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Abstract. In recent years, the incidence of colorectal
cancer (CRC) has increased and research into new treatment
methods for CRC has become a hot topic. Naringin has an
inhibitory effect on the PI3k/AKT/mTOR signaling pathway
in various tumor cell types and the effect of naringin is closely
related to the occurrence and proliferation of tumor cells. The
aim of this present study was to investigate whether naringin
could inhibit the proliferation of CRC cells by inhibiting the
PI3K/AKT/mTOR signaling pathway. This could provide
a more mechanism-based treatment for CRC. MTT assays
were used to detect the proliferation of CRC cells treated
with various concentrations of naringin. The degree of apop-
tosis and the expression of apoptosis-related proteins (Bcl-2
and Bax) in CRC cells stimulated by naringin was detected
using flow cytometry and western blot assays, respectively.
The expression levels of PI3K/AKT/mTOR-related proteins
[PI3K, AKT, mTOR, phosphorylated (p)-PI3K, p-AKT and
p-mTOR] after naringin stimulation in CRC cells were
detected using western blot assays. Naringin inhibited the
proliferation of CRC cells in a dose-dependent manner.
Naringin promoted the apoptosis of CRC cells and inhibited
the activation of the PI3K/AKT/mTOR signaling pathway
in a dose-dependent manner. The results demonstrated that
naringin may be a promising therapeutic agent for the treat-
ment of CRC, which may inhibit the proliferation of CRC cells
and induce apoptosis by inhibiting the PI3K/AKT/mTOR
signaling pathway.
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Introduction

Colorectal cancer (CRC) is one of the most comment
malignant tumor types and the second most common cancer
in females worldwide in 2012 (1). In recent years, due to
environmental and dietary effects, the number of patients
suffering from CRC has increased annually (2). Currently, the
primary methods for treating CRC are surgery, radiotherapy
and chemotherapy (3,4). Furthermore, following surgery,
patients often have reduced gastrointestinal function, reduced
immunity and also require cumbersome nursing care (5).
As a result, the pain caused by subsequent radiotherapy
and chemotherapy also increases (6). Therefore, targeted
drugs play an important role in the treatment of CRC (7-11).
Commonly used targeted drugs for the treatment of CRC
are those targeting the epidermal growth factor receptor and
targeting vascular endothelial growth factor (VEGF) (12).
However, due to problems arising from drug resistance (13),
it is important to investigate further effective compounds
targeting alternative signaling pathways.

Frydoonfar et al (14) found that naringenin had a significant
inhibitory effect on colon cancer cell proliferation and that
0.71 mM naringenin significantly inhibited colon cell prolif-
eration. This highlighted naringenin as a promising compound
for further investigation. Naringin is a dihydroflavonoid
with a variety of biological activities such as anti-oxidation,
anti-inflammation, anti-mutation and analgesic activities (15).
Furthermore, previous studies have found that naringin
inhibits the proliferation of breast cancer and cervical cancer
cells (16-19). In addition, naringin can inhibit the biological
function of tumors by inhibiting the excessive activation of
the PI3K/AKT/mTOR signaling pathway (20). In recent years,
the PI3K/AKT/mTOR signaling pathway has been identi-
fied as a key target of tumor-targeted therapy (21-24). The
PIBK/AKT/mTOR signaling pathway is important to regulate
the proliferation, growth, migration and survival of tumor
cells (25,26). It has been reported that the occurrence of CRC
is linked to the PI3K/AKT/mTOR signaling pathway (27,28).
Moreover, 60-70% of colon cancer patients present AKT
signaling activation and a reduction in PTEN expression
levels (28). A previous study has found that the expression
levels of phosphorylated (p)-AKT are higher in CRC lesions
or metastatic lesions and the probability of raised mTOR
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expression levels was also increased following PI3K mutations
and the loss of PTEN expression (27).

Based on these findings, this present study aimed to inves-
tigate whether naringin could inhibit the proliferation of CRC
cells by inhibiting the PI3K/AKT/mTOR signaling pathway, so
as to potentially provide a more mechanisms-based treatment
for CRC.

Materials and methods

Materials. Naringin was purchased from Beijing Solarbio
Science & Technology Co., Ltd. Human HCT116 and SW620
CRC cell lines were purchased from The Cell Bank of Type
Culture Collection of the Chinese Academy of Sciences.

Cell culture. HCT116 cells were maintained in McCoy's 5A
medium (Gibco; Thermo Fisher Scientific, Inc.) and SW620
cells were maintained in L-15 medium (Gibco; Thermo Fisher
Scientific, Inc.). Both media were supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.) and the cells were
cultured at 37°C in a 5% CO, incubator.

