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Nitidine chloride inhibits ovarian cancer cell migration
and invasion by suppressing MMP-2/9 production
via the ERK signaling pathway
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Abstract. Nitidine chloride (NC) has been demonstrated to
exert anti-tumor effects on various types of tumor. However,
no studies have investigated the anti-metastatic effect of NC
on ovarian cancer cells, and the underlying mechanisms have
not yet been clearly established. The present study aimed to
determine the effect of NC on the migration and invasion of
ovarian cancer cells. Cell viability and proliferation of ovarian
cancer cells were assessed by MTT assay. A scratch wound
healing assay and Transwell assays were performed to detect
migration and invasion of cells, respectively. The expression
levels of matrix metalloproteinase (MMP)-2 and 9 were
detected at the mRNA and protein level following stimulation
with NC. Subsequently, the expression of mitogen-activated
protein kinases was detected by western blot analysis. Finally,
an inhibitor of extracellular signal-regulated kinase (ERK)
was applied to investigate the effect of NC on the expression
of MMP-2/9 as well as the migration and invasion of cells. It
was found that NC suppressed the proliferation, migration and
invasion of A2780 ovarian cancer cells. NC downregulated
MMP-2 and MMP-9 in a dose- and time-dependent manner. In
addition, NC was also able to downregulate phosphorylation
of ERK. Furthermore, by applying an ERK inhibitor, U0126,
the effect of NC on the expression of MMP-2/9 and inhibition
of cell migration and invasion was verified. Taken together,
these results demonstrated that NC inhibited the migration
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and invasion of ovarian cancer cells via the ERK signaling
pathway.

Introduction

Ovarian cancer is the second most common gynecological
malignancy and the fifth most frequent cause of cancer-asso-
ciated mortality in females worldwide, with >2 million new
cases and 1 million mortalities in 2013 (1,2). At present,
surgery followed by chemotherapy is the current standard
treatment for localized ovarian cancer. However, the highly
invasive property and difficulty of detection of early-stage
ovarian cancer leads to a poor prognosis (3). As a result, only
40% of patients in all stages survive and 70-80% of patients
with distant metastases succumb to the disease within 5 years
of diagnosis (4,5). Thus, the therapeutic options for metastatic
ovarian cancer remain limited. Therefore, there is an urgent
need to elucidate the molecular mechanisms and to identify
novel agents for ovarian cancer patients to obtain an improved
treatment outcome.

Increasing evidence has demonstrated the pivotal role of
the extracellular matrix (ECM) and matrix metalloproteinases
(MMPs) in cancer invasion and metastasis (6,7). As a family
of structurally conserved, zinc-dependent endopeptidases,
the MMPs are important in proteolysis of the ECM. Among
them, MMP-2/9 can degrade components of the ECM and
thus eliminate the barrier that restrains cancer invasion (8.,9).
Mitogen-activated protein kinase (MAPK) family members,
including extracellular signal-regulated kinase (ERK), p38
and c-Jun N-terminal kinase (JNK), have been demonstrated
to be crucial in mediating MMP2/9 production (10,11).

In previous years, natural products have obtained increasing
attention as new anti-tumor therapeutic drugs due to their
relatively few side effects (12). Among them, nitidine chloride
(NGC; Fig. 1A) is a natural bioactive phytochemical alkaloid
derived from the root of Zanthoxylum nitidum (Roxb). Previous
studies have demonstrated that NC has anti-inflammatory,
anti-oxidant, anti-fungal and anti-HIV functions (13,14). NC
has been demonstrated to have anti-tumor activity in different
types of cancer. NC can induce apoptosis and inhibit the
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growth and metastasis of renal cancer (15,16). NC was also
found to suppress the proliferation of hepatocellular carci-
noma (17). Another study demonstrated that NC is able to
inhibit the growth of gastric cancer via the signal transducer
and activator of transcription 3 signaling pathway (18). In addi-
tion, NC is able to suppress the growth of breast cancer and
inhibit its metastasis through the c-Src/focal adhesion kinase
pathway (19,20). However, to the best of our knowledge, no
studies have investigated whether NC has a direct effect on
ovarian cancer migration and invasion or the mechanisms of
this effect.

In the present study, the effects of NC on ovarian cancer cell
migration and invasion, as well as the underlying molecular
mechanisms were evaluated.

