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Kangfuxin promotes apoptosis of gastric cancer cells
through activating ER-stress and autophagy
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Abstract. Gastric cancer is aleading cause of cancer-associated
mortality worldwide. In studies on the mechanisms of antigas-
tric cancer drugs, autophagy and endoplasmic reticulum (ER)
stress have been demonstrated to serve an active role in gastric
cancer. The organic extract of Periplaneta americana (also
termed American Cockroach), which is named Kangfuxin
(KFX) in China, has been used clinically as a traditional
Chinese medicine against disorders, including stomach
bleeding, gastric ulcers, tuberculosis, burns and trauma.
However, the role of KFX and its mechanism in gastric cancer
remains to be elucidated. The present study aimed to deter-
mine the effects of KFX in vitro against cultured the human
carcinoma SGC-7901 cell line, and to explore the potential
mechanism of the anticancer effects of KFX in gastric cancer.
SGC-7901 cells were treated with different concentrations of
KFX for varying amounts of time. As a result, KFX treatment
decreased the ratio of apoptosis regulators Bcl-2/Bax, activated
ER stress and induced significant apoptosis in SGC-7901 cells.
Furthermore, KFX was able to restore the ER stress activa-
tion blocked by 4-phenylbutyrate. In addition, KFX activated
autophagy in SGC-7901 cells. These results demonstrated
that ER stress, autophagy and the apoptosis-inducing effects
of KFX in SGC-7901 cells may achieve promising anticancer
effects in numerous other types of cancer. In particular, ER
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stress may serve an essential role in KFX-induced anticancer
effects on gastric carcinoma and a secondary role in autophagy.

Introduction

Currently, gastric cancer is the 2nd most common malignant
tumour in the world. Tumour resection surgery is the main clin-
ical treatment for curing gastric cancer. However, most patients
have a less than five-year survival rate and a poor quality of
life after the surgery (1,2). Therefore, the understanding of the
biological mechanism of current agents and the development of
new therapeutic agents for the clinical management of gastric
cancer are still urgent. Complementary and alternative medi-
cine (CAM) is increasingly accepted in United States both as
treatment for illness and as self-care to promote health and
well-being (3). The use of CAM has increased substantially
in conventional and western medical practices over the past
decade, notably in cancer treatment (4). CAM includes tradi-
tional Chinese medicine (TCM) and acupuncture. TCM has
a variety products, such as Chinese herbal medicines, fungi
and insects (5). In addition to common Chinese herbal medi-
cines, insects also show potential for alternative therapy (6-8).
Periplaneta americana is a species widely disseminated in
China and throughout major cosmopolitan areas of the world.
Additionally, Periplaneta americana has been exploited as an
alternative naturopathic remedy for ulcers, burns, and heart
disease in southwestern China and northeastern Brazil (4). As
an extract of Periplaneta americana, Kangfuxin (KFX) is a
drug approved by the China Food and Drug Administration
(CFDA) (Z51021834). The therapeutic effects of KFX include
gastric ulcers, tuberculosis, burns and trauma. This study
wanted to explore the effects and the mechanism of KFX on
gastric cancer therapy. An in vitro model of gastric cancer
was set up using the cultured human carcinoma cell lines
SGC-7901.

As reported, endoplasmic reticulum (ER) stress is a new
pathway that leads to apoptosis, which followed the discovery of
the death receptor signalling and mitochondrial pathways (9).
Studies reported that stress signals were relayed from the ER to
the mitochondria. ER stress-induced apoptosis was similar to
mitochondrial-mediated apoptosis (10). ER stress is provoked
by the accumulation of unfolded or misfolded proteins in the
ER lumen (9). However, prolonged or irreversible ER stress
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switches the adaptive nature of the unfolded protein response
(UPR) into a cell death program (11). Moderate ER stress
promotes cancer cell survival; however, excessive ER stress
leads to cancer apoptosis (10). During excessive ER stress, an
apoptotic pathway may be activated via CHOP/GRP78 and
caspase-12. Apoptosis in ER stress conditions facilitates cell
death, which is also associated with the glucose-regulated
protein 78 (GRP78), the transcription activation of the C/EBP
homologous transcription factor (CHOP) and the activation of
ER-associated caspase-12 (12). Therefore, the overload of ER
stress or the blocked UPR can explain the anti-cancer effects
of anti-cancer drugs. In addition, autophagy can be induced by
ER stress (13,14). To alleviate ER stress, the UPR signalling
may activate autophagy to clear the accumulated misfolded
proteins from the ER lumen (15).

