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Abstract. Oleanolic acid (OA) and its several derivatives 
possess chemopreventive and chemotherapeutic functions 
against a series of cancer types. Many chemotherapeutic 
compounds are effective in improving the quality of life and 
prolonging the survival of patients with gastric cancer, there-
fore progress in the treatment of gastric cancer, especially 
the anticancer effects of OA derivatives must be achieved. 
The inhibitory effect of SZC017, a newly synthesized deriva-
tive of OA, on cell viability was determined by MTT assay. 
Furthermore, flow cytometry, transmission electron micros-
copy, and western blot analysis revealed that the inhibition of 
cell viability by OA was mediated by triggering the intrinsic 
apoptosis of gastric cancer cells, and inducing S phase arrest 
of SGC7901 cells. Mechanistically, SZC017 was effective 
against gastric cancer cells via inhibiting Akt/NF-κB signaling 
and topoisomerase I and IIα proteins. Taken together, our data 
indicate that SZC017 may be a potential chemotherapeutic 
agent against gastric cancer cells.

Introduction

The burden of cancer has shifted from more developed coun-
tries to less developed countries, and gastric cancer accounts 
for 57% of cancer cases and 65% of cancer-related deaths 
worldwide. Gastric cancer, which has the highest incidence 
rate in Eastern Asia (particularly in Japan, Korea and China), 

is the third most commonly diagnosed cancer type and the 
leading cause of cancer-related death in less developed coun-
tries (1). Although many chemotherapeutic compounds have 
been investigated to improve the quality of life and prolong the 
survival of patients with gastric cancer, progress in the treat-
ment of gastric cancer is unsatisfactory.

Oleanolic acid (OA) is a ubiquitous pentacyclic triterpe-
noid compound, which is abundant in dietary and medicinal 
plants. It has been isolated from more than 1,600 plant species 
in nature. It is considered to be a basic molecule for chemical 
modifications due to its pharmacological activities, avail-
ability, and low production costs. Several portions of OA, such 
as the C-3 hydroxy, the C-12-C-13 double bond and the C-28 
carboxylic acid, have led to a series of new synthetic deriva-
tives. It also serves as an aglycone of triterpenoid saponins that 
is linked with sugar chains to form glycosides. Both OA and 
its derivatives possess several biological activities, including 
hepatoprotective effects, antioxidant, anti‑inflammatory, anti-
viral and anticancer activities (2-4). Many OA derivatives have 
shown their chemopreventive and chemotherapeutic func-
tions among a series of cancer types, such as acute myeloid 
leukemia, breast cancer and prostate cancer (5-7). However, 
reports concerning the anticancer effects and mechanism of 
OA derivatives on gastric cancer are sparse.

In the present study, SZC017, a derivative of OA, was 
newly synthesized and evaluated in regards to its anticancer 
activity against gastric cancer cells. Furthermore, we aimed 
to ascertain whether the inhibitory effect of SZC017 on cell 
viability was mediated by inducing apoptosis and cell cycle 
arrest in MGC-803 and SGC-7901 cells, or mechanistically 
mediated by inhibiting Akt/NF-κB/topoisomerase signaling. 
Therefore, our present study provides enhanced knowledge of 
the anticancer activity of SZC017 against gastric cancer cells.

