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Abstract. Kangfuxin (KFX) is an oral liquid derived from
Periplaneta americana, with complex components. KFX
has been demonstrated to exhibit anticancer activity in a
variety of different types of tumor, including gastric cancer;
however, its underlying molecular mechanism remains
unclear. The present study was designed to investigate the
pro-apoptotic effects of KFX on SGC-7901 cells, in order to
provide a theoretical basis for clinical application. In order to
clarify the pro-apoptotic effects of KFX on SGC-7901 cells,
MTT analysis was conducted. To evaluate the anticancer
effect of KFX, peroxisome proliferator-activated receptor
(PPAR)-y was analyzed by reverse transcription-polymerase
chain reaction. Western blot analysis was used to determine
the effects of KFX on the expression of cleaved caspase-3,
phosphorylated extracellular signal-regulated kinase
(p-ERK), ERK, tumor protein p53 (p53), B-cell lymphoma 2
(Bcl-2), Bcl-2 associated X, interleukin (IL)-6 and IL-1p. In
addition, terminal deoxynucleotidyl-transferase-mediated
dUTP nick-end labeling (TUNEL) analysis was used to detect
apoptosis in SGC-7901 cells. It was revealed that PPAR-y was
increased in SGC-7901 cells following treatment with KFX,
shown by an increase in mRNA expression. Furthermore,
western blot analysis identified that KFX treatment groups
exhibited markedly inhibited levels of Bcl-2, IL-6, IL-1p and
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p-ERK, and induced p53 protein expression. Additionally,
TUNEL and MTT assays demonstrated that treatment
with KFX may induce SGC-7901 cell apoptosis and inhibit
proliferation. In conclusion, to the best of our knowledge, the
results of the present study demonstrated for the first time
that KFX may induce SGC-7901 cell apoptosis and inhibit its
proliferation, and this may be primarily attributed to its role in
mitogen-activated proteinkinase/extracellular-signal-regulated
kinase kinase/ERK signaling pathway inhibition.

Introduction

Although the incidence and mortality rates have decreased
globally since the second half of the twentieth century, gastric
cancer still ranks as the fourth most frequently occurring and
the second most lethal type of cancer worldwide, accounting
for 10.4% of cancer-associated mortalities (1). Gastric cancer
remains a major health concern primarily due to the slow
decrease in incidence in Asia and the high rates of mortality
in diagnosed gastric carcinomas in the West, despite the
widespread application of innovative diagnostic and surgical
techniques in clinical practice (2,3). Cancer is a genetic
disease that is derived from cells that accumulate mutations
in essential growth regulatory genes, including oncogenes and
tumor suppressor genes (4). Despite fluoropyrimidines and
oxaliplatin-based chemotherapy being successfully applied
for cancer treatment, a number of side effects are exhibited,
including oxaliplatin-induced cumulative dosage-dependent
neurotoxicity (5). Therefore, investigations into an anticancer
drug that decreases the incidence of relapse and presents with
fewer side effects are required.

The American cockroach (Periplaneta americana), the
largest species of pest insect in the Blattidae family, is a
worldwide domestic pest native to Africa that has spread
throughout the world, particularly in tropical and subtropical
regions (6). In China, an extract derived from the dried whole
body of P. americana has been used in traditional Chinese
medicine for the treatment of bloodstasis syndrome, acne and
abdominal masses for a hundred years (7). Previous pharma-
cological studies have demonstrated that the crude extract of
P. americana exhibits significant anticancer, anti-inflamma-
tion and tissue regeneration activities (8-10).
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With the development of traditional Chinese medicine
resources, importance has increasingly been attached to their
research and development. Several novel drugs, including
Kangfuxin (KFX) oral liquid, Xinmailong injection and
cockroach oil have been developed using P. americana as
the raw material, with recognized pharmacological activity
and clinical efficacy (11-14). A previous study revealed that
P.americana extract exhibited significant anticancer effects on
the BEL-7402/5-FU Cell line and SGC-7901 cell line (15,16).
However, the exact apoptotic effect of KFX remains unclear.
Therefore, in the present study, the anticancer effect of
KFX was investigated by focusing on its apoptotic potential
in the human gastric cancer SGC-7901 cell line, as well as
its effects on the mitogen-activated protein kinase/extra-
cellular-signal-regulated kinase kinase (MEK)/extracellular
signal-regulated kinase (ERK) signaling pathway.

