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Abstract. Gastric cancer is the second leading cause of 
cancer-associated mortality and is a frequently occurring 
cancer worldwide. Multiple drug resistance of gastric cancer 
cells leads to the poor prognosis. In addition, overexpression 
of anti-apoptotic protein B-cell lymphoma (Bcl)-2 have been 
demonstrated in various cancer cells and is closely associated 
with drug resistance and poor prognosis. Naringenin is a 
flavonoid that has antimutagenic and anticarcinogenic activi-
ties in numerous cancer types. In the present study, naringenin 
and a Bcl-2 inhibitor, ABT-737, were used to investigate their 
combinative anticancer effect in the SGC7901 gastric cancer 
cell line. The results revealed that naringenin and ABT-737 
were able to inhibit SGC7901 cell growth and colony forma-
tion, alone or in combination. Furthermore, the combination 
of these drugs was found to further increase the cleavage of 
caspase-3 and poly ADP-ribose polymerase. Naringenin and 
ABT-737 also decreased Akt activation and increased p53 
expression, suggesting the involvement of these pathways in 
the inhibition of gastric cell growth.

Introduction

Gastric cancer is the second leading cause of cancer-associated 
mortality worldwide (1). As one of the most frequently occur-
ring cancer types (2-3% of all cases of cancer) (2), and with a 
low survival rate (29% at 5 years) (3), gastric cancer is mainly 
treated with surgery and combination chemotherapy regimens, 
which have improved the overall survival rates (4). However, 
poor prognosis caused by multiple drug resistance remains 
the major problem in cancer treatment. Improved or novel 

combination chemotherapy strategies must be developed in 
order to overcome drug resistance and improve the prognosis 
of gastric cancer patients.

Flavonoids, which are mainly extracted from plants or 
fruit, have multiple biological activities and have been widely 
studied in cancer therapy (5,6). Naringenin is a flavonoid 
that is extracted from citrus fruit and possesses antimuta-
genic and anticarcinogenic activities (7,8). Recent studies 
have shown that naringenin is able to induce cancer growth 
inhibition, migration or cell cycle arrest in various cancer 
cells, including epidermoid carcinoma, human hepatocellular 
carcinoma, bladder cancer and breast cancer cells (8-11). 
However, to the best of our knowledge, the anticancer activity 
of naringenin in gastric cancer cells has not been studied.

Overexpression of the anti-apoptotic protein, B-cell 
lymphoma (Bcl)-2, has been commonly observed in various 
cancer cells and is associated with drug resistance and 
poor prognosis (12). ABT-737, a small molecule mimicking 
BH3-only protein, is an inhibitor of Bcl-2 and its anticancer 
activity has been studied in lung cancer (13), acute myeloid 
leukemia (14), multiple myeloma (15) and lymphoma (16). 
However, the effect of ABT-737 on gastric cancer cells has not 
been extensively investigated (17).

In the present study, the combinative effect of naringenin 
and ABT-737 on gastric cancer cells was investigated. Cancer 
cell growth and colony formation were examined in the gastric 
cancer cell line, SGC7901. In addition, the potential under-
lying mechanism of action of naringenin and ABT-737 was 
analyzed.

Materials and methods

Cell culture and reagents. The SGC7901 human gastric cancer 
cell line (American Type Culture Collection, Manassas, VA, 
USA) was maintained in RPMI-1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
supplemented with 10% fetal bovine serum, glutamine and 
penicillin and streptomycin antibiotics (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C in 5% CO2. Naringenin and 
ABT-737 were obtained from Sigma-Aldrich (St. Louis, MO, 
USA) and Selleck Chemicals (Houston, TX, USA), respec-
tively.
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Antibodies and reagents. Mouse anti-human poly ADP-ribose 
polymerase (PARP) polyclonal antibody (pAb; 1:1,000; 9542), 
rabbit anti-human protein kinase B (Akt) pAb (1:1,000; 9272), 
and rabbit anti-human phospho-Akt (p-Akt) pAb (1:1,000; 9271) 
were purchased from Cell Signaling Technology, Inc. (Danvers, 
MA, USA). Rabbit anti-human caspase-3 pAb (1:1,000; AC030), 
mouse anti-human p53 monoclonal antibody (mAb; 1:1,000; 
AP062) and mouse anti-human glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) mAb (1:800; AG019), as well as 
horseradish peroxidase (HRP)-conjugated goat anti-rabbit 
(1:1,000; A0239) and goat anti-mouse (1:1,000; A0216) IgG 
secondary antibodies, were purchased from Beyotime Institute 
of Biotechnology (Shanghai, China).