In this study, we investigated the inhibition of KFX on
SGC-7901 cells in vitro and demonstrated whether ER stress
and autophagy were involved in its anti-cancer effects. Our
data showed that KFX attenuated the survival rate and signi-
ficantly induced apoptosis in all chemicals. Moreover, the
signalling pathways and molecular mechanisms involved
in ER stress and autophagy in KFX treated SGC-7901 cells
were elucidated. This study supports that KFX is a potential
therapy for gastric cancer. ER stress, autophagy and the
apoptosis-inducing effects of KFX in cancer cells may have
promising anticancer effects in many other cancers.

Materials and methods

Reagents. KFX (Good Doctor Pharmaceutical Group, Sichuan,
China) was dissolved in cell culture medium to the required
concentration before use. 4-phenylbutyric acid (4-PBA;
Aladdin, Shanghai, China) was dissolved in dimethyl sulfoxide
(DMSO) to make a 2 mmol/l stock solution and was diluted in
cell culture medium to the required concentration before use.
A FITC-Annexin V Apoptosis detection kit (BD Biosciences,
San Jose, CA, USA) were prepared for the apoptosis assay.
All chemicals in the present study were used for experimental
research only.

Cell culture. A human gastric cancer cell line, SGC-7901,
was purchased from the Shanghai Institute of Cell Biology
(Shanghai, China). Cells were routinely maintained in
RPMI-1640 (31800-022; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS, SV30087.02; HyClone; GE Healthcare Life
Sciences, Logan, UT, USA), penicillin (100 U/ml, P3032) and
streptomycin (100 U/ml, S9137) (both from Sigma-Aldrich;
Merck Millipore, Darmstadt, Germany) at 37°C in a humidi-
fied 5% CO, incubator.

Cytotoxicity. To detect the anticancer activity of different
concentrations of KFX, the SGC-7901 cell viability in different
treatment groups was assessed by using a CCK-8 kit. CCK-8
was used to measure cell viability and evaluate the survival
rate of SGC-7901 cells by KFX treatment. Cells were seeded
in a 96-well plate at a density of 2x10° cells/well and incubated
for 12 h in 0.1 ml RPMI-1640 medium supplemented with
10% FBS at 37°C. Then, the medium was replaced with fresh
medium containing KFX at various concentrations ranging
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from 0.1 to 5 ug/ml. The untreated cells were used as controls.
After 24, 48 and 72 h incubation, 10 ul of CCK-8 was added
into each well. After 4 h, absorption in each well was observed
by a micro plate reader at 450 nm (Multiskan MK3; Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

Cell migration. SGC-7901 cells were seeded into 6-well plates
at 3x10° cells/well and were incubated for 12 h. A scratch was
created with a sterile clear tip (200 pl). Then, the cells were
washed twice with PBS to remove the debris and detached
cells. Scratch pictures were recorded immediately using an
inverted fluorescence microscope (Nikon, Tokyo, Japan).
Afterwards, the cells in the wells were cultured with various
concentrations of KFX in medium, separately. The only cells
treated with medium were the control group. After 24 or 48 h
of treatment, cell migration was observed by using an inverted
fluorescence microscope.

Cell apoptosis assay. SGC-7901 cells were seeded in 6-well
plates at a density of 3x10° cells/well and incubated overnight
at 37°C. Cells were treated with a different concentration of
KFX with the untreated cells as the controls. After 48 h treat-
ment, the cells were collected and analysed. For quantitative
assays, the cells were harvested by trypsinisation, then centri-
fuged at 1,000 rpm for 3 min and suspended in binding buffer.
After adding 5 pl of Annexin V and 5 pl propidium iodide
(50 pg/ml), the cells were incubated at room temperature for
5 min in the dark using the FITC Annexin V Apoptosis detec-
tion kit (BD Biosciences). Cell apoptosis was analysed by flow
cytometry (FACSCalibur FCM; Becton-Dickinson, San Jose,
CA, USA).

