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Abstract: Objective: Drug-resistance and metastasis are major reasons for the high mortality of ovarian cancer (OC) 
patients. Cyclooxygenase-2 (COX-2) plays a critical role in OC development. This study was designed to evaluate the 
effects of COX-2 on migration and cisplatin (cis-dichloro diammine platinum, CDDP) resistance of OC cells and ex-
plore its related mechanisms. Methods: Cell counting kit-8 (CCK-8) assay was used to detect the cytotoxicity effects of 
celecoxib (CXB) and CDDP on SKOV3 and ES2 cells. The effect of COX-2 on migration was evaluated via the healing 
test. Western blot and real-time quantitative polymerase chain reaction (qPCR) were used to analyze E-cadherin, 
vimentin, Snail, and Slug levels. Results: COX-2 promoted drug-resistance and cell migration. CXB inhibited these 
effects. The combination of CDDP and CXB increased tumor cell sensitivity, reduced the amount of CDDP required, 
and shortened treatment administration time. COX-2 upregulation increased the expression of Snail and Slug, re-
sulting in E-cadherin expression downregulation and vimentin upregulation. Conclusions: COX-2 promotes cancer cell 
migration and CDDP resistance and may serve as a potential target for curing OC. 
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1  Introduction 
 

Ovarian cancer (OC) mortality ranks first in  
gynecological malignancies. Cisplatin (cis-dichloro 
diammine platinum, CDDP) promotes DNA chain 
and interchain crosslinks, interferes with DNA rep-
lication, and promotes cell apoptosis. CDDP has been 
used as a chemotherapy drug since the end of the 
1970s, and platinum has become the most important 
drug for the treatment of OC. Cytoreductive surgery 
combined with platinum-based combination chemo-
therapy has been the main treatment for an OC tumor, 

as it is difficult to completely remove the cancer with 
surgery. Heterologous antineoplastic agents, such as 
the combination chemotherapy consisting of paclitaxel 
and CDDP, have achieved a certain curative effect. 
The five-year survival rate of patients with OC is still 
20% to 30%, while 70% of patients eventually relapse 
(Buys et al., 2011). The main cause of treatment 
failure is platinum resistance, which has become an 
increasingly important clinical issue affecting OC 
patient prognosis. OC drug resistance and metastasis 
are key issues affecting OC patient prognosis and are 
also hot issues in gynecological oncology research 
(JNCI, 2011). Although drug resistance mechanisms 
remain unclear, tumor microenvironmental change 
and abnormal tumor metabolism are thought to be 
chemoresistance-related factors (Koti et al., 2015; Li 
et al., 2018). 
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Recent studies have found that first-line platinum- 
and taxane-based chemotherapies may induce a pro-
tumorigenic microenvironment by triggering the re-
lease of proinflammatory mediators (Gartung et al., 
2019) and that celecoxib (CXB), an anti-inflammatory 
drug, could inhibit the growth and proliferation of 
malignant tumors, promote tumor cells apoptosis, and 
enhance the sensitivity of tumor cells to anticancer 
drugs (Subbaramaiah et al., 2000; Kısmet et al., 2004).  

Cyclooxygenase-2 (COX-2) expression is very 
low in normal tissues and is generally difficult to 
detect. In addition to participating in inflammatory 
reactions, COX-2 is also involved in the formation  
of tumors and promotes cancer development. High 
COX-2 expression can be detected in various solid 
tumors, such as gastric cancer, lung cancer, and breast 
cancer (Ferrandina et al., 2002). Studies have found 
almost no COX-2 expression in the normal ovarian 
epithelium, but high COX-2 expression can be de-
tected in OC cells (Landen et al., 2003; Shigemasa  
et al., 2003; Li et al., 2004). Furthermore, COX-2 
expression level is closely related to OC stage 
(Denkert et al., 2003, 2004) and prognosis (Fer-
randina et al., 2004; Jemal et al., 2010; Chen et al., 
2011, 2019). Li et al. (2004) found that high COX-2 
expression was more likely in metastasis and new OC 
foci. In addition, COX-2 overexpression may cause 
resistance to OC chemotherapy (Harris et al., 2014). 
Thus, COX-2 may play an important role in the de-
velopment and progression of OC. 

However, research on the effect of COX-2 in OC 
resistance and the synergy of CXB and CDDP in 
preventing cancer and reducing drug resistance is 
poorly expounded. In this study, we evaluated the 
effects of COX-2 on the anticancer effect of CDDP 
and CXB in OC cells in order to provide some evi-
dence for tailored clinical trials in the future. 

