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Abstract

Objective: Ovarian cancer is one of three malignant tumors of the female reproductive system.
Our previous studies showed that the traditional Chinese medicine naringin significantly inhibited
the proliferation of platinum-resistant ovarian cancer cells in vitro, and that the mechanism may be
related to the NF-xB pathway.

Methods: The MTT assay was used to detect the sensitivity of SKOV3 and SKOV3/CDDP cells
to cisplatin, the effect of different naringin concentrations on the proliferation of SKOV3/
CDDRP cells, and the reversal of cisplatin resistance in naringin-treated SKOV3/CDDP cells.
Western blotting was used to detect f3-catenin, c-Myc, and cyclin DI protein levels in the dif-
ferent cell lines.

Results: MTT results showed that different concentrations of naringin inhibited the proliferation
of SKOV3 and SKOV3/CDDP cells, and that the inhibition increased with increasing concentra-
tions and prolonged incubation times. Western blotting revealed that compared with controls
(SKOV3/CDDP-0), ff-catenin, c-Myc and cyclin D1 proteins levels were significantly decreased in
SKOV3/CDDP-C, SKOV3/CDDP-N 20, and SKOV3/CDDP-CN 20 cells, suggesting that naringin
inhibited the proliferation of SKOV3/CDDP cells in a concentration and time dependent manner.
Conclusions: Non-cytotoxic naringin reduced the expression of ff-catenin, c-Myc, and cyclin D1
in SKOV3/CDDP cells and partially reversed cisplatin resistance in SKOV3/CDDP CN 20 cells.
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Introduction

Ovarian cancer is the third most common
malignant tumor of the female reproductive
system, following cervical cancer and uter-
ine cancer. Owing to the lack of specific
symptoms and effective screening strategies
for early-stage disease, most ovarian cancer
cases progress to advanced stages after
diagnosis. Ovarian cancer is the leading
cause of death from malignancies of the
female reproductive system owing to its
difficulty to treat, high recurrence rate,
and rapid metastasis.! Effective treatments
for ovarian cancer include surgical resection
and platinum-based chemotherapy, which
have improved the prognosis of patients
to some extent.” However, in clinical treat-
ment, ovarian cancer cells often become cis-
platin resistant, leading to treatment failure,
which directly affects both tumor-free and
long-term survival rates. The postoperative
recurrence rate of ovarian cancer can be as
high as 85%, and the 5-year survival rate is
less than 30%.** Therefore, developing new
strategies to reverse cisplatin resistance has
become a major research goal for ovarian
cancer.

Traditional Chinese medicine (TCM)
has been widely used in China. In recent
years, a variety of antitumor components
extracted from TCM and natural plants
have been proven to be effective antitumor
agents. Naringin, also called the new hes-
peridin naringenin glycoside, is a flavanone
compound. Our previous studies showed
that naringin could significantly inhibit the
proliferation of the human ovarian cancer

cell line SKOV3 in vitro.> Naringin also sig-
nificantly inhibited the proliferation of the
cisplatin-resistant human ovarian cancer
line SKOV3/CDDP, increasing the sensitiv-
ity of SKOV3/CDDP cells to cisplatin treat-
ment. The reversal mechanism might be
associated with the NF-«B pathway.®
However, the exact mechanism of naringin
in ovarian cancer cells remains largely
unknown.

Recent research has indicated that Wnt/
p-catenin signaling serves important roles in
regulating tumor initiation and progression
in all stages of ovarian cancer. In this study,
we investigated the effects of naringin on
ovarian cancer cells and explored whether
the reversal mechanism of cisplatin resis-
tance was related to the Wnt/f-catenin
pathway.