Materials and methods

Cell lines and reagents. The human A2780 ovarian cancer cell
line was obtained from the American Type Culture Collec-
tion (Manassas, VA, USA) and cells were routinely cultured
in RPMI-1640 containing 10% fetal bovine serum (FBS),
100 U/ml penicillin and 100 yg/ml streptomycin (Macgene
Biotechnology Ltd., Beijing, China) in 5% CO, at 37°C.
Monoclonal rabbit anti-human ERK1/2 (cat. no. 4695; 1:1,000
dilution), monoclonal rabbit anti-human phospho-ERK1/2 (cat.
no. 4370; 1:1,000 dilution), monoclonal rabbit anti-human p38
(cat. no. 8690; 1:1000 dilution), monoclonal rabbit anti-human
phospho-p38 (cat. no. 4631; 1:1,000 dilution), monoclonal
rabbit anti-human JNK (cat. no. 9252; 1:1,000 dilution),
monoclonal rabbit anti-human phospho-JNK (cat. no. 4668;
1:1,000 dilution), monoclonal rabbit anti-human MMP-2 (cat.
no. 13132; 1:1,000 dilution) and monoclonal rabbit anti-human
MMP-9 (cat. no. 13667; 1:1,000 dilution) antibodies were
purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA). NC was purchased from Shanghai Tauto Biotech
Co.,Ltd. (Shanghai, China) and dissolved in dimethyl sulfoxide
(DMSO0). U0126, a selective inhibitor of ERK, was purchased
from Sigma-Aldrich (St. Louis, MO, USA).

MTT assay of cell viability and proliferation. Cell viability
and proliferation were assessed using a 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Beyotime
Institute of Biotechnology, Haimen, China) assay. A2780 cells
(5,000 cells/well) in 100 ul medium were seeded into 96-well
plates. Following stimulation with NC of various concentra-
tions (0, 1, 2.5, 5 and 10 uM) for various times (0, 6, 12, 24
and 48 h), 20 1l MTT (5 mg/ml) was added into each well.
Following incubation for 4 h at 37°C, 100 ul of DMSO was
added to each well for another 15 min. Finally, the absorbance
values were determined using a microplate luminometer
(iMark; Bio-Rad Laboratories, Inc., Hercules, CA, USA) at
490 nm. A2780 cells stimulated with O M NC at various time
points (0, 6, 12, 24 and 48 h) were used as the control group.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
from A2780 cells using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and then reverse
transcribed to cDNA using a RevertAid First Strand cDNA
Synthesis kit (Thermo Fisher Scientific, Inc.) according to the
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manufacturer's instructions. qPCR analysis was performed
using a LightCycler (Bio-Rad Laboratories Inc.). The primer
sequences used for gPCR were as follows: MMP-2, forward:
5"TTGATGGCATCGCTCAGATC-3' and reverse: 5-TTG
TCACGTGGCGTCACAGT-3"; MMP-9, forward: 5'-GAC
GCAGACATCGTCATCCA-3" and reverse: 5-CACAAC
TCGTCATCGTCGAAA-3'. The cycling conditions were as
follows: 95°C for 10 sec, followed by 40 cycles of 95°C for
5 sec, 60°C for 30 sec and a final extension at 72°C for 3 min.
SYBR Green I was purchased from Invitrogen (Thermo Fisher
Scientific, Inc.) Melting curves were assessed to confirm the
specificity of the products generated for each set of primers.
Following amplification, the AACq comparative method was
then used to normalize the relative levels of gene expression to
GAPDH (21). Experiments were performed in triplicate.

Western blot analysis. Following treatment, the cells were
harvested and then the protein was extracted using protein
lysis buffer (Beyotime Institute of Biotechnology). Centrifu-
gation was performed at 10,000 x g for 15 min at 4°C. Total
cell protein concentrations were determined using the
bicinchoninic acid protein assay kit (Pierce Biotechnology
Inc., Rockford, IL, USA). Equal protein from cell lysates was
loaded onto 12% SDS-PAGE gels (Bio-Rad Laboratories,
Inc.). Following electrophoresis, proteins were transferred
onto polyvinylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA) and then blocked with 5% fat-free
milk at room temperature for 1 h, and incubated with the
indicated primary antibodies overnight at 4°C. Subsequently,
the membranes were washed with Tris-buffered saline and
Tween 20 and incubated with polyclonal goat anti-rabbit
horseradish peroxidase-conjugated IgG (cat. no. ZDR-5306;
1:10,000 dilution; ZSGB-BIO, Beijing, China) secondary
antibody for 1 h at room temperature. Immune complexes
were detected with enhanced chemiluminescence reagents
and the blots were quantified by densitometric analysis
using the Alpha Imager 2200 (Alpha Innotech Corp., Santa
Clara, CA, USA). Reactions were performed once per PVDF
membrane.