Cell viability assay. The effect of naringenin or ABT-737 on 
SGC7901 cell growth was measured using the cell counting 
kit-8 assay (CCK-8; Beyotime Institute of Biotechnology). 
Briefly, 2,000 SGC7901 cells cultured in a 96-well plate were 
treated with naringenin (20, 40, 80, or 160 µM), ABT-737 (1, 5, 
10, or 15 µM) or a combination of the two (40 µM naringenin 
and 5 µM ABT-737) for 48 h. Subsequent to the treatment, 
10 µl WST-8 solution (Beyotime Institute of Biotechnology) 
was added and the cells were incubated for a further 2 h. 
The number of viable cells was measured with a microplate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 
a test wavelength of 450 nm. Cell viability was normalized 
against control cells treated with vehicle (dimethyl sulfoxide) 
and GraphPad Prism 5 software (GraphPad Software, Inc., La 
Jolla, CA, USA) was used to produce histograms and analyze 
the data. All cell viability assays were performed in triplicate 
and repeated in three independent experiments.

Colony formation assay. For the colony formation assay, 
500 SGC7901 cells were seeded in a 6-well plate and incubated 
with 40 µM naringenin, 5 µM ABT-737 or a combination of 
the two for 6 days. The cell colonies were fixed with methanol 
for 15 min at room temperature and then stained with crystal 
violet staining solution (Beyotime Institute of Biotechnology) 
for 30 min. Colonies with a diameter >0.2 mm were counted 
and the results were presented as a histogram. Colony forma-
tion experiments were performed in triplicate and repeated in 
three independent experiments.

Western blot analysis. SGC7901 cells were treated with 40 µM 
naringenin and/or 5 µM ABT-737 for 48 h, after which the 
cells were suspended in cell lysis buffer (Beyotime Institute of 
Biotechnology) supplemented with a protease inhibitor cock-
tail, in order to extract whole cell lysates. The lysates were 
resolved by 12.5% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and then transferred to polyvinylidene 
difluoride membranes (Beyotime Institute of Biotechnology). 
Subsequently, the membranes were blocked with 5% non-fat 
milk. Next, they were incubated with the appropriate primary 
antibody subsequent to washing with phosphate-buffered 
saline containing 1% Tween 20, followed by exposure to the 
HRP-conjugated anti-rabbit IgG secondary antibody. The 
bands were visualized by the addition of an enhanced chemi-
luminescence reagent (Beyotime Institute of Biotechnology) 
to the membranes. Images were captured using X‑ray films 
(Kodak, Rochester, NY, USA) in a dark room.

Statistical analysis. Statistically significant differences 
between the treatment groups were determined using the 
Student's t-test or one-way analysis of variance, and were 
indicated by P<0.05. Standard deviations in the data are 
demonstrated by a bar in the histogram.

Results

Naringenin and ABT‑737 inhibit SGC7901 cell viability. Since 
naringenin and ABT-737 have anticancer activities (7,8,13), 
the present study evaluated their effect on SGC7901 cell 
growth using the CCK-8 assay. Treatment with naringenin 
or ABT-737 was found to inhibit SGC7901 cell growth in a 
dose-dependent manner (Fig. 1A and B). Subsequently, the 
combined effects of naringenin and ABT-737 on cell growth 
were determined; cell viability was significantly decreased 
upon treatment of the SGC7901 cells with the two drugs, as 
compared with that observed with either drug alone (P<0.001; 
Fig. 1C). These results indicated that naringenin was able 

Figure 1. Naringenin and ABT-737 inhibited SGC7901 cell growth. 
SGC7901 cells were treated with various concentrations of (A) naringenin 
or (B) ABT-737, or (C) with 40 µM naringenin and/or 5 µM ABT-737, for 
48 h. Cell viability was determined using the cell counting kit-8. **P<0.01; 
***P<0.001.
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to inhibit gastric cancer cell growth, and that the inhibi-
tion induced by naringenin was enhanced upon addition of 
ABT-737.

Naringenin and ABT‑737 inhibit SGC7901 cell colony forma‑
tion. Naringenin and ABT-737 were found to inhibit SGC7901 
cell growth; thus, this inhibition was investigated using a 
colony formation assay. A low density of SGC7901 cells 
were seeded and treated with naringenin and/or ABT-737 for 
6 days (Fig. 2A). Treatment with naringenin or ABT-737 alone 
decreased the clone numbers by ~40%, while a combination 
of the two drugs induced a 90% decrease in cell colonies, 
as compared with the control group (Fig. 2B). Therefore, 
SGC7901 cell colony formation was inhibited by naringenin, 
ABT-737 or a combination of the two.

Naringenin and ABT‑737 induce more cleaved caspase‑3 and 
PARP. Naringenin and ABT-737 have been shown to induce 
apoptosis in numerous types of cancer cells (18-21); therefore, 
the apoptotic effects of these two drugs on SGC7901 cells was 
investigated. The expression levels of the apoptosis-associated 
proteins caspase-3 and PARP were detected in SGC7901 cells 
using western blot analysis (Fig. 3). Treatment with naringenin 
or ABT‑737 alone significantly increased the expression levels 
of cleaved caspase-3 and PARP (P<0.05; Fig. 3A and B), as 
compared with the control cells. However, the expression 
levels of cleaved caspase‑3 and PARP were more significantly 
increased following the combination treatment (P<0.01; 
Fig. 3A and B); as compared with either treatment alone. These 
results suggested an enhancement in the apoptosis of SGC7901 
cells following treatment with naringenin and ABT737.