Materials and methods

Materials. The human gastric cancer SGC-7901 cell line
was obtained from the cell resource center of the Shanghai
Biological Sciences Institute (Chinese Academy of Sciences,
Shanghai, China). KFX oral liquid was received from Sichuan
Good Doctor Pharmaceutical Group (Sichuan, China),
comprising 1 g/ml P. americana dried whole body in water.

Cell culture. SGC-7901 cells were maintained in RPMI-1640
supplemented with 10% fetal bovine serum (both Gibco;
Thermo Fisher Scientific, Inc.) in a humidified atmosphere
with 5% CO, at 37°C. The cultured cells were passaged with
0.25% trypsin (Gibco; Thermo Fisher Scientific, Inc. Waltham,
MA, USA) when cell confluence reached ~80%. Cells between
passage numbers 3 and 10 were selected for experimentation.
Before starting the experimental procedures, the desired
final concentrations of KFX (0, 0.25, 0.5, 2.5 mg/ml) were
achieved by diluting the stock solution (1 g/ml) in RPMI-1640
culture medium. Then the SGC-7901 cells were placed in
RPMI-1640 in the presence or absence of KFX for 12 or
24 h. In some experiments, SGC-7901 cells were exposed to
a MEK inhibitor U0126 (0.2 uM, dissolved in RPMI-1640
culture medium) (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) for 12 h. For signaling pathway analysis, SGC-7901
cells were treated with phorbol 12-myristate 13-acetate (PMA)
(3 nM, dissolved in DMSO) (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany), a specific activator of protein kinase C,
nuclear factor-kB and ERK, for 12 h in combination with KFX
treatment.

Reverse transcription-polymerase chain reaction (RT-PCR)
analysis. The SGC-7901 cells were placed in RPMI-1640 in the
presence or absence of KFX (0, 0.25,0.5, 2.5 mg/ml) for 12 or
24 h. Four ug RNA and oligo dT; were then incubated at 80°C
for 5 min. The cDNA synthesis reaction was performed at 42°C
for 1 h with M-MLV reverse transcriptase (cat. no., A5001;
Promega Corporation), followed by incubation at 70°C for
15 min to inactivate the reverse transcriptase. Following RT,
samples were diluted by adding 60 pl purified water. For the
PCR, PCR MasterMix (cat. no., PR1700; BioTeke Corporation,
Beijing, China) was used and the reactions were performed
in a T100 Thermo Cycler (Bio-Rad Laboratories) with the
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following profile: Incubation for 3 min at 95°C, followed by
32 cycles of denaturation for 30 sec at 95°C, annealing for
30 sec at 72°C, and extension for 5 min at 72°C. The products
were resolved in a 1% agarose gel stained with SYBR Safe
(Invitrogen; Thermo Fisher Scientific, Inc.). Image]J software
(version 1.48; National Institutes of Health, Bethesda, MD,
USA) was used to quantify the bands (17). Primer sequences
of peroxisome proliferator-activated receptor (PPAR)-y and
GAPDH for RT-PCR were as follows: PPAR-y forward, 5'"TCT
GGCCCACCAACTTTGGG-3' and reverse, 5S'-CTTCACAAG
CATGAACTCCA-3'"; and GAPDH forward, 5'-GCCAAG
GTCATCCATGACAACT-3' and reverse, 5-GAGGGGCCA
TCCACAGTCTT-3.

