ONCOLOGY LETTERS 15: 6695-6700, 2018

Efficacy of extracts of Celastrus orbiculatus in suppressing
migration and invasion by inhibiting the EZH2/ROCK1
signaling pathway in human nasopharyngeal carcinoma
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Abstract. Celastrus orbiculatus extract (COE) has been used
in folk medicine in China for the treatment of a number of
diseases. In the laboratory, COE exhibits a variety of anticancer
functions, including inhibition of metastasis. However, the
underlying molecular anti-metastatic mechanism in nasopha-
ryngeal carcinoma (NPC) cells remains unclear. The aim of
the present study was to determine whether the anti-metastatic
effect of COE was involved in inhibiting migration and inva-
sion of human NPC cells. In vitro, cell viability and apoptosis
of 5-8F cells were analyzed using an MTS assay and flow
cytometry, respectively. Invasion and migration of 5-8F cells
were analyzed using a Transwell assay. Protein and mRNA
expression levels of 5-8F cells were analyzed by western blot
analysis and the reverse transcription-quantitative polymerase
chain reaction, respectively. COE significantly decreased
cell viability in 5-8F cells and inhibited enhancer of zeste
homolog 2 (EZH2) and Rho-associated coiled coil-containing
protein kinase 1 (ROCKI1) expression at the mRNA and
protein levels. Furthermore, COE decreased the migration and
invasion of 5-8F cells in a dose-dependent manner. The results
of the present study suggested that COE prevents migration
and invasion by suppressing the EZH2/ROCKI1 signaling
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pathway in NPC cells. On the basis of the results of the present
study, COE may be a novel anticancer agent for the treatment
of metastasis in NPC.

Introduction

China has the highest incidence and mortality rate of nasopha-
ryngeal carcinoma (NPC), a type of malignant epithelial cell
tumor, worldwide (1). NPC exhibits decreased differentiation
and a high metastatic nature which frequently causes local
regional recurrence and distant metastasis in patients (2), and
is the primary reason for failure of treatment. Therefore, it is
important to investigate the underlying molecular mechanism
of migration and invasion in NPC.

The enhancer of zeste homolog 2 (EZH?2) is a core compo-
nent of the Polycomb repressive complex 2 which possesses a
highly conserved SET domain with histone methyltransferase
activity. Previous studies have identified that EZH2 was over-
expressed in a variety of carcinomas including NPC, prostate
cancer and breast cancer. The expression levels of EZH2
were associated with tumor size, depth of invasion, tumor
stage, lymph node metastasis, migration and invasion ability,
suggesting that EZH2 had the potential to be a novel diagnosis
biomarker and a target for antitumor therapy in NPC (3-5).

Rho-associated coiled-coil-containing protein kinase
(ROCK) is a RhoA downstream effector protein. ROCK1
is one of the isoforms of ROCK and serves a critical role in
the regulation of cell migration and the maintenance of cell
migration (6,7).

Previous studies have demonstrated that an ethyl acetate
extract of Celastrus orbiculatus (COE), a traditional Chinese
herb, has a marked antitumor effect in liver cancer, gastric
cancer and other tumors (8-10). In addition, it has been
revealed that COE is able to inhibit tumor metastasis in
gastric cancer (8). The results of these studies suggested that
COE may also have the ability to inhibit the invasion and
metastasis of NPC cells, the validation of which was an aim
of the present study.
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In the present study, the effects of COE on migration and
invasion in vitro were investigated, in addition to the under-
lying molecular mechanism. The results indicated that COE
inhibited the invasion by suppressing the EZH2/ROCKI1
signaling pathway in NPC cells. Therefore, it is suggested
that COE may have therapeutic effects against NPC via the
EZH2/ROCKI1 signaling pathway.

