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Abstract 

Purpose: To investigate the mechanism of action of Celastrus orbiculatus extract (COE) on oral 
squamous carcinoma cells. 
Methods: Tca8113 cells were divided into negative control and three COE treatment groups, viz, 20, 
40, and 80 μg/mL of COE. Succinate dehydrogenase activity assay (MTT assay) and flow cytometry 
were used to assess cell proliferation and apoptosis. Cell migration and invasion were assessed by 
Transwell chamber and wound healing assays while relative protein expression was determined by 
Western blot. 
Results: As the concentration of COE increased, the number of cells arrested in the G0/G1 phase 
increased (p < 0.05), expressions of cell-cycle-related proteins decreased (p < 0.001); the number of 
apoptotic cells increased (p < 0.001), and the rates of cell migration and invasion decreased (p < 0.001). 
Exogenous COE significantly inhibited p-IκBα accumulation in the cytoplasm and induced IκBα 
accumulation. Nuclear p65 recruitment was reduced in cells treated with COE compared to untreated 
control cells (p < 0.001), suggesting that the classical NF-κB pathway was blocked by COE. 
Conclusion: These results demonstrate that COE inhibits the proliferation and migration of oral 
squamous cell carcinoma cells while promoting apoptosis by blocking NF-κB pathway. These findings 
suggest that Celastrus orbiculatus extract possesses a potential therapeutic effect on oral squamous 
cell carcinoma. 
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INTRODUCTION 
 
More than 90 % of oral cancers are squamous 
cell carcinomas (OSCCs), which originate in the 
oral mucosa [1]. Oral squamous cell carcinomas 

is a solid malignant tumor with some of the 
highest morbidity and mortality rates among 
head and neck malignant tumors [2]. Despite 
recent advances in diagnostic, surgical, and 
chemotherapy strategies, the 5-year survival of 
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OSCC patients remains low. Traditional Chinese 
medicine has shown great potential in cancer 
treatment and is a potential source of therapeutic 
drugs for OSCC. 
 
Celastrus orbiculatus Thunb. is the source of a 
traditional medicine for treating pain and for 
various inflammatory diseases including arthritis. 
Studies have shown that C. orbiculatus extracts 
(COE) have a variety of biological properties, 
including anti-tumor, anti-inflammatory, 
analgesic, antibacterial, and antiviral effects [3]. 
C. orbiculatus extracts inhibit the growth and 
metastasis of various kinds of cancer cells 
including gastric cancer, colon cancer, and liver 
cancer. In addition, C. orbiculatus extracts induce 
the apoptosis of tumor cells in vitro and in vivo 
[4-8].  
 
Nuclear factor-κB is one of the main targets of 
natural cancer treatment compounds [9]. Nuclear 
factor-κB pathways control a variety of cellular 
functions, including proliferation, survival, cell 
death, invasion, and angiogenesis [3]. The aim of 
this study was to investigate the effects of COE 
on the proliferation and migration of cells of the 
OSCC line Tca8113 cells and the underlying 
mechanisms. 
 
EXPERIMENTAL 
 
Materials 
 
Celastrus orbiculatus was purchased from 
Guangzhou Zhixin Pharmaceutical Co. Ltd. The 
plant material was authenticated by Professor 
Minjian Qin in 2017 at Chinese Medicine 
Resources Laboratory of China Pharmaceutical 
University where a voucher specimen (no. 
070510) was deposited in its herbarium. The root 
portion of Celastrus orbiculatus were cut, ground 
into powder, and extracted three times with 95 % 
ethanol for 3 h. The ethanol phase was 
recovered and extracted three times with 
petroleum ether and acetic acid. The ethyl 
acetate layer was collected and washed with 
water. The crude extract was concentrated and 
lyophilized to obtain the COE. 
 
Annexin V/propidium iodide (PI) apoptosis and 
BCA protein assay kits were purchased from 
Sigma-Aldrich Chemical Company (Shanghai, 
China). Chemical reagents and the cell-cycle 
protein markers (CDK2, CDK4, Cyclin D1, and 
Cyclin E1) were obtained from Merck (Shanghai, 
China). Dulbecco's modified eagle medium 
(DMEM), dimethyl sulfoxide (DMSO), 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium 
bromide (MTT), fetal bovine serum (FBS), and 

ethylenediaminetetraacetic acid (EDTA) were 
from Abcam China.  
 
