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Abstract. BP‑1‑102, a novel inhibitor of signal transducer 
and activator of transcription 3 (STAT3), exhibits signifi-
cant antitumor effects in several malignancies in vitro and 
in vivo. However, its role in gastric cancer (GC) remains to 
be elucidated. In the present study, the effect and potential 
molecular mechanisms of BP‑102 in human GC cell lines were 
investigated. The results showed that BP‑1‑02 dose‑depend-
ently inhibited the proliferation of AGS cells, whereas it 
had little effect on HGC‑27 cells. Flow cytometric analysis 
indicated that BP‑1‑102 induced apoptosis, but had minimal 
effect on cell cycle distribution. In addition, cells treated 
with BP‑1‑102 demonstrated markedly suppressed migration 
and invasion capacities. Western blot analysis revealed that 
BP‑1‑102 inhibited the phosphorylation of STAT3 and its 
target genes, including c‑Myc, cyclin D1 and survivin, in a 
time‑ and dose‑dependent manner. Furthermore, it was found 
that BP‑1‑102 induced the phosphorylation of c‑Jun N‑terminal 
kinase and p38 mitogen‑activated protein kinase (MAPK) and 
inhibited the activation of extracellular signal‑related kinases. 
Taken together, these results demonstrated that BP‑1‑102 may 
be a potent antitumor agent that acts through modulating the 
STAT3 and MAPK signaling pathways in GC cells.

Introduction

Gastric cancer (GC) is one of the most common causes of 
cancer‑associated mortality worldwide and is a major health 

problem in China with an increasing incidence and mortality 
rate according to a survey in 2015 (1,2). Although advances 
have been made in the detection and clinical treatment of GC in 
previous decades, marked variation in survival rates are found 
between patients diagnosed at different tumor stages. Patients 
diagnosed during the later stage often have metastatic disease 
and are no longer able to receive surgical treatment, leaving 
chemotherapy as the only available option  (3). However, 
chemotherapy is often associated with a low response rate, high 
toxicity and drug resistance in a large number of patients (4‑6). 
Therefore, there is an urgency for identifying and developing 
novel compounds to optimize therapeutic options and improve 
the prognosis of patients with GC.

Signal transducer and activator of transcription 3 (STAT3) 
is the most studied member of the STAT family and is 
constitutively activated in various malignancies, including 
GC (7). Under normal physiological conditions, cells exhibit 
transient STAT3 phosphorylation, which lasts for only a rela-
tively short period of time; however, once the tumor‑related 
signaling pathways are dysregulated, this process becomes 
constitutive  (8). Following activation, STAT3 undergoes 
phosphorylation‑induced dimerization, nuclear translocation 
and binding to its target genes, leading to the transcriptional 
activation of downstream target genes that regulate tumor 
cell proliferation and progression (3,9). There is substantial 
evidence demonstrating that the phosphorylation of STAT3 is 
abnormally activated in GC and that the constitutive activation 
of STAT3 is positively correlated with a poor prognosis and 
metastasis, indicating that it may serve as a negative prog-
nostic factor (7,10‑12). As a consequence, inhibitors targeting 
the activation of STAT3 offer promise in suppressing cancer 
proliferation and mobility and are being widely investigated 
in GC and several other types of cancer that contain activated 
STAT3 (13,14). However, the majority of STAT3 inhibitors fail 
to demonstrate satisfactory ability to suppress tumor growth 
and/or have high toxicity (15). Therefore, it remains important 
to identify novel inhibitors of STAT3 activation that are 
effective in treating GC, while producing minimal side effects.

In addition, the dysregulation of mitogen‑activated protein 
kinase (MAPK) signaling is closely associated with cell 
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growth, progression and apoptosis. The three most widely 
studied MAPKs are extracellular signal‑related kinases 
(ERKs), p38 MAPKs and c‑Jun NH2‑terminal kinases 
(JNKs) (16). Increasing evidence suggests that the activation 
of ERK, p38 and JNK MAPK signaling is involved in cancer 
initiation and progression, indicating that they may be prom-
ising therapeutic targets (17,18).