 
 

2  Materials and methods 

2.1  Experimental reagents 

Fetal bovine serum (FBS) and McCoy’s 5A 
medium were purchased from Gibco (Grand Island, 
NY, USA); trypsin (1:250) was purchased from 
Ameresco (Solon, OH, USA); antibodies against 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
E-cadherin, and Snail were purchased from Cell 
Signaling Technology (Danvers, MA, USA); anti-

bodies against COX-2 were purchased from Bioss 
technology (Woburn, MA, USA); antibodies against 
Slug and Vimentin were purchased from Abcam 
(Cambridge, UK). Enhanced chemiluminescence (ECL) 
detection reagent was purchased from Thermo Fisher 
Scientific (Waltham, MA, USA). The bicinchoninic 
acid (BCA) protein assay kit was purchased from 
Pierce (Rockford, IL, USA). SYBR® Premix Ex Taq™ 
was purchased from Promega (Madison, WI, USA) 
and the cell counting kit-8 (CCK-8) was purchased 
from Dojindo (Dalian, China). 

2.2  Experimental methods 

2.2.1  Cell culture and establishment of stable COX-2 
overexpressing cells 

The SKOV3 and ES2 cell lines (purchased from 
Shanghai Institute of Chinese Academy of Sciences, 
Shanghai, China) were cultured with McCoy’s 5A 
medium or Dulbecco’s modified Eagle’s medium 
(DMEM) containing 10% FBS, 100 U/mL penicillin, 
and 100 μg/mL streptomycin. The cells were carried 
out in the medium and cultured in a constant temper-
ature, closed incubator at 37 °C with 5% CO2 and a 
relative humidity of 95%. When cell confluence 
reached 90%, the cells were passaged and digested 
once every two to three days with 0.25% trypsin. The 
lentiviral vector, Lenti-COX-2-enhanced green fluo-
rescent protein (EGFP), was constructed, the SKOV3 
and ES2 cell lines were transfected, and an empty 
vector group was set up to eliminate the influence of 
the vector on the experiment. 

2.2.2  qPCR detection of mRNA expression levels of 
EMT-related genes 

RNA was extracted from OC cells in the loga-
rithmic growth phase using guanidinium isothiocyanate- 
phenol-chloroform and then was reverse-transcribed 
into complementary DNA (cDNA), which was stably 
stored. The relative mRNA expression levels of  
epithelial-mesenchymal transition (EMT)-related genes 
were detected by real-time quantitative polymerase 
chain reaction (qPCR). The forward and reverse 
primer sequences for the EMT-related genes are 
shown in Table 1. 

2.2.3  Western blot analysis 

The cells were collected, washed three times 
with phosphate-buffered saline (PBS), lysed on ice in 
radio immunoprecipitation assay (RIPA) buffer for  
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30 min, then centrifuged at 4 °C, 12 000 r/min for  
30 min, and the supernatant was collected. The pro-
tein concentration was quantified by the BCA method, 
and then proteins were denatured at 100 °C for 10 min 
and subjected to 10% (0.1 g/mL) sodium dodecyl 
sulfate-polyarylamide gel electrophoresis (SDS-PAGE). 
The proteins were separated and transferred to poly-
vinylidene difluoride (PVDF) membranes by semidry 
rotation for 20 min. The membranes were blocked 
with 5% skim milk at room temperature for 2 h and 
incubated with the corresponding primary antibody  
at 4 °C overnight. The blots were washed with 
Tris‐buffered saline/Tween 20 (TBS-T; 5 min/time, 
washed 5 times) and incubated with the corresponding 
secondary antibody for 2 h at room temperature, fol-
lowed by washing with TBS-T (5 min/time, washed  
5 times). An appropriate amount of ECL detection 
reagent was added, and Image Quant LAS4000 
Biomolecular Imager (GE Healthcare Technology, 
Boston, USA) was used to display the results. 