MTT assay. Cells (5x104 cells/well) were seeded into 96-well
plates and cultured for 24 h, then supplemented with fresh
medium for naringin treatment. After the cells were incubated
with naringin (0, 6, 12 or 25 pg/ml) (29) for 24,48 and 72 h, the
medium was removed and 30 yul MTT (0.5 mg/ml) was added
to each well, prior to further incubation for 4 h. Subsequently,
100 p1 DMSO (Sigma-Aldrich; Thermo Fisher Scientific, Inc.)
was added to each well. The optical density values were then
measured at 490 nm using a micro-plate reader (BioTek China).

Measurement of cell apoptosis using flow cytometry. After
incubation with naringin (0, 6, 12 or 25 ug/ml) for 48 h in
6-well plates (5x10* cells/well), the cells were collected using
trypsin digestion without EDTA and then centrifugated at room
temperature at 1,000 x g for 5 min. Subsequently, the cells
were re-suspended in 300 ul of 1X binding buffer (Beyotime
Institute of Biotechnology). A total of 5 ul of Annexin V-FITC
(Beyotime Institute of Biotechnology) was the added to the
samples and mixed for 15 min at room temperature in the
dark. Subsequently, 5 ul of propidium iodide (Beyotime
Institute of Biotechnology) was added for 5 min. The samples
were analyzed using a flow cytometer (FACSCalibur;
BD Biosciences). FlowJo software (version 7.6.1; FlowJo LLC)
was used to analyze the data.

Western blot assay. Cells in six-well plates (5x104 cells/well)
were stimulated with naringin (0,6, 12 or 25 yg/ml) for 48 h and
then washed with PBS. After the above procedure, the cellular
proteins were harvested and lysed using RIPA buffer (Beyotime
Institute of Biotechnology) at 4°C for 30 min. A bicinchoninic
acid protein assay kit (Pierce; Thermo Fisher Scientific,
Inc.) was used to measure protein concentration. Samples
(40 ug/lane) were separated on 12% SDS-polyacrylamide gels
and transblotted onto a PVDF membrane by electroblotting.
The PVDF membrane was blocked with 5% skim milk for 2 h
at room temperature. Subsequently, the membrane was incu-
bated overnight with the following primary antibodies: Bcl-2
(1:1,000; cat. no. 4223; Cell Signaling Technology, Inc.), Bax
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Figure 1. The structural formula of naringin.

(1:1,000; cat. no. 5023; Cell Signaling Technology, Inc.), PI3K
(1:1,000; cat. no. 4257; Cell Signaling Technology, Inc.), phos-
phorylated (p)-PI3K (1:1,000; cat. no. 17366; Cell Signaling
Technology, Inc.), AKT (1:1,000; cat. no. 9272; Cell Signaling
Technology, Inc.), p-AKT (1:1,000; cat. no. 4060; Cell
Signaling Technology, Inc.), mTOR (1:1,000; cat. no. 2972;
Cell Signaling Technology, Inc.), p-mTOR (1:1,000;
cat. no. 5536; Cell Signaling Technology, Inc.) and GAPDH
(1:1,000; cat. no. 5174; Cell Signaling Technology, Inc.) at 4°C,
followed by incubation with horseradish peroxidase-conju-
gated anti-rabbit secondary antibody (1:2,000; cat. no. 7074;
Cell Signaling Technology, Inc.) for 1 h at room temperature.
The immunoreactive bands were visualized using an ECL
detection kit (Thermo Fisher Scientific, Inc.). GAPDH signal
was used to normalize protein loading. Band densities were
quantified using Gel-Pro Analyzer densitometry software
(version 6.3; Media Cybernetics, Inc.).

Statistical analysis. Data analyses were performed using
SPSS 18.0 statistical software (SPSS, Inc.). The data are
expressed as the mean + SD of =3 separate experiments
and the differences between groups were determined using
unpaired Student's t-tests or one-way ANOVAs with Tukey's
post hoc tests. P<0.05 was considered to indicate a statistically
significant difference.

Results

Naringin effectively inhibits the proliferation of CRC cells.
The structural formula of naringin is shown in Fig. 1. To
investigate the function of naringin in CRC, MTT assays
were used to detect cell proliferation. The results showed that
naringin had a significant inhibitory effect on the prolifera-
tion of CRC (SW620 and HCT116 cells) cells and showed a
concentration-dependent effect (Fig. 2).