BP‑1‑102 was designed as a STAT3 inhibitor and is an 
analog of S3I‑201, which functions by disrupting STAT3 
homodimerization  (19). BP‑1‑102 inhibits the STAT3 Src 
homology 2 (SH2) domain, binds STAT3 with an affinity of 
504 nM, and disrupts STAT3:STAT3 complex formation with a 
half maximal inhibitory concentration (IC50) of 6.8 µM, which 
is a notable improvement from that of S3I‑201 (IC50=86 µM); 
however, BP‑1‑102 has minimal or no effect on other STATs, 
including STAT1 and STAT5 (20,21). The antitumor effect 
of BP‑1‑102 has been evaluated in human pancreatic, breast, 
prostate, liver and lung cancer in vitro, and in human breast 
and non‑small cell lung tumor xenografts in vivo through 
either tail vein or oral administration (20,21); however, its 
role in GC has not been reported. Therefore, in the present 
study, in  vitro experiments were conducted to investigate 
whether BP‑1‑102 exerts an antitumor effect on GC cells with 
constitutively activated STAT3 and to examine the molecular 
mechanisms involved.

Materials and methods

Cell lines and culture conditions. Five human gastric cancer 
cell lines (AGS, HGC‑27, MKN28, MGC803 and SGC7901) 
were obtained from the Institute of Cellular Biology (Chinese 
Academy of Science, Shanghai, China) and cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1% 
penicillin/streptomycin (Thermo Fisher Scientific, Inc.) in a 
humidified 37˚C incubator with 5% CO2.

Reagents and antibodies. The novel STAT3 inhibitor BP‑1‑102 
was obtained from Selleck Chemicals, LLC (Houston, TX, 
USA) and dissolved in sterile dimethyl sulfoxide (DMSO; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) and stored 
at ‑20˚C. The primary antibodies for STAT3 (cat. no. ab68153, 
monoclonal, raised in rabbit, 1:2,000), phosphorylated (p‑)
STAT3 (Y705; cat. no. ab76315, monoclonal, raised in rabbit, 
1:5,000), JNK (cat. no. ab208035, monoclonal, raised in rabbit, 
1:1,000), p38 MAPK (cat. no. ab170099, monoclonal, raised 
in rabbit, 1:1,000), p‑JNK (Y185/Y185/Y223; cat. no. ab76572, 
monoclonal, raised in rabbit, 1:5,000) and p‑p38 MAPK 
(T180/Y182; cat. no. ab195049, monoclonal, raised in rabbit, 
1:1,000) were purchased from Abcam (Cambridge, UK). The 
antibodies against p44/42 MAPK (ERK1/2; cat. no. 4695, 
monoclonal, raised in rabbit, 1:1,000), p‑p44/42 MAPK 
(p‑ERK1/2, T202/Y204; cat. no. 4377, monoclonal, raised 
in rabbit, 1:1,000), c‑Myc (cat. no. 9402, polyclonal, raised in 
rabbit, 1:1,000), cyclin D1 (cat. no. 2922, polyclonal, raised 
in rabbit, 1:1,000), survivin (cat. no. 2803, polyclonal, raised 
in rabbit, 1:1,000), cleaved‑PARP (c‑PARP, cat. no. 5625, poly-
clonal, raised in rabbit, 1:1,000), cleaved‑caspase 3 (c‑caspase 
3, cat.  no.  9661, polyclonal, raised in rabbit, 1:1,000) and 

BIM (cat. no. 2933, polyclonal, raised in rabbit, 1:1,000) were 
purchased from Cell Signaling Technology, Inc. (Beverly, 
MA, USA). GAPDH (cat.  no.  HRP‑60004, 1:1,000) and 
HRP‑conjugated secondary antibodies (cat. no. SA00001‑2, 
1:5,000) were purchased from ProteinTech Group, Inc. 
(Wuhan, China).

