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Abstract. – OBJECTIVE: To elucidate the effect 
of cyclooxygenase 2 (COX-2) on cisplatin resis-
tance of NSCLC and its molecular mechanisms, 
with special attention to its pro-EMT (epitheli-
al-mesenchymal transition) properties. 

MATERIALS AND METHODS: COX-2 levels 
were compared in two NSCLC cell lines, A549 and 
H460, by qPCR (quantitative Polymerase Chain 
Reaction) and Western blot. Cytotoxicity of cis-
platin was also determined in the two cell lines 
using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl tetrazolium bromide) assay. The expression 
of EMT-related proteins and activation of AKT 
(protein kinase B) signaling were detected in H460 
cells with ectopic COX-2 expression. 

RESULTS: Cisplatin-induced apoptosis was as-
sessed in COX-2 overexpressing H460 cells by 
FACS. NS398, a COX-2 inhibitor, was also applied to 
determine EMT status and effect on cisplatin sen-
sitivity in H460 cells. COX-2 levels were positively 
correlated with cisplatin resistance in both NSCLC 
cell lines tested. In response to COX-2 overexpres-
sion, EMT-related proteins, such as E-cadherin, 
were inhibited, while vimentin and N-cadherin were 
upregulated. The AKT signaling pathway was also 
activated in H460 cells. Ectopic expression of COX-
2 potentiated cisplatin resistance of H460 cells, 
which was accompanied by decreased levels of 
apoptosis. Notably, NS398 effectively increased 
the cytotoxicity of cisplatin in A549 cells by inhib-
iting EMT and the AKT pathway.  

CONCLUSIONS: COX-2 might promote cis-
platin resistance in NSCLC by promoting EMT 
through the AKT signaling pathway activation.
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Introduction

Lung cancer is one of the most common caus-
es of cancer-related deaths worldwide. Approx-
imately 85% of all lung cancer deaths were the 

result of non-small-cell lung cancer (NSCLC)1. 
Among numerous factors, resistance to apoptosis 
is the most important in the mechanism of NS-
CLC pathophysiology2, leading to resistance of 
NSCLC to cisplatin treatment3 and making NS-
CLC the most widespread cause of cancer-associ-
ated mortality4. Therefore, is urgent to investigate 
the underlying mechanisms of NSCLC resistance 
to chemotherapy.

Cyclooxygenases (COX) are critical enzymes 
in the conversion of arachidonic acid to prosta-
glandins and other eicosanoids5. There are two 
isoforms of the COX enzyme. COX-1 is consti-
tutively expressed in all tissues, while COX-2 
is induced by various cytokines, growth factors 
and tumor promoters6. COX-2 is up-regulated in 
many malignant cancers, including gastric, colon, 
breast, esophagus, pancreas, hepatocellular carci-
noma and NSCLC, while COX-2 is nearly unde-
tectable in most normal tissues7-12. Previous stud-
ies have found that tumor growth requires COX-2 
expression and that enhanced COX-2 expression 
is sufficient to induce tumorigenesis13. These find-
ings indicate that COX-2 plays an indispensable 
role in carcinogenesis. 

Chemotherapy, including cisplatin treatment, 
is commonly used to treat advanced NSCLC, 
unfortunately with limited success. The resis-
tance mechanisms by which tumors escape from 
drug-induced cell death have been attributed to 
variations in the apoptosis pathway14. Based on re-
cent evidence, epithelial-mesenchymal transition 
(EMT) of cancer cells is believed to be a critical 
process for the development of drug resistance in 
cancer. EMT is a process by which epithelial cells 
lose their cell polarity and cell-cell adhesions to 
become mesenchymal stem cells. A number of 
transcription factors, including Twist, Snail, Slug 
and ZEB1 can induce EMT. Furthermore, EMT 
is essential for numerous developmental process-
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es, not only including mesoderm formation and 
neural tube formation but also involving wound 
healing, organ fibrosis and initiation of cancer cell 
metastasis15. Moreover, the EMT trans-differenti-
ation programme can confer cells with stem-like 
properties15. Therefore, EMT is not only the initial 
step for cell migration but also a critical regulator 
of the treatment resistance, including drug resis-
tance of cancer cells16. However, little is known 
about whether COX-2 could impact the develop-
ment of the resistance of NSCLC to anticancer 
drugs, including cisplatin, by inducing EMT in 
cancer cells.

