
Toxicarioside N induces apoptosis of human gastric cancer BGC-823 cells
through NF-κB-mediated activation of Fas/FasL pathway.

Huijing Yao, Jing Lin*

Department of Gastroenterology, Taian Central Hospital, Taian, Shandong, PR China

Abstract

Toxicarioside N (TN) is a strophanthidol cardenolide isolated from the seeds of Antiaris toxicaria (Pers.)
Lesch. (Moraceae) and showed cytotoxic activity against cancer cells. The aim of this study was to
investigate the cytotoxic activity and possible molecular mechanism of TN against human gastric cancer
BGC-823 cells using cell counting kit-8 (CCK-8), flow cytometry and western blot assays. The results of
CCK-8 assay indicated that TN showed cytotoxic activity against BGC-823 cells with a dose-dependent
manner (IC50=24.87 µg/ml). The results of flow cytometry assay exhibited that TN induced apoptosis of
BGC-823 cells, suggesting that the cytotoxic activity of TN against BGC-823 cells was related to
apoptosis. The results of western blot assay revealed that TN-induced apoptosis in BGC-823 cells was
characterized by down-regulations of phosphorylated inhibitors of NF-κB-α (p-IκBα), phosphorylated
IκB kinase β (p-IKKβ), IKKβ and nuclear NF-κB p65 and up-regulation of IκBα, and also featured by
up-regulations of Fas, FasL, Fas-associated protein with death domain, cleaved-caspase-8 (c-caspase-8),
c-caspase-10, c-caspase-3. In conclusion, TN showed cytotoxic activity against BGC-823 cells, and the
cytotoxic activity was related to apoptosis. The mechanism of action was associated with NF-κB-
mediated activation of Fas/FasL pathway. Thus, TN may be a promising candidate drug for treatment of
gastric cancer. This, however, needs to be further investigated to explore the actual potentials of TN.
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Introduction
Gastric cancer, a malignant epithelial tumor originating from
glandular epithelium of gastric mucosa, is one of the most
common cancers with poor prognoses and cancer-related
mortality rates worldwide [1]. Almost two-thirds of gastric
cancer cases and deaths occur in less developed regions [2-4].
In China, gastric cancer has been a significant cancer burden
and also been one of the key issues in cancer prevention and
control strategy [2]. Current therapies for gastric cancer mainly
consist of chemotherapy, surgery and radiation [5,6], and
chemotherapy has been an important therapeutic approach in
the treatment of advanced gastric cancer [4,7]. However, due to
the development of drug resistance in chemotherapy, it is
necessary to discover new drugs to improve the life expectancy
of gastric cancer patients [8-10]. In recent decades, compounds
isolated from natural products have been recognized as a most
treasurable resource in discovering anti-cancer drugs [11-14].

Antiaris toxicaria (Pers.) Lesch. (Moraceae) is widely
distributed in tropical rain forests of Southeast Asia [15]. Prior
investigations found that A. toxicaria exhibited a broad
spectrum of biological activities, such as anti-arrhythmic, anti-
cancer and 5-lipoxygenase inhibition effects [16-18]. The seed
of A. toxicaria is used as a febrifuge and an antidysenteric by

the people of Hainan Island in China [19]. It was reported that
toxicarioside N (TN), a strophanthidol cardenolide isolated
from the seeds of A. toxicaria, showed significant cytotoxic
activity against human hepatoma SMMC-7221 cell line and
human myeloid leukemia K562 cell line [20]. However, the
cytotoxic mechanism of TN against cancer cells remains
unknown. Therefore, this work was designed to investigate the
cytotoxic activity and possible mechanism of TN against
human gastric cancer BGC-823 cells by CCK-8, flow
cytometry and western blot assays. The results of this work
indicated that TN exhibited cytotoxic activity against BGC-823
cells, and the cytotoxic activity was related to apoptosis. The
mechanism of action was associated with NF-κB-mediated
activation of Fas/FasL pathway.