Cell viability assay. The AGS (3x103 cells/well) and HGC‑27 
(2x103  cells/well) cells were seeded into 96‑well plates, 
exposed to DMSO vehicle (1 µM) or various concentrations 
of BP‑1‑102 (2, 4 and 6 µM in 1 µM DMSO). The maximum 
final concentration of DMSO was ≤0.1% in the cell culture 
medium. Following incubation for 24, 48 and 72 h at 37˚C, a 
Cell Counting Kit‑8 (CCK8; Dojindo Molecular Technologies, 
Inc., Kumamato, Japan) was used to assess cell viability 
following the manufacturer's protocol, and the absorbance 
at a wavelength of 450 nm was measured using a microplate 
enzyme‑linked immunosorbent assay reader (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA).

Colony formation assay. The AGS (5x102  cells/well) and 
HGC‑27 (8x102 cells/well) cells were seeded in 6‑well culture 
plates, treated with different concentrations of BP‑1‑102 
(2, 4 and 6 µM in 1 µM DMSO) or DMSO vehicle (1 µM). 
Following culture for ~14 days, the colonies were fixed with 
95% ethanol, stained with 0.1% crystal violet for 30 min and 
washed with phosphate‑buffered saline, following which 
colony numbers were counted using an inverted microscope 
(magnification, x200; Zeiss GmbH, Jena, Germany).

Flow cytometry. Apoptosis was evaluated using the Annexin 
V‑fluorescein isothiocyanate (FITC)/propidium iodide (PI) 
Detection kit (BD Biosciences, San Jose, CA, USA). The AGS 
cells (2x105 cells/well) were seeded into 6‑well plates and 
incubated overnight, following which the cells were treated 
with the different concentrations of BP‑1‑102 for 8 h. The cells 
were then harvested and resuspended in 500 µl of 1X binding 
buffer solution, incubated with Annexin V‑FITC (5 µl) and 
PI (5 µl) at 4˚C for 15 min. Subsequently, the samples were 
analyzed within 1 h by flow cytometry (BD Biosciences) and 
BD CellQuest Pro software (version 2.0, BD Pharmingen; BD 
Biosciences).

For cell cycle analysis, the BP‑1‑102‑pretreated cells were 
trypsinized, fixed in 75% ethanol, incubated at 4˚C overnight, 
and then centrifuged at 800 x g for 5 min at room temperature. 
The cells were then re‑suspended in PI and RNase A solu-
tion for 30 min at room temperature in the dark and evaluated 
using flow cytometry (BD Biosciences) and BD CellQuest Pro 
software (BD Pharmingen; BD Biosciences) within 1 h.

Transwell assay for migration and invasion. For the migration 
and invasion assays, the cells were pre‑exposed to BP‑1‑102 
(6 µM in 1 µM DMSO) or DMSO vehicle (1 µM) for 8 h and 
24‑well Transwell® plates with 8‑µm pore polycarbonate filters 
(Costar; Corning Incorporated, Corning, NY, USA) were 
used. The cells were harvested in serum‑free RPMI‑1640 
medium at a density of 5x104  cells in 200  µl and seeded 
into the upper chambers, which had either been coated with 
Matrigel (BD Biosciences) or left uncoated. Subsequently, 
700 µl of RPMI‑1640 complete medium was added to the 
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lower chambers. Following incubation for 18 h, the cells that 
had penetrated the membrane into the lower chamber were 
fixed with 95% ethanol and stained with 0.1% crystal violet. 
Images were then captured with a light microscope under 
x200 magnification.