Materials and methods

Cells and reagents

The ovarian cancer cell line SKOV3 and
the cisplatin-resistant ovarian cancer
cell line SKOV3/CDDP were purchased
from the Shanghai Academy of Sciences
(Shanghai, China). Naringin was provided
by the Pharmacology Institute of Nanchang
University (Nanchang, China). Cisplatin was
purchased from Qilu Pharmaceutical Co., Ltd.
(Shandong, China). RPMI-1640 medium and
fetal bovine serum (FBS) were purchased from
Beijing Soledad Lite-On Technology Co., Ltd.
(Beijing, China). Antibodies against -catenin
(cat. no. ab227499), c-Myc (cat. no. ab32072),
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and cyclin D1 (cat. no. ab134175) were pur-
chased from Abcam (Cambridge, UK).
Horseradish peroxidase (HRP)-labeled goat
anti-rabbit IgG (cat. no. TA130015) was
purchased from OriGene Technologies, Inc.
(Beijing, China).

SKOV3 and SKOV3/CDDP cells were
cultured in RPMI-1640 medium containing
10% FBS, 100U/mL penicillin, and
100 U/mL streptomycin at 37°C under 5%
CO,. The medium was replaced every other
day, and the cells were passaged every
3 days. Cells in logarithmic phase were
used for experimentation.

Naringin preparation

A naringin stock solution (7mmol/L) was
prepared by dissolving 4 mg of naringin in
I mL of dimethylsulfoxide. Then, working
solutions of 80 pmol/L, 40 umol/L, 20 pmol/L,
and 10 pumol/L were prepared by dilution in
RPMI-1640.

MTT assay

The cisplatin sensitivity of SKOV3 and
SKOV3/CDDP cells was determined by plat-
ing cells in logarithmic growth phase in
96-well culture plates at a density of 5 x 10
cells per well. SKOV3-C (cells treated with
cisplatin) and SKOV3/CDDP-C (resistant
cells treated with cisplatin) indicate that
the cells were treated with different concen-
trations of cisplatin (0, 1, 2, 4, 8, 16, and
32 ug/mL). After 48 hours, the cell prolifera-
tion rate and 50% inhibitory concentration
(ICs0) of SKOV3-C and SKOV3/CDDP-C
cells were calculated using the following
formula: 1 —experimental group OD value/
control group (0pg/mL cisplatin) OD val-
ue x 100%. The cisplatin resistance rate in
SKOV3/CDDP-C cells was calculated by
the formula: ICs of cisplatin — the sensitivity
of SKOV3/CDDP-C cells+the ICs,
SKOV3/CDDP-C cells (cisplatin-resistant).

Each test was three times
independently.

The inhibitory effects of naringin on
SKOV3/CDDP cells were determined by
adding 10, 20, 40, and 80 pmol/L naringin
to SKOV3/CDDP wells in quintuplicate.
SKOV3/CDDP-0 indicates cells that were
not treated with cisplatin or naringin.
SKOV3/CDDP-N 20 indicates cells that
were treated with 20pmol/L naringin
alone. SKOV3/CDDP-C indicated cells
treated with different concentrations of cis-
platin only. SKOV3/CDDP-CN 20 indicates
the SKOV3/CDDP-N 20 cells that were
treated with different cisplatin concentra-
tions for 24-, 48-, and 72-hour time points
to calculate the inhibitory rate. The naringin
concentration that produced a cell growth
rate >90% for a given time point was used
as the non-cytotoxic dose of naringin
(SKOV3/CDDP-N 20 for 48 hours). Each
test was repeated three times independently.

We calculated the reversal of cisplatin
resistance in SKOV3/CDDP-CN 20 cells
after 48 hours of naringin treatment accord-
ing to the formula: ICs, of SKOV3/CDDP-
C cells + 1C5y of SKOV/CDDP-CN 20 cells.

repeated

Western blotting

Briefly, 8-nug protein samples that were pre-
pared in ice-cold RIPA buffer were separat-
ed on 10% SDS gels, and then transferred
onto PVDF membranes. The membranes
were then blocked in 5% skimmed milk
for 2 hours at room temperature, and then
incubated overnight with primary antibody
solutions for f-catenin, cyclin D1, ¢c-Myc,
and tubulin at 4°C. The following day, the
membranes were incubated with HRP-
conjugated secondary antibodies (1:5000)
at room temperature for 2 hours.
Immunoreactive bands were developed
using the Pierce™ ECL Western Blotting
Substrate; anti-tubulin was used as the
internal control. Optical density values
were analyzed using Image Pro Plus
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software (version 6.0; Media Cybernetics,
Inc., Rockville, MD, USA) to calculate
the relative levels of target proteins.

