were obtained under fluorescent 
microscopy.

Statistical analysis
Statistical analysis was performed using SPSS version 
20.0. Data were presented as mean ± SD. The statistical 
significance of the studies was analyzed using unpaired 
two-tailed Student t-test. The difference was considered 
statistically significant at P < 0.05.

Results
Sinomenine and cisplatin synergistically inhibit gastric 
cancer cells proliferation
To investigate the effect of SIN and/or cisplatin on gas-
tric cancer cells, the inhibitory effect of treatment on cell 
proliferation was detected by the CCK-8 assay. Gastric 
cancer cell lines were treated with SIN (0, 50, 100, 200, 
400, 800 μM) and/or cisplatin (0, 0.5, 1, 2, 4, 8 μg/mL) for 
24 hours. As shown in Fig. 2a, c, and e, SIN and cispla-
tin can exhibit, respectively, inhibition of gastric cancer 
cells growth by CCK-8 assay in a concentration-depend-
ent manner. The SIN mean IC50 for HGC-27, SGC-
7901, and BGC-803 at 24 hours was 372.60, 284.40, and 
279.70 μM; The cisplatin mean IC50 for HGC-27, SGC-
7901, and BGC-803 at 24 hours was 3.85, 3.13, and 4.18 μg/

Fig. 2

Effects of sinomenine (SIN) or/and cisplatin on gastric cancer cells viability were evaluated by CCK-8. (a), (c), and (e) HGC-27, SGC-7901, and 
BGC-823 cell lines were treated with SIN (0, 50, 100, 200, 400, 800 μM) and/or cisplatin (0, 0.5, 1, 2, 4, 8 μg/mL) for 24 hours, respectively. (b), 
(d), and (f) Combination index curve for HGC-27, SGC-7901, and BGC-823 cell lines was treated as above. The combination index values were 
determined using the Calcusyn 2.0 software. Combination index = 1, cumulative effect; combination index < 1, synergistic effect; and combination 
index > 1, antagonistic effect.
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mL (Table 1). Interestingly, we also found SIN combined 
with cisplatin (molar ratio 100: 1) inhibited gastric cancer 
cells proliferation more effectively than either compound 
alone did (shown in Fig. 2a, c, and e red line, *P < 0.05). 
Here, the Calcusyn 2.0 software was further analyzed 
the combination index. Figure 2b, d, and f showed that 
combination index value was less than 1 in most concen-
tration ranges, which meant SIN and cisplatin exerted 
synergistic antiproliferative effect on gastric cancer cells.

Additionally, the results in Fig.  3 showed SIN has no 
obvious inhibitory effect on human normal gastric epi-
thelial GES-1 cell lines in the SIN concentration range 
from 50 to 400 μM, and the cell viability at SIN 800 and 
1000 μM was 86.7 and 76.2%. All the above results indi-
cated SIN has no significant inhibitory effect on GES-1 
cells within a certain range, but SIN in this range can 
exert synergistic antiproliferative effect on gastric cancer 
cells with cisplatin.

Apoptosis induced by sinomenine and cisplatin
To investigate whether the inhibitory effect of SIN and 
cisplatin is related to the induction of apoptosis, Hoechst 
33258 staining was performed. Normal-blue fluorescence 
was found in normal cells, whereas condensed nuclei and 
karyorrhexis with bright-blue fluorescence were found in 
a1poptosis cells. As shown in Fig.  4a, more bright-blue 

fluorescent nuclei were found in SIN (100 μM) and/or 
cisplatin(1 μg/mL) group than in control. The percent-
ages of apoptotic cells in treated groups (cisplatin 1 μg/
mL, SIN 100 μM and combination) were 10.73 ± 2.93%, 
12.97 ± 1.89%, and 36.1 ± 4.76%, respectively (Fig.  4b, 
P < 0.05), which revealed that SIN sensitizes gastric can-
cer cells to cisplatin-induced apoptosis.

Apoptosis induced by SIN and cisplatin was further 
detected by Annexin PE/7-AAD staining. As shown in 
Fig. 4c, the percentages of apoptotic cells (Q2 and Q4) in 
treated groups (cisplatin 1 μg/mL, SIN 100 μM, and com-
bination ) were 11.88, 19.63, and 40.97%, respectively 
(Fig.  4c). Above results suggested that the combined 
treatment had a stronger apoptotic effect than either 
individual treatment did.