2.2.4  CCK-8 assay 

2.2.4.1  Toxic effects of CDDP on OC cells 
ES2 and SKOV3 cells were seeded in 96-well 

plates at 5×103 cells/well with 100 µL of medium per 
well, and three replicate wells in each group were 
cultured for 24 h at 37 °C and 5% CO2. The culture 
media containing different concentrations of CDDP 
(0, 4, 8, 12, and 16 μg/mL) was applied for 24, 48, 72, 
and 96 h. CCK-8 solution were added to each well at a 
concentration of 10 μL/100 µL of medium, and then 
incubated for 4 h. The absorbance (A) of each well 
was read by a plate reader according to an enzyme- 
linked immunosorbent assay (ELISA) (λexperiment= 
450 nm, λreference=600 nm). The experiment was re-
peated three times, and the inhibitory rate (IR) was 
calculated according to the following formula:  

 
IR=(Acontrol−Aexperiment)/(Acontrol−Ablank)×100%.   (1) 

 
 
 
 
 
 
 
 
 

 
The drug treatment time was plotted on the horizontal 
axis, and the cell inhibition rate was plotted on the 
vertical axis. Linear regression equations were used to 
calculate the 50% and 20% maximal inhibitory con-
centrations (IC50 and IC20) for different drugs. 
2.2.4.2  Toxic effects of CXB on OC cells 

ES2 and SKOV3 cells were seeded in 96-well 
plates at 5×103 cells/well with 100 μL of medium per 
well, and three replicate wells in each group were 
cultured for 24 h at 37 °C and 5% CO2. The culture 
media containing different concentrations of CXB (0, 
10, 40, 70, and 100 μmol/L) were applied for 24, 48, 
72, and 96 h. CCK-8 solution was added to each well 
at a concentration of 10 μL/100 µL of medium, and 
then incubated for 4 h. The A value of each well was 
read by a plate reader according to ELISA (λexperiment= 
450 nm, λreference=600 nm). The experiment was re-
peated three times, and the IR was calculated ac-
cording to Eq. (1). The drug treatment time was 
plotted on the horizontal axis, and the cell inhibition 
rate was plotted on the vertical axis. Linear regression 
equations were used to calculate the IC50 and IC20 for 
different drugs. 
2.2.4.3  Toxic effects of CXB combined with CDDP 
on OC cells 

ES2 and SKOV3 cells were seeded in 96-well 
plates at 5×103 cells/well with 100 µL of medium per 
well, and three replicate wells in each group were 
cultured for 24 h at 37 °C and 5% CO2. The media 
containing different concentrations of CDDP (0, 4, 8, 
12, and 16 μg/mL) and CXB (40 μmol/L) were ap-
plied for 24, 48, 72, and 96 h. CCK-8 solution was 
added to each well at a concentration of 10 μL/100 μL 
of medium, and then incubated for 4 h. The A value of 
each well was read by a plate reader according to 
ELISA (λexperiment=450 nm, λreference=600 nm). The 
experiment was repeated three times, and the IR was 
calculated according to Eq. (1). The drug treatment 

Table 1  Primers used for real-time quantitative polymerase chain reaction (qPCR) 
Gene Forward primer sequence (5'→3') Reverse primer sequence (5'–3') 

GAPDH GGACCTGACCTGCCGTCTAG TAGCCCAGGATGCCCTTGAG 
E-cadherin ACAATGCCGCCATCGCTTAC AACTCTCTCGGTCCAGCCCA 
Snail TTCTCCTCTACTTCAGTCTCTTCC GAGGTATTCCTTGTTGCAGTATTT 
Slug GCCCCATTAGTGATGAAGAGGAAA AGCCCAGAAAAAGTTGAATAGGTC 
Vimentin AAGCAGGAGTCCACTGAGTA GCTTCAACGGCAAAGTTCTC 
COX-2 TCAAGTCCCTGAGCATCTACGGTT CTGTTGTGTTCCCGCAGCCAGATT 

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; COX-2: cyclooxygenase-2 
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time was plotted on the horizontal axis, and the cell 
inhibition rate was plotted on the vertical axis. A 
linear regression equation was used to calculate the 
IC50 of different drug combinations. 

2.2.5  Scratch test to observe the effects of COX-2 
and CXB on cell mobility 

The cells were collected and divided into three 
groups: Lenti-EGFP, Lenti-COX-2-EGFP, and Lenti- 
EGFP+CXB (wherein the final CXB concentration 
was 40 μmol/L). Cells (5×104 cells/well) were seeded 
in 24-well plates, cultured until the cells were con-
fluent, and a scratch was made on a single layer of 
cells with a sterile 20 μL pipette tip. The detached 
cells were washed with PBS and serum-free medium 
was added to each well. After 0, 12, 24, and 36 h of 
culture, cell growth was observed and photographed, 
and the cell migration distance was analyzed using 
ImageJ software (National Institutes of Health (NIH), 
Bethesda, USA). Cell mobility was calculated as 
follows:  

 
healing degree=(SW0−SWn)/SW0×100%,      (2) 

 
where SW0 means scratch width at 0 h and SWn is 
scratch width at different culture time. 