Statistical analysis

Statistical analyses were performed using
SPSS (version 17.0; SPSS, Inc., Chicago,
IL, USA). The Student’s t-test was used
for comparisons of the mean values
between two groups. Intergroup compari-
sons were made using one-way ANOVA
followed by Fisher’s least significant differ-
ence test. P <0.05 indicated a statistically
significant difference.

Results

The cisplatin sensitivity of SKOV3 and
SKOV3/CDDP cells

MTT results showed that after incubation
with different concentrations of cisplatin
for 48 hours, the ICsy was 8.618 pg/mL
for SKOV3-C cells and 18.876 ug/mL for
SKOV3/CDDP-C cells. The inhibitory
rate of SKOV3-C cells was greater than
SKOV3/CDDP-C cells under the same
incubation time and cisplatin concentra-
tion. The inhibitory rate for SKOV3-C vs
SKOV3/CDDP-C cells were 16% vs 8%,
19% vs 12%, 36% vs 14%, 62% vs 16%,
81% vs 55%, and 95% vs 77% at cisplatin
concentrations of 1, 2, 4, 8, 16, and
32 ug/mL, respectively. These data indicat-
ed that SKOV3/CDDP cells were signifi-
cantly more resistant to  cisplatin
(*P < 0.05, Figure la and al).

Effects of naringin on the proliferation
of SKOV3/CDDP cells

The inhibitory effect of naringin on
SKOV3/CDDP cells depended on the incu-
bation time and dose (Figure 1b and b1). At
the 24-hour time point, there was no
significant difference between 10 and

20 umol/L naringin, but significant differen-
ces were observed between 20 and
40 umol/L, 20 and 80 pmol/L, and 40 and
80 umol/L.  naringin (*P <0.05). At 48
and 72 hours, there were significant differ-
ences between all naringin concentrations
above 20pumol/L (** and *P<0.05). The
non-cytotoxic dose of naringin (20 umol/L
for 48 hours; cell growth rate >90%) was
used as the optimal concentration and time
for subsequent experiments. Compared with
the 24-hour time point, there were significant
differences at the time points of 48 and
72 hours for naringin concentrations of 40
and 80 umol/L (** and # compared with
*, P <0.05).

Naringin reversed cisplatin resistance
in SKOV3/CDDP cells

With increasing cisplatin concentrations,
the inhibitory rate on SKOV3/CDDP-N
20 cells was significantly increased
(*P < 0.05) compared with SKOV3-N 20
cells (SKOV3 cells treated with 20 pmol/L
naringin) (Figure lc and cl). The ICs,
of SKOV3/CDDP-CN 20 cells was
9.112 pug/mL, while the ICs5y of SKOV3-N
20 cells was 18.876 pg/mL; thus, the cisplat-
in resistant multiple was 2.190, which was
statistically significant (P <0.05), and the
naringin reversal multiple (RM) was 2.072.

Effect of naringin on [-catenin, c-Myc,
and cyclin DI protein expression in
SKOV3/CDDP cells

Western blotting results showed that
the expression of cyclin D1, c-Myec, and
p-catenin  proteins decreased in the
SKOV3/CDDP-N 20, SKOV3/CDDP-C,
and the SKOV3/CDDP-CN 20 groups.
These differences were statistically signifi-
cant compared with the SKOV3/CDDP-0
group (*P < 0.05). The expression of these
proteins in the SKOV3/CDDP-CN
20 group was lower than in the
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Figure |. a and al: The sensitivity of SKOV3 and SKOV3/CDDRP cells to cisplatin.

The inhibitory rate of cisplatin on SKOV3-C cells was significantly greater than SKOV3/CDDP-C cells under
the same time and concentration (*P < 0.05).

b and bl: Effects of naringin on the proliferation of SKOV3/CDDP cells.