Western blot analysis. SGC-7901 cells were lysed
in a buffer consisting of 7 M urea, 2 M thiourea, 2%
3-[(3-cholamidopropyl) dimethylammonio]-1-propanesul-
fonate hydrate, 40 mM Trizma base, 40 mM dithiothreitol
and 1% protease inhibitor cocktail (Sigma-Aldrich; Merck
KGaA). Following centrifugation at 21,885 x g for 15 min
at 4°C, the total protein concentration in the supernatant
was determined with a Bradford protein assay (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Equal amounts of
protein (50 ug/lane) were subjected to SDS-PAGE (10% gel)
and transferred onto polyvinylidene difluoride membranes.
Samples were then blocked with 5% skimmed dried milk in
Tris-buffered saline containing 0.1% TritonX-100 (TBST) at
room temperature for 2 h, and incubated overnight at 4°C
with the following primary antibodies: Cleaved-Caspase-3
(cat. no., 9661; dilution, 1:1,000; Cell Signaling Technology
Inc., Danvers, MA, USA), Bax (cat. no., ab32503; dilu-
tion, 1:1,000; Abcam), Bcl-2 (cat. no., ab59348; dilution,
1:1,000; Abcam), p53 (cat. no., 2524; dilution, 1:1,000;
Cell Signaling Technology, Inc.), IL-1f (cat. no., abl106035;
dilution, 1:1,000; Abcam;), IL-6 (cat. no., ab6672; dilu-
tion, 1:1,000; Abcam), TNF-a (cat. no., ab1793; dilution,
1:5,000; Abcam), p-Erk (cat. no., 9101; dilution, 1:1,000;
Cell Signaling Technology, Inc.), Erk (cat. no., 9102; dilu-
tion, 1:1,000; Cell Signaling Technology, Inc.) and [-actin
(cat. no., 4970; dilution, 1:1,000; Cell Signaling Technology,
Inc.). The membrane was washed with TBST three times,
5 min each. Subsequently, the membrane was incubated with
a horseradish peroxidase-conjugated goat-anti-mouse (cat.
no., ab6789; dilution, 1:300; Abcam) or HRP-goat-anti-rabbit
(cat. no., ab6721; dilution, 1:300; Abcam) for 2 h at room
temperature. Membranes were washed with TBST three
times for 5 min each, prior to incubation with enhanced
chemiluminescence (cat. no., WBKLS0500; Merck KGaA)
for 1 min. The protein levels were normalized against that of
internal protein [3-actin using ImagelJ software (version 1.48;
National Institute of Health, Bethesda, MD, USA).

Terminal deoxynucleotidyl-transferase-mediated dUTP
nick-end labeling (TUNEL) assay. The TUNEL assay
was performed using a commercially available In situ
Cell Death Detection kit (Roche Diagnostics GmbH;
cat. no., 11684817910), according to the manufacturer's
protocol, as previously described (18). SGC-7901 cells cultured
on 6-mm plates were fixed with 4% paraformaldehyde solution
for 30 min at room temperature. Following a PBS wash, cells
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Figure 1. KFX increases PPAR-y mRNA expression and decreases the viability of SGC-7901 cells. (A) SGC-7901 cells were treated with KFX at different
concentrations (0, 0.25, 0.5 and 2.5 mg/ml) for 12 and 24 h, and the PPAR-y mRNA level was analyzed by reverse transcription-polymerase chain reaction.
The histogram presents the quantitative analysis of PPAR-y mRNA level, and the data are expressed as fold over control group; n=6 for each group. Data are
presented as the mean + standard error of the mean. "P<0.05 compared with KFX (0 mg/ml) treatment for 12 h; “P<0.05 compared with KFX (0 mg/ml) treat-
ment for 24 h. (B) The anti-proliferative effect of KFX was investigated using an MTT assay. SGC-7901 cells were treated with different dosages of KFX (0,
0.05,0.15,0.25, 0.5 and 2.0 mg/ml) for 12 and 24 h; n=6 for each group. Data are presented as the mean + standard error of the mean. "P<0.05 compared with
KFX (0 mg/ml) treatment for 12 h; “P<0.05 compared with KFX (0 mg/ml) treatment for 24 h. KFX, Kangfuxin; PPAR-y, peroxisome proliferator-activated

receptor Y.