2.3  Statistical analysis 

Using SPSS 20.0 statistical software (SPSS Inc., 
Chicago, IL, USA), the measurement data were 
compared using a t-test and analysis of variance 
(ANOVA). Experimental mapping was performed 
using ImageJ and GraphPad Prism 6.0 software 
(GraphPad Software for Science, San Diego, CA, 
USA). Differences were considered statistically sig-
nificant when Ρ value is <0.05. 

 
 

3  Results 

3.1  Toxic effects of CXB combined with CDDP on 
OC cells 

3.1.1  Toxic effects of CXB on OC cells 

The inhibitory effects of CXB on ES2 and SKOV3 
cell proliferation were time- and dose-dependent. The 
IRs of ES2 cells after 48 h at 10, 40, 70, and 100 μmol/L 
CXB were 5.06%, 16.56%, 30.14%, and 39.05%, 
respectively (Fig. 1a). The IRs of SKOV3 cells after  

48 h at 10, 40, 70, and 100 μmol/L CXB were 8.81%, 
34.44%, 48.82%, and 57.92%, respectively (Fig. 1b). 
With the increase in drug concentration, the IR in-
creased accordingly. With prolonged incubation time, 
the IR of cells gradually increased under an increasing 
concentration of CXB. The IRs of ES2 cells after 96 h 
of incubation with CXB at concentrations of 10, 40, 
70, and 100 μmol/L were 18.48%, 39.16%, 56.15%, 
and 87.04%, respectively (Fig. 1a). The SKOV3 cell 
IRs after 96 h of incubation reached 47.27%, 59.87%, 
71.69%, and 80.29%, respectively (Fig. 1b). Accord-
ing to the linear regression equation, the IC50 of ES2 
cells after 48 h of CXB was 121.25 μmol/L, and the 
IC20 was 46.25 μmol/L; the IC50 of SKOV3 cells after 
48 h of CXB treatment was 84.40 μmol/L, and the IC20 
was 24.40 μmol/L. The concentration of 40 μmol/L 
was chosen as the noncytotoxic drug concentration for 
downstream experiments. 

3.1.2  Toxic effects of CDDP on OC cells 

The inhibitory effect of CDDP on the prolifera-
tion of ES2 and SKOV3 cells was time- and dose- 
dependent. The IRs of ES2 cells after 48 h at 4, 8, 12, 
and 16 μg/mL CDDP were 25.49%, 36.72%, 54.53%, 
and 81.91%, respectively (Fig. 1c), and the IRs of 
SKOV3 cells were 25.10%, 36.66%, 41.91%, and 
60.04%, respectively (Fig. 1d). With the increased 
drug concentration, the IR increased correspondingly. 
With the prolonged incubation time, the inhibition 
rate gradually increased. The IRs of ES2 and SKOV3 
cells from all groups exceeded 50% after 96 h. Ac-
cording to the linear regression equation, the IC50 
values of ES2 and SKOV3 cells after 48 h of CDDP 
treatment were 10.02 and 13.07 μg/mL, respectively. 

3.1.3  Effect of COX-2 on OC cell drug resistance 

CDDP still inhibited COX-2-overexpressed ES2 
and SKOV3 cells in a time- and dose-dependent 
manner, but the IR of CDDP-treated cells at each time 
point was higher than that in non-transfected cells. 
The IRs of ES2 cells transfected with COX-2 at 48 h 
after treatment with CDDP at concentrations of 4, 8, 
12 and 16 μg/mL were 12.78%, 23.08%, 41.62%, and 
70.31%, respectively (Fig. 1e); while the IRs of 
SKOV3 cells transfected with COX-2 were 21.59%, 
25.62%, 35.42%, and 53.26%, respectively (Fig. 1f). 
According to the linear regression equation, the IC50 
of ES2 cells transfected with COX-2 was 12.67 μg/mL 
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after 48 h of CDDP treatment, and the IC50 of the 
cells transfected with COX-2 was increased by 
26.45% compared with the non-transfected cells. The 
drug resistance index was IC50 (ES2 COX-2)/IC50 (ES2)= 
12.67/10.02=1.26, indicating that upregulation of 
COX-2 expression may promote resistance of ES2 
cells to CDDP. The IC50 of SKOV3 cells transfected 
with COX-2 was 16.23 μg/mL after 48 h of CDDP 
treatment, which was 24.18% higher than that of 
non-transfected cells; the drug resistance index was 
IC50 (SKOV3 COX-2)/IC50 (SKOV3)=16.23/13.07=1.24, indi-
cating that upregulated COX-2 expression also pro-
motes SKOV3 cell resistance to CDDP. 