Materials and methods

Reagents and antibodies. RPMI-1640 medium and fetal
bovine serum (FBS) were acquired from Gibco; Thermo
Fisher Scientific, Inc. (Waltham, MA, USA). The Cell Titer
96 Aqueous One solution cell viability assay (MTS assay)
was purchased from Promega Corporation (Madison, WI,
USA). Matrigel was purchased from BD Biosciences (San
Jose, CA, USA). Primary antibodies used were: Rabbit
anti-EZH2 (cat. no. ab186006; 1:1,000; Abcam, Cambridge,
MA, USA), rabbit anti-ROCKI1 (cat. no. ab45171; 1:2,000;
Abcam) and rabbit anti-B-actin (cat. no. 4970; 1:1,000;
Cell Signaling Technology, Inc., Danvers, MA, USA). The
secondary antibody used was: Horseradish peroxidase
(HRP)-conjugated goat anti-rabbit immunoglobulin (Ig)
G (cat. no. HA1001-100; 1:2,000; HuaAn Biotechnology
Co., Hangzhou, China). Chemical reagents used were:
3-Deazaneplanocin A (DZNeP; Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) and dimethyl sulfoxide
(DMSO; Sigma-Aldrich; Merck KGaA). Other chemicals
used were of analytical grade from commercial sources.

Plant materials. Plant materials were purchased from
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). COE
was obtained in the Department of Chinese Materia Medica
Analysis in China Pharmaceutical University (Nanjing,
China), according to a previously published protocol (11,12).
The resultant COE micropowder was dissolved in DMSO and
diluted with RPMI-1640 medium to various concentrations
(6.25, 12.5,25,50 and 100 pug/ml).

Cell culture. The human NPC cell line 5-8F was a gift from
Fudan University Cancer Hospital (Shanghai, China). The cell
line was maintained in RPMI-1640 medium and supplemented
with 10% FBS, 100 U/ml penicillin and 100 mg/ml strepto-
mycin at 37°C in a humidified atmosphere containing 5% CO,.

MTS cytotoxicity assay. The Cell Titer 96 Aqueous One solu-
tion cell viability assay (MTS assay) was performed according
to the manufacturer's protocol. Cells were seeded in 96-well
plates (100 cells/well) and incubated at 37°C overnight for
attachment. Subsequently, cells were treated with various
doses of COE (0, 6.25, 12.5, 25, 50 and 100 gg/ml) for 24 h.
A 20 ul volume of MTS reagent was added to each well and
incubated at 37°C for 2 h. Subsequently, the absorbance was
measured at 450 nm using a microplate reader.

Assessment of apoptosis by flow cytometry. The
Annexin V-fluorescein isothiocyanate (FITC) apoptosis detection
assay was performed according to the manufacturer's protocol
(Bipec Biopharma Corporation, Cambridge, MA, USA). After
24 h of incubation at 37°C with COE, cells were harvested using
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trypsin and washed twice in PBS. Cells were then re-suspended
in 400 ul with 1X binding buffer at a concentration of
1x10°cells/ml prior to the addition of 5 1 Annexin V-FITC. Cells
were then vortex-mixed and incubated for 15 min at between 4
and 8°C in the dark. A 10 ul volume of propidium iodide was
added to each tube before incubation for another 5 min at between
4 and 8°C in the dark. The stained cells were analyzed using flow
cytometry by FlowJo version 7.6 software (BD Biosciences).

Cell invasion and migration assays. Cell invasion and migration
assays were performed using a Transwell membrane (Corning
Incorporated, Corning, NY, USA) according to the manufactur-
er's protocol. In the invasion assay, Matrigel was applied to the
upper chamber. Following treatment with various concentrations
(0, 12.5,25 and 50 pg/ml) of COE, 5-8F cells (1x10° /well) were
seeded into the upper chamber. RPMI-1640 medium containing
10% FBS was added to the lower chamber. After 24 h of incuba-
tion at 37°C, cells on the upper membrane surface were removed
using a cotton swab and cells on the lower membrane surface
were fixed with 4% paraformaldehyde and stained with crystal
violet. The controls of these experiments were cells treated with
0 pg/ml COE. The number of invading cells was counted for
each chamber in five random fields (magnification, x200) by an
Olympus IX73 fluorescence microscope (Olympus Corporation,
Tokyo, Japan) and were captured by digital camera (Olympus
Corporation). For the migration assays, the procedures were
carried out in the same way, with the exception that the upper
membrane was not coated with Matrigel. Each experiment was
performed three times.