Naringin promotes apoptosis in CRC cells. It was demon-
strated that naringin had an effect on apoptosis in CRC
cells. The results of the apoptosis assay showed that naringin
promoted the apoptosis of SW620 (Fig. 3A and B) and
HCT116 cells (Fig. 3C and D). There also appeared to be a
positive association between the concentration of naringin
and the extent of apoptosis. Combined with the results of the
western blot assays, this conclusion was further verified. The
results of the western blot assays demonstrated that naringin
effectively reduced the expression levels of Bcl-2, an inhibitor
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Figure 2. Effect of naringin on colorectal cancer cell proliferation. (A) SW620 and (B) HCT116 cells were treated with different concentrations (6, 12 or
25 pg/ml) of naringin for 12, 24 or 48 h at 37°C. Cell proliferation was determined using MTT assays. Data are expressed as the mean = SD. "P<0.05 and
“P<0.01 vs. 0 ug/ml naringin treatment group. OD, optical density.
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Figure 3. Effect of naringin on colorectal cancer cell apoptosis. (A) Representative flow cytometry graphs of SW620 cells treated with different concentrations
(6, 12 or 25 pg/ml) of naringin for 48 h at 37°C and (B) the apoptosis rate was calculated following treatment. (C) Representative flow cytometry graphs of
HCT116 cells treated with different concentrations (6, 12 or 25 pg/ml) of naringin for 48 h at 37°C and (D) the apoptosis rate was calculated following treat-
ment. Data are presented as the mean + SD. "P<0.05 and “P<0.01 vs. 0 yg/ml naringin treatment group. PI, propidium iodide.
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Figure 4. Effect of naringin on the expression levels of Bcl-2 and Bax in colorectal cancer cells. (A) SW620 and (B) HCT116 cells were treated with different
concentrations (6, 12 or 25 yg/ml) of naringin for 48 h at 37°C. Protein expression levels of Bcl-2 and Bax in cells were detected using western blotting.
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Figure 5. Effect of naringin on the PI3K/AKT/mTOR pathway in SW620 cells. SW620 cells were treated with different concentrations (6, 12 or 25 ug/ml)
of naringin for 48 h at 37°C. (A) Protein expression levels of PI3K and p-PI3K were detected using western blotting and (B) the ratio of p-PI3K/PI3K was
calculated. (C) mRNA expression levels of PI3K were detected using RT-qPCR. (D) Protein expression levels of AKT and p-AKT were detected using western
blotting and (E) the ratio of p-AKT/AKT was calculated. (F) mRNA expression levels of AKT were detected using RT-qPCR. (G) Protein expression levels of
p-mTOR and p-mTOR were detected using western blotting and (H) the ratio of p-mTOR/mTOR was calculated. (I) mRNA expression levels of mTOR were
detected using RT-qPCR. Data are expressed as the mean + SD. "P<0.05 and “P<0.01 vs. 0 pg/ml naringin treatment group. p, phosphorylated; RT-qPCR,

reverse transcription-quantitative PCR.

of apoptosis. Naringin also increased the expression levels of
Bax, a pro-apoptotic protein, in SW620 (Fig. 4A) and HCT116
cells (Fig. 4B).

Naringin effectively inhibits the PI3K/AKT/mTOR
signaling pathway. The specific effects of naringin on the
PI3K/AKT/mTOR signaling pathway were investigated in
CRC cells. After SW620 and HCT116 cells were treated with
serial concentrations of naringin for 48 h, the expression levels

of PI3K, phosphorylated (p)-PI3K, AKT, p-AKT, mTOR and
p-mTOR were detected using western blot assays. The results
showed that there was no significant change in the expression
levels of PI3K, AKT and mTOR. However, the expression levels
of p-PI3K, p-AKT and p-mTOR were significantly down-
regulated with increasing naringin concentrations in SW620
(Fig. 5A, D and G) and HCT116 cells (Fig. 6A, D and G).
After calculating the ratios of p-PI3K/PI3K, p-AKT/AKT
and p-mTOR/mTOR, it was found that the ratios of these
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Figure 6. Effect of naringin on the PI3K/AKT/mTOR pathway in HCT116 cells. HCT116 cells were treated with different concentrations (6, 12 or 25 ug/ml)
of naringin for 48 h at 37°C. (A) Protein expression levels of PI3K and p-PI3K were detected using western blotting and (B) the ratio of p-PI3K/PI3K was
calculated. (C) mRNA expression levels of PI3K were detected using RT-qPCR. (D) Protein expression levels of AKT and p-AKT were detected using western
blotting and (E) the ratio of p-AKT/AKT was calculated. (F) mRNA expression levels of AKT were detected using RT-qPCR. (G) Protein expression levels of
p-mTOR and p-mTOR were detected using western blotting and (H) the ratio of p-mTOR/mTOR was calculated. (I) mRNA expression levels of mTOR were
detected using RT-qPCR. Data are expressed as the mean + SD. "P<0.05 and “P<0.01 vs. 0 pg/ml naringin treatment group. p, phosphorylated; RT-qPCR,

reverse transcription-quantitative PCR.

three phosphorylated proteins in SW620 (Fig. 5B, E and H)
and HCT116 (Fig. 6B, E and H) cells were downregulated with
increasing naringin concentrations. No significant differences
were observed in the mRNA expression levels of PI3K, AKT
and mTOR in both SW620 (Fig. 5C, F and I) and HCT116
(Fig.6C,F and ) cells. These results indicated that naringin has
a dose-dependent inhibitory effect on the PI3K/AKT/mTOR
signaling pathway in CRC cells.