3.1.4  Sensitization of CXB to CDDP 

The combination of the COX-2 inhibitors CXB 
and CDDP increased the cell-killing effect of CDDP 
and reversed drug resistance. This inhibitions in a time-  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

and dose-dependent manner. After the addition of 
CXB, the IRs of CDDP at various concentrations on 
OC cells were significantly increased. The IRs of ES2 
cells after 48 h with CDDP concentrations of 4, 8, 12 
and 16 μg/mL were 47.55%, 52.82%, 79.45%, and 
90.29%, respectively (Fig. 2a), while the IRs of 
SKOV3 cells were 44.27%, 53.57%, 64.89%, and 
88.03%, respectively (Fig. 2c). A similar effect was 
obtained using CXB in combination with CDDP in 
OC cells transfected with COX-2. After the addition 
of CXB, the IR of CDDP on OC cells significantly 
increased. ES2 and SKOV3 cells transfected with 
COX-2 were treated with CDDP at concentrations of 
4, 8, 12 and 16 μg/mL. The IRs of ES2 cells trans-
fected with COX-2 after 48 h were 37.45%, 50.32%, 
75.05%, and 87.20%, respectively (Fig. 2b), while the 
IRs of SKOV3 cells transfected with COX-2 after 
treatment under the same conditions were 30.77%,  

Fig. 1  Effects of COX-2 on the drug resistance of ovarian cancer cells 
(a) Cell inhibition of ES2 cells treated with CXB; (b) Cell inhibition of SKOV3 cells treated with CXB; (c) Cell inhibition of 
ES2 cells treated with CDDP; (d) Cell inhibition of SKOV3 cells treated with CDDP; (e) Cell inhibition of COX-2- 
overexpressed ES2 cells treated with CDDP; (f) Cell inhibition of COX-2-overexpressed SKOV3 cells treated with CDDP. 
Data are expressed as mean±standard deviation (SD), n=3. COX-2: cyclooxygenase-2; CXB: celecoxib; CDDP: cisplatin 
(cis-dichloro diammine platinum) 
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40.31%, 44.59%, and 66.48%, respectively (Fig. 2d). 
The IR of each treatment group increased with in-
creasing drug concentration, and the difference was 
statistically significant (Ρ<0.05). After COX-2 trans-
fection and incubation at the same drug concentration, 
the IRs of SKOV3 and ES2 cells decreased, and the 
differences were statistically significant (Ρ<0.05) 
compared with the control group IRs. Compared to 
CDDP alone, the IRs of the two OC cell lines com-
bined with CDDP and CXB were the highest, and the 
difference was statistically significant (Ρ<0.05), indi-
cating that the addition of CDDP to CXB can have 
synergistic anticancer effects (Figs. 2e and 2f). 

According to the linear regression equation,  
the IC50 of ES2 cells after 48 h incubation with a  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
combination of CDDP and CXB was 5.43 μg/mL, 
which reversed the resistance trend. The reversal 
multiple was IC50 (ES2)/IC50 (ES2 (CDDP+CXB))=10.02/5.43= 
1.84, indicating partially reversed resistance. The IC50 
of COX-2-expressed ES2 cells after CDDP and CXB 
combined incubation for 48 h was 7.05 μg/mL, which 
indicated reversal of resistance trend compared to 
ES2 cells transfected with COX-2. The reversal mul-
tiple was IC50 (ES2 COX-2)/IC50 (ES2 COX-2 (CDDP+CXB))=12.67/ 
7.05=1.80, indicating partially reversed resistance. 
The IC50 of SKOV3 cells after 48 h incubation with a 
combination of CDDP and CXB was 6.39 μg/mL, 
which indicated reversal of the resistance trend. The re-
versal multiple was IC50 (SKOV3)/IC50 (SKOV3 (CDDP+CXB))= 
13.07/6.39=2.05, indicating completely reversed 