Quantification of ROCKI mRNA expression by reverse
transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the COE-treated
cells using the TRIzol® reagent (Life Technologies; Thermo
Fisher Scientific, Inc.), and RT was performed in a 20 ul
reaction with 200 ng total RNA using the Two Step RT PCR
kit (Takara Biotechnology Co., Ltd., Dalian, China). The
RNA concentration was assessed by measuring the absorp-
tion (A260/A280) on the NanoDrop Spectrophotometer
ND-1000 (NanoDrop, Wilmington, DE, USA). RT was
performed under the following conditions: 37°C for 15 min,
85°C for 5 sec, and then held at 4°C until use. RT-qPCR
was performed in triplicate using SYBR Premix Ex Taq™
kit (Takara Biotechnology Co., Ltd., Dalian, China) on a
LightCycler® 480 Real-Time PCR system. The primers used
are presented in Table I. qPCR was performed under the
following conditions: Initiation step at 95°C for 30 sec for
one cycle, denaturation step at 95°C for 5 sec and 60°C for
30 sec for 40 cycles, annealing at 95°C for 5 sec and 60°C
for 1 min for one cycle, and an elongation step at 50°C for
30 sec for 1 cycle. mRNA levels of EZH2 and ROCK1 were
measured by the relative fluorescent intensity to the internal
control B-actin using the 2444 method (13).

Western blot analysis. Protein expression levels were analyzed
by western blot analysis. Experiments were performed at least
three times. The cells were scraped into 0.3 ml lysis buffer on
ice. Cell debris was removed by centrifugation (12,000 x g,
4°C, 10 min). The protein concentrations were quantified
using the Bradford method. A total of 30 ug protein/lane
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Table I. Primers for reverse transcription-quantitative polymerase chain reaction analysis.

Gene Forward primer sequence Reverse primer sequence
EZH2 5-TCAAAGAACTACCTGGATGCTGT-3' 5'-CTTGAGCTGTCTCAGTCGCA-3'
ROCK1 5-CCAACAGTCCTTGGGTTGTTCA-3' 5-TTTCAGGCACATCATAGTTGCTC-3'
[-actin 5-TTCCTTCCTGGGCATGGAGT-3' 5-TCTTCATTGTGCTGGGTGCC-3'
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Figure 1. (A) Effect of COE on viability of 5-8F cells. 5-8F cells were treated for 24 h with various concentrations (0, 6.25, 12.5,25, 50 and 100 pg/ml) of COE.
A viability assay was used to determine viability relative to the control cells. (B) Effect of COE on induction of apoptosis in 5-8F cells. Cells were treated
with various concentrations (0, 6.25, 12.5, 25, 50 and 100 pg/ml) of COE for 24 h. Results are presented as a proportion relative to the control and are the
mean = standard deviation of three independent experiments. ‘P<0.05. COE, Celastrus orbiculatus extract.
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Figure 2. Effect of COE on invasion and migration of 5-8F cells assessed using a Transwell assay. The invasion and migration ability of cells were quantified
by counting the number of cells that invaded the underside of the polycarbonate membrane under a microscope (magnification, x200). Results are presented
as the mean =+ standard deviation of three independent experiments. ‘P<0.05. COE, Celastrus orbiculatus extract.
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Figure 3. Protein expression levels of EZH2 and ROCKI from 5-8F cells determined using western blot analysis. 5-8F cells were treated with COE (0, 12.5, 25
and 50 pug/ml) or 2 uM DZNeP. Results are presented as the mean + standard deviation of three independent experiments. "P<0.05. EZH2, enhancer of zeste
homolog 2; ROCK1, Rho-associated coiled coil-containing protein kinase 1; COE, Celastrus orbiculatus extract; DZNeP, 3-Deazaneplanocin A.
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Figure 4. Reverse transcription-quantitative polymerase chain reaction determination of relative EZH2 and ROCK1 mRNA expression in 5-8F cells. Results
are presented as the mean + standard deviation of three independent experiments. 'P<0.05. (A) Relative EZH2 mRNA expression. (B) Relative ROCK1 mRNA
expression. EZH2, enhancer of zeste homolog 2; ROCK1, Rho-associated coiled coil-containing protein kinase 1; DZNeP, 3-Deazaneplanocin A; COE,