Western blot analysis. The cells (5x105  cells/well) were 
cultured in six‑well plates. Following treatment with BP‑1‑102 
(6 µM) for various durations (0, 3, 5 and 8 h) or at various 
concentrations of BP‑1‑102 (0, 2, 4 and 6 µM) for 8 h, the cells 
were harvested and quantified as previously described (22). 
Samples containing 20 µg of protein were subjected to elec-
trophoresis on 10 or 12% SDS‑PAGE gels and transferred 
onto a polyvinylidene difluoride membrane (EMD Millipore, 
Billerica, MA, USA). The membranes were blocked using 
blocking buffer (10% skimmed milk in Tris‑buffered saline 
containing 0.1% Tween‑20) for 1 h, incubated with primary 
antibodies overnight at 4˚C, and then incubated with 
anti‑rabbit HRP‑conjugated secondary antibodies. Finally, 
the immunoreactive protein bands were visualized using an 
enhanced chemiluminescence western blotting kit (Bio‑Rad 
Laboratories, Inc.) following the manufacturer's protocol.

Statistical analysis. Experimental data from experiments 
conducted in triplicate are presented as the mean ± standard 
deviation. Statistical analyses between two groups were 
performed using Student's t‑test, and multiple comparisons 
were made using one‑way analysis of variance followed by 
Dunnett's test (GraphPad Prism 5.01; GraphPad Software, Inc., 
San Diego, CA, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

BP‑1‑102 inhibits the growth of AGS cells. The chemical struc-
ture of BP‑1‑102 is shown in Fig. 1A. To evaluate the antitumor 
effect of BP‑1‑102, five GC cell‑lines (AGS, HGC‑27, MKN28, 
MGC803 and SGC7901) were used to examine the expression 
status and the phosphorylation level of STAT3. The AGS cells 
exhibited a high level of STAT3 Y705 phosphorylation, which 
is the most studied activated‑form of STAT3, whereas the 
HGC‑27 cells exhibited the lowest expression profile (Fig. 1B). 
Based on these results, the AGS and HGC‑27 cell lines were 
selected for subsequent experiments. The AGS and HGC‑27 
cells were exposed to various concentrations of BP‑1‑102 to 

evaluate its effect on the proliferation of GC cells using a 
CCK8 assay. Compared with the control group, BP‑1‑102 
treatment dose‑dependently suppressed the proliferation 
of AGS cells (Fig. 2A) but had no such inhibitory effect on 
HGC‑27 cells (Fig. 2B). Furthermore, the results of the colony 
formation assays showed that the BP‑1‑102‑treated AGS cells 
formed smaller and fewer colonies compared with those in the 
control group. BP‑1‑102 was less effective towards HGC‑27 
cells than AGS cells (Fig. 2C and D). These results indicated 
that BP‑1‑102 exerted a tumor suppressive role in GC cells 
lines and that this effect was enhanced by high expression 
levels of p‑STAT3 (Y705). Therefore, the AGS cell line was 
selected for subsequent experiments.

BP‑1‑102 induces apoptosis in AGS cells and has little effect 
on cell cycle. The Annexin V‑FITC/PI double staining assay 
was performed to investigate whether the antitumor effect 
of BP‑1‑102 was associated with the induction of apoptosis. 
As shown in Fig. 3A and B, the proportion of apoptotic AGS 
cells (Annexin V‑FITC positive) increased from 7.6% in the 
untreated control cells to 8.37, 11.04 and 13.91% following 
treatment for 8 h with 2, 4 and 6 µM of BP‑1‑102, respectively. 
The expression of apoptotic‑related proteins was analyzed 
by western blotting. As shown in Fig. 3C, BP‑1‑102 treat-
ment markedly increased the expression of cleaved‑poly 
(ADP‑ribose) polymerase (PARP), cleaved‑caspase 3, and 
B‑cell lymphoma 2 (Bcl‑2)‑interacting mediator of cell death 
(Bim) in a dose‑dependent manner. BP‑1‑102 treatment had 
no significant inf﻿﻿luence on the AGS cell cycle distribution 
(Fig. 3D and E).

BP‑1‑102 inhibits the mobility of AGS cells. Transwell 
assays were conducted to assess the effect of BP‑1‑102 on 
tumor cell migration and invasion. As shown in Fig.  4, 
the number of penetrating cells was significantly lower in 
the BP‑1‑102‑treated group (6 µM) compared with that in the 
control group (untreated). These data indicate the involvement 
of BP‑1‑102 in suppressing the mobility of AGS cells.