Fig. 2  Sensitization of CXB to CDDP 
(a) Cell inhibition of ES2 cells treated with a combination of CDDP and CXB; (b) Cell inhibition of COX-2-overexpressed 
ES2 cells by combined CDDP and CXB treatment; (c) Cell inhibition of SKOV3 cells treated with a combination of CDDP 
and CXB; (d) Cell inhibition of COX-2-overexpressed SKOV3 cells by combined CDDP and CXB treatment; (e) Cell in-
hibition of ES2 cells in different drug treatment groups; (f) Cell inhibition of SKOV3 cells in different drug treatment groups. 
Data are expressed as mean±SD, n=3. * Ρ<0.05, compared to the control group. CXB: celecoxib; CDDP: cisplatin (cis-dichloro 
diammine platinum) 
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resistance. The IC50 of SKOV3 cells transfected  
with COX-2 after combined CDDP and CXB incu-
bation for 48 h was 11.54 μg/mL, which also indi-
cated drug resistance reversal compared to SKOV3 
cells transfected with COX-2. The reversal multiple was 
IC50 (SKOV3 COX-2)/IC50 (SKOV3 COX-2 (CDDP+CXB))=16.23/ 
11.54=1.41, indicating partially reversed resistance. 
The IC50 of SKOV3 and ES2 cells after combined 
CDDP and CXB incubation significantly decreased 
compared to single drug groups regardless of the 
transfection of COX-2. Our findings indicate that the 
combined use of CXB and CDDP can inhibit CDDP 
resistance and even partially reverse the drug re-
sistance. This can shorten the administration time and 
reduce the dosage. 

3.2  Promotion of OC cell migration by COX-2 

The results of the scratch test showed that 
compared to the migration rate of control cells, the 
migration rate of ES2 cells overexpressing COX-2  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

was significantly increased (Ρ<0.05), and the healing 
degree was greater than 80% after 24 h in ES2 cells 
overexpressing COX-2. After treatment with CXB, 
the migration rate significantly decreased and the 
difference was statistically significant (Ρ<0.05; Figs. 3a 
and 3b). The migration rate of SKOV3 cells overex-
pressing COX-2 was more than 60% after 24 h. This 
was significantly greater than that of the control cells 
(Ρ<0.05). The migration rate of SKOV3 cells de-
creased slightly with CXB, but the difference was not 
statistically significant (Ρ>0.05; Figs. 3a and 3c). 

3.3  qPCR and western blot analysis 

mRNA levels of EMT-related genes were ana-
lyzed by qPCR (Figs. 4a–4d). E-cadherin expression 
was downregulated in SKOV3 and ES2 cells trans-
fected with Lenti-COX-2-EGFP compared to the con-
trol group (Ρ<0.05). On the contrary, Vimentin, Snail, 
and Slug expression levels were upregulated in SKOV3 
and ES2 cells transfected with Lenti-COX-2-EGFP  
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3  Effects of COX-2 on the migration of ovarian cancer cells 
(a) Ovarian cell migration after 24 h (scale bar=200 µm); (b) Healing rates of ES2 cells; (c) Healing rates of SKOV3 cells. 
Data are expressed as mean±SD, n=3. * Ρ<0.05, compared to the control group. COX-2: cyclooxygenase-2; EGFP: enhanced 
green fluorescent protein; CXB: celecoxib 
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compared to the control group (Ρ<0.05). The results 
indicated that increased COX-2 expression could 
stimulate SKOV3 and ES2 cells to EMT.  

The effect of COX-2 on EMT-related protein ex-
pression was assessed by western blot analysis (Fig. 4e). 
E-cadherin protein expression was slightly downreg-
ulated while protein expression levels of Snail and 
Slug were upregulated in SKOV3 and ES2 cells 
transfected with Lenti-COX-2-EGFP compared to the 
controls (Ρ<0.05). Vimentin protein expression in 
ES2 cells was slightly upregulated but did not have a 
significant increase in SKOV3 cells compared to the 
controls. These results demonstrated that COX-2 could 
regulate Snail and Slug expression, resulting in OC 
cell EMT and subsequently migration. 
 