were treated with permeation solution (0.1% Triton X-100 in
0.1% sodium citrate) for 2 min at 4°C. Following washing with
PBS, samples were incubated with TUNEL reagent containing
10% terminal deoxynucleotidyl transferase and 2% fluorescent
isothiocyanate-dUTP for 1 h at 37°C. Subsequently, the cells
were stained with 1 gg/ml DAPI for 30 min at room tempera-
ture to detect the cellular nuclei. Finally, the cells are mounted
on coverslips with antifade mounting medium (Beyotime,
P0126). Using an excitation wavelength in the range of
450-500 nm and detection in the range of 515-565 nm (green),
the number of TUNEL-positive SGC-7901 cells and apoptotic
bodies were determined. The percentage of apoptotic cells
were calculated by dividing the number of TUNEL-positive
cells by the total number of cells visualized in =6 separate
fields using a fluorescence microscope. Three digitized images
of similar total cell numbers were selected from each cover
slip for counting and averaging, and were considered as one
independent experiment. Three independent experiments were
then averaged and statistically analyzed.

MTT assay. SGC-7901 cells were plated in 96-well plates
at a density of 5,000 cells/well in 120 pl complete medium
(RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.;
cat. no., 11875093) supplemented with 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.; cat. no., 16000044). To
investigate the cytotoxic effect of KFX, SGC-7901 cells were
treated with 0.00, 0.25, 0.5, 0.75, 1 and 2.5 mg/ml for 12 and
24 h. Each group was repeated in 9 separate wells. Following
treatment, 15 ul MTT reagent (5 mg/ml) was added to each
well for 4 h, and then 150 ul DMSO was added to each well.

Absorbance was detected at a wavelength of 490 nm using a
microplate reader.

Statistical analysis. Results are expressed as the
mean + standard error of the mean. Statistical differences
were assessed with the unpaired 2-tailed Student's t-test for
two experimental groups and one-way ANOVA for multiple
groups, using SPSS 19.0 software (IBM Corp, Armonk, NY,
USA). Bonferroni's post-hoc test was employed following
one-way ANOVA for determining significant differences
between groups. A two-tailed P-value of <0.05 was considered
to indicate a statistically significant difference. Statistical
analyses were performed using GraphPad Prism (version 5;
GraphPad Software).

Results

KFXincreases the mRNA expression level of tumor-suppressor
factor PPAR-y and impairs the viability of SGC-7901 cells.
PPAR-y, a member of the nuclear receptor superfamily,
regulates lipid metabolism, inflammation and cancer progres-
sion (19). Usually, PPAR-vy regulates target genes by binding to
the PPAR-y response element in the promoter region of target
genes, resulting in either promotion or inhibition. PPAR-y
displays antitumor effects through inhibition of proliferation
and induction of differentiation and apoptosis by targeting
tumor-associated genes, including tumor protein p63, tumor
protein p73, tumor protein p21, B-cell lymphoma 2 (Bcl-2),
Bcl-2 associated X (Bax), caspase-3 and MYC proto-onco-
gene (17,20-22). It has been demonstrated that PPAR-y
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Figure 2. KFX induces cell apoptosis, inhibits the inflammation response and prevents ERK phosphorylation. SGC-7901 cells were treated with KFX at
different dosages (0, 0.25 and 0.5 mg/ml) for 12 h and (A) the protein levels of c-caspase-3, Bax/Bcl-2 and p53 were detected using western blot analysis.
The histogram is the quantitative analysis of the corresponding immunoblots and the data are expressed as fold over control group; n=6 for each group. Data
are presented as the mean + standard error of the mean. "P<0.05 compared with KFX (0 mg/ml). (B) DAPI (top) staining and TUNEL assay (bottom) of the
SGC-7901 cell treated with KFX at different dosages (0,0.25 and 0.5 mg/ml) for 12 h. The histogram is the quantitative analysis of TUNEL + cells in at least 6
separate fields; n=6 for each group. Scale bar, 100 zzm. "P<0.05 compared with control. Western blot assays of (C) IL-6, IL-1p and TNF-a, and (D) p-ERK/ERK
levels in SGC-7901 cell treated with KFX at different dosages (0, 0.25 and 0.5 mg/ml) for 12 h. The histogram is the quantitative analysis of the corresponding
immunoblots and the data are expressed as fold over control group; n=6 for each group. Data are presented as the mean + standard error of the mean. "P<0.05
compared with KFX (0 mg/ml). KFX, Kangfuxin; TUNEL, terminal deoxynucleotidyl transferase dUTP-mediated nick-end labeling; p-ERK, phosphorylated
extracellular signal-regulated kinase; c-caspcase-3, cleaved caspase-3; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2 associated X; IL, interleukin; TNF, tumor
necrosis factor; con, control.