Scratch wound healing assay. A scratch wound healing assay
was used to assess the migration ability of the A2780 cells.
In brief, the A2780 cells (1x10%/well) were seeded in 6-well
plates and cultured with RPMI-1640 supplemented with 10%
FBS. When reaching confluency, each well was scratched
with a 200 ul pipette tip. To assess the effects of NC on the
migration of A2780 cells, 5 yM NC was added to the plates.
After 24 h of incubation, images of the wound healing areas
were captured and then the distance between two cell edges
was analyzed by ImagelJ software (version 1.48; National
Institutes of Health, Bethesda, MD, USA).

In vitro invasion assay. To evaluate the effect of NC on the
invasive ability of A2780 cells, the transwell system was used.
A2780 cells were cultured in Boyden chambers, with 8-ym
pore filter inserts, in 24-well plates (Corning Life Sciences,
Corning, NY, USA). The pore inserts were pre-coated with
Matrigel (BD Biosciences, San Jose, CA, USA) overnight.
A2780 cells (1x10° cells/well) were suspended in 100 pul
RPMI-1640 supplemented with 1% FBS and added to the
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Figure 1. Chemical structure of NC and the effect of NC on A2780 ovarian
cancer cell proliferation. (A) Chemical structure of NC. (B) Following treat-
ment with NC for 24 h at different concentrations (0, 1, 2.5, 5 and 10 yuM),
the viability of A2780 cells was determined by an MTT assay. (C) Following
treatment with 0, 5 and 10 uM NC for different time periods (0, 6, 12, 24 and
48 h), an MTT assay was used to detect the viability of A2780 cells. The
results are presented as the mean + standard deviation from three indepen-
dent experiments. "P<0.05, “P<0.01 vs. the control group (0 xuM NC). NC,
nitidine chloride; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide.

upper chamber. RPMI-1640 with 10% FBS and 5 uM NC
were added to the lower chamber. The cells on the top of the
membrane were gently scraped using a swab. After 24 h of
incubation at 37°C, the cells attaching to the lower surface
were fixed with methanol and stained with 0.1% crystal
violet (Beyotime Institute of Biotechnology) for 15 min at
room temperature. A total of five random high-power fields
(magnification, x200; Nikon E100; Nikon Corp, Tokyo,
Japan) of each sample were selected and counted to evaluate
the average number of invasive cells.

In vitro migration assay. For the migration assay, cells were
added to upper chambers without coated Matrigel. The assay
was performed as described above for the invasion assay. The
cells on the lower surface were also counted in five randomly
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Figure 2. NC inhibits the migration and invasion of A2780 ovarian cancer
cells. (A) A2780 cells were treated with NC at a concentration of 5 yM for
24 h and then assessed by a wound healing assay. (B) A2780 cells were
treated with NC at concentrations of 5 uM for 24 h. The effect of NC on
the migration and invasion of A2780 ovarian cancer cells was assessed by
a Transwell assay. The bar graph represents the results of three independent
experiments. “'P<0.01 vs. the control group. NC, nitidine chloride.

selected fields and then the cell number was analyzed statisti-
cally.

Statistical analysis. The data are expressed as the
mean =+ standard deviation. All experiments were repeated at
least three times. Comparisons among values for all groups
were performed by one-way analysis of variance. Holm's
t-test was used for analysis of differences between different
groups. P<0.05 was considered to indicate a statistically
significant difference.


https://www.spandidos-publications.com/10.3892/mmr.2016.4929

3164

SUN et al: EFFECT OF NITIDINE CHLORIDE ON OVARIAN CANCER CELLS

A B
NC(uM) 0 25 5 10 time(h) 0 6 12 24
MMP-2| e .| MMP-2 [ e e |
iP5 e — — ] ——
s | e — GAPDH: |
T 15- T 1.5-
g™ I Control S v D0h
& CINC (2.5 uM) 5 = 6h
@ 1.04 ENC (5uM) ? 1.04 , @12h
- » EENC(10pM) o * . 24h
% **** *k % e
g 0.5- g 0.5 10
= =
s s
@ 00- @ 0.0-
MMP-2 MMP-9 MMP-2 MMP-9
e vs, MMP-9 D 5, MMP-9 _ o
g, SEw Tl o4
3 o _ =)
€ 1 @ NC (5 )) S wofd | =12h
g *% **- NC (10 |JM] g - 24h
% 05 g 0.5 **
% 0.04 % 0.0 .-
ot o
; 157 MMP-2 <« 15 MMP-2
& g
€ 1o E 104 &
g *% g o
8 os =) T os i
@ [
o o
0.0- 0.04