In the present work, we demonstrated that the 
overexpression of COX-2 effectively potentiates 
the cisplatin resistance of NSCLC cells by pro-
moting EMT. NS398, a COX-2 inhibitor, induced 
apoptosis and additionally potentiated chemosen-
sitivity to cisplatin-mediated apoptosis in human 
non-small cell lung cancer by targeting the AKT 
(protein kinase B) pathway. Furthermore, we 
provided novel insight into the function of COX-
2 with respect to regulation of the sensitivity of 
human NSCLC to cisplatin, as well as the mech-
anisms involved.

Materials and Methods

Cell Line and Culture Conditions
The human NSCLC cell lines A549 and H460 

were cultured in Dulbecco’s modification of Ea-
gle’s Medium supplemented with 10% FBS (fetal 
bovine serum) (Gibco, Grand Island, NY, USA), 
100 U/mL penicillin and 100 μg/mL streptomy-
cin. All cell lines were cultured in a humidified 
incubator in an atmosphere of 5% (v/v) CO2 at 37 
°C.

Cell Viability Assay
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-

nyl tetrazolium bromide) assay (Sigma-Aldrich, 
St. Louis, MO, USA) was used to assess cell vi-
ability. Briefly, cells were seeded into 96-well 
plates at a density of 2,500 cells/well and allowed 
to attach for 24 h. After attachment, variable con-
centrations of NS398 and/or cisplatin were added 
to cells in full growth medium. Cells were ex-
posed to NS398 and/or cisplatin for 24 h followed 
by MTT assay to assess cell survival rates. We 
used GraphPad Prism software (GraphPad Soft-
ware, Inc., La Jolla, CA, USA) to calculate IC50 
values. The absorbance of each sample was read 
at 570 nm using a microplate reader.

Measurement of Apoptosis 
by Flow Cytometry

FITC-labeled annexin-V and propidium iodide 
(PI) were used to assess externalization by flow cy-
tometry (FACSCalibur) (BD Biosciences, Franklin 
Lakes, NJ, USA). Briefly, after the treatments in-
dicated, human NSCLC cells were collected and 
washed with ice-cold PBS (phosphate-buffered sa-
line). Next, cells were stained with Annexin V-FITC 
for 15 min in the dark at room temperature, followed 
by PI staining for another 5 min. Soon afterward, 
cells containing the fluorescent signal were assessed 
by flow cytometry (FACSCalibur) (BD Biosciences, 
Franklin Lakes, NJ, USA). WinMDI 2.9 software 
was used to analyze the data. 

Real Time-Polymerase Chain 
Reaction (RT-PCR)

Total RNA was isolated using TRIzol (Invitro-
gen, Carlsbad, MA, USA) according to the man-
ufacturer’s protocols. Complementary DNA syn-
thesis was performed using the PrimeScript RT 
Reagent Kit (TaKaRa, Otsu, Shiga, Japan). Total 
RNA was dissolved in 30 µl diethylpyrocarbonate 
(DEPC)-treated water, and concentrations were 
determined by spectrophotometric analysis at 260 
nm. Next, 472 ng RNA was reverse-transcribed 
using PrimeScript TM Reverse Transcriptase (RT) 
Master Mix (TaKaRa, Otsu, Shiga, Japan) under 
conditions of 37°C for 10 min. One microliter of 
cDNA generated in the RT reaction was added 
to each SYBR® Premix Ex TapTM mix (TaKaRa, 
Otsu, Shiga, Japan) using the LightCycler® manu-
al (Roche Diagnostics, Basel, Switzerland). PCR 
cycling conditions were 40 cycles after initial de-
naturation (95°C, 30 s) with the following param-
eters: 95°C for 5 s, 58 °C for 20 s, and 72°C for 
40 s. Fluorescence acquisition and melting curve 
analyses were performed as per the product man-
ual instructions. The expression levels of COX-2 
mRNA (forward: 5’-GAATGGGGTGATGAG-
CAGTT-3’; reverse 5’-CAGAAGGGCAGGATA-
CAGC -3’) were evaluated using SYBR green PCR 
master mix (Applied Biosystems, Foster City, CA, 
USA) and normalized to β-actin (forward: 5’-AG-
CACAGAGCCTCGCCTTTGC-3’; reverse 5’-CT-
GTAGCCGCGCTCGGTGAG-3’). All reactions 
were performed in triplicate. The threshold cycle 
(Ct) value was measured and the comparative gene 
expression was calculated using the 2−ΔΔCt method.