Materials and methods

Chemicals and apparatus. All reagents and chemicals were 
obtained from standard commercial sources and used without 
further purification. Silica gel for column chromatography was 
purchased from Qingdao Haiyang Chemical Co. Ltd. NMR 
spectra were recorded on a Bruker DRX-400 with TMS as 
a reference. Electrospray ionization (ESI) mass spectra were 
recorded using an LC/Q-TOF MS spectrometer. Melting points 
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were measured using X-4 Digital Micro Melting Point appa-
ratus. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), penicillin and streptomycin were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco's modi-
fied Eagle's medium (DMEM), trypsin‑EDTA, and fetal bovine 
serum (FBS) were purchased from Gibco-BRL (Gaithersburg, 
MD, USA). The Annexin V-FITC apoptosis detection kit was 
purchased from Nanjing Jiancheng Bioengineering Institute 
(Nanjing, Jiangsu, China). Cell cycle and apoptosis analysis 
and the nuclear and cytoplasmic extraction kits were obtained 
from Beyotime Institute of Biotechnology (Haimen, Jiangsu, 
China). Antibodies to β-actin, histone H3, cleaved-PARP, 
procaspase-3, procaspase-9, Bax, Bcl-2, Akt, p-Akt, DNA 
topoisomerase I (Top-I, rabbit polyclonal) and DNA topoi-
somerase IIα (Top-IIα, rabbit monoclonal) were purchased 
from Proteintech (Chicago, IL, USA). The primary anti-
bodies against p-p65 (Ser536), p-IκBα (Ser32/Ser36) and the 
secondary antibody HRP goat anti-rabbit IgG were obtained 
from Abbkine (Redlands, CA, USA).

Synthesis of 3‑oxo‑olean‑12‑en‑28‑oic acid (3‑oxo‑OA) 
(Fig. 1A). OA 2.0 g (4.4 mmol) was dissolved in a 100-ml 
mixed solvent of dichloromethane and acetone (volume ratio 
of 1:1). The solution was cooled to 0˚C, and 2.0 ml Jones 
reagent was added dropwise within 30 min. The reaction 
mixture was stirred for 30 min and 2 ml isopropanol was 
added. After 10 min, the mixture was filtered, and the filtrate 
was evaporated under reduced pressure to yield a solid residue, 
which was dissolved in 50 ml ethyl acetate, and then washed 
with saturated brine (50 ml x3). The organic phase was dried 
with anhydrous sodium sulfate and concentrated in vacuo. The 
crude product was purified by silica gel column chromatog-
raphy eluting with petroleum ether/ethyl acetate (20:1, v:v) to 
afford 3-oxo-OA as a white solid (1.97 g, 98.2% yield). mp. 
181‑182˚C. Positive ESI‑TOF‑MS: m/z 499.2864 [M+2Na-H]+. 
1H NMR (CDCl3, 400 MHz): 0.81, 0.91, 0.93, 1.03, 1.05, 1.08, 
1.15 (each s, 3H, 7xCH3), 5.30 (1H, t, J=3.3 Hz, H-12), 2.84 
(1H, dd, J = 13.6, 3.8 Hz, H-18), 2.33-2.55 (2H, m, H-2).

Synthesis of 2‑(piperidine‑1‑methyl)‑3‑oxo‑olean‑12‑en‑ 
28‑oic acid (SZC017) (Fig. 1B). Piperidine hydrochloride 1.21 g 
(10.0 mmol), SnCl2 0.38 g (2.0 mmol) and paraformaldehyde 
0.3 g were added to a solution of 3-oxo-OA (0.91 g, 2.0 mmol) 
in 40 ml ethanol. The reaction mixture was heated at reflux for 
20 h and then filtrated. The filtrate was concentrated to dryness 
under reduced pressure. The residue was dissolved in 200 ml 

ethyl acetate, and then washed with saturated brine (50 ml x3). 
The organic layer was dried with anhydrous sodium sulfate 
and concentrated in vacuo. The crude product was purified 
by silica gel column chromatography eluting with chloro-
form/ethanol/water (15:1:0.1, v:v:v) to give compound SZC017 
as a pale yellow solid (0.18 g, 16.3% yield). mp 198‑200˚C. 
MS (TOF-ES positive) m/z: 552.5 [M+H]+. 1H NMR (CDCl3, 
400 MHz): 0.82, 0.90, 0.94, 1.09, 1.10, 1.12, 1.38 (each s, 3H, 
7x CH3), 1.86 [m, 4H, N(CH2CH2)2CH2], 2.78 (m, 1H, -NCH2-), 
2.84 (m, 1H, H-18), 2.86 [m, 2H, N(CH2CH2)2CH2], 3.24 (m, 
1H, -NCH2-), 3.59 [m, 2H, N(CH2CH2)2CH2], 3.85 (m, 1H, 
H-2),5.26 (t, 1H, J=3.3 Hz, H-12).