Figure 3. NC decreases the expression of MMP-2 and MMP-9 in A2780 ovarian cancer cells. (A and C) A2780 cells were treated with NC at different concen-
trations (0, 2.5, 5 and 10 M) for 24 h and the level of MMP-2 and MMP-9 expression was determined by western blot analysis and gPCR. (B and D) A2780
cells were stimulated with 5 yM NC for different time periods (0, 6, 12 and 24 h) and the level of MMP-2 and MMP-9 expression was determined by western
blot analysis and qPCR. "P<0.05 and “P<0.01 vs. the control group. Data are presented as the mean + standard deviation from three independent experiments.
NC, nitidine chloride; MMP, matrix metalloproteinase; qPCR, quantitative polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Results

NC inhibits the cell viability of ovarian cancer cells. The
structure of NC is shown in Fig. 1A. To determine the specific
role of NC on the cell viability of A2780 cells, an MTT assay
was used as described in Materials and methods. As shown in
Fig. 1B, various concentrations (0, 1, 2.5, 5 and 10 uM) of NC
were added to the cultured A2780 cells. At a dose of 10 M,
NC significantly inhibited the viability of A2780 cells after
24 h incubation. However, at concentrations <10 xM (1,2.5 and
5 uM), the inhibitory effect was not significant. Furthermore,
5 and 10 xuM NC were selected to stimulate the cells at different
time points (0, 6, 12, 24 and 48 h). As shown in Fig. 1C, after
24 h stimulation, NC significantly inhibited the cell viability at
a dose of 10 uM, while 5 uM NC did not significantly inhibit
cell viability. However, after 48 h stimulation, 5 and 10 M
NC significantly inhibited cell viability. As a result, 5 uM NC
for 24 h was selected in the subsequent migration and invasion
experiments in order to exclude the effect of cell viability.

NC inhibits the migration and invasion of ovarian cancer
cells. The wound healing assay was used to investigate the
effect of NC on the migration of ovarian cancer cells. A2780
ovarian cancer cells were treated with NC at a concentration
of 5 uM for 24 h. As shown in Fig. 2A, migration of A2780
cells was inhibited by NC (5 yM). The results of the wound
healing assay demonstrated that healing over the scratch
was significantly deceased following treatment with NC. In
order to further examine the effect of NC on cell migration
and invasion, a Transwell assay was performed. A2780 cells
were treated with NC at a concentration of 5 yM for 24 h. As
shown in Fig. 2B, the migration and invasion of A2780 cells
were significantly inhibited by NC (5 yM). The results of the
Transwell assay indicated that NC could inhibit the migratory
and invasive ability of ovarian cancer cells.

NC downregulates the expression of MMP-2/9 in ovarian
cancer cells. Numerous evidence has supported that MMPs,
particularly MMP-2 and MMP-9, are important in the process
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Figure 4. ERK1/2, but not p38 or JNK, regulates NC-mediated production of MMP-2 and MMP-9 in A2780 ovarian cancer cells. (A) A2780 cells were
stimulated with 5 M NC for different time periods (0, 5, 15, 30 and 60 min) and the levels of p-ERK1/2, ERK1/2, p-p38, p38, p-JNK and JNK were analyzed
by western blotting. (B) Statistical analysis of the western blotting results. "P<0.05, “P<0.01 vs. the control group. (C) A2780 cells were treated with NC
(5 uM) for 24 h and U0126 (10 uM) was added to A2780 cells 1 h prior to NC treatment. The levels of p-ERK1/2, ERK1/2, MMP-2 and MMP-9 were analyzed
by western blot analysis with GAPDH as a control. (D) Statistical analysis of the western blotting results. “P<0.05, “P<0.01 vs. the control group; “P<0.05,
"P<0.01, compared with the cells treated with NC. Data are presented as the mean + standard deviation from three independent experiments. NC, nitidine
chloride; MMP, matrix metalloproteinase; ERK, extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase; GAPDH, glyceraldehyde 3-phosphate

dehydrogenase; t-, total.