Western Blotting
Cells were lysed in Laemmli lysis buffer 

(Sigma-Aldrich, St. Louis, MO, USA). Proteins 
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were loaded in denaturing 12% or 15% sodium 
dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE) gels. After running, gels 
were transferred to nitrocellulose membranes, 
which were blocked with 5% nonfat dry milk for 
2 h at room temperature. Membranes were then 
washed with PBS containing 0.1% Tween-20, 
followed by incubation with primary antibod-
ies (antibodies against PARP, caspases, XIAP, 
COX-2, p-AKT, and AKT were from Cell Sig-
naling Technology (Danvers, MA, USA) at 4 °C 
overnight. After washing with Phosphate-buff-
ered Saline-Tween (PBS-T), membranes were 
incubated with secondary antibodies conjugated 
with horseradish peroxidase for another 2 h. Fi-
nally, signals were visualized with chemilumi-
nescence (Amersham Life Sciences, Inc., Buck-
inghamshire, UK). β-actin was used as a loading 
control.

Measurement of Changes 
in Mitochondrial Membrane 
Potential 

Changes in mitochondrial membrane potential 
change were detected by JC-1 staining. Human 
NSCLC cells were seeded in cell culture dishes 
overnight followed by incubation with various 
concentrations of NS398 and/or cisplatin for an-
other 24 h. Then, cells were harvested, washed 
with PBS, and resuspended in JC-1 staining solu-
tion (10 μM) for 10 min at room temperature. 
Cells were then assessed by a FACSCanto flow 
cytometer (BD Biosciences, Franklin Lakes, NJ, 
USA). 

Plasmid Construction 
and Transfection

Coding sequences of human COX-2 mRNA 
were synthesized and subcloned into pcDNA3.1. 
DNA sequencing was used to confirm construct 
integrity of the respective plasmid. The plasmid 
and Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) complex were allowed to form for 20 
min at room temperature, and the transfection 
was performed at 37°C for 24 h.

Statistical Analysis
All data are expressed as the means ± S.D. of 

at least three separate experiments. All statistical 
analyses were performed using GraphPad Prism 
5.0 (GraphPad Software, Inc., La Jolla, CA, USA). 
Statistical significance was determined using the 
two-sided Student’s t-test, and p<0.05 was con-
sidered significant.

Results

COX-2 Expression is Correlated 
With the Cisplatin Sensitivity 
of NSCLC Cells

To preliminarily elucidate the relationship be-
tween COX-2 expression levels and cisplatin re-
sistance of NSCLC cells, COX-2 levels in A549 
and H460 cells were assessed by Western blot and 
Real-time PCR assays. The results revealed that 
both protein and mRNA levels of COX-2 were 
much higher in NSCLC cell line A549 compared 
to H460 (Figure 1A and 1B). The MTT assay also 
indicated that A549 cells were more resistant to 
cisplatin than were H460 cells (Figure 1C). Our 
finding suggests that COX-2 expression may be 
positively associated with cisplatin resistance, at 
least in these two cell lines.

Ectopic Expression of COX-2 
Promoted the Cisplatin Resistance 
of NSCLC Cells

To further show the role of COX-2 in cisplatin 
resistance in NSCLC cells, a COX-2 overexpres-
sion plasmid was constructed and transfected into 
H460 cells, which express relatively low levels of 
endogenous COX-2. Western blotting was per-
formed to determine the efficiency of the overex-
pression plasmid and to detect the expression of 
EMT-related biomarkers, including E-cadherin, 
vimentin and N-cadherin. As shown in Figure 
2A, E-cadherin was significantly downregulated, 
while vimentin and N-cadherin were upregulated 
in response to COX-2 overexpression. These find-
ings indicated that the ectopic expression of COX-2 
promoted the EMT process in H460 cells. Further-
more, increased p-AKT expression was observed 
when COX-2 was overexpressed in H460 cells, 
with no change in total AKT levels (Figure 2B). 
Meanwhile, the MTT assay results indicated that 
H460 cells were more resistant to cisplatin after 
COX-2 overexpression (Figure 2C). The data from 
the FACS assay also revealed that endogenous 
COX-2 significantly attenuated cisplatin-induced 
apoptosis in H460 cells (Figure 3A and 3B). Tak-
en together, our data demonstrate that COX-2 may 
potentiate cisplatin resistance by promoting EMT 
through the AKT signaling pathway activation.