Materials and Methods

Plant material
The seeds of A. toxicaria were purchased from Lingshui
County (Hainan, China) in 2013 and identified by Jing Lin,
Taian Central Hospital. A voucher specimen (no. LJ201306)
was stored in Taian Central Hospital for future reference.
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Chemicals and reagents
Analytical grade ethanol, methanol, petroleum ether, ethyl
acetate, n-butyl alcohol and chloroform, silica gel,
macroporous resin D-101 and Sephadex LH-20 were
purchased from Qingdao Haiyang Chemical Co., Ltd.
(Qiangdao, China), Qinshi Science and Technology Co., Ltd.
(Zhengzhou, China) and Merck (Darmstadt, Germany).
Dimethyl sulfoxide (DMSO) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Dulbecco’s modified Eagle’s
medium (DMEM) and fetal bovine serum (FBS) were
purchased from Gibco-BRL (Gaithersburg, MD, USA). Cell
counting kit-8 (CCK-8), Annexin V-FITC, propidium iodide
(PI) and enhanced BCA protein assay kits were obtained from
Beyotime Biotechnology (Haimen, China). Primary antibodies
against β-actin, Histone H3, phosphorylated inhibitors of NF-
κB-α (p-IκBα), IκBα, phosphorylated IκB kinase β (p-IKKβ),
IKKβ, NF-κB p65, Fas, FasL, Fas-associated protein with
death domain (FADD), cleaved-caspase-8 (c-caspase-8), c-
caspase-10, c-caspase-3 were purchased from Abcam
(Cambridge, UK) or Santa Cruz Biotechnology (Santa Cruz,
USA). Horseradish peroxidase (HRP)-conjugated secondary
antibody was obtained from Cell Signaling Technology
(Beverly, MA, USA).

Isolation of TN
The dried and crushed seeds of A. toxicaria were extracted
with 95% ethanol. The combined ethanol extract was
evaporated under reduced pressure to produce the ethanol
concentrate. The ethanol concentrate was dissolved in water
and then extracted successively with petroleum ether, ethyl
acetate and n-butyl alcohol. The n-butyl alcohol fraction was
chromatographed on macroporous resin D-101 column eluting
with water and methanol to yield methanol fraction. The
methanol fraction was then subjected to silica gel column and
eluted with the solvent system of chloroform-methanol. The
obtained eluent was evaporated under reduced pressure and
further purified on Sephadex LH-20 column to obtain the
target compound TN. The purity and chemical structure of TN
was verified and identified by HPLC, nuclear magnetic
resonance (NMR) and mass spectrum (MS) data. TN was
dissolved in 0.5% DMSO to obtain appropriate concentration
for assays.

Cell culture
BGC-823 cells were purchased from the American Type
Culture Collection (Manassas, VA, USA) and cultured in
DMEM supplemented with 10% (v/v) FBS, 100 U/ml
penicillin and 100 µg/ml streptomycin at 37°C in a humidified
atmosphere of 5% CO2. Cells were harvested in the
logarithmic growth phase for experimental use.

Cell viability assay
CCK-8 assay was performed to evaluate the cytotoxic activity
of TN against BGC-823 cells. BGC-823 cells were seeded onto
96-well plates at a density of 5 × 103 cells/well. After

incubation for 4 h, BGC-823 cells were treated with TN at the
doses of 0, 5, 10, 15, 20, 25, 30, 35 or 40 µg/ml for 48 h, and
the group treated with 0 µg/ml TN was regarded as control
group. Then CCK-8 solution was added to the above plates,
followed by incubation for another 4 h. The optical densities
(OD) values of each well were determined at 450 nm using
Bio-Rad Model 680 microplate reader (Hercules, CA, USA).
The cytotoxic activity of TN against BGC-823 cells was
assessed by inhibition rate, calculated as in Equation 1.

Inhibition rate (%) = (OD control - OD TN)/OD control ×
100% → (1)

Figure 1. Chemical structure of TN.

Figure 2. Cytotoxic activity of TN against BGC-823 cells.