 
4  Discussion 
 

OC mortality ranks first in gynecologic malig-
nancies. The application of multidrug combinations 
remains the regular mode of treatment. The use of 
platinum combined with paclitaxel is the preferred 
OC treatment option. Metastasis and drug resistance 
are the key issues and are the main factors affecting  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

patient prognosis. Previous studies have shown that 
the upregulation of COX-2 expression in OC cells is 
an important factor in the development of OC (Fer-
randina et al., 2004), and that COX-2 plays a crucial 
role in tumor invasion and metastasis (Soslow et al., 
2000; Sangoi et al., 2008). Patients with high ex-
pression of COX-2 are insensitive to chemotherapy 
response and have short postoperative recurrence 
(Raspollini et al., 2005). Barnes et al. (2007) used  
in vitro experiments with OC cell lines to show the  
effectiveness of COX-2 inhibitors and found that 
COX-2 dose-dependently developed platinum’s cy-
totoxic effect of on OC cells. The present study ob-
tained similar results. The expression level of COX-2 
had a significant effect on the cytotoxicity of CDDP. 
In the COX-2-overexpressed group, the inhibitory 
effect of CDDP on OC cells at each time point was 
significantly lower than that in the control group. The 
IC50 of ES2 cells increased 26.45% compared to the 
control group and the drug resistance index was  
1.26. The IC50 of SKOV3 cells was also higher than 
that of the control group. The IC50 of the COX-2- 
overexpressed group increased 24.18%, and the drug 
resistance index was 1.24. These results indicated that 
COX-2 could reduce the sensitivity of OC cells to 

Fig. 4  EMT-related gene expression in SKOV3 and ES2 cells 
(a) E-cadherin expression in SKOV3 and ES2 cells; (b) Slug expression in SKOV3 and ES2 cells; (c) Snail expression in 
SKOV3 and ES2 cells; (d) Vimentin expression in SKOV3 and ES2 cells; (e) EMT-related protein expression in SKOV3 and 
ES2 cells. Data are expressed as mean±SD, n=3. * Ρ<0.05, compared to the control group. EMT: epithelial-mesenchymal 
transition; EGFP: enhanced green fluorescent protein; COX-2: cyclooxygenase-2; GAPDH: glyceraldehyde-3-phosphate 
dehydrogenase 
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CDDP and promote CDDP resistance. This is similar 
to the results from studies on other epithelial cancers 
such as head and neck squamous cell carcinoma, 
esophageal cancer, and lung cancer. This suggests 
that COX-2 has mutual CDDP resistance-promoting 
effects (Chung et al., 2012; Okamura et al., 2013; 
Neumann et al., 2015). Therefore, COX-2 is specu-
lated to be a molecular marker for predicting chem-
otherapy resistance in OC.  

CXB, a selective COX-2 inhibitor, is widely 
used clinically as an anti-inflammatory treatment. In 
recent years, studies have found that CXB has syner-
gistic anticancer effects when combined with chem-
otherapy drugs (al-Wadei et al., 2012; Cervello et al., 
2013). Kim et al. (2014) found that the combination 
of CXB and paclitaxel significantly increased the 
toxicity of paclitaxel to OC cells, inhibited cell 
growth, and promoted apoptosis. Legge et al. (2011) 
combined CXB (400 mg/d) and carboplatin in pa-
tients with recurrent OC and found that CXB had a 
synergistic anticancer effect with carboplatin. The 
current study reached similar conclusions. In this 
study, we combined CXB with CDDP and found a 
significantly higher cell IR for each concentration of 
CDDP at each time point compared to the control 
group and the COX-2-overexpressed group. This 
effect increased over time. Interestingly, if combined 
with CXB, a lower concentration of CDDP achieved 
the same effect as a high concentration of CDDP 
alone at the same time point. The IR of ES2 and 
SKOV3 cell combination treatment group was sig-
nificantly increased, showing a reversed drug re-
sistance trend compared to the CDDP alone group. 
It has been reported that a high dose of COX-2 in-
hibitors (400–800 mg/d) can cause serious adverse 
cardiovascular reactions during chemoprevention and 
treatment, and small doses of <400 mg/d have greater 
safety. If long-term CXB use is necessary for tumor 
chemoprevention, the dose should be under 200 mg 
(Madan et al., 2007; Bertagnolli et al., 2009). According 
to the conversion formula of in vitro and in vivo  
drug concentrations, the dose calculated in vitro 
should be between 115 and 190 μmol/L (Konstan et al., 
1995). Based on these studies, we used 100 μmol/L as 
the maximum dose of CXB in in vitro studies. A small 
dose of 40 μmol/L CXB was used in combination 
with CDDP to reduce its side effects as well. Even a 

small dose of CXB, if combined with CDDP, could 
also reverse drug resistance. 