activation inhibits cell growth (23) and promotes differentia-
tion and apoptosis in a variety of types of cancer cell.

To investigate whether KFX treatment may lead to the
upregulation of PPAR-vy, RT-qPCR analysis was conducted for
SGC-7901 cells treated with KFX at 0,0.25,0.5 and 2.5 mg/ml
for 12 and 24 h. As presented in Fig. 1A, PPAR-y mRNA
expression level was significantly increased at all concentra-
tions after 24 h and at 2.5 mg/ml after 12 h of KFX treatment,
compared with that of the control, in a dose-dependent manner
(P<0.05); no significant differences were identified between
the control and cells treated with 0.25 or 0.5 mg/ml after

12 h. In addition, cell viability was analyzed by MTT assay.
The results demonstrated that exposure to KFX resulted in
a dose-dependent decrease in cell viability in the SGC-7901
cells. The half maximal inhibitory concentration values of
KFX at 12 and 24 h were 1.19+0.06 and 0.64+0.04 mg/ml
(P<0.05), respectively, for the SGC-7901 cells (Fig. 1B).

KFX induces apoptosis and decreases inflammation in
SGC-7901 cells. To investigate the hypothesis that KFX is
capable of inducing apoptosis in SGC-7901 cells, caspase-3
activity was detected using western blot analysis following
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Figure 3. KFX prevents ERK phosphorylation-mediated anti-apoptotic and inflammatory responses. SGC-7901 cells were cultured to near (80-90%) confluence
and then administrated with 0.5 mg/ml KFX in the presence or absence of 3 nmol/l PMA for 12 h. Immunoblotting assays of (A) p-ERK/ERK; (B) c-caspase-3,
Bax/Bcl-2 and p53; (C) IL-6, IL-1p and TNF-o in SGC-7901 cells. The histogram is the quantitative analysis of the corresponding immunoblots and the data
are expressed as fold over control group; n=6 for each group. Data are presented as the mean + standard error of the mean. "P<0.05 compared with control,
"P<0.05 compared with PMA. KFX, Kangfuxin; p-ERK, phosphorylated extracellular signal-regulated kinase; c-caspcase-3, cleaved caspase-3; Bcl-2, B-cell
lymphoma 2; Bax, Bcl-2 associated X; IL, interleukin; p53, tumor protein p53; TNF, tumor necrosis factor; PMA, phorbol 12-myristate 13-acetate; DMSO,

dimethyl sulfoxide; con, control.

treatment with 0, 0.25 or 0.50 mg/ml KFX for 12 h. Activated
caspase-3, denoted by increased expression of cleaved
caspase-3, was detected in the SGC-7901 cells following KFX
treatment (Fig. 2A); this difference was significant compared
with the negative control (P<0.05). Furthermore, to demon-
strate the capability of KFX to induce apoptosis in SGC-7901
cells, the pro-survival protein Bcl-2 and the pro-apoptotic
protein Bax were evaluated using western blot analysis. A
decrease in the expression of Bcl-2 was revealed with KFX
treatment; however, Bax expression appeared to remain unaf-
fected. Additionally, the expression levels of p53, an initiator
of cellular apoptosis, were upregulated in SGC-7901 cells
following KFX treatment (Fig. 2A). These results suggested
that the decrease in cell viability observed was due to cell
apoptosis induced by KFX. Furthermore, a TUNEL assay
was performed to detect the pro-apoptotic effect of KFX
on SGC-7901 cells. Compared with the untreated control,
the number of apoptosis cells was significantly increased
following KFX treatment, in a dose-dependent manner
(Fig. 2B).