Different concentrations of naringin had different inhibitory effects on SKOV3/CDDP cells with time and
dose dependencies. For SKOV3/CDDP cells at 24 hours, there was no significant difference between 10 and
20 pmol/L naringin (P > 0.05); however, there were significant differences between 20 and 40 pmol/L, 20 and
80 pumol/L, and 40 and 80 pmol/L naringin (*P < 0.05). At 48 and 72 hours, there were significant differences
between naringin concentrations above 20 pmol/L (** and #P < 0.05). Compared with the 24-hour time
point, there were significant differences at 48 and 72 hours when the naringin concentration was increased
to 40 and 80 umol/L (** and # compared with *, P < 0.05).

c and cl: For SKOV3/CDDP-N 20 cells, the differences were statistically significant (*P < 0.05) compared
with SKOV3-N 20 cells (*P < 0.05). The difference of ICsq values between SKOV3/CDDP-CN 20 cells and
the SKOV3-N 20 cells was statistically significant (P < 0.05).

SKOV3/CDDP-C: SKOV3/CDDP cells were treated with different concentrations of cisplatin alone. SKOV3/
CDDP-CN 20: SKOV3/CDDP-C cells were treated with 20 umol/L naringin.

SKOV3/CDDP-C and SKOV3/CDDP-N  As drug-resistant ovarian cancer has
20 groups (**P < 0.05, Figure 2). attracted more attention, various Chinese
medicines have been suggested as potential
anticancer drugs because they have the

advantages of reduced toxicity and the abil-
Chemotherapy resistance of ovarian cancer ity to reverse resistance.>” Naringin is a

is the main cause of treatment failure.’ natural flavonoid compound,'® which

Discussion
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Figure 2. a: Effects of naringin on B-catenin, c-Myc, and cyclin D| protein expression in SKOV3/CDDP

cells. B-catenin, c-Myc, and cyclin D1 levels in SKOV3/CDDP-C, SKOV3/CDDP-N 20, and SKOV3/CDDP-
CN 20 cells were decreased significantly compared with SKOV3/CDDP-0 cells (*P < 0.05). B-catenin, c-Myc,
and cyclin D1 expression in SKOV3/CDDP-CN 20 cells was decreased compared with SKOV3/CDDP-C and

CyclinD1

C-myc

B-catenin

SKOV3/CDDP-N 20 cells (**P < 0.05).
b: Representative western blots.

SKOV3/CDDP-0: SKOV3/CDDP cells were tested without cisplatin or naringin. SKOV3/CDDP-N 20:
SKOV3/CDDRP cells were treated with 20 pmol/L naringin alone. SKOV3/CDDP-C: SKOV3/CDDP cells were
treated with different concentrations of cisplatin only. SKOV3/CDDP-CN 20: SKOV3/CDDP-C cells were

treated with 20 pmol/L naringin.

*P < 0.05 compared with SKOV3/CDDP-0; **P < 0.05 compared with SKOV3/CDDP-C and SKOV3/

CDDP-N 20.

primarily exists in the peels of pomelo,
grapefruit, orange, and its varieties. A pre-
vious study reported that naringin exhibited
anti-inflammatory, anti-oxidative stress,
hypoglycemic, myocardial protective, and
antitumor effects.'' !> However, few studies
have examined the effects of naringin
on ovarian cancer cells. In our previous
study, we found that naringin inhibited
the proliferation of the human ovarian
cancer cell lines SKOV3 and SKOV3/
CDDP in vitro in a time- and dose-
dependent manner and that its mechanism
may be related to downregulating COX-2
protein expression.” Naringin also signifi-
cantly inhibited expression P-gp protein in
SKOV3/CDDP cells and reversed their
resistance to platinum-based agents. The
mechanism of this activity may be related
to regulation of the NF-xB signaling path-
way.® In this study, we found that different
concentrations of naringin inhibited the
proliferation of SKOV3/CDDP cells in
a time- and dose-dependent manner.
After 20umol/L naringin treatment of