Western blotting. Cells were washed with PBS and lysed in
Lysis-M reagent supplemented with complete mini-protease
inhibitor cocktail tablets (Roche Diagnostics, Indianapolis,
IN, USA). The equivalent of 60 pg of protein was separated
on a 12% gel and then transferred onto a PVDF membrane
(Millipore, Billerica, MA, USA). After blocking with 5%
(w/v) non-fat milk for 2 h, the membranes were incubated
with the following antibodies: Bax, Bcl2, GRP78, Chop,
LC3, Beclinl (1:000; Abcam, Cambridge, UK) and GAPDH
(1:200; Santa Cruz Biotechnology, Inc., Dallas, TX, USA)
overnight at 4°C. Next, the membranes were incubated with a
goat-anti-rabbit secondary antibody for 2 h at room tempera-
ture. Signals were visualised using the ChemiDoc™ XRS+
Imaging system (Bio-Rad Laboratories, Inc., Hercules, CA,
USA).

Immunofluorescence assay. SGC-7901 cells were seeded in
6-well plates at 3x10° cells/well and incubated for 12 h. The
cells were treated with various concentrations KFX or without
KFX for 48 h. After treatment, the cells were washed with
PBS three times, fixed with 4% paraformaldehyde in PBS for
20 min, permeabilised with 0.5% Triton X-100 in PBS for
15 min and incubated with 5% bovine serum albumin (BSA)
in PBS for 1 h to block nonspecific antibody binding at 37°C.
After blocking with 1% BSA for 1 h, the cells were incubated
with anti-CHOP (1:100; Santa Cruz Biotechnology, Inc.)
antibody. Then, the cells were incubated with goat-anti-rabbit
secondary fluorescence antibody for 2 h at room temperature.
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The nuclei were stained with DAPI. Fluorescence images were
obtained using a positive position fluorescence microscope or
confocal laser microscope (both from Nikon).

Transmission electron microscopy (TEM) image. After fixation
in 2.5% (w/v) glutaraldehyde overnight, cells were post-fixed
in 2% (v/v) osmium tetroxide and blocked with 2% (v/v) uranyl
acetate. Following dehydration in a series of acetone washes,
the cells were embedded in Araldite. Semi-thin sectioning and
toluidine blue staining were performed to observe the location.
Finally, ultra-thin sections of at least three blocks per sample
were cut and observed using a Hitachi TEM.

Statistical analyses. Statistical analyses were carried out using
SPSS 20.0 statistical software (SPSS, Inc., Chicago, IL, USA).
All values are presented as the means =+ standard error of the
mean (SEM). Statistical evaluation of the data was performed
using one-way analysis of variance (ANOVA) and Dunnett's
post hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Results

KFX inhibited cell growth and migration in human gastric
cancer cell line SGC-7901. In the CCK-8 assay, the SGC-7901
cells were treated with KFX for 24, 48 and 72 h at different
concentrations (0.1, 0.25, 0.5, 1, 2, 5 ug/ml) to evaluate the
optimised KFX treatment on the inhibition of cell growth. In
each group, 1 pg/ml of KFX showed substantial inhibition in
SGC-7901 cells, whereas there was no concentration depen-
dence over 1 ug/ml (Fig. 1). From the results of the cell viability
test, KFX showed the strongest inhibition on SGC-7901 cell
survival at 48 h, while the cancer cell inhibition of KFX treat-
ment at 24 h was much lower than that at 48 h. However, there
was no difference at 48 and 72 h. Thus, in the CCK-8 analysis,
48 h of KFX treatment was the optimal administration time.
Consistent with the CCK-8 results, the scratch assay revealed
that KFX could achieve the strongly inhibition on cell migra-
tion at 24 h. However, the inhibition on cell migration at 48 h
was similar or even stronger than that at 24 h. Considering
the optimized drug bioavailability, the treatment time at 48 h
was better than 24 h (Fig. 2). The semi-quantification bar
chart was show in Fig. 2. According to those two assays, the
optimum treatment concentration (1 #g/ml) and time (48 h) for
the KFX anticancer effect on SGC-7901 cells were used in the
following studies.