Celastrus orbiculatus extract.

was separated by SDS-PAGE (5-10% gel) and transferred
onto polyvinylidine difluoride membranes (Immobilon;
EMD Millipore, Billerica, MA, USA). The membranes
were blocked with 5% bovine serum albumin and incubated
overnight at 4°C with primary antibodies. Following three
washes with TBST, the membranes were incubated for 2 h
at room temperature with HRP-conjugated goat anti-rabbit
IgG. Immunoreactive protein bands were detected using
an enhanced chemiluminescence system (GE Healthcare
Life Sciences, Chalfont, UK). To quantify protein levels
of the western blots, densitometric analysis was performed

using ImageJ v1.46 software (National Institutes of Health,
Bethesda, MD, USA).

Statistical analysis. SPSS software (version 16.0;
SPSS, Inc., Chicago, IL, USA) was used to analyze
the results of the present study. Results are presented
as the mean + standard deviation and assessed by the
two-tailed Student's t-test. To quantify protein levels of
western blots, densitometric analysis was performed using
Imagel] software (version 1.46; National Institutes of
Health, Bethesda, MD, USA). P<0.05 was considered to
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indicateastatistically significantdifference. Experiments were
performed at least three times.

Results

Effect of COE on viability of 5-8F cells. COE decreased
viability of 5-8F cells in a concentration-dependent manner
(Fig. 1A). Additionally, COE increased the apoptotic rate of
5-8F cells in a concentration-dependent manner (Fig. 1B).
However, no significant difference in the apoptotic rates of
5-8F cells was identified for doses <100 ug/ml COE for 24 h.
Therefore, concentrations <100 xg/ml COE were selected for
the subsequent experiments, to ensure that the effect of COE
on NPC cells was not caused by direct cytotoxicity of COE.

COE inhibits migration and invasion in 5-8F cells. COE mark-
edly decreased the number of cells which migrated and invaded
the lower chamber, in a dose-dependent manner. As presented
in Fig. 2, treatment with COE (12.5, 25 and 50 pg/ml) inhibited
59.3, 80.6 and 94.21% of cell migration and inhibited 61.54,
82.2 and 94.23% of cell invasion in 5-8F cells, respectively. The
results of the present study identified that COE inhibited migra-
tion and invasion of 5-8F cells in a dose-dependent manner.

COE inhibits protein expression of EZH2 and ROCK1 in 5-8F
cells. To determine the underlying molecular mechanism of
COE in NPC cells, the expression levels of EZH2 and ROCK1
were analyzed. Treating cells with COE decreased EZH2 and
ROCKI protein expression levels in a dose-dependent manner.
EZH?2 and ROCKI1 protein expression levels were significantly
decreased following treatment with COE at 50 ug/ml and
2 uM DZNeP, an inhibitor of EZH2, for 24 h (Fig. 3).

COE inhibits mRNA expression of EZH2 and ROCK]I in 5-8F
cells. RT-qPCR was used to determine mRNA expression
levels of EZH2 and ROCKI1 in 5-8F cells. Cells treated with
COE exhibited decreased EZH2 and ROCK1 mRNA expres-
sion levels in a dose-dependent manner. RT-qPCR revealed
that EZH2 mRNA expression levels were significantly
decreased following treatment with COE at 50 ug/ml for
24 h; however, a similar effect was not observed with DZNeP
treatment. ROCK1 mRNA expression levels were significantly
decreased following treatment with various doses of COE and
2 uM DZNeP for 24 h. Results are presented in Fig. 4. The
results of the present study suggest that expression levels of
EZH2 and ROCK1 mRNA were significantly decreased by
COE in a dose-dependent manner in 5-8F cells.