Apoptosis detection
Flow cytometry assay was carried out to evaluate the effect of
TN on apoptosis of BGC-823 cells. BGC-823 cells were
seeded on 12-well plates and treated with various
concentrations (0, 10, 20 or 40 µg/ml) of TN for 48 h, and the
group treated with 0 µg/ml TN was regarded as control group.
Then, BGC-823 cells were harvested and washed with
phosphate-buffered saline (PBS) solution. The washed
BGC-823 cells were re-suspended in cell staining buffer and
then stained with Annexin V-FITC and PI. Lastly, the stained
cells were analyzed by flow cytometer (BD Biosciences, San
Jose, CA, USA).
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Western blot assay
Western blot assay was carried out to investigate the molecular
mechanism of TN on apoptosis of BGC-823 cells. BGC-823
cells were seeded on 12-well plates and treated with various
concentrations (0, 10, 20 or 40 µg/ml) of TN for 48 h, and the
group treated with 0 µg/ml TN was regarded as control group.
Then, the total or nuclear proteins were extracted, and their
concentrations were determined using enhanced BCA protein
assay kit. The nuclear proteins were used to determine the level
of nuclear NF-κB p65. The total proteins were used to
determine the levels of p-IκBα, IκBα, p-IKKβ, IKKβ, Fas,
FasL, FADD, c-caspase-8, c-caspase-10 and c-caspase-3. Equal
proteins (almost 40 µg) were separated by 12% SDS-PAGE
and then transferred on PVDF membrane. After being blocked

with 5% nonfat milk, the membrane was incubated with
corresponding primary antibody overnight at 4ºC. After
washing with TBS-T for three times, the membrane was
incubated with HRP-conjugated goat anti-rabbit antibody at
room temperature for 2 h. Lastly, the proteins were detected by
chemiluminescence. β-actin or Histone H3 was used as internal
reference standard of total or nuclear proteins.

Statistical analysis
All experiments were done in triplicate and data are expressed
as mean ± standard deviation. Differences among different
groups were analyzed by one-way analysis of variance
(ANOVA) with the aid of SPSS 21.0 software. Difference was
considered to be statistical significant at P<0.05.

Figure 3. Inductive effect of TN on apoptosis of BGC-823 cells. **P<0.01, compared with that in the control group.

Results

Purity and identification of TN
The purity of TN was 98.3% based on the result of area
normalization method of HPLC. The chemical structure of TN
(Figure 1) was identified by compared its NMR and MS data
with the existing literature [20].

Cytotoxic activity of TN agaisnt BGC-823 cells
As shown in Figure 2, exposure of BGC-823 cells to TN (5 -
40 µg/ml) resulted in a growth inhibition, and the IC50 value of
TN against BGC-823 cells was 24.87 µg/ml. Moreover, the

cytotoxic activity of TN on BGC-823 cells was positively
associated with its concentration.

Inductive effect of TN on apoptosis of BGC-823 cells
The results of CCK-8 assay suggested that TN exhibited
cytotoxic activity against BGC-823 cells. The flow cytometry
assay was carried out to investigate whether the cytotoxic
activity of TN against BGC-823 cells was related to apoptosis.
As shown in Figure 3, after treatment with TN (10, 20 or 40
μg/ml), the apoptosis of BGC-823 cells was significantly
increased (P<0.01) relative to that in the control group. The
results demonstrated that the cytotoxic activity of TN against
BGC-823 cells was related to apoptosis.

Inductive effect of toxicarioside N on apoptosis of BGC-823 cells
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Figure 4. Effect of TN on p-IκBα, IκBα, p-IKKβ and IKKβ proteins levels in BGC-823 cells. **P<0.01, compared with those in the control group.

Figure 5. Down-regulative effect of TN on nuclear NF-κB p65 protein
level in BGC-823 cells. **P<0.01, compared with that in the control
group.

Effect of TN on apoptotic proteins levels in NF-κB
pathway
The effect of TN on apoptotic proteins levels (p-IκBα, IκBα, p-
IKKβ, IKKβ and nuclear NF-κB p65) in NF-κB pathway was
investigated using western blot assay. As shown in Figures 4

and 5, after treatment with TN (10, 20 or 40 μg/ml), the levels
of p-IκBα, p-IKKβ, IKKβ and nuclear NF-κB p65 were
significantly down-regulated (P<0.01) relative to those in the
control group, while the level of IκBα was significantly up-
regulated (P<0.01) relative to that in the control group.