Sinomenine and cisplatin synergistically suppress 
gastric cancer cells invasion
A transwell assay was performed, showing the invasion 
abilities of gastric cancer cells. As shown in Fig. 5, inva-
sive cell counts were significantly decreased in those 
treated with SIN and/or cisplatin compared with control 
group (Fig.  5a), invasive cell counts in treated groups 
(cisplatin 1 μg/mL, SIN 100 μM, and combination) 
were 22.33 ± 3.30, 16 ± 4.32 and 6.33 ± 1.70, respectively 
(Fig. 5b, P < 0.05), which indicated that SIN and cisplatin 
synergistically inhibit gastric cancer cells invasion.

Sinomenine enhanced cisplatin-induced antitumor 
effects on gastric cancer cells via suppressing PI3K/
AKT/Wnt signaling pathways
To explore the synergistic mechanism of SIN and cis-
platin on the proliferation, apoptosis and invasion of 
gastric cancer cells, the level of key proteins was further 
measured by Western blot (Fig.  6a–d). The cells were 
treated with cisplatin and/or SIN for 24 hours as above. As 
shown in Fig. 6a, no change in the AKT level was found, 
whereas SIN and cisplatin led to a dramatic decrease in 
the p-AKT level compared with either alone treatment. 
Figure 6a also showed SIN and/or cisplatin increased Bax 
expression and decreased Bcl-2 expression in the cells, 
decreasing the Bcl-2/Bax ratio. The decrease in the Bcl-2/
Bax ratio was greater in the combined group than that in 
either alone group (Fig. 6b, P < 0.05). The levels of apop-
totic proteins cleaved caspase-3 increased significantly 
in treatment groups compared with the control group, 
increasing the cleaved caspase-3/procaspase-3 ratio. The 
increase in the cleavedcaspase-3/procaspase-3 ratio was 
much higher in combined group than in either alone 
group (Fig.  6c, P < 0.05). The above results suggested 
SIN treatment further potentiated cisplatin-induced 
apoptotic and proapoptotic protein changes via PI3K/
AKT pathways.

Wnt/β-catenin signaling pathway was closely involved in 
the differentiation, invasion, and metastasis of carcinoma. 
Hence, we detected whether SIN and cisplatin medicates 

Table 1  Summary of IC50 values of sinomenine or cisplatin in 
gastric cancer cells.

Cell type

Drug IC50 (mean ± SD)

Sinomenine (μmol/L) Cisplatin (μg/mL)

HGC-27 372.60 ± 97.40 3.85 ± 1.33
SGC-7901 284.40 ± 42.50 3.13 ± 0.37
BGC-823 279.70 ± 14.65 4.18 ± 0.90

Fig. 3

Effects of sinomenine (SIN) on human normal gastric epithelial GES-1 
cell lines by CCK-8. The cell viability in control was noted by red line. 
*P < 0.05 vs control.
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the viability of this key pathway. Figure  6d showed a 
decrease level in β-catenin, and its downstream targeted 
proteins MMP-9 and MMP-2 in combined group than 

either alone group. Figure  6e presented a quantitative 
analysis of proteins in (Fig. 6d), showing a significant dif-
ference in the β-catenin, MMP9, and MMP2 proteins in 

Fig. 4

Apoptosis induced by sinomenine (SIN) (100 μM) and/or cisplatin (1 μg/mL)for 24 hours on HGC-27 cell lines. (a) Apoptosis was evaluated by Hoechst 
33258 straining. Normal-blue fluorescence was found in normal cells, whereas condensed nuclei and karyorrhexis with bright-blue fluorescence were 
found in apoptosis cells. Original magnification: 200×. (b) Quantitative analysis of apoptotic cells rate in each group in (a). Bar graph for the apoptosis 
rate in cisplatin, SIN, combination of SIN and cisplatin. *P < 0.05 versus control cells; #P < 0.05 versus 1 μg/mL cisplatin alone cells. (c) Detection of 
apoptosis rate of gastric cancer cells by Annexin V-PE/7-AAD staining. All the above data are mean ± SD from the average of three experiments.