MTT cell proliferation assay  
 
Tca8113 cells were seeded in 96-well culture 
plates with 100 μL of DMEM containing 10 % 
FBS and 1 % penicillin-streptomycin at 5×103 
cells/well and incubated overnight. After the cells 
were attached, different concentrations of COE 
were added, and the cells were incubated for 
another 24 h at 37 ºC in a 5 % CO2 atmosphere. 
The cells in wells without COE served as the 
negative control. Cell cultural supernatant was 
discarded, 20 μL of MTT was added to each well, 
and the cells were incubated for another 4 h. The 
supernatant was discarded and 150 μL DMSO 
was added to each well. The plates were shaken 
for 10 min on a micro-oscillator shaking to 
dissolve the formazan crystals and the 
absorbance was measured in microplate reader 
at a wavelength of 490 nm. 
 
Tca8113 cells were seeded in a 6-well plate at 2 
× 105 cells/well and incubated at 37 ºC in 5 % 
CO2 overnight. After this incubation, different 
concentrations of COE were added to the wells, 
and they were incubated for another 24 h. At the 
end of the 24-h incubation, cells were collected 
by trypsinization without EDTA, washed with 
PBS, and 100 μL of 1× annexin binding buffer 
was added to each well with gentle mixing. Next, 
5 μL of FITC-annexin V and 1 μL PI working 
solution were added and mixed with the cells at 4 
°C. Apoptosis was detected by a flow cytometer 
(Accuri C6, BD, USA). 
 
Cell invasion and migration assay 
 
Tca8113 cells were seeded in 6-well culture 
plates at 4 × 105 cells/well with various 
concentrations of COE and incubated overnight 
under conditions previously described. The 
Transwell chambers were prepared by hydrating 
the membrane of the chamber with 25 μL of 
Matrigel gel dilution and adding DMEM 
containing 20 % FBS to the lower chamber. The 
cells were harvested, re-suspended in serum-
free DMEM medium, and seeded in the upper 
layer of the Transwell chamber. After 12 h, cells 
that had not passed through the upper layer of 
the chamber and Matrigel glue were removed by 
wiping. These cells were fixed with methanol for 
15 min, then with crystal violet for 30 min, and 
then washed three times with PBS. The cells that 
had passed through the lower layer of the 
chamber were observed under a fluorescence 
microscope (FV 100, Olympus, Japan). Three 
fields were randomly selected and counted for 
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each group. Cell invasion rate was calculated as 
in Eq 1.  
 
R = {1 - (Nt/Nn)}100 …………. (1)  
 
where Nt = number of transmembrane cells in 
the experimental group, and Nn = number of 
transmembrane cells in the negative control 
group. 
 
Western blot 
 
Tca8113 cells treated with different 
concentrations of COE for 24 h as described 
above were harvested, and 300 μL of cell lysis 
buffer was added to each dish to lyse the cells. 
Total protein was quantified with the BCA kit, 
then was boiled in SDS loading buffer for 5 min 
and cellular proteins were separated using SDS-
PAGE (10 %) and transferred to a nitrocellulose 
membrane. The membrane was incubated for 
1.5 h at room temperature with blocking buffer (1 
% skimmed milk and 0.1 % BSA in TTBS). The 
Membranes were incubated overnight in blocking 
buffer with the appropriate primary antibodies at 
4 °C. The membrane was incubated with the 
appropriate secondary antibody for 1 h. The 
immunoreactive protein was visualized with 
enhanced chemiluminescence.  
 
Wound healing assay 
 
A pen was used to draw a horizontal line on the 
back of a 6-well plate. Tca8113 cells (5 × 105 
cells/well) treated with different concentrations of 
COE were added into each well and incubated 
for 24 h as previously described. A scratch was 
made along the horizontal like and the cells were 
washed three times with PBS to remove 
detached cells. Then, serum-free DMEM was 
added and the cells were incubated at 37 °C. 
Photographs were taken at 0 and 24 h for 
comparison. 
 

Statistical analysis 
 
All the data are expressed as mean ± SD. 
Statistical comparison of mean values between 
groups was performed by analysis of variance 
(ANOVA), and p < 0.05 was considered 
statistically significant. 
 
RESULTS 
 
COE inhibited Tca8113 cell proliferation  
 
MTT assay was used to assess the proliferation 
of Tca8113 cells. The results are shown in Figure 
1 A. After 24 h of treatment with COE, cell 
proliferation were, 94, 74 % (p < 0.05 vs. 

control), and 70 % (p < 0.01 vs. control) for COE 
concentrations of 20, 40, and 80 μg/mL, 
respectively. After 72 h of COE treatment, cell 
proliferation in the presence of 20, 40, and 80 
μg/mL were 74 % (p < 0.01), 64 % (p < 0.001), 
and 38 % (p < 0.001), respectively. Compared 
with 24-h COE treatment, 72-h treatment further 
reduced proliferation, indicating that the effect of 
COE on the proliferation of Tca8113 cells was 
time-dependent. When the cells were treated 
with COE for 24 h, there was an obvious 
cytotoxic effect. Therefore, 24 h is the 
appropriate treatment time for the experiments. 
 