BP‑1‑102 inhibits the phosphorylation of STAT3 and its target 
genes in a time‑dependent and dose‑dependent manner. 
The previous findings demonstrated that BP‑1‑102 inhibited 
cell growth, migration and invasion ability and induced 
apoptosis. To gain insight into the potential mechanism of 
BP‑1‑102 activity in AGS cells, the activation of STAT3 and 

Figure 1. Expression status of STAT3 in GC cell lines. (A) Chemical structure of BP‑1‑102. (B) Constitutive expression of STAT3 and p‑STAT3 (Y 705) in five 
GC cell lines (AGS, HGC‑27, MKNK28, MGC803 and SGC7901). STAT3, signal transducer and activator of transcription 3; p‑, phosphorylated.
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its target genes were examined using western blot analysis. 
As shown in Fig. 5A, the expression of p‑STAT3 (Y705) was 
markedly suppressed by BP‑1‑102 treatment in a time‑ and 

dose‑dependent manner, whereas the expression levels of total 
STAT3 remained unchanged. The STAT3 signaling pathway 
regulates cell proliferation and survival by modulating the 

Figure 2. Inhibitory effects of BP‑1‑102 on the proliferation of AGS cells. Cell viability, determined by Cell Counting Kit‑8, of (A) AGS and (B) HGC‑27 cells 
treated with different concentrations of BP‑1‑102 for 72 h. (C) AGS and HGC‑27 cells were treated with BP‑1‑102 at 2‑6 µM and cultured for ~14 days until the 
colonies were visible. (D) Histograms of the number of cells in each treatment group in AGS (left) and HGC‑27 (right) cells. Data were obtained from three 
independent experiments. *P<0.05, **P<0.01 and ***P<0.001, vs. control. ns, not significant.
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expression of various target genes. The results showed that 
BP‑1‑102 also time‑ and dose‑dependently downregulated the 
expression of c‑Myc, cyclin D1 and survivin (Fig. 5B).

BP‑1‑102 modulates the expression of MAPKs. As BP‑1‑102 
inhibited cell growth and mobility and induced apoptosis, the 
possible mechanisms involved were investigated by evaluating 

Figure 3. BP‑1‑102 induces apoptosis in AGS cells and has little effect on cell cycle. (A) Annexin V and PI double staining of AGS cells was performed using 
flow cytometry to evaluate the apoptotic cells in AGS following exposure to different concentrations of BP‑1‑102 for 8 h. (B) Histograms of the percentage 
of apoptotic cells. (C) Western blot analysis of apoptosis‑related proteins. GAPDH was used as a protein loading control. (D) PI staining and flow cytometric 
analysis of AGS cells pretreated with different concentrations of BP‑1‑102 for 8 h. (E) Cell cycle distribution shown as histograms. The results are repre-
sentative of three independent experiments. **P<0.01 and ***P<0.001, vs. control. PARP, poly (ADP) ribose polymerase; Bim, B‑cell lymphoma‑2‑interacting 
mediator of cell death; c‑, cleaved; PI, propidium iodide; FITC, fluorescein isothiocyanate.
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Figure 5. BP‑1‑102 inhibits the phosphorylation of STAT3 and downregulates the expression of STAT3‑regulated genes in AGS cells in a time‑ and 
dose‑dependent manner. (A) Western blot analysis of p‑STAT3 and STAT3 in AGS cells following treatment with 6 µM BP‑1‑102 for various durations (left) or 
with different concentrations of BP‑1‑102 for 8 h (right). (B) BP‑1‑102 time‑dependently (left) and dose‑dependently (right) decreased the expression of c‑Myc, 
cyclin D1 and survivin in AGS cells. The results are representative of three independent experiments. STAT3, signal transducer and activator of transcription 3; 
p‑, phosphorylated.