Fig. 5

Effects of sinomenine (SIN) or/and cisplatin on gastric cancer cells invasion were evaluated by Transwell assay with Matrigel. HGC-27 cell lines 
were treated with SIN and/or cisplatin for 24 hours as above. (a) The number of cells that invaded through the membrane precoated with Matrigel 
was counted under a light microscope with 200C× magnification. (b) Bar graph of the relative number of invading cells in (a). *P < 0.05 versus 
control cells; #P < 0.05 versus 1 μg/mL cisplatin alone cells.
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treated groups (P < 0.05, respectively). Interestingly, the 
expression and location of β-catenin were also measured 
by immunofluorescence staining (Fig.  6f). Cells in the 
control group showed accumulated β-catenin staining in 
cytoplasm and nucleus. However, cisplatin led to a fewer 
fluorescence staining of β-catenin compared with the con-
trol group, which was strengthened by SIN. A significant 
decrease in nucleus β-catenin was found in the combined 
group than in SIN or cisplatin alone (Fig. 6e). All the above 
results indicated SIN and cisplatin synergistically suppress 
gastric cancer cells biological behaviors by medicating the 
inactivation of PI3K/AKT/Wnt signaling pathways.

Discussion
Gastric cancer is the mainly gastrointestinal malignant 
tumor. Recent cancer statistics have shown an increasing 
trend on the incidence and mortality rate of gastric can-
cer, with estimated 27 510 new cases and 11 140 deaths 
[20]. Majority of patients often present with advanced 
stage because gastric cancer is always asymptomatic in 
its early stages, which affirms chemotherapy regimens 

represent the primary treatment option for gastric can-
cer. However, the overall outcome remains poor mainly 
due to drug resistance. It is vital to develop novel natural 
agents and combination of regimens to improve therapy 
for advanced gastric cancer.

To overcome drug resistance, cisplatin has commonly 
used in combination with other drugs in treating numer-
ous human cancers [14]. Up to now, more and more 
studies have reported that the antitumor effect of SIN 
[11,21]. Previous studies has identified SIN augments 
5-FU induced apoptosis on gastrointestinal tumors both 
in vivo and in vitro [13,22]. However, the specific mecha-
nism is still unclear, and a few studies focus on the anti-
tumor effects of SIN and cisplatin. In this research, we 
found SIN and cisplatin synergistically inhibit gastric 
cancer cells biological behaviors through inactivating 
PI3K/AKT/Wnt signaling pathways.

SIN was an active alkaloid isolated from China natural 
plant Caulis sinomenii, which has been widely used in 
the treatment of acute arthritis and rheumatoid arthritis 

Fig. 6

Sinomenine (SIN) and cisplatin regulated the PI3K/AKT/Wnt signaling pathways in gastric cancer. HGC-27 cell lines were treated with SIN and/
or cisplatin for 24 hours as above. (a) Effects of SIN and cisplatin on the PI3L/AKT pathway were analyzed by Western blotting. (b) Analysis of 
the Bcl-2/Bax ratio in (a). (c) Analysis of the cleaved caspase 3/procaspase 3 ratio in (a). (d) Effects of SIN and cisplatin on the Wnt/β-catenin 
pathways were analyzed by Western blotting. (e) Quantitative analysis of proteins in (d). (f) Immunofluorescence staining of β-catenin expression in 
HGC-27 cells. B-catenin proteins were stained with rhodamine (red) and nuclei were stained with DAPI (blue). All the experiments are carried out 
three times.*P < 0.05 versus control cells; #P < 0.05 versus 1 μg/mL cisplatin alone cells.
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(RA) clinically for SIN possessing anti-inflammatory 
and immunoregulatory properties [23,24]. It has also 
been reported SIN might be even more favorable than 
NSAIDs for the RA patients [25]. Interestingly, the 
SIN-hyaluronic acid conjugate seemed to be an effec-
tive therapeutic means for the treatment of knee oste-
oarthritis [26]. A recent research also showed SIN could 
decrease the expression of CD14/TLR4 and intracel-
lular free calcium level, activate JAK2/STAT3 pathway 
to inhibit inflammatory response through α7nAChR in 
macrophages [27]. Besides that, SIN has also been widely 
used in a variety of cancers including prostate cancer [28], 
esophageal squamous cell carcinoma [29], renal carci-
noma [11], and breast cancer [30]. These research studies 
indicated the promising potentials of SIN in suppressing 
the proliferation and metastasis of cancers.