The magnitude of inflammation is often augmented during
aging and age, in turn, is a major risk factor for developing
oncological diseases (24). Previous studies have demonstrated
that interleukin (IL)-1@, IL-6 and tumor necrosis factor
(TNF)-a recruit immune cells into the site of a developing
tumor or tumor microenvironment, thereby enhancing inflam-
mation (25,26). To investigate the ability of KFX to abate
inflammation in the microenvironment of SGC-7901 cells,
the expression of IL-1f, IL-6 and TNF-a were detected with
western blot analysis in the present study. Fig. 2C shows that
IL-1B, IL-6 and TNF-a protein levels significantly decreased
following KFX treatment compared with the levels in the
untreated cells. These results indicated that KFX may alle-
viate the production of inflammatory cytokines in SGC-7901
cells.

KFX promotes SGC-7901 cell apoptosis through the
ERK pathway. Mitogen-activated protein kinase kinase
(MAPKK) is involved in a number of cellular biological
functions, including proliferation, differentiation, motility and
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Figure 5. KFX prevents extracellular signal-regulated kinase phosphoryla-
tion-mediated cell proliferation. SGC-7901 cells were administrated with
0.5 mg/ml KFX for 12 h. Additionally, SGC-7901 cells were co-incubated with
0.2 ymol/1 U0126 or 3 nmol/l PMA for 12 h. The anti-proliferation effect of
KFX was measured using an MTT assay. The histogram is the quantitative
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dard error of the mean. "P<0.05 vs. control group. KFX, Kangfuxin; PMA,
phorbol 12-myristate 13-acetate; DMSO, dimethyl sulfoxide; con, control.
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Figure 6. Schematic diagram illustrating the mechanism of KFX
pro-apoptotic effects on SGC-7901 cells through inhibition of the
MEK/ERK signaling pathway. MEK, mitogen-activated protein
kinase/extracellular-signal-regulated kinase kinase; KFX, Kangfuxin;
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death (27-29). ERKs are the main members of the MAPKK
signaling pathway, and the activation of ERK1/2 is an anti-
cancer target (30,31). Therefore, to clarify whether the ERK
signaling pathway is activated in SGC-7901 cells by KFX,
cells were treated with 0, 0.25 and 0.5 mg/ml KFX for 12 h
in the present study. The results demonstrated that phosphory-
lated (p)-ERK1/2 was significantly decreased following KFX
treatment, in a dose-depended manner, whereas total ERK
expression remained consistent (Fig. 2D).

To further investigate the role of p-ERKI1/2 in
KFX-mediated SGC-7901 cell apoptosis, PMA, a specific acti-
vator of protein kinase C,NF-xB and ERK, was introduced (32).
Following cell treatment with PMA, ERK phosphorylation
was markedly increased (Fig. 3A). Additionally, pro-survival
protein Bcl-2, inflammatory cytokines IL-1f, IL-6 and TNF-a,
along with the downregulated p53 and cleaved caspase-3, were
significantly increased, whereas the pro-survival protein Bax
remained unchanged (Fig. 3B and C). As expected, KFX exhib-
ited an inhibitory effect on PMA-induced anti-apoptosis via
the ERK signaling pathway, as demonstrated by the decreased
expression following use of KFX and PMA together.