NS398 Potentiates Chemosensitivity 
to Cisplatin in NSCLC Cells 
via Induction of Apoptosis

Subsequently, whether NS398 could sensitize 
NSCLC cells to cisplatin was also investigated. 
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Figure 1. COX-2 ex-
pression is positively 
associated with cispla-
tin resistance in human 
non-small cell lung can-
cer. A, Western blotting 
analysis of COX-2 pro-
tein levels in the indi-
cated cell lines. B, Re-
al-Time PCR analysis of 
COX-2 mRNA levels in 
the indicated cell lines. 
C, H460 and A549 cells 
were treated with the 
indicated concentra-
tions of cisplatin for 24 
h. The MTT assay was 
performed to determine 
cell viability. Data are 
presented as means ± 
SD of three separate ex-
periments. **p<0.01 vs. 
control.

A

B C

Figure 2. COX-2 po-
tentiates the chemore-
sistance of non-small 
cell lung cancer (NS-
CLC) cells to cisplatin. 
A, and B, After H460 
cells were transfected 
with COX-2 overexpres-
sion plasmid or empty 
vector pcDNA3.1 for 
24 h, Western blotting 
was used to detect the 
indicated proteins. C, 
After H460 cells were 
transfected with COX-
2 overexpression plas-
mid or empty vector 
pcDNA3.1 following 
cisplatin treatment with 
the indicated concentra-
tions, cell viability was 
determined by MTT as-
says. Data are presented 
as means ± SD of three 
separate experiments. 
*p<0.05 vs. control; 
**p<0.01 vs. control.
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First, MTT assay was performed to determine the 
toxicity of NS398 to NSCLC cell lines A549 and 
H460 (Figure 4A). Next, we examined whether 
combined treatment of NS398 and cisplatin exert-
ed enhanced lethality in human NSCLC cells. Af-
ter treatment with the indicated concentrations of 
NS398, cisplatin alone, or NS398 combined with 
cisplatin for 24 h, samples were stained with An-
nexin V-FITC and PI and then subjected to FACS 
assays. Interestingly, the combination of NS398 
and cisplatin dramatically induced apoptosis in 
A549 cells (the percentage of Annexin-V-posi-
tive cells increased from 9.42% to 64.64%) (Fig-
ure 4B). Significant cleavage of caspase 3 and 
PARP was observed in A549 cells treated with 
combined NS398 and cisplatin (Figure 4C). These 
results suggest that NS398 potentiates the chemo-
sensitivity of NSCLC cells to cisplatin via induc-
ing apoptosis.

The Intrinsic Apoptotic Pathway 
is Initiated in Response to Cisplatin 
Sensitization by NS398 in Human 
NSCLC, with EMT and AKT Pathway 
Suppression

There are the two primary pathways of apop-
tosis in tumor cells, the extrinsic and intrinsic 
apoptotic pathways17,18. Cleavage of caspases 3, 

8, and 9 is a hallmark of activation of the ex-
trinsic and intrinsic apoptosis pathways19,20. Our 
observation that both caspase 8 and caspase 9 
are cleaved in NS398- and cisplatin-treated 
A549 cells suggests that both intrinsic and ex-
trinsic apoptosis pathways are likely involved in 
NS398- and cisplatin-induced apoptosis (Figure 
4C). JC-1 staining was used to determine the 
effect of NS398 and cisplatin on mitochondrial 
membrane potential (MMP). As shown in Fig-
ure 5A, the disruption of MMP was significantly 
induced by NS398 and cisplatin. After co-treat-
ment with 40 μM NS398 and 0.25 μM cisplatin, 
the percentage of A549 cells with depolarized 
MMP increased to 50.4%. These findings indi-
cate that NS398 potentiates cisplatin-induced 
apoptosis via the activation of both the intrinsic 
and extrinsic apoptotic pathways. 

Furthermore, the functions of NS398 in EMT 
and AKT pathway activation in A549 cells were 
determined. As shown in Figure 5B, phosphor-
ylation of AKT was effectively inhibited, while 
E-cadherin was upregulated and N-cadherin was 
downregulated in A549 cells treated with 40 μM 
NS398. Our data suggest that NS398 may po-
tentiate the effects cisplatin on NSCLC cells by 
suppressing both the EMT process and the AKT 
signaling pathway activation.

Figure 3. COX-2 overexpression attenuates cisplatin-induced apoptosis in H460 cells. After H460 cells were transfected 
with COX-2 overexpression plasmid or empty vector pcDNA3.1 for 24 h, cells were treated with 0.25 μM cisplatin for another 
24 h. FACS was performed to assess apoptosis following cell staining with Annexin V-FITC and PI. Data are presented as 
means ± SD of three separate experiments. **p<0.01 vs. control.