Cell culture. Human gastric cancer cell lines MGC-803 and 
SGC-7901 were purchased from the Institute of Biochemistry 
Cell Biology (Shanghai, China). Cells were cultured in 
high-glucose DMEM containing 10% FBS, 100 U/ml peni-
cillin and 100 µg/ml streptomycin. Cells were maintained at 
37˚C in a humidified incubator of 5% CO2.

MTT assay. Cells were seeded into 96-well plates and then 
cultured for 24 h. After being exposed to SZC017 with different 
concentrations for the indicated time, 15 µl MTT stock solution 
(5 mg/ml) was added into each well. After an additional 4-h 
incubation, 100 µl SDS-isobutanol-HCl solution (10% SDS, 5% 
isobutanol and 12 mM HCl) was added into each well. After 
an incubation at 37˚C overnight, light absorption was detected 
at 570 nm using a microplate reader (Multiskan MK3; Shaanxi 
Pioneer Biotech Co., Ltd., Xi'an, China).

Cell apoptosis analysis. To determine whether apoptosis is 
involved in the inhibition of cell viability by SZC017 in the 
MGC-803 and SGC-7901 cells, the Annexin V-FITC apoptosis 
detection kit was performed. According to the manufacturer's 
instructions, the cells (5x105 cells/ml) were seeded into 6-well 
plates with a further incubation overnight, and treated with 
different concentrations of SZC017 for 24 h. Subsequently, the 
cells were collected and stained with Annexin V-FITC and 
propidium iodide (PI) for 30 min in the dark at room tempera-
ture. Finally, the samples were analyzed using FACScan flow 
cytometry (BD FACSAria II; BD Biosciences, Franklin Lakes, 
NJ, USA).

Cell cycle analysis. To evaluate the cell cycle distribution 
after exposure to SZC017, the cells were treated with different 
concentrations of SZC017 for 24 h. After the treatment, the 

Figure 1. Synthesis of SZC017 [2-(piperidine-1-methyl)-3-oxo-olean-12-en-28-oic acid] via the Mannich reaction of 3-oxo-OA. (A) CrO3, H2SO4, dichloro-
methane/acetone, (0˚C, 30 min). (B) Piperidine hydrochloride, SnCl2, paraformaldehyde, ethanol, reflux (20 h).
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cells were collected and fixed with 70% cold ethanol over-
night at 4˚C. According to the manufacturer's instructions, 
PI staining reagent (50 mg/ml PI and 1 mg/ml RNAse in 
1 ml of sodium citrate buffer, pH 7.4) was prepared, and the 
samples were then suspended with the reagent in the dark at 
37˚C for 30 min. The cell cycle distribution was detected using 
FACScan flow cytometry (BD FACSAria II; BD Biosciences), 
and the data were analyzed using the multicycle program from 
Phoenix Flow Systems (San Diego, CA, USA).

Transmission electron microscopy (TEM). Cells were seeded 
into 6-well plates and then treated with SZC017 after a further 
24-h incubation. After an additional 24-h incubation, the 
cells were collected and prefixed with 2.5% glutaraldehyde 
overnight at 4˚C. The cells were next post‑fixed, dehydrated, 
embedded, sectioned, and stained as previously described (8). 
Finally, the electron micrographs were recorded using a trans-
mission electron microscope (JEM-2000EX; Jeol Co., Ltd., 
Akishima, Japan).