Discussion

COE serves diverse roles in antitumor activity through modu-
lation of cell viability, apoptosis, angiogenesis, invasion and
metastasis. Although a number of studies have suggested that
the COE is associated with tumor metastasis (8,14), its func-
tion in the EZH2/ROCKI1 signaling pathway remains unclear.
To identify potential therapeutic targets, elucidating the under-
lying molecular tumorigenic mechanisms of COE is required.

EZH2 overexpression has been identified in NPC,
non-small cell lung cancer, chronic lymphocytic leukemia and
breast cancer (15-17). Collectively, these studies suggest that
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EZH2 is a novel target oncogene and pharmacological inhibi-
tion of EZH2 may be therapeutic for certain types of cancer.

The ROCK signaling pathway is one of the most important
cellular invasion mechanisms. Activated Rho GTP binds to
ROCK, changing the conformation of ROCK and exposing
the catalytic domain so that downstream effector molecules
may be phosphorylated. Subsequently, ROCK reorganizes the
cytoskeleton and promote formation of focal adhesion (18).
Previous studies have demonstrated that the regulation of
human lung cancer cell movement by placental growth factor
is primarily due to ROCK (19,20). Therefore, ROCK1 is asso-
ciated with cancer growth, invasion and metastasis, and may
be a target of tumor metastasis.

In order to determine the effect of COE on the
EZH2/ROCKI1 signaling pathway, a series of experiments
were conducted in NPC cells. The function of COE was deter-
mined using an MTS cytotoxicity assay and flow cytometry.
The increased dose of COE may be attributed to the decreased
viability capacity and increased apoptotic rates.

The results of the present study demonstrated that COE
serves a crucial role in decreasing tumor migration and invasion
by regulation of the EZH2/ROCKI1 signaling pathway. COE
inhibited invasion and migration of 5-8F cells at low-toxic doses
(12.5,25 and 50 pg/ml), suggesting that inhibition of invasion and
migration of 5-8F cells by COE was not due to its cytotoxic effect.

EZH2 and ROCKI protein and mRNA expression levels
were significantly decreased following COE treatment. The
abrogation of EZH?2 function by DZNeP decreased the protein
and mRNA expression levels of ROCK1; however, DZNeP
decreased the protein expression levels of EZH?2 only. The
results of the study of Girard er al (21) were consistent with
those of the present study; DZNeP decreased protein expression
levels, but not mRNA expression levels, of EZH2 in chondro-
sarcoma cells. The results of the present study, together with
those of Girard et al (21), indicated that DZNeP may regulate
EZH2 expression levels at the post-transcriptional level.

Previous studies have demonstrated that EZH?2 is upregu-
lated in NPC tissues. Overexpression of EZH2 was associated
with an advanced clinical stage and increased risk of relapse,
and EZH2 served as an independent poor prognostic factor for
patients with NPC (3,22). Therefore, ROCK1 may be partially
involved in EZH2-induced progression of NPC.

EZH2 was overexpressed in NPC cell lines compared
with normal nasopharyngeal cells. EZH2 knockdown by
short hairpin RNA increased the expression of epithelial
cadherin and markedly decreased the invasiveness and
metastasis in NPC cells (23). ROCKI1 serves a critical role
in regulating cell migration and invasion (7,19). The results
of the present study demonstrated that the expression of
EZH2 and ROCKI1 was suppressed by COE at the level
of transcription initiation. However, further studies are
required to determine whether COE regulates EZH2 and
ROCKI directly and the underlying molecular mechanism for
the association between EZH2 and ROCK1 in NPC.

COE was identified to be an inhibitor of EZH2 in NPC and
inhibited the invasion and migration by downregulating the
EZH2/ROCKI signaling pathway. To the best of our knowl-
edge, the present study is the first to identify the association
between COE and the EZH2/ROCKI1 signaling pathway. COE
may therefore be used as a novel anticancer drug, particularly
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for types of cancer exhibiting increased expression of EZH?2.
The results of the present study identified the value of COE in
treating metastatic NPC.
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