Up-regulative effect of TN on apoptotic proteins levels
in Fas/FasL pathway
The effect of TN on apoptotic proteins levels (Fas, FasL,
FADD, c-caspase-8, c-caspase-10 and c-caspase-3) in Fas/FasL
pathway was investigated using western blot assay. As shown
in Figure 6, after treatment with TN (10, 20 or 40 μg/ml), the
levels of Fas, FasL, FADD, c-caspase-8, c-caspase-10 and c-
caspase-3 were significantly up-regulated (P<0.01) relative to
those in the control group.

Discussion
CCK-8 assay is a common used method used to evaluate the
cytotoxic effect of compound or others on cancer cells, and
flow cytometery assay can be used to investigate whether the
cytotoxic effect of compound or others on cancer cells is
related to apoptosis [21,22]. In this study, the results of CCK-8
assay (Figure 2) indicated that TN exhibited cytotoxic activity
against BGC-823 cells, and the results of flow cytometry assay
(Figure 3) showed that the cytotoxic activity of TN against
BGC-823 cells was related to apoptosis.

Generally, before exposure to stimulus (IL-6, TNF-α or
chemotherapy drugs), NF-κB remains in the inactive state in
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the cytosol along with IκBα. Classical NF-κB pathway can be
activated by phosphorylation of IKKβ, which can be induced
by IL-6, TNF-α or chemotherapy drugs [23]. The p-IKKβ can
induce the phosphorylation of IκBα [24]. The p-IκBα is then
catalyzed by ubiquitin enzyme. Subsequently, the NF-κB/IκBα
complex was degraded with the consequent NF-κB, especially
p65 subunit, translocation to the nucleus and localization at
selected promoters on DNA, binding to accessory proteins and
enabling gene transcription [25,26]. Reports say that the
inhibition of nuclear translocation of NF-κB p65 in tumor cells
can attenuate their proliferation, cause cell cycle arrest and lead

to apoptosis [27], and NF-κB activity is under the control of its
inhibitors (IκBα) and IKKβ [28,29]. In the present study, the
results (Figures 4 and 5) showed that TN down-regulated the
levels of p-IκBα, p-IKKβ, IKKβ and nuclear NF-κB p65 and
up-regulated the level of IκBα in BGC-823 cells, indicating
that the inductive effect of TN on apoptosis of BGC-823 cells
was caused by inactivation of the NF-κB pathway. The
inactivation of NF-κB pathway can prevent the nuclear
translocation of NF-κB p65, resulting in up-regulation of pro-
apoptotic proteins such as pro-apoptotic proteins in Fas/FasL
pathway and then leading to apoptosis of cancer cells [30].

Figure 6. Up-regulative effect of TN on Fas, FasL, FADD, c-caspase-8, c-caspase-10 and c-caspase-3 proteins levels in BGC-823 cells;
**P<0.01, compared with those in the control group.

Activation of Fas/FasL pathway is a very effective pathway to
induce apoptosis of cancer cells [31]. The combination of Fas
with its ligand FasL on the cell surface can leads to
multimerization of Fas, followed by the formation of death
signaling complex which contains the adaptor protein FADD
[32]. Subsequently, the protein FADD leads to the auto-
cleavage and activation of caspase-8 and caspases-10 [33,34].
The c-caspases-8 and c-caspases-10 in turn activates
downstream caspase-3, leading to apoptosis [35]. In this study,
the results (Figure 6) exhibited that TN up-regulated the levels
of Fas, FasL, FADD, c-caspases-8 and c-caspases-10 and c-
caspases-3 in BGC-823 cells, suggesting that the inductive
effect of TN on apoptosis of BGC-823 cells was caused by
activation of the Fas/FasL pathway. Based on the relationship

of NF-κB pathway with Fas/FasL pathway [30], the
mechanism of action of TN on apoptosis of BGC-823 cells was
related to NF-κB-mediated activation of Fas/FasL pathway.

Conclusion
The findings of this work reveal that TN showed cytotoxic
activity against BGC-823 cells, and the cytotoxic activity was
related to apoptosis. The mechanism of action was associated
with NF-κB-mediated activation of Fas/FasL pathway. Thus,
TN may be a promising candidate drug for treatment of gastric
cancer. However, investigations on the mechanism of action of
TN in this regard need to be explored and elaborated further.

Inductive effect of toxicarioside N on apoptosis of BGC-823 cells
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