By contrast, U0126, an inhibitor of p-ERK1/2, was used
to inhibit p-ERK1/2 expression and to mimic the function of
KFX on SGC-7901 cells. Following treatment with U0126,
ERK phosphorylation was blocked and cleaved-caspase 3
expression was increased (Fig. 4A and B). Consistent with
the results obtained by KFX treatment, U0126 treatment also
exhibited a significant pro-apoptotic and anti-inflammatory
effect on SGC-7901 cells (Fig. 4C), which suggested that
KFX may inhibit phosphorylation in the ERK1/2 signaling
pathway, blocking cell proliferation similar to U0126. In addi-
tion, the role of ERK-mediated SGC-7901 cell apoptosis and
anti-proliferation induced by KFX was further investigated
with an MTT assay. Cell viability of SGC-7901 cells incubated
with PMA was significantly increased compared with that of
the control, but largely abolished by KFX or U0126 (Fig. 5).

Discussion

Gastric cancer is the fourth most common cause of
cancer-associated mortality worldwide, and remains difficult
to treat, primarily due to the majority of patients presenting
with advanced disease (1). In the USA, stomach malignancy
is currently the 15th most common type of cancer (33,34).
Although the majority of chemotherapeutic regimens utilize
antineoplastic agents as the clinical standard of care for gastric
cancer, patients commonly experience a limited response to
this therapy (35-37). Therefore, investigation into more effec-
tive therapeutic interventions for gastric cancer is important.
Over the last 50 years, emerging evidence has suggested that
a number of natural extracts from plants and animals exhibit
beneficial effects in the prevention of cancer (16,38,39). The
present study demonstrated that KFX, an aqueous extract
from P. americana, exhibited potential anticancer effects in a
gastric cancer cell line through inhibiting cell proliferation and
inducing apoptosis; potentially via the ERK signaling pathway.

The results of the present study demonstrated that KFX
markedly inhibited SGC-7901 cell viability in adose-dependent
manner, which indicated that KFX may exhibit a therapeutic
effect on gastric cancer. The induction of cellular apoptosis

937

in malignant cells is critical for the chemoprevention and
chemotherapy of cancer by natural product-derived anticancer
agents (40,41); as such, the inhibition of SGC-7901 cell
viability following KFX treatment may be as a result of apop-
tosis. Therefore, in order to clarify the underlying molecular
mechanism, the effect of KFX treatment on SGC-7901 cell
apoptosis was investigated. In general, apoptosis is a type of
organized cell self-destruction by a series of signal cascades
that include numerous gene products and cytokines. Caspase-3
activation serves an important role in apoptosis, whilst the
imbalance between Bcl-2 (anti-apoptotic) and Bax (pro-apop-
totic) has been recognized as a signature of the acquisition of
apoptosis resistance in cancer cells (42,43). In addition, p53,
acting as a transcriptional factor, serves an important role in
promoting apoptosis in response to various cellular stressors,
including oncogene activation (44). The results of the present
study demonstrated that KFX may induce gastric cancer cell
apoptosis, supported by the observed caspase-3 activation, p53
upregulation and Bcl-2 downregulation alongside unchanged
Bax expression.

ERK is involved in a number of cellular programs, and
the activation of ERK through phosphorylation is a potential
anticancer target (45). In the present study, it was revealed
that KFX possessed anticancer potential in SGC-7901 cells
through inhibiting cell proliferation and inducing apoptosis,
potentially via the ERK signaling pathway. KFX exhib-
ited an inhibitory effect on protein kinases involved in the
phosphorylation of ERK, thereby leading to a decrease in
p-ERK protein. Furthermore, following incubation with
an ERK activator, PMA, the decrease observed in cleaved
caspase-3 and p53, and the increase in Bcl-2, inflammatory
cytokines and cell proliferation, suggested that KFX-induced
apoptosis may occur via an ERK-mediated signaling pathway.
Referring to the results of the present study and the relevant
information available in the literature, a proposed scheme
presenting a potential explanation regarding the pro-apoptotic
effect of KFX on SGC-7901 cells was created (Fig. 6).

In conclusion, to the best of our knowledge, the results of
the present study demonstrated for the first time that KFX may
potentially inhibit SGC-7901 gastric cancer cell proliferation
and induce apoptosis through modulation of the ERK signaling
pathway, thus suggesting the novel therapeutic potential of
KFX for gastric cancer treatment.
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