KFX induced apoptosis in human gastric cancer cell line
SGC-7901. SGC-7901 cells were treated with various concen-
trations of KFX and apoptosis was investigated using a FITC
Annexin V apoptosis detection kit using flow cytometry.
Compared with the control, treatment of SGC-7901 cells with
different doses of KFX could induce different stages of apop-
tosis. Among all the experimental groups, the cells showed a
progressive increase in apoptosis with increasing amounts of
KFX treatment. In detail, the cells treated with 1 zg/ml of KFX
showed nearly 2.53- and 2.75-fold higher apoptosis than those
treated with 0.5 ug/ml KFX and 0.1 p#g/ml KFX, respectively,
suggesting the strongest and most effective tumour inhibition
at 1 ug/ml of KFX (Fig. 3A). Furthermore, the apoptosis effect
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Figure 1. KFX-inhibited cell activity. CCKS8 assay results of SGC-7901
cell activity after treatment with KFX for 24, 48 and 72 h at different
concentrations. KFX, Kangfuxin.

of KFX was validated by western blot analysis. Compared
with the control, both 0.1 and 1 yg/ml of KFX upregulated the
expression of Bax and downregulated the expression of Bcl-2,
and the 1 pg/ml KFX treatment group had the strongest apop-
tosis effect compared to the 0.1 pg/ml KFX treatment group
(Fig. 3B). The quantitative analysis of the western blot results
are shown in Fig. 3C and D.

KFX promoted SGC-7901 cells apoptosis through activating
ER stress. It is known that the ER can induce ER stress marker
proteins (such as GRP78 and phospho-elF2a), which upregu-
lates the expression of CHOP (16-18). CHOP can influence the
expression of Bcl -2 family proteins and inhibit the anti-apop-
totic protein expression of Bcl-2 (19). Regarding this study,
many studies have proven that many TCMs inhibit cancers
via activating ER stress (20-23). Therefore, we hypothesized
that ER stress was involved in the anti-cancer effect of KFX
and whether ER stress was associated with the mechanism of
KFX-induced apoptosis in SGC-7901 cells. We examined the
expression of ER stress proteins in the cells after treatment with
KFX (Fig. 4). The Western blot results showed that the expres-
sions of CHOP, GRP78 and caspase-12 were increased with
KFX treatment group, and the 1 yg/ml KFX group was stronger
than 0.1 pg/ml KFX group (Fig. 4A). To further confirm that
KFX promoted apoptosis through ER stress, the ER stress
inhibitor 4-PBA (2 mM) was used (24). 4-PBA is a chemical
chaperone that contributes to protein folding and trafficking
within the ER, alleviating ER stress and acting as an ER stress
inhibitor (24). After exposure to 4-PBA for 6 h, the expressions
of CHOP, GRP78 and caspase-12 were significantly suppressed
by 4-PBA, whereas these protein expressions were significantly
restored after KFX treatment (Fig. 4C). Quantitative analysis
of the western blot analysis is shown in Fig. 4B and D. In the
immunofluorescence results, the CHOP expression in the cells
in the 4-PBA+KFX group was stronger than the 4-PBA group
(Fig. 4E). All these results demonstrated that KFX could reverse
the expressions of the 4-PBA-inhibited ER-related proteins.
ER-stress played a critical role in the KFX anticancer effect.