Figure 3. Naringenin and ABT-737 induced cleavage of capase-3 and PARP. (A) Western blots of SG7901 cells treated 40 µM naringenin and/or 5 µM ABT-737 
for 48 h, detecting the protein expression levels of caspase-3 and PARP. GAPDH was included as a loading control. (B) Relative pixel density of cleaved cas-
pase-3 and PARP was measured and normalized against GAPDH. PARP, poly ADP-ribose polymerase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 
*P<0.05, **P<0.01 and ***P<0.001.

Figure 2. Naringenin and ABT-737 inhibit colony formation of SGC7901 cells. (A) Representative images of SGC7901 cells treated with 40 µM naringenin 
and/or 5 µM ABT-737 for 6 days and stained with crystal violet. (B) Number of colonies counted and presented as a histogram. *P<0.05, **P<0.01.
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Naringenin and ABT‑737 increase p53 expression and reduce 
Akt activation. Naringenin is able to induce cell apoptosis via 
multiple pathways (9,22,23). In the present study, the pathways 
involved in naringenin and ABT-737-induced cell apoptosis, 
including the p53 and Akt pathways that are important in cell 
apoptosis and survival (24,25), were investigated (Fig. 4). The 
results indicated that naringenin inhibited the phosphoryla-
tion of Akt, whereas ABT-737 did not have the same effect. 
The expression levels and rate of phosphorylation of Akt in 
SGC7901 cells were significantly reduced upon treatment 
with a combination of naringenin and ABT-737 (P<0.05). 
Furthermore, naringenin and/or ABT-737 increased the 
expression levels of p53 protein. These results suggested that 
the p53 and Akt pathways are involved in the cell apoptosis 
induced by the combination of naringenin and ABT-737 treat-
ment of SGC7901 cells.

Discussion

The present study demonstrated anticancer activities for 
naringenin and ABT-737, and that naringenin, in combination 
with ABT-737, was able to inhibit gastric cancer cell growth 
and colony formation. In addition, naringenin and ABT-737 
induced the cleavage of caspase-3 and PARP, which resulted 
in apoptosis. Furthermore, the p53 and Akt pathways were 
confirmed to be involved in the anticancer effects induced by 
the combination of these two drugs.

Naringenin is extracted from citrus fruit and previous 
studies have demonstrated its antimutagenic and anti-
carcinogenic activities in various cancer types (26,27). 
Ekambaram et al (7,28) reported the modulatory and anticancer 
effects of naringenin on gastric carcinogenesis induced by 
N-methyl-N'-nitro-N-nitrosoguanidine and saturated sodium 
chloride in rats. However, the biological activity of naringenin 
on human gastric cancer cells has not been previously inves-
tigated. The results of the present study demonstrated that 
naringenin was able to induce the inhibition of gastric cancer 
cell growth and colony formation. This inhibitory effect may be 
caused by naringenin-induced apoptosis through the activation 
of caspase-3. Naringenin also increased the expression levels of 
p53 and downregulated Akt activation in the SGC7901 cells. 

Previous studies have shown that naringenin induced apoptosis 
in acute myeloid leukemia cells through the downregulation of 
Akt and caspase-3 activation (19). A recent study also demon-
strated that naringenin was able to inhibit bladder cancer cell 
migration through the downregulation of the Akt and matrix 
metalloproteinase-2 pathways (8). These observations are 
consistent with the findings of the present study.

Drug resistance is a feature of gastric cancer that is associ-
ated with poor prognosis. The anti-apoptotic protein Bcl-2 is 
overexpressed in various types of cancer cells and is associ-
ated with drug resistance (12). Novel drugs targeting Bcl-2, 
including ABT-737, have been developed to overcome the 
drug resistance and induce the apoptosis of cancer cells. In the 
present study, the inhibitory effects of ABT-737 on cell growth 
and colony formation were confirmed in gastric cancer cells. 
Similar to the results of the present study, a previous study also 
reported the pro-apoptotic role of ABT-737 in gastric cancer 
cells (17). In addition, ABT-737 in combination with narin-
genin was found to further inhibit SGC7901 cell growth and 
colony formation in the current study. Our results also showed 
that naringenin and ABT-737 were able to further increase 
cleavage of caspse-3 and PARP, leading to the inhibition of cell 
growth and survival. Furthermore, these two drugs increased 
p53 expression, which has a positive role in cell apoptosis. The 
Akt pathway, which is a pro-survival pathway, was inhibited 
by naringenin alone or in combination with ABT-737.

In conclusion, naringenin and ABT-737 were found 
to exhibit an anticancer activity in gastric cancer cells. 
Naringenin alone or in combination with ABT-737 was able to 
induce the inhibition of gastric cancer cell growth and colony 
formation. In addition, naringenin and ABT-737 induced the 
activation of caspase-3 and cleavage of PARP, leading to cell 
apoptosis. Finally, the Akt and p53 pathways were found to be 
involved in the combination effect of naringenin and ABT-737 
in gastric cancer cells.
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