Figure 4. BP‑1‑102 suppresses the migration and invasion of AGS cells. Transwell assay showed that BP‑1‑102 markedly attenuated the migration (without 
Matrigel) and invasion capacity (with Matrigel) of AGS cells. Following pre‑exposure to BP‑1‑102 for 8 h, the cells were seeded in the top compartment of 
the Transwell chambers and incubated for 18 h (magnification, x200). The numbers of migrated and invaded cells were quantified from three independent 
experiments. **P<0.01, vs. control.
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the effect of BP‑1‑102 treatment on the elementary activation 
status of MAPKs. As shown in Fig. 6, following exposure of 
the AGS cells to BP‑1‑102, the phosphorylation of p38 and 
JNK was upregulated, whereas the phosphorylation of ERK 
was decreased, in a time‑ and dose‑dependent manner rela-
tive to the total levels of p38, JNK and ERK, which served as 
internal controls.

Discussion

STAT3 is pivotal in signal transduction and transcription, and 
regulates the transcriptional activity of downstream target 
genes involved in cell proliferation (c‑Myc and cyclin D1), 
anti‑apoptotic genes (Bcl‑2, Bcl‑extra large and survivin) 
and genes involved in invasion (matrix metalloproteinase‑2 
and ‑9) (23,24). Although the basal expression levels differ 
in tissues from different organs, STAT3 is frequently over-
expressed or constitutively activated in human solid tumors 
compared with matched normal tissues  (25). Previously, 
constitutively activated STAT3 was reported to occur in 
various types of cancer, including prostate, renal, breast, 
ovarian and liver cancer, and is correlated with poor overall 
survival rates of patients with lung cancer or GC (26‑28). 
In particular, a previous study of GC found that the 
overexpression levels of p‑STAT3 and total STAT3 were 
correlated with poor overall survival rate (29). Therefore, 
although the role of STAT3 in tumorigenesis remains to be 
fully elucidated, the inhibition of STAT3 continues to be an 
attractive strategy for the clinical treatment of tumors with 
activated STAT3.

Several strategies have been established for the inhibition of 
STAT3, including the inhibition of upstream activators, inhib-
iting the phosphorylation of STAT3 itself, and suppressing 
the nuclear translocation of STAT3; notably a large number 
of inhibitors targeting STAT3 have been identified over the 
last few decades  (14,30). Specifically, several non‑peptide 
STAT3‑SH2 domain inhibitors, including S3I‑201, STATTIC 
and STA‑21, have been found to be effective in suppressing 
cell growth in vitro and in vivo (31‑33). S3I‑201 (NSC 74859) 
was effective in inhibiting the formation of STAT3 dimers 
(IC50=86 µM) and the expression of STAT3 target genes (c‑Myc, 
cyclin D1 and survivin) in breast cancer (33). In liver cancer, 
it was found that S3I‑201 was not only able to inhibit tumor 
growth but also significantly enhanced the antitumor effects of 
cetuximab and doxorubicin (34‑36). STATTIC can selectively 
inhibit STAT3 dimerization (IC50=5.1 µM) and nuclear trans-
location in breast and liver cancer (31). In addition, it has been 
found that STATTIC enhances chemo‑ and radio‑sensitivity in 
patients with head and neck squamous cell carcinoma (37,38). 
STA‑21 was found to reduce the survival of breast carcinoma 
cells with hyperactivated STAT3; however, it exerted little 
effect on cells with a low expression of activated STAT3 (32). 
STA‑21 has been also reported to be involved in regulating cell 
differentiation and inflammation (39‑41). However, although 
present inhibitors have an acceptable antitumor effect, they 
are neither effective at low concentrations nor orally bioavail-
able. For these reasons, although substantial progress has been 
made, further progress is necessary, and novel inhibitors with 
higher efficiency, improved bioavailability and fewer side 
effects are required. BP‑1‑102 is a novel orally bioavailable 

Figure 6. Effects of BP‑1‑102 on MAPKs. Western blot analysis was used to evaluate the expression of MAPKs (p‑ERK, ERK, p‑p38, p38, p‑JNK and JNK). 
Cells were treated with the indicated drug concentrations for different durations (right) or with indicated concentrations of BP‑1‑102 for 8 h (right). The results 
are representative of at least three independent experiments. MAPK, mitogen‑activated protein kinase; ERK, extracellular signal‑regulated kinase; JNK, c‑Jun 
NH2‑terminal kinase; p‑, phosphorylated.
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STAT3 inhibitor that functions by directly interacting with 
STAT3 at a relatively low concentration (IC50=6.4 µM) and 
has been shown to have significant antitumor effects in several 
tumors (19); however, its potential use in GC treatment has not 
been investigated previously.