KFX activated the autophagy in SGC-7901 cells. In addition
to ER stress, autophagy may also be involved in SGC-7901
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Figure 2. KFX-inhibited cell migration. Scratch assay results showed that the strongest inhibition of cell migration in the 1 yg/ml KFX group. Data are shown
as the means + SD, n=3. Student's t-test compared to control, ‘P<0.05, “P<0.01, "“P<0.001 vs. control. KFX, Kangfuxin.
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Figure 3. KFX-induced cell death of the human gastric cancer cell line SGC-7901. (A) SGC-7901 cell apoptosis was determined by flow cytometry after treat-
ment with KFX (0,0.1,0.5, 1,2, 5 ug/ml) for 48 h. (B) Western blot results of apoptosis-related proteins Bax and Bcl-2. GAPDH was used as internal control.
(C and D) Western blot results were calculated and represented as the percent of the control. All experiments were repeated three times. Data are shown as the
means + SD, n=3. "P<0.05, “P<0.01 vs. control. KFX, Kangfuxin.

cell apoptosis after KFX treatment. TEM images verified = KFX-treated group had many autophagosomes compared
that KFX activated autophagy. As shown in Fig. 5A, the  with the control group. These data revealed that KFX
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Figure 4. KFX accelerated the SGC-7901 cell apoptosis by upregulating ER stress. (A and B) Western blot analysis of the GRP78, CHOP and caspase-12
protein expressions. After the KFX treatment, the expressions of GRP78, CHOP and caspase-12 were significantly upregulated compared with the control
group. GAPDH was used as the loading control and for band density normalization. (C and D) Western blot analysis of GRP78, CHOP and caspase-12 protein
expression after treatment with the ER stress inhibitor 4-PBA. We found that expression of GRP78, CHOP and caspase-12 were significantly upregulated
compared with the control group and, on the basis of giving 1 xg/ml KFX, the protein expression reversed. (E) Images of CHOP immunofluorescence in
different groups. All experiments were repeated three times. Data are shown as the means + SD, n=3. Student's t-test compared to control, ‘P<0.05, “P<0.01,
“"P<0.001 vs. control. KFX, Kangfuxin; ER, endoplasmic reticulum; GRP78, glucose-regulated protein 78; CHOP, C/EBP homologous transcription factor;

4-PBA, 4-phenylbutyric acid.

could activate autophagy in SGC-7901 cells, resulting in an
increase in autophagosomes in cells. In addition, we further
examined the expression of the protein Beclin-1, which is a
key protein in autophagy. SGC-7901 cells were treated with
0.1 and 1 pg/ml KFX for 48 h. As shown in Fig. 5B, the
expression of Beclin-1 was significantly upregulated in the
KFX groups compared with the control group. Moreover,
autophagosome formation is mediated by the conjugation
systems composed of ATG proteins, which culminate in
the conjugation of ATGI2 to ATGS5 and conversion of a
soluble form of microtubule-associated protein 1 light
chain 3 (LC3)-I to another bound form, LC3-II (25).
Thus, the ratio of LC3-II/LC3-I is a marker of autophagy
in some studies (26,27). The ratio of LC3-II/LC3-I in the
KFX-treated groups was significantly higher than the control
group, and the 1 pg/ml KFX group showed the greatest
effect (Fig. 5B and C). Furthermore, the autophagy activa-
tion in SGC-7901 cells was suppressed when treated with
the ER stress inhibitor 4-PBA. Interestingly, the expressions
of Beclin-1 and LC3-II/LC3-I were slightly increased in

4-PBA+KFX group (Fig. 5D). These results illustrated that
KFX induces apoptosis through activation of ER stress and
autophagy. However, the KFX autophagy effect may be
controlled by ER stress activation. Quantitative analysis of
the Western blot is shown in Fig. 5C and E.

Discussion

Gastric carcinoma causes the second highest number of
cancer-related deaths in the world. Currently, surgical removal
of the stomach is the only curative clinical treatment, but
non-surgical cancer therapies are always the best treatment for
patients. Many studies have worked on agents for inhibiting
gastric cancer in rodents; however, the exact mechanisms of
those agents remain unclear. As a TCM, KFX is the organic
extract of Periplaneta americana and is widely used in the
treatment of gastric ulcer in patients. To our surprise, the
present study found that KFX could promote SGC-7901
cell apoptosis, reflecting the anti-cancer potential in gastric
carcinoma. Based on this phenomenon, studies of the further
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SGC-7901 cell apoptosis, which was induced by KFX. Autophagy-induced
expression of Beclin-1 and LC3 activation contributed to SGC-7901 cell
death, which was promoted by KFX.
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mechanisms of KFX in SGC-7901 cells were performed in
this study.