Flow cytometry results showed that the 
percentage of the cell population at the G0/G1 
stage was increased to 72.69, 76.71, and 78.71 
% (p < 0.05) at 20, 40, and 80 μg/mL COE, 
respectively. The percentage of the cell 
population at S and G2/M stages decreased to 
20.81 and 6.67 %, 16.97 and 7.18 %, and 18.33 
and 2.67 % at 20, 40, and 80 μg/mL COE, 
respectively. The relative levels of cell-cycle 
proteins were measured by western blot (Figure 
1 C). Expression of all proteins (CDK2, CDK4, 
cyclin D1 and cyclin E1) decreased with COE in 
a dose-dependent manner. 
 

 
 
Figure 1: Effect of Celastrus orbiculatus extract (COE) 
on oral squamous cell carcinoma cell line Tca8113 cell 
proliferation. A: Cell viability after treatment with 
various concentration of COE as measured by flow 
cytometry. B: Percentage of cells in different cell-cycle 
phases. C: Relative expression of cell-cycle proteins 
assessed with western blot; mean ± SD (n = 5); *p < 
0.05, ** p < 0.01, and *** p < 0.001, compared to NC 
group 
 
COE induced Tca8113 cell apoptosis 
 
Apoptosis of the cells was further analyzed using 
flow cytometry (Figure 2 A). The results showed 
that COE induced the apoptosis of Tca8113 cells 
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in a dose-dependent manner. The proportion of 
cell necrosis at the highest COE dose was more 
apparent than in the other groups. The relative 
levels of apoptosis proteins were measured by 
western blot (Figure 2 B). Expressions of 
caspase 3, caspase 9, and Bax were increased 
dose-dependently by COE, whereas Bcl-2 
expression decreased. The highest dose of COE 
treatment showed a more obvious effect on 
Tca8113 apoptosis. 
 

 
 
Figure 2: Effect of Celastrus orbiculatus extract (COE) 
on Tca8113 apoptosis. A: Tca8113 apoptosis at 
various COE treatment concentrations as measured 
by flow cytometry. B: Relative expression of apoptosis-
related proteins, assessed with western blot; mean ± 
SD (n = 5, ***p < 0.001, compared to NC group) 
 
COE inhibited Tca8113 migration and 
invasion  
 
To ascertain whether COE can inhibit the 
mobility of Tca8113 cells, as well as to test for 
any anti-tumor effect, COE-treated Tca8113 cells 
were analyzed using a wound healing assay 
(Figure 3 A). Compared with the control group, 
COE decreased migration, with concentrations of 
20, 40, and 80 μg/mL COE reducing the degree 
of transmembrane cells to 68 % (p < 0.05), 40 % 
(p < 0.001), and 39 % (p < 0.001), respectively. 
The Transwell chamber method was used to 
assess the invasiveness of Tca8113 cells (Figure 
3 B). The number of transmembrane cells in the 
negative control group (265 cells) was large and 
the cell gap was small. The number of 
transmembrane cells decreased in the COE 
groups, with concentrations of 20, 40, and 80 
μg/mL reducing the number to 198 (p < 0.01), 
134 (p < 0.001), and 78 (p < 0.001), respectively. 
This indicates that COE significantly reduced the 
invasiveness of Tca8113 cells, and the effect 
was dose-dependent. 
 
The relative expressions of selected proteins 
associated with cell adhesion and migration were 
measured using western blot (Figure 3 C). 

Expression of E-cadherin and ZO-1 increased 
with COE treatment, while expression of N-
cadherin, vimentin, and MMP-9 decreased. The 
effect was dose dependent, with the highest 
dose of COE having a stronger inhibitory effect 
on Tca8113 migration and invasion. 
 

 
 
Figure 3: Effect of Celastrus orbiculatus extract (COE) 
treatment on Tca8113 cell mobility and invasion. A: 
photographs (left) and quantification (right) of Tca8113 
mobility at 0 and 24 h of the wound healing assay; B: 
photographs (left) and quantification (right) of Tca8113 
cell invasion by Transwell chamber assay. C: Relative 
expression of migration- and invasion-related proteins 
assessed with western blot; mean ± SD (n = 5), *p < 
0.01, ***p < 0.001, compared to NC group) 
 
COE blocked NF-κB pathway in Tca8113 cells 
 
Western blot analysis was used to investigate the 
expressions of NF-κB pathway-related proteins 
IκBα, p-IκBα, PARP, and p65 in Tca8113 cells 
treated with different concentrations of COE. 
Actin was used as an internal standard for both 
the cytosol and nucleus. Figure 4 shows that the 
expression of IκBα increased with COE 
concentration, while the expression of p-IκBα 
and p65 was inversely related to COE 
concentration (all p < 0.001). 
 