Research studies have also shown SIN inhibited prolif-
eration of SGC-7901 gastric adenocarcinoma cells and 
tremendously suppress the growth of LoVo cells com-
pared to 5-FU alone group [8,13]. A similar conclusion 
was drawn in our research that SIN exhibited inhibition 
of three gastric cancer cell lines growth in a concentra-
tion-dependent manner. Our results also revealed SIN 
and cisplatin exerted synergistic antiproliferative effect 
on gastric cancer cells. Meanwhile, we found SIN has no 
significant inhibitory effect on human normal gastric epi-
thelial GES-1 cell lines within an effective concentration 
range, which indicated the relatively low toxicity of SIN 
(Fig. 3). We further detected SIN augments cisplatin-in-
duced apoptosis in gastric cancer cells, which was assessed 
by Hoechst 33258 staining and Annexin V/PI staining, as 
the percentage of apoptosis was higher in gastric cancer 
cells treated with combined treatment group than with 
either agent alone. In addition, research has shown SIN 
inhibits the migration and invasion of PC3/KYSE150/
KYSE450/Het-1A cells [28,30], which approved our 
results SIN and cisplatin synergistically suppress gastric 
cancer cells invasion, as the invasive cell counts were 
average 6.33 in SIN+ciaplstin group (P < 0.05). Above 
evidences approved this first finding that SIN treatment 
in combination with cisplatin has stronger anti-tumor 
effects on gastric cancer cells than either agent alone.

Western-blot analysis was performed to further clarify 
the synergistic mechanism of SIN and cisplatin on the 
proliferation, apoptosis, and invasion of gastric cancer 
cells. Research has clarified that PI3K/AKT pathway is 
overactivated in more pathway components and in more 
tumor types than any other signaling pathways involved 
in numerous cancer [31]. In this research, SIN functioned 
as a growth inhibitor of PI3K/AKT signaling pathways, 
as SIN led to an obvious decrease in the p-AKT level 
compared with the control group, and SIN in combi-
nation with cisplatin resulted in a dramatic decrease 
in the p-AKT level compared with either agent alone. 
Researchers have demonstrated activated AKT phospho-
rylates a large number of substrates controlling cellular 

functions, including cell survival, growth, metabolism, 
tumorigenesis, and metastasis [32]. Hence, we further 
detected the downstream targets of PI3K/AKT pathway.

In this study, SIN and cisplatin caused an increase in the 
levels of apoptotic proteins Bax and cleaved caspase-3, 
and a decrease in Bcl-2, procaspase-3, which decreases 
the Bcl-2/Bax ratio and increases the cleaved caspase-3/
procaspase-3 ratio. These results further approved the 
findings by Hoechst 33258 staining and Annexin V/PI 
staining. Nowadays, two major apoptotic pathways have 
been well characterized: the cell death receptor-mediated 
extrinsic pathway and the mitochondria-mediated intrin-
sic pathway. It has been reported Bcl-2 family proteins 
were important components of mitochondrial permeabil-
ity transition pore (mPTP), and the structure and permea-
bility of mPTP will be changed as Bcl-2/Bax protein ratio 
is reduced [33]. The mitochondrial outer membrane per-
meabilization then caused the release of Cyt C and AIF 
and then activation of caspase-9 and caspase-3/-7 subse-
quently [34]. The above evidences revealed the combi-
nation of SIN and cisplatin could induce gastric cancer 
cells intrinsic apoptosis through PI3K/AKT pathways.

We also found a decrease level of β-catenin and its down-
stream targeted proteins MMP-9 and MMP-2 in the com-
bined group than either alone group, further approving 
our results from transwell assay (Fig. 5). A pivotal process 
of cancer invasion and metastasis is the proteolytic deg-
radation of the extracellular matrix by MMPs, especially 
MMP-2 and MMP-9 [35]. Previous research presented 
accumulation and activation of β-catenin in cytoplasm is 
the critical process of Wnt/β-catenin signaling pathway. 
It has also been reported GSK-3β was a common point 
of intersection between PI3K/AKT and Wnt/β-catenin 
signaling pathways [36,37]. Many research studies have 
also reported that MMP-2 and MMP-9 expression were 
mediated by the PI3K/Akt pathway [38,39]. These evi-
dences and observations above contribute to indicating 
combined treatment of SIN and cisplatin synergistically 
suppress gastric cancer cells invasion through negative 
regulation of PI3K/AKT/Wnt signaling pathway.

Conclusion
In conclusion, our study suggests that SIN sensitizes 
gastric cancer cells to cisplatin via negative regulation 
of PI3K/AKT/Wnt signaling pathway. This study sug-
gests the potential usefulness of SIN, a promising che-
mosensitized antitumor agent, in the management of 
gastric cancer. However, some points remain unclear: 
how does SIN with cisplatin induce the decrease in lev-
els of p-AKT? We should ask whether other important 
factors participate in SIN sensitizing gastric cancer cells 
to cisplatin. Additionally, studies are also necessary to 
demonstrate the synergistic anti-tumor effects of SIN 
and cisplatin in vivo. These issues should be addressed 
in the future.
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