Many studies have demonstrated that cancer cell apoptosis
is related to ER stress-mediated autophagy (13,28). It is known
that ER stress induces the misfolding of the ER lumen as
well as unfolded protein aggregation and calcium ion balance
disorder. ER overload of caspase-12 could mediate the apop-
tosis signalling pathways (14). Zhang et al study showed that
the targeting of apoptotic mechanisms had a close correlation
with the ER stress pathway (21). Meanwhile, autophagy is
a membrane process that results in the transport of cellular
contents to lysosomes for degradation (29). A previous
study indicated that ER stress and autophagy were involved
in the apoptosis induced by cisplatin in human lung cancer
cells (15). Thus, both ER stress and autophagy appear to be
critical for general cell homeostasis as well as tumourigenesis
and chemo-resistance. Furthermore, studies proved that the
cooperation of autophagy and ER stress could achieve cancer
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inhibition in particular environments (30-33). The process of
ER stress has been tightly linked to autophagy. Therefore, we
hypothesized that ER stress and autophagy were involved in
regulating the KFX-induced apoptosis in SGC-7901 cells.

In this study, KFX promoted the apoptosis of SGC-7901
cells, as characterized by decreased cell activity accompa-
nied by the inhibition of cell migration. The result basically
confirmed that KFX inhibited cancer cell growth in vitro
and showed the potential anti-cancer effects on gastric
carcinoma. In the underlying molecular mechanisms, KFX
accelerated ER stress as demonstrated by the upregulated
expressions of ER stress-related proteins, such as CHOP,
GRP78, and caspase-12 (Fig. 6), which was consistent with
the activated apoptosis effects of KFX in SGC-7901 cells.
To test the critical role of ER stress from KFX, the ER stress
inhibitor 4-PBA was used to suppress the ER stress-related
proteins. In particular, 4-PBA inhibited ER stress-related
proteins were upregulated by treatment with KFX. As a
result, the KFX promoted SGC-7901 cell apoptosis and was
closely related to the activation of ER stress.

Previous studies have reported that autophagy could
induce apoptosis. Apoptosis and autophagy are both tightly
regulated biological processes that play a central role in tissue
homeostasis, development, and disease (34). In addition, many
agents aggravate ER stress, leading to increased autophagic
activity (33,35). Autophagy is an evolutionarily conserved,
dynamic and lysosome-mediated process that involves the
sequestration and delivery of cytoplasmic material to the
lysosome, where it is degraded and recycled (36). In theory,
autophagy may contribute to promoting cell survival, either by
removing the damaged organelles and toxic cell metabolites
or providing the nutrients necessary for cell survival during
nutrient-limiting conditions. Conversely, autophagy may also
promote cell death through excessive self-digestion of cell
components. Despite recent advances in the understanding
of its molecular mechanisms and biological functions, it is
still unclear whether autophagy acts as a cell survival or cell
death pathway or both (31-34). In our study, the treatment of
KFX increased the expression of autophagy-related proteins
compared with the control, which showed the same tendency
with the promotion of apoptosis and the activation of ER-stress
by KFX treatment (Fig. 6). However, KFX could not preserve
the autophagy activation in cells whose ER-stress action was
suppressed by 4-PBA. Therefore, we concluded that KFX
promoted apoptosis through activation of autophagy, whereas
KFX-induced autophagy was followed by the promotion of ER
stress.

In conclusion, KFX can be a promising and safe anticancer
agent against gastric carcinoma, which can promote apoptosis
through activating ER stress and autophagy (Fig. 6). ER stress
may be the critical mechanism for the anti-cancer effects
of KFX on gastric carcinoma and the secondary effects on
autophagy. However, the specific interaction between these
still need to be further explored. In the present study, we
explored the potential anticancer effects of KFX and its related
cancer mechanism. As a promising anti-cancer agent, further
studies will be performed, including its effects on normal cell
lines or other cancerous cell lines and, further, its effects on
lung cancer in vivo. The further roles of KFX will be learned
in our future studies.
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