The COE significantly inhibited the 
phosphorylation of IκBα, and its accumulation in 
the cytoplasm was increased. The extract also 
appeared to reduce the recruitment of nuclear 
p65, suggesting that the classical NF-κB pathway 
was blocked by COE. Poly ADP-ribose 
polymerase was not detected in the cytoplasm, 
which supports successful separation of the 
cytoplasm and nucleus in this experiment. 
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Figure 4: Effect of Celastrus orbiculatus extract 
(COE) on relative expression of NF-κB pathway 
proteins in Tca8113 cells, as assessed by 
western blot. Left panel: Localization of proteins 
in the cytosol and nucleus. Right panel: 
expression in the whole cell; mean ± SD (n = 5), 
*p < 0.05 and ***p < 0.001, compared to NC group  
 
DISCUSSION 
 
The NF-κB family of nuclear transcription factors 
includes five proteins with a Rel homeodomain: 
NF-κB1 (p50/p105), NF-κB2 (p52/p100), c-Rel, 
RelA/p65, and RelB. On activation of these 
proteins, the dimer has transcription factor 
activity that regulates gene expression in a 
variety of biological processes, including innate 
and adaptive immunity, inflammation, and 
lymphocyte development [10]. The 
phosphorylated NF-IκB protein releases the NF-
κB/Rel complex, which is itself ubiquitinated and 
degraded by the ubiquitin-proteasome pathway. 
The NF-κB/Rel complex translocates to the 
nucleus and mediates target gene transcription 
there, either acting alone or in combination with 
other transcription factors. 
 
The inhibitory effect of serotonin on the NF-κB 
signaling pathway was discovered during a study 
of its inhibitory effect on inflammatory cells [11]. 
Researchers discovered that COE inhibits the 
production of nitric oxide adhesion and release of 
lipopolysaccharide-mediated inflammatory 
cytokines, which is achieved by the NF-IκB 
protein kinase complex IκK. The NF-κB signaling 
pathway is present not only in inflammatory cells 
but also in malignant cells, makingTca8113 cells 
appropriate for this study of the mechanism of 
COE on the inhibition of development of oral 
squamous cell carcinoma.  
 
Cyclin D1, a subtype of cyclin, forms complexes 
with CDK4. These two cyclin-dependent kinases 
are essential for the transition of cells from the 
G1 to S stages. Cyclin-dependent kinase 2 and 
CDK4 mainly cause G1/S phase arrest. It may be 
that COE inhibits expression of cell-cycle 
proteins, thereby inhibiting proliferation of 
Tca8113 cells.  

 
Caspase-3 is the most critical apoptotic executor 
downstream of the caspase cascade. Its 
activation is largely dependent on the release of 
cyt-c. B-cell lymphoma 2 and Bax are the most 
important regulatory apoptosis genes, and are 
essential in the upstream regulatory mechanism 
of caspase-3; the latter is involved in the 
regulation of caspase-3 activity, and acts as a 
direct substrate for caspase-3 downstream [12]. 
The process is both interconnected and mutually 
restrictive. It may be that COE promotes 
Caspase-3 and Bax expressions, thereby 
promoting apoptosis of Tca1183 cells. 
 
During the growth of epithelial-derived oral 
squamous cell carcinoma tumors, the tumor cells 
lose their epithelial cell characteristics and exhibit 
the characteristics of interstitial cells. For 
example, in these carcinoma cells, the epithelial 
cell markers such as expression of E-cadherin 
and keratin are decreased or cannot be detected, 
while the expression of interstitial cell markers 
such as N-cadherin and vimentin are greater, 
compared to normal epithelial cells [13,14]. 
During the epithelial-mesenchymal transition, the 
arrangement of the cells cytoskeleton system 
changed cell adhesion ability. At that point, cells 
could easily break away from the primary tumor 
and invade or metastasize to surrounding 
tissues. It may be that COE regulates the 
expression of these protein markers so that the 
ability of Tca1183 cells to metastasize is 
reduced.  
 
CONCLUSION 
 
This study provides evidence that COE inhibits 
cell proliferation, cell migration, and invasion of 
Tcs8113 cells. It also reduces the level of NF-κB 
protein p65, blocks cell-cycle progression, and 
promotes apoptosis. Thus, the extract inhibits the 
expression of MMP-9 by blocking NF-κB 
signaling pathway and thus, may diminish the 
metastatic ability of oral squamous cell 
carcinoma. 
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