Western blotting. Whole-cell lysates were prepared in an ice-cold 
lysis buffer containing 150 mM NaCl, 20 mM Tris-Cl (pH 7.5), 
1% Triton X-100, 1 mM PMSF, 1 mM Na3VO4, 25 mM NaF, 
1% aprotinin and 10 µg/ml leupeptin. Cytoplasmic and nuclear 
extracts were prepared using nuclear and cytoplasmic extraction 
kit according to the manufacturer's instructions. The extracts 
were fractionated by 10 or 12% SDS-polyacrylamide gel and 
then electrically transferred onto a polyvinylidene difluoride 
(PVDF) membrane. After blotting with TBST buffer [500 mM 
NaCl, 20 mM Tris-HCl (pH 7.4), and 0.1% Tween-20] containing 
5% non-fat dry milk, the PVDF membrane was probed with the 
primary antibody (1:1,000) diluted in TBST buffer overnight 
at 4˚C and then cultured with the secondary antibody (1:1,000) 
diluted in TBST for 1 h at room temperature. Membranes were 
then visualized using enhanced chemiluminescence reagent 
with LabWorks software (UVP, Upland, CA, USA).

Statistical analysis. Results are expressed as the mean ± standard 
deviation (SD) of three replicates. The statistical significance 
between the control and the treatment groups was calculated 

using one-way ANOVA test and Tukey's multiple-comparison 
test. SPSS 17.0 software was used to analyze the data. P<0.05 
was considered to indicate a statistically significant difference.

Results

Effect of SZC017 on the cell viability of MGC‑803 and 
SGC‑7901 cells. To determine the effect of SZC017 on the cell 
viability of gastric cancer cells, gastric cancer cells were treated 
with different concentrations of SZC017, and cell viability 
was determined by MTT assay. As shown in Fig. 2, SZC017 
decreased the cell viability of the MGC-803 and SGC-7901 
cell lines in a time- and concentration-dependent manner. The 
IC50 value after 24 h of SZC017 treatment was 28.46 µM for 
MGC-803 cells and 26.05 µM for SGC-7901 cells. However, 
insignificant reductions in cell viability were observed after 
treatment with 10 µM SZC017 for 12, 24 and 36 h in the 
MGC-803 cells, as compared with the SGC-7901 cells. These 
findings indicate that SZC017 may be a potential compound 
against gastric cancer cells.

SZC017 induces apoptosis in the gastric cancer cells. 
Morphological changes of apoptosis, including cell shrinkage 
and fragmentation, were observed in both the MGC-803 and 
SGC-7901 cells after treatment with SZC017 (Fig. 3A). Whether 
the inhibition of cell viability of the gastric cancer cells by 
SZC017 was due to the induction of apoptosis was confirmed 
by flow cytometry. Our results showed that SZC017 induced 
apoptosis in the gastric cancer cells in a concentration-depen-
dent manner. After treatment with different concentrations of 
SZC017 for 24 h, the total apoptotic ratio was increased from 
11.41 to 39.24% in the MGC-803 cells and from 3.33 to 31.04% 
in the SGC-7901 cells (Fig. 3B). Early apoptosis was induced 
by SZC017 in the MGC-803 cells, whereas late apoptosis 
was more obviously induced in the SGC-7901 cells (Fig. 3B). 
SZC017 treatment resulted in typical morphological changes in 
apoptosis, such as chromatin condensation, nuclear fragmenta-
tion and apoptosome formation (Fig. 3C). To determine whether 
intrinsic apoptosis is involved in SZC017-induced apoptosis in 
both cell lines, we next evaluated the expression of various 

Figure 2. Inhibitory effect of SZC017 on the cell viability of SZC017 on MGC-803 cells in a concentration- and time-dependent manner. Both MGC-803 and 
SGC-7901 cells were treated with SZC017 at concentrations ranging from 10 to 80 µM, and cell viability was measured by MTT assay at the indicated time 
points, respectively. The values are expressed as mean ± SD of three replicates. *Significantly different from the control, P<0.05.
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intrinsic apoptosis-related proteins. The results showed that 
SZC017 induced intrinsic apoptosis in both cell lines. SZC017 
significantly increased the expression of cleaved‑PARP, which 
is an executioner and a hallmark of apoptosis (Fig. 3D) (9). As 
expected, the ratio of Bcl-2/Bax, which determines the suscep-
tibility to apoptosis by regulating mitochondrial functions (10), 
was reduced by SZC017 (Fig. 3D). The levels of procaspase-9 
and procaspase-3 were also suppressed by SZC017 in both 
cell lines. Taken together, our findings indicate that SZC017 
induced intrinsic apoptosis in the MGC-803 and SGC-7901 
cells.