Migration is a key factor in the metastasis of OC 
cells. In this experiment, the migration ability of both 
OC cell lines was significantly increased after COX-2 
overexpression. However, the migration rate of OC 
cells was significantly inhibited after 24 h of treat-
ment with CXB compared to the control. The current 
research results show that CXB has a significant ef-
fect in inhibiting OC cell migration and reversing 
CDDP resistance (Hu et al., 2013; Giaginis et al., 
2015). EMT refers to the transformation of epithelial 
cells into mesenchymal cells under specific physio-
logical and pathological conditions. This process is 
closely related to embryonic development, tumor in-
vasion, metastasis, drug resistance, and other malig-
nant behaviors (Denkert et al., 2004; Li et al., 2004; 
al-Wadei et al., 2012; Cervello et al., 2013). EMT 
transformation of epithelial cells mainly showed 
upregulated Snail, Slug, and Vimentin expression and 
downregulated E-cadherin expression. E-cadherin 
expression is closely related to histological classifi-
cation, differentiation, and peritoneal metastasis of 
OC (Cho et al., 2006; Zhai et al., 2014). Lower E- 
cadherin is directly related to a higher degree of tumor 
malignant, easier cancer transference, and worsened 
prognosis (Cho et al., 2006; Zhang et al., 2015; Yim 
et al., 2017). Vimentin is a marker of mesenchymal 
cells that can promote cell migration and invasion and 
participate in the tumor metastasis process. Its ex-
pression level is relevant to the degree of tissue dif-
ferentiation, distant metastasis, and poor prognosis 
(Chen et al., 2008; Wei et al., 2008; Zhao et al., 2008). 
Vimentin can be used as a predictor of tumor invasion 
and metastasis. This study found that COX-2 can 
regulate the expression levels of Slug and Snail and 
ultimately promote the EMT of OC cells, suggesting 
that OC drug resistance may be related to the EMT 
induced by COX-2. This study provides laboratory 
evidence for the safe and rational use of chemother-
apeutic drugs to reduce complications and dosage, 
and prevent drug resistance and OC recurrence. 
Combined with the scratch test results, the migration 
rate of OC cells with a high COX-2 expression level 
increased significantly. This suggests that COX-2 
may promote OC migration by promoting OC cell 
EMT. CXB may reverse EMT transformation, thus 
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inhibiting the migration and metastasis of OC cells. 
Our results further confirmed that COX-2 is a crucial 
factor affecting the migration and metastasis of OC 
and that CXB is a potential anticancer drug. 

 
 

5  Conclusions 
 
COX-2 plays a crucial role in the resistance of 

OC cells to CDDP by inducing cells EMT. OC cells 
with high COX-2 expression have a low response to 
CDDP. CXB plays a similar role in inhibiting cell 
migration as does CDDP. The combination of CXB 
and CDDP in OC treatment inhibits cell migration, 
reverse drug resistance, and offer synergistic anti-
cancer effects, providing a new research direction for 
OC treatment. 
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中文概要 
 
题 目：环氧合酶-2（COX-2）通过调控细胞上皮间质转

化（EMT）促进卵巢癌细胞迁移及其耐药性 
目 的：研究环氧合酶-2（COX-2）对卵巢癌细胞迁移和

耐药性的影响及其机制。 
创新点：本研究发现 COX-2 对卵巢癌发生发展有一定的促

进作用，可以通过上皮间质转化（EMT）途径促

进卵巢癌细胞的迁移和顺铂（CDDP）耐药。其

抑制剂塞来昔布（CXB）能起到协同抗癌的效果。 
方 法：CCK-8 检测 CXB 和 CDDP 对 SKOV3 和 ES2 细

胞的毒性作用。划痕实验评估 COX-2 对卵巢癌细

胞迁移的作用。蛋白质免疫印迹（western blot）
和聚合酶链式反应（PCR）检测 EMT 相关基因

和蛋白的表达水平。 
结 论：COX-2 可以通过 EMT 促进卵巢癌细胞迁移和

CDDP 耐药；CXB 可以起到抑制作用，与 CDDP
协同抗癌。COX-2 可以作为卵巢癌治疗的一个潜

在靶点。 
关键词：卵巢癌；环氧合酶-2（COX-2）；耐药；迁移；

上皮间质转化（EMT） 
 