In the present study, cell growth, colony formation, apop-
tosis, cell cycle and cell mobility were evaluated in vitro to 
determine the effect of BP‑1‑102 on the biological characteris-
tics of AGS cells. It was found for the first time, to the best of 
our knowledge, that BP‑1‑102 exhibited superior suppressive 
effects on the cell proliferation and colony formation capaci-
ties of AGS cells with a higher expression level of p‑STAT3 
(Y705) than HGC‑27 cells with lower expression levels of 
p‑STAT3 (Y705). In addition, the expression status of STAT3 
and several STAT3‑regulated genes were examined. The 
results revealed that the constitutive activation of STAT3 was 
inhibited by BP‑1‑102 in a time‑ and dose‑dependent manner. 
Subsequently, the expression levels of c‑Myc and cyclin D1, 
two proteins associated with the inhibition of cell prolif-
eration, decreased when the cells were exposed to BP‑1‑102. 
Apoptosis assays demonstrated that the proportion of apoptotic 
cells increased upon incubation of the cells with BP‑1‑102, 
which can be attributed to suppression of the anti‑apoptotic 
protein surviving (42). Additionally, several apoptotic‑related 
proteins were measured via western blotting. When exposed 
to BP‑1‑102, the expression of cleaved‑PARP, cleaved‑caspase 
3 and pro‑apoptotic Bim were markedly increased in the AGS 
cells in a dose‑dependent manner. However, although a signifi-
cant decrease in the expression of cyclin D1, an important 
target in regulating cell cycle (43), was observed, the cell cycle 
distribution of AGS cells remained unchanged when pretreated 
with BP‑1‑102 for 8 h. In addition, based on the results of the 
Transwell assays, the migration and invasion capacities of 
AGS cells were markedly suppressed by BP‑1‑102 treatment. 
The detailed mechanisms underlying these effects of BP‑1‑102 
on AGS cells remain to be elucidated.

The dysregulation of MAPK is critical in tumor 
development (18,44). ERK, the most widely studied MAPK, 
has been shown to be a major regulator in cell growth and 
the activation of p38 and JNK MAPKs are reported to be 
positively correlated with apoptosis (16,45,46). In the present 
study, BP‑1‑102 was found to activate JNK and p38 MAPK and 
to inactivate ERK in AGS cells in a time‑ and dose‑dependent 
manner. The results suggest that BP‑1‑102 may also act as a 
MAPK regulator in AGS cells. However, future investigations 
are warranted to further examine the roles of MAPKs in the 
effects of BP‑1‑102 on growth suppression and apoptosis induc-
tion in AGS cells. There were several limitations to the present 
study. For example, the mechanism was based on a single cell 
line and in vivo experiments are required to further evaluate 
the antitumor effect and toxicity of BP‑1‑102. Further experi-
ments, including in vivo experiments are to be performed in 
the future to validate its antitumor potential in GC.

In conclusion, the present study is the first, to the best of our 
knowledge, to demonstrate that BP‑1‑102 is a potent inhibitor 
of STAT3 signaling and a potential regulator of MAPKs in 
GC cells. BP‑1‑102 suppressed the proliferation, migration 
and invasion capacities of AGS human gastric cancer cells 
and induced their apoptosis. These findings suggest that 
BP‑1‑102 may be a potential therapeutic agent. Future in vivo 

experiments are warranted to further evaluate this possible 
approach, and to determine the efficacy and safety of BP‑1‑102 
in treating patients with GC with hyperactivated STAT3.
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