Effect of SZC017 on cell cycle distribution of gastric cancer 
cells. Cell cycle arrest is an important mechanism that inhibits 
cancer cell growth (11). Our results revealed that SZC017 
treatment caused an accumulation of SGC-7901 cells in the 
S phase. The percentage of cells in the S phase was increased 
from 31.99 in the control group to 45.86% in the 20 µM 
SZC017 group (Fig. 4). However, no cell cycle arrest was 

observed in the MGC-803 cells after treatment with SZC017. 
Our findings suggest that SZC017 induced S phase arrest of 
the SGC-7901 cells, but had no effect on cell cycle distribution 
of the MGC-803 cells.

SZC017 inhibits Akt, NF‑κB and topoisomerase signaling 
proteins. Chemotherapeutic compounds can induce cancer cell 
apoptosis via inhibition of the Akt signaling pathway (12,13). 
Therefore, we first evaluated the levels of Akt and p‑Akt of 
SZC017-treated gastric cancer cells. Fig. 5A clearly shows that 
the levels of Akt and p-Akt were suppressed by SZC017 in both 
cell lines. We next elucidated the effect of SZC017 on NF-κB 
signaling proteins in the gastric cancer cells. The results 
showed that the expression of p-IκBα in the cytoplasm, which 
is a key inhibitory protein in modulating NF-κB function (14), 
was reduced by SZC017 (Fig. 5B). Furthermore, a decrease 
in p-p65 in the cytoplasm and nucleus was also observed 
in both cell lines (Fig. 5B). DNA topoisomerase I (Top-I) 
and topoisomerase IIα (Top-IIα) are effective targets for 

Figure 3. Apoptosis induction of SZC017 in the MGC-803 and SGC-7901 cells. (A) Inverted contrast phase microscopy shows morphological changes in the 
gastric cancer cells following treatment with SZC017 (10, 20 and 30 µM) for 24 h. (B) Flow cytometric analysis of the apoptosis induction of SZC017 in the 
gastric cancer cells. After treatment with SZC017 at concentrations of 10, 20 and 30 µM for 24 h, the cells were then stained with Annexin V-FITC and PI 
and then analyzed by flow cytometry. (C) Transmission electron microscopy shows the occurrence of apoptosis in gastric cancer cells after treatment with 
20 µM SZC017 for 24 h, respectively. (D) Western blot analysis was performed to determine the apoptosis pathway induced by SZC017 in the gastric cancer 
cells. Cells were treated with different concentrations of SZC017 (10, 20 and 30 µM) for 24 h. The values are expressed as mean ± SD of three replicates. 
*Significantly different from the control, P<0.05.
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chemotherapy which are tightly connected with the NF-κB 
pathway (15,16). As expected, SZC017 decreased the expres-
sion of both Top-I and Top-IIα in the nucleus in both cell lines, 
respectively (Fig. 5C). Taken together, our findings indicate 
that SZC017 is an effective compound against gastric cancer 
cells via targeting Akt/NF-κB signaling and Top-I and -IIα.

Discussion

The present study demonstrated that SZC017, a novel deriva-
tive of OA, exhibited an anticancer effect against gastric 
cancer cells via induction of apoptosis, which was mainly 
mediated by inhibiting Akt/NF-κB signaling and the targeting 
of Top-I and -IIα. SZC017-induced apoptosis of gastric cancer 
cells occurred via the intrinsic pathway, as manifested by a 
decreased expression of procaspase-9, procaspase-3 and the 
ratio of Bcl-2/Bax, and a increased expression of cleaved-PARP.