Discussion

CRC has demonstrated an increasing incidence in recent
years (2). For patients with CRC, postoperative ostomy care is
difficult and gastrointestinal function is impaired, resulting in
a lower quality of life and increasing the extent of pain during
subsequent radiotherapy and chemotherapy (5,6). Therefore,
investigating new therapeutic methods for treating CRC,
new effective compounds and novel signaling pathways have
become areas of focus for research in recent years.

Naringin was the compound of focus in the present
study. MTT assays were used to detect the proliferation rate
of CRC cells treated with naringin. Naringin was found to
effectively inhibit CRC cell proliferation in both HCT116 and
SW620 cells. Similarly, naringin demonstrated both time- and
dose-dependent significant effects on proliferation. Combined
with flow cytometry results examining the rate of apoptosis in
CRC cells, it was found that naringin had a dose-dependent
effect on the apoptosis of CRC cells, with higher doses causing
an increase in the extent of apoptosis.

The role of naringin in CRC requires investigation at the
molecular level. The PI3K/AKT/mTOR signaling pathway is an
important pathway for inhibiting cellular functions (28,30,31).
In addition, there are numerous factors that are involved
with the PI3K/AKT/mTOR signaling pathway, such as
VEGF (32), PTEN (26,30), Bax and Bcl-2 (31). Furthermore,
Pandurangan (28) demonstrated that the PI3K/AKT/mTOR
signaling pathway is also a potentially effective target for
treating CRC. Therefore, western blotting was used to
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investigate the expression levels of Bax, Bcl-2, PI3K, AKT and
mTOR.

The western blotting results showed that naringin effec-
tively promoted the expression of Bax, but inhibited the
expression of Bcl-2 in a concentration-dependent manner.
Elevated expression of Bax is usually associated with apop-
tosis, while decreased expression levels of Bcl-2 demonstrate a
reduced ability to inhibit apoptosis (33). Bax is a pro-apoptotic
member of the Bcl-2 family and it is closely related to PI3K
pathway (33,34). Molton et al (35) found that CC139 fibro-
blasts treated with PI3K inhibitors showed a downregulation
of Bcl-2. Furthermore, the study showed that the ability of
Bax to activate and induce apoptosis was inhibited by the
PI3K/AKT/mTOR signaling pathway (35). According to
these results, it can be deduced that the PI3K pathway was
suppressed by naringin.

To verify the above inference, western blotting was used
to detect changes in the expression levels of PI3K, p-PI3K,
AKT, p-AKT, mTOR and p-mTOR. The results showed no
significant changes in the expression levels of PI3K, AKT
or mTOR, but the expression levels of p-PI3K, p-AKT and
p-mTOR showed a dose-dependent decrease when CRC
cells were treated with naringin. Similarly, the ratio of
p-PI3K/PI3K, p-AKT/AKT and p-mTOR/mTOR also showed
a dose-dependent downregulation. A decrease in the expres-
sion levels of p-PI3K, p-AKT and p-mTOR demonstrate
reduced phosphorylation of PI3K, AKT and mTOR, further
indicating that the PI3K/AKT/mTOR signaling pathway had
been inhibited. These data also provided strong evidence that
naringin may effectively inhibit the proliferation and promote
the apoptosis of CRC cells.

Colakoglu ef al (27) also observed that the loss of PTEN
expression was closely related to the occurrence of CRC. Loss
of PTEN expression leads to the activation of AKT and PI3K,
which in turn promotes [3-catenin phosphorylation and the
malignant proliferation of cancer cells, which is common in
cases of CRC (36-38). However, naringin can inhibit this reac-
tion to some extent (39).

In conclusion, the prevention and treatment of CRC
through the PI3K/AKT/mTOR signaling pathway is a feasible
direction for future research. naringin inhibited the prolif-
eration of CRC cells and induced apoptosis by inhibiting the
PI3BK/AKT/mTOR signaling pathway. Therefore, naringin may
be a potential therapeutic agent for the treatment of CRC, which
can inhibit the proliferation of CRC cells and induce apoptosis
by inhibiting the PI3K/AKT/mTOR signaling pathway.
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