A
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Discussion

Over the decades, the optimization of chemo-
therapy has observably improved the survival of 
patients with advanced NSCLC21. However, near-
ly all patients yield to relapse due to the devel-
opment of drug resistance, and no valid therapy 
is available at present22. Therefore, it is urgent 
to understand the mechanism whereby drug re-
sistance occurs in human NSCLCs. Many stud-
ies23,24 have shown that some human NSCLC cell 

lines are resistant to cisplatin, and co-treatment 
with chemotherapeutic drugs and radiation can 
promote cisplatin-resistant cells to become sensi-
tive to cisplatin. 

It has been reported that COX-2-derived pros-
taglandin E2 contributes to lung tumorigenesis25. 
Increasing studies indicate that COX-2 also plays 
an important role in the drug resistance of cancer 
cells. Upregulated tumor expression of COX-2 is 
associated with an increased risk for angiogenesis, 
as well as resistance to apoptosis26. Furthermore, 

Figure 4. NS398 sensitizes human NSCLC cell line A549 to cisplatin-induced apoptosis. A, H460 cells were treated with the 
indicated concentrations of NS398 for 24 h. The MTT assay was performed to determine cell viability. Data represent three 
separate experiments. B, After treatment as above, FACS was performed to assess apoptosis in A549 cells by co-staining 
with Annexin V-FITC and PI. Data are presented as means ± SD of three separate experiments. *p<0.05 vs. control; **p<0.01 
vs. control. C, After A549 cells were treated with 0.25 μM cisplatin, 20 μM NS398, or both in combination for 24 h, West-
ern blotting was used to detect the proteins indicated. Representative data from three independent experiments are shown.

A

C

C
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YAP can increase COX-2 expression to promote 
the development of drug resistance in human colon 
cancer27. In addition, COX-2 expression is a predic-
tive factor for early relapse and aromatase inhibitor 
resistance in patients with ductal carcinoma in situ 
of the breast and is a target for treatment28.

In the current work, our results indicated that 
COX-2 expression may be positively associated 
with cisplatin resistance in two NSCLC cell lines, 
A549 and H460 (Figure 1). The overexpression of 
COX-2 significantly enhanced cisplatin resistance 
in H460 cells through the activation of EMT and 

AKT signaling (Figure 2). As a result, the ectopic 
expression of COX-2 attenuated cisplatin-induced 
apoptosis in H460 cells (Figure 3). These findings 
all indicate that COX-2 expression levels are a pre-
dictor of cisplatin resistance and that EMT may 
play a critical role in this process. In a previous 
study29, some COX-2 inhibitors, such as celecox-
ib, unfortunately failed to benefit the survival of 
NSCLC patients through EMT in human lung can-
cer via MEK-ERK signaling. Therefore, different 
COX-2 inhibitors may function in multiple ways 
and likely introduce other unexpected side effects.

Figure 5. The intrinsic apoptotic pathway and AKT pathway are involved in induction of apoptosis in cisplatin-sensitized 
A549 cells. A, After A549 cells were treated with 0.25 μM cisplatin, 20 μM NS398, or both in combination for 24 h, cells 
were stained with JC-1 and subjected to flow cytometry to assess mitochondrial membrane permeabilization. Data are 
presented as means ±SD of three separate experiments. *p<0.05 vs. control; **p<0.01 vs. control. B, After A549 cells were 
treated with 20 μM NS398 for 24 h, Western blotting was performed to detect the proteins indicated. Representative data 
from three independent experiments are shown.

A

B
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Several investigations have shown that NS398 
suppresses cell growth and induces apoptosis in 
various cancer cell lines, and a variety of anti-tu-
mor effects of COX-2 inhibitors have been pro-
posed as well30. In the present work, NS398 was 
chosen to test its function in the cisplatin resis-
tance of NSCLC cells and to explore the under-
lying mechanism. Our data revealed that NS398 
significantly sensitized the human NSCLC cell 
line A549 to cisplatin-induced apoptosis through 
both extrinsic and intrinsic apoptotic pathway ac-
tivation (Figure 4). More importantly, NS398 also 
inhibited the EMT process with concomitant sup-
pression of the AKT signaling (Figure 5). 

Conclusions

We demonstrated that COX-2 promotes the cis-
platin resistance of NSCLC cells and that the COX-2 
inhibitor NS398 augments cisplatin chemosensitivi-
ty via the inhibition of the EMT and AKT pathway 
signaling. These results suggest that therapies com-
bining the COX-2 inhibitor NS398 with cisplatin 
may prove to be an effective new strategy for the 
treatment of cisplatin-resistant human NSCLC.
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