Dysregulated apoptosis and DNA damage response are 
two main characteristics of cancer cells and are the main 
causes of cancer therapy chemoresistance. Therefore, induc-
tion of apoptosis and cell cycle arrest are currently two 
essential mechanisms of anticancer drugs (17,18). Apoptosis 
induction is a critical mechanism that decreases cell viability 
in gastric cancer cells, as evidenced by the presence of chro-
matin condensation, nuclear fragmentation and apoptosome 
formation (19), an increase in cleaved-PARP, an executioner 
of apoptosis (9), and flow cytometry analysis (Fig. 3). Many 
derivatives of OA induce cancer cell apoptosis via triggering 
intrinsic apoptosis pathway (7,20-22), which is characterized 
by the release of cytochrome c from the mitochondria through 
a decrease in the ratio of Bcl-2/Bax, interacting with apoptotic 
protease-activating factor 1, activating procaspase-9, and 

finally activating procaspase‑3 (18,19). Similarly, our results 
supported the above associated theory. Thus, the action of 
SZC017 was carried out by targeting the mitochondria and 
thereby leading to intrinsic apoptosis. Cell cycle arrest is 
considered to be another important mechanism for inhibiting 
cell viability (11). Interestingly, S phase arrest was observed 
after SZC017 treatment in SGC-7901 cells, whereas no effect 
on cell cycle distribution was presented in the MGC-803 cells 
suggesting that there are perhaps different mechanisms in 
regulating the cell cycle in these two cell lines.

Akt/NF-κB signaling is a major anti-apoptosis pathway 
for controlling cell survival and growth, and is frequently 
hyperactivated in cancer cells (23). OA and its several deriva-
tives induce cancer cell apoptosis and show anticancer activity 
via inhibition of Akt and p-Akt (6,13,24,25). Activated p-Akt 
promotes cancer cell survival via inactivation of downstream 
molecules such as procaspase-9 and Bad (26). During our 
observations, both Akt and p‑Akt were significantly suppressed 
by SZC017 in the MGC-803 and SGC-7901 cell lines, and 
procaspase-9 was also inhibited suggesting that targeting the 
Akt pathway may be considered to be an effective mechanism 
in gastric cancer cells in response to SZC017 treatment.

NF-κB is a downstream molecule of Akt that can activate 
the NF-κB pathway through phosphorylation of IκBα. NF-κB 
can regulate several biological activities, including inflam-
mation and apoptosis, and the NF-κB pathway has been a 
pharmacological therapeutic and preventive target (14,27). 
NF-κB complexes are usually located in the cytoplasm due 
to its connection with inhibitor protein IκBα. In the clas-
sical pathway, stimulation induces IKK activation leading to 
phosphorylation of IκBα which subsequently is ubiquitinated 
and degradated. After posttranslational modifications, the 

Figure 4. Cell cycle distribution of the SZC017-treated gastric cancer cells. Cells were exposed to SZC017 (10 and 20 µM) for 24 h, and then cell cycle distribu-
tion was analyzed by flow cytometry.
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NF-κB dimer then translocates into the nucleus and binds to 
κB sites to modulate specific gene expression (14,28,29). There 
are two IκBα-related mechanisms for inhibiting the NF-κB 
pathway. Bortezomib, a clinical proteasome inhibitor, inhibits 
the NF-κB pathway in multiple myeloma cells via inhibition of 
proteasomes, stabilizing IκBα, and thus suppressing expression 
of p-p65 in the cytoplasm and its nuclear translocation (30,31). 
Different from bortezomib, DETT, an anti-leishmanial thia-
diazine agent, induces multiple myeloma cell apoptosis via 
suppression of p-p65 expression in the cytoplasm and its nuclear 
translocation, in addition to suppression of the phosphorylation 
of IκBα in the cytoplasm (32). Similar to DETT activity, inhibi-
tion of p-IκBα prevents IκBα from degradation by proteasomes 
which is considered to be a critical step in suppressing the 
NF-κB pathway in gastric cancer cells after treatment with 
SZC017. Yet the effect of SZC017 on total IκBα requires 
further investigation. The inhibition of the NF-κB pathway by 
bortezomib is implemented through the stabilization of p-IκBα 