of cancer cell migration and invasion (22,23). The present
study thus determined the effect of NC on MMP-2 and
MMP-9 expression in A2780 ovarian cancer cells. Various
concentrations of NC (0, 2.5, 5 and 10 uM) were added to the
A2780 cells, respectively, and the cells were then cultured for
another 24 h. As shown in Fig. 3A, NC treatment significantly
decreased the expression of MMP-2 and MMP-9 in A2780
cells at a concentration of 5 and 10 M. The A2780 cells were
then stimulated with 5 xM NC for different time periods (0, 6,
12 and 24 h). As shown in Fig. 3B, following stimulation with
5 uM NC for 6 h, the expression of MMP-2 and MMP-9 was
not altered. However, when the stimulating time was extended

to 12 and 24 h, the expression of MMP-2 and MMP-9 was
significantly decreased compared with the control group. In
addition, identical treatments were performed and qPCR was
applied to detect the mRNA levels of MMP-2 and MMP-9. As
shown in Fig. 3C, the relative mRNA expression of MMP-2
and MMP-9 was significantly decreased when treated with 5
and 10 xM NC. Similar to the protein level, it also decreased
gradually following stimulation with 5 yM for 6, 12 and 24 h
(Fig. 3D). The results above suggest that NC inhibited the
production of MMP-2 and MMP-9 in a dose- and time-depen-
dent manner at the mRNA and protein levels. The results
above also indicate that the inhibitory effect of NC on A2780
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Figure 5. Inhibition of extracellular signal-regulated kinase 1/2 signaling enhances the anti-metastatic effect of NC in A2780 ovarian cancer cells. (A) A2780
cells were treated with NC (5 uM) and/or U0126 (10 #M) for 24 h, and then assessed by a wound healing assay. (B) A2780 cells were treated with NC (5 M)
and/or U0126 (10 uM) for 24 h. The effect of NC on the invasion of A2780 ovarian cancer cells was assessed by a Transwell assay. The results are presented

as the mean =+ standard deviation from three independent experiments.
NC. NC, nitidine chloride.

cell invasion and migration may be associated with MMP-2
and MMP-9 production.

ERKI/2 signaling pathway mediates inhibition of MMP-2/9
production following treatment with NC. The MAPK signaling
pathway is important in the development of various types
of cancer. Inhibition of MAPK activation has been demon-
strated to suppress tumor cell migration and invasion (24). To
determine the association between NC and the production of
MMP-2 and MMP-9, the relative expression of three members
of the MAPK family, including phospho-JNK, phospho-p38
and phospho-ERK1/2 were investigated following treatment of
A2780 cells with 5 uM NC for 0,5, 15,30 and 60 min. As shown
in Fig. 4A and B, the relative expression of phospho-ERK1/2
was significantly downregulated compared with the control
group. The activity of phospho-ERK1/2 rapidly decreased
after 5-30 min stimulation and gradually increased after 1 h
stimulation. However, the expression of phospho-JNK and
phospho-p38 was not altered. The results above suggested that
the ERK pathway may be involved in MMP-2 and MMP-9
production of ovarian cancer cells.

To further investigate whether the effect of NC is
ERK-dependent, U0126 (ERK inhibitor) was applied to inhibit
ERK activation. As shown in Fig. 4C and D, inhibition of ERK
activity with U0126 could further downregulate the expression
of MMP-2 and MMP-9 compared with NC treatment. These
results further demonstrated that NC-inhibited MMP-2 and
MMP-9 production may be ERK dependent.

Inhibition of the ERK pathway enhanced the anti-metastatic
effect of NC in ovarian cancer cells. To further investigate

“P<0.01 vs. the control group; “P<0.05, *#P<0.01, compared with the cells treated with

whether the anti-metastatic effect of NC was attributed to
ERK signaling suppression, the effect of U0126 on A2780 cell
migration in the presence or absence of NC was examined.
As shown in Fig. 5A, the results of the wound healing assay
demonstrated that the NC-induced inhibition of wound healing
was significantly enhanced by using an ERK inhibitor. Similar
results were observed using the Transwell assay (Fig. 5B),
which also demonstrated that inhibition of ERK activation
could significantly enhance the NC-induced inhibition of
ovarian cancer cell invasion. These results above support the
theory that suppression of metastasis by NC is regulated by
inhibition of MMP-2/9 production though the ERK signaling
pathway in ovarian cancer cells.