SKOV3/CDDP-CN for 48 hours, the inhi-
bition rate increased with increasing cisplat-
in concentrations compared with the
0-umol/L naringin group (P <0.05). The
ICsy and RM of the combination group
were statistically different from the control
group. These data indicated that naringin
increased the sensitivity of SKOV3/CDDP
cells to cisplatin, enhance its cytotoxic
effects on ovarian cancer cells, and reversed
the cisplatin resistance of SKOV3/CDDP.
The Wnt gene was first isolated in murine
breast cancer in 1982, and this signaling
pathway regulates many biological process-
es. Abnormal activation of the Wnt gene is
closely related to cardiovascular disease,
liver fibrosis, and cancer. The Wnt signaling
pathway includes three branches: 1) the
canonical Wnt signaling pathway, which is
called the Wnt/f-catenin signaling pathway;
2) the Wnat/planner cell polarity pathway;
and 3) the Wnt/Ca2+ pathway.'® f-catenin
is the key mediator of the canonical Wnt
signaling pathway. Abnormal f-catenin
expression leads to the inability of cells to



Zhu et al.

degrade f-catenin by phosphorylation and
ubiquitination, resulting in its accumula-
tion. Subsequently, p-catenin enters the
nucleus, where it activates genes that are
crucial for cell division and growth, such
as c-Myc and cyclin D1.

A recent study showed that cyclin
DI and c¢-Myc are important target
genes of the Wnt signaling pathway.'’
Immunohistochemistry  confirmed that
abnormal expression of cyclin DI, c-Myc,
and f-catenin are correlated with activation
of the Wnt signaling pathway.'® When the
Wnt signaling pathway is activated, the
number of f-catenin molecules entering
the nucleus is increased, further activating
expression of cyclin DI, c-Myc, and other
genes that promote cell proliferation.”
Therefore, these key proteins in the Wnt/
p-catenin signaling pathway are often used
as drug targets to screen for small molecules
that could be used for cancer treatment.?

f-catenin plays an important regulatory
role in the development of various human
diseases, especially tumors.?' Kildal et al.?
suggested that f-catenin expression is gen-
erally higher in ovarian cancer, and that
histological type, tumor stage, degree of
cancer cell infiltration, and metastasis in
ovarian cancer are closely related to abnor-
mal f-catenin expression.

Cyclin D1 is a cell cycle regulator that
activates the cyclin E-CDK2 and cyclin
A-CDK2 complexes by activating the
cyclin dependent kinase 4/6, which pro-
motes cell cycle progression from G1 to S
phase.”> Many recent studies have shown
that cyclin D1 expression is significantly
higher in epithelial ovarian cancer than in
benign ovarian and normal ovarian tissues;
furthermore, its expression is increased
with increased clinical stage and decreased
differentiation.”* In advanced ovarian
serous cystadenocarcinoma, cyclin D1 over-
expression is closely related to poor progno-
sis and chemotherapeutic resistance.?

¢-Myc is a proto-oncogene that is one of
the most important members of its gene
family. A previous study reported that
overexpression of ¢-Myc is related to the
occurrence, invasion, and metastasis of
ovarian epithelial cancer.”® In platinum-
resistant ovarian cancer, targeted silencing
of c-Myc can significantly reduce the
growth of ovarian cancer cells and promote
apoptosis.?’

The mechanism of cisplatin resistance in
ovarian cancer cells is complicated. The
results obtained in this study are only
from experiments performed at the cellular
level. In the future, we will conduct animal
experiments to further explore the mecha-
nism of cisplatin resistance and its reversal
in vivo.

Conclusion

This study investigated the relationship
between the naringin-induced reversal of
cisplatin resistance in ovarian cancer cells
and the expression of Wnt pathway-
related proteins. The decreased expression
of cyclin D1, c-Myc, and f-catenin in
SKOV3/CDDP-CN 20 cells indicated that
naringin combined with cisplatin might pre-
vent cell cycle progression from Gl to S
phase, enhancing the effect of chemothera-
py. Naringin inhibits proliferation by
blocking the EMT process, thereby reduc-
ing the invasion and metastasis of tumor
cells, while also increasing their sensitivity
to cisplatin.
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