from degradation by the proteasome, while SZC017 and DETT 
decrease p-IκBα and thus prevent IκBα from degradation. 
Although the effects of SZC017, DETT and bortezomib on 
the NF-κB pathway are distinct in terms of p-IκBα, the final 
effect is the same. Phosphorylation of p65 at Ser536 facilitates 
p65 nuclear translocation and DNA binding, which in turn 
modulates downstream gene expression (33). p-p65-dependent 
NF-κB pathway activation is considered to play a critical role 
in cancer cell survival (32). To determine whether SZC017 
inhibits p-p65 activity, we evaluated the expression of p-p65 
in both the cytoplasm and nucleus, respectively. Our find-
ings indicated that SZC017 first suppressed p‑IκBα, and then 
inhibited p-p65 expression in the cytoplasm and nucleus in 
gastric cancer cells and thereby led to the inhibition of the 
NF-κB pathway. Nuclear translocation of NF-κB complexes is 
an important aspect of NF-κB activation. However, additional 
posttranslational modifications of NF‑κB itself is also critical 
in regulating the downstream gene expression (34,35). Taken 

Figure 5. Effect of SZC017 on Akt, NF-κB and topoisomerase pathway-related proteins in the gastric cancer cells. Western blot analysis of several Akt/NF-κB 
and topoisomerase pathway-related proteins, including Akt, p-Akt, p-IκBα, p‑p65 in the cytoplasm and nucleus, and Top‑Ⅰ and Top‑Ⅱα. Treatment (24 h) 
of gastric cancer cells with SZC017 (10, 20 and 30 µM) resulted in a change in the levels of these proteins in the gastric cancer cells. Data are expressed as 
mean ± SD of three replicates. *Significantly different from the control, P<0.05.
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together, the suppression of p-IκBα and p-p65 in the cytoplasm 
and nucleus contributes to inhibition of the NF-κB pathway in 
SZC017-treated gastric cancer cells.

Recent research demonstrates that topoisomerase-targeting 
drugs activate the NF-κB pathway, and thus lead to chemoresis-
tance. In patients with colorectal cancer, CPT-11 (irinotecan), 
a topoisomerase inhibitor, can induce chemoresistance in 
malignant cells via activation of the NF-κB pathway (36-38). 
DNA topoisomerases are molecules that modulate chromo-
some superstructure and integrity via cutting, shuffling 
DNA strands, removing DNA supercoils, and disentangling 
snarled DNA segments (39). DNA topoisomerase I (Top-I) and 
topoisomerase IIα (Top-IIα) are effective targets for chemo-
therapy (15,16,40). Our results indicate that Top-I and Top-IIα 
are effective targets in SZC017 against gastric cancer cells. 
Interestingly, different from CPT-11, SZC017 suppressed the 
level of Top-I and Top-IIα, and inhibited the NF-κB pathway 
in a p-IκBα and p‑p65‑dependent manner. Therefore, our find-
ings suggest that SZC017 may be an effective anticancer agent 
in terms of its inhibitiory function of both the Akt/NF-κB 
pathway and topoisomerases (Top-I and Top-IIα).

In the present study, we demonstrated that SZC017, a 
novel derivative of OA, possessed a potential anticancer effect 
against gastric cancer cells via induction of intrinsic apoptosis, 
inhibition of Akt/NF-κB signaling, and targeting of Top-I 
and -IIα proteins. Therefore, our data revealed a potential 
chemotherapeutic agent for inducing gastric cancer cell death. 
However, further research on the effect of SZC017 on other 
cancer types warrants investigation.
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