Discussion

Metastasis is considered the primary cause of mortality
in the majority of cancer patients and is one of the most
crucial issues in cancer research. Therefore, it is important
to examine the molecular mechanisms of metastasis and
to identify effective agents to inhibit cancer metastasis.
However, traditional chemotherapeutics are restricted in
long-term application due to their toxicity and side effects.
There has been increasing attention on natural drugs in
tumor therapy with fewer side effects (25,26). Accumulating
evidence has demonstrated that NC possesses the capacity
to inhibit the proliferation, migration and invasion and/or
induce the apoptosis of breast, renal, gastric and hepatocel-
lular cancer cells (15-20). Although previous studies have
revealed the anti-tumor efficacy of NC, whether NC has
any effect on ovarian cancer cell migration and invasion, as
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well as the detailed molecular mechanisms have not been
elucidated. The present study initially evaluated the effect
of NC on the viability of cultured ovarian cancer cells and
the results revealed that 5 uM NC significantly inhibited cell
proliferation after 48 h of incubation, while no difference
was observed before 24 h. As a result, 24 h was selected
as the stimulation time period and 5 yM as the stimula-
tion concentration for the following experiments involving
cell migration and invasion, in order to exclude the effect
of proliferation. To the best of our knowledge, the present
study demonstrated for the first time that NC could effec-
tively inhibit ovarian cancer cell migration and invasion.
Furthermore, NC inhibited ovarian cancer cell migration
and invasion by suppressing MMP-2 and MMP-9 production
via the ERK signaling pathway. The present study provided a
novel molecular mechanism explaining how NC exhibits its
anti-tumor effect on ovarian cancer cells.

The metastasis and invasion of ovarian cancer is a
complicated and multi-step process that is mediated by
numerous factors. MMPs are proteinases that are crucial for
malignant cells in the proteolytic degradation of the basement
membrane and ECM, in order for malignant cells to migrate
and invade into surrounding tissues (22,23). Among these,
the role of MMP-2 and MMP-9 has been underlined; their
type IV collagenase activity is essential during the initial
period of metastasis and invasion (8,9). Increased expression
of MMP-2 and MMP-9 was associated with a poor prognosis
in ovarian cancer patients (27,28). The suppressive role of NC
on the migration and invasion of A2780 ovarian cancer cells
was then evaluated via scratch wound healing and Transwell
assays. Furthermore, the decreased expression of MMP-2 and
MMP-9 observed following NC treatment was associated with
the inhibition of migration and invasion in A2780 ovarian
cancer cells. Therefore, the finding that NC downregulated
the expression of MMP-2 and MMP-9, may show a potential
association between the inhibition of metastasis by NC and
MMP activity.

Several studies have reported that MAPK family members,
including ERK, p38 and JNK, can lead to MMP2/9 produc-
tion and potentially promote the proliferation and metastasis
of tumors (10,11,29). As one of the crucial signal transduc-
tion pathways, the ERK signaling pathway is involved in the
regulation of proliferation, apoptosis, migration and inva-
sion of cancer cells (30-32). In the present study, the ERK
activity in ovarian cancer cells was assessed by western blot
analysis. The results demonstrated that the expression of
phospho-ERK was downregulated following treatment with
NC. To verify that the ERK signaling pathway was involved
in the inhibition of ovarian cancer cell migration and inva-
sion by NC, ERK activity was inhibited by applying the
ERK inhibitor U0126. It was found that suppression of ERK
phosphorylation by U0126 enhanced MMP2/9 downregula-
tion induced by NC. In addition, inhibition of ERK activity
further inhibited cell migration and invasion. These results
suggested that NC suppressed ovarian cancer cell migration
and invasion through inhibiting ERK activity and decreasing
the production of MMP-2/9. The results demonstrated that
applying the ERK inhibitor U0126 enhanced NC-induced
downregulation of MMP-2/9, further demonstrating that
ERK was upstream of MMP-2/9.
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In conclusion, to the best of our knowledge, the present
study indicated for the first time that NC inhibited the migration
and invasion of ovarian cancer cells by suppressing MMP-2/9
production. Furthermore, the effect of NC was regulated by
the ERK signaling pathway. Therefore, our findings suggested
that NC is a possible drug for ovarian cancer therapy. However,